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ABSTRACT

S  .

i.

This study sought'to identify the specific background 
kftbwledge, skills, and resources that are ‘'needed* by a 1
-teacher for effective use of a oomputer in teaching science.

■ ■ fi ■ ■■■* ■ Is - • ■Eighteen^usof of computersfor science instrdction were.’ ■̂
. identified in the literature and classified according to.the. 
preparation, teaching/leafriing,'or testing/evaluation phase 
of teacher activity. j'A questionnaire probing the level and 
nature of .the teacher 1s experience' with, and •feasibility of, 
these uses Was devised and, after pilotting, administered to; 
seventy-five science teacher^. Analysis, o’f' the .responses''to 
the questionnaire.from the .fifty ̂ respondents indicated five • 
categories of general knowledge required by ateacher for 
effective use of computers in a science.classroom: operating, 
and programming,, hardware and peripheralssoftware and ;

‘ , i courseware, implementation of the application, and impact on
.S’ V."  s,:SS':. ■ '  . • ■  ■■ s.,the teacher. Subsequent!interviews with thirty-one of* the

- , teachers revealed^pecific details w.hich, -supplemented by a;
" review of the .literature-and'the rejsea^cher Ks professional '

"■ . »■ ’ .■ ( ’’ ■ » i ■ '  ■expedience, helped to expand the" s^ope of knowledge needed « 
by a Science teachetr^-to use computers effectively. Each use

. •* • ~ i *was elaborated under'the following lub-headings: definition',
- v' rationale for the use.,-^considerations,, relevant to

‘implementation, and illustrations ,'of the Use. ■ V''
 ̂ • ' y‘/ . *

' > . J .  ̂  ̂ i ■ ' J • 6’
iv . - : /
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Introduction 'to the Study
CHAPTER I;

t ✓
.v ■

. This 'chapter is an introduction, to ,-, and a description
of , .the natur^ of the study*. Cha'pt.er >IT .consists of a v.

/ j i' . s .-review- of the -literature contributing' to the theoretical '
framework- fpr ±he s£udy as well as information' on what a"

' f.
. •  • • 'v ■ ’ ' '* '.teacher should know.to use computers effectively in science 
--teaching** Chapter III mainly presents tlfe'design of the

J - -- »■ ■ - ’ s j- c .
method of collecting data froflh science teachers on their 
uses of .computer^. * Chapter IV gives. a summary of the data

' \ v V -  •  ̂ ■ t .  V  * * -
- ! l^' ̂ o n  computer use collected from’the teachers . Chapter V

I profiles ..tire knowledge which a science teacher should have 
.. pn. computer uses.^-Chapter VI summarizes the'findings of the

J

and- presents some suggestions for research and
•development., . •

, ■ ' ■ ‘ . 4 ' r

V  ' ■' ■'* ' ' ‘ ' ■'

Background of -the Study ,
.  j •  .The commencement of; 1 Automatic^ Teaching1 , signalled by

T * *, ' ’ '
that ]?BM digital computer in" 195$. (Rath, Anderson, and 
Brainerd) , though -significant' as an initiator, caused little 
..effect on most teachers’. The dimensions,. both physical and 
<economic, assured insulation of the teachers from those 
gargantuan monsters off the 60s and early 70s.. With the i 

. successive entry of transistorized and large scale 
integrated circuits (chips), howevefc, the size a.nd cost

. .1
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' .'S'V . "* y  ■ .

decreased substantially-. .By comparisori, in 1980, the 
. increase in coSr-ef f iciency of the qom|>uter during the 
previous ten years was equivalent to the Marking down of a 
Rolls Royce car to a sticker{ price of $3 during the same 
period (Evans_, 1979) .

The multiple capabilities of the''computer were now 
within the grasp of many potential users including the 
class ro<oim-teacher. This device was riot unlike other 
instructional aids as it met with reactions ranging from 

•rejection to studious indifference to fanaticism. The 
microcomputer, however, has unique operational ' -
characteristics': v ' ^
-xThe program^ require more care in their .preparatid'n than 
. transparencies for overhead projectors.
- The programs are generally not.transportable between• 

different machines, in contrast to the standardization  ̂
currently present witih most other media.

- The keyboard with its function keys has a higher
'gadget-level' than any videotape/recorder or* television.

' ' \ * * /  ' ^

- Nothing apparently 'moves' when Lt worked; on|| electrons
■ -v • ■ \  ' fe;

engaged iri , '.cl'andeStine ' operation 
• - Portions-,bf'..programs., as-scarce as they ate, cart be less

vj;/.VT.W/jve^sily pqssed over'by teachers during the teaching or 
learning activity-than in transparencies, 'films, 
.television programs. / ' .

- The programs have a capacity for interactive and varying 
performance unknown to other media.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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3
- The computer can show aspects of science phenomena, such' 

as simulations and graphics, that,are beyond the 
capabilities of other media in the school environment. 

Clearly, these foretc^.d new requirements ,of a teacher who 
intended to use the computer for instruction. ,

Statement of the“Problem »
• V

/

/
. /

/

/
i

/ Teachers are supported in their professional
activities, and the students aided in their learning, by 
many resources including print materials-(e.g., texts)g 
non-print materials ( e . g a u d i o v i s u a l  aids) , community 
sites, consultants', laboratory facilities and materials,
etc. In £he employment of-these resources, the practicing

•’ +: ' \ teacher acquires knowledge and skills that are general
and/or specific to each of these types of' resources or

- • p '

methodologies. The miqrocomputer has brought with it new
requirements for- knowledge and skills in its use. The
problem for this study then is to determine <whaf constitutes 

 ̂ f  ̂"S'-
the \nowledge and skill needed for effective use of the <
computer in teaching science.

r The primary purpose of this study was to identify the .
s

learning requiremerfczs.of science teachers for using the* * 'f ,'
• v .

- computer in science teaching and the conditions tha-t would, .
/' ■ ♦  '■ facilitate this learning.. ^

; . To achieve this, a 'second purpose emerged, namely, to - 
determi ne the current uses, and those uses considered 
feasible, for computers in the teething of secondary
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v " Specifically,'"the directing questions that will be ■ 
addressed in. this study are: n •
"What are the pses to which'the coipputer. is- heing put or can 
be put by science teachers?" .and V '

"What perceived^specific background skills ^nd resources 
does a teacher of ̂ science need, in order to effectively use 
a computer in his/her professional work?"
* V . - - - V :

Significance of the Study »
The availability of computers and adequate software 

(Courseware) for. the various possible uses the classroom, 
although necessary,, are not sufficient requirements for- the 
successful implementation of the computer in'science ’*
education. The support needed, in the implementation

. ' 
process, by motivated and knowledgeable* teachers has been

' f  V ■ ■> described (Milner, 198 0; Moursund, 1979). Y^t, for all the 
urgent requirements for teachers.who have a working 
knowledge of computers and their different applications in 
education, the .present population of 'computer literate' 
teachers in Alberta^is dwarfed by the microcomputers that 
are available 'in Alberta's^schools. Surveys of schools 
Continue to identify the predominant trainil^j requirement of

■ t i e -  '. most teachers as needing to know how to integrate computers
with instruction. (Petruk, 1986 ), ^

’ ■ "• . ' ^  *  - &  . ' ■Further, the sciences teacher who is not aware-of. or who
' ■. * ' : ■■ . does not make use \of the services available in a schooL,

, > ' , ’ • \  ■'> ■■■ . . ■*. '

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

:-y. '■ ■■ ;. ,/.r' : :V . \

L. ' including those offered" by a computet>* causes Che; teacher:- . - v • ' • " • \ ' .4.
and .the teacher '■s students to miss the tm^own benefits that

‘ y
may result. It is essential, therefore, for a balance of

%' hardware and"human resources‘and optimum utilization of all -
resources, that the requirements of ' computer literate ' , „ ...'
science teachers be identified to determine the range of \
skills and knowledge needed for the present and probable ^
futtare uses of computer by teachers in science education. •

This Study attempts to provide a compendium of the 
needs of a computer’literate science teacher. . The. v-’./iJ;- 
information from the study ..may assist in defining the 
content of fhserHce courses, or' pre^ervice workshops 
intended to support';:-teachers who wish to use this aid.

■..* ■. v *
A community of corporations, colleges, universities,

■' j ' • ■ ■■ V "employers* and professional associations currently offer', or" 
are contemplating offering, courses for.teachdrs who are 
considering the use of computers in their Reaching - r
' activities. Each of these facilities provides a -unique 
service to the teacher seeking entry to* this activity. '

• . , ^ * '. "'V . ... . ■Mbst teachers, however, have no basis:on which to ju&tp; 
the merits'.'of the contents of the ..available courses.' . The ,
\esults of the study should form a basis for'judging the 
worth of a course-for; supporting-the-\uses of the . cotnputer 

' that ale'being contemplated by the science teacher.
Consequently, the study's'greatest significance, should be to- .' . ■ '■ ’ ' v/. V - i  .guide the. teacher in this endeavor. ■ For s; instance., it - may
assist the“pre-service or in-service teacher to select a

. . .’ / J \  ■
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I ;< ■

'■v >x c o u r ^ o f  study or it mai.V assist personnel who are designing 
poprses^or .science teachers• •

.V t ...... ; • . ,'*■ "
' Design of the^ Study) N  »

.The knowledge or skill that is possessed by a teacher 
‘ who is experienced in. the uses of computers will be presi

to include that whi'ch is necessary for the teacher to
• '■■■ ; <6 '■* . . . . ijieffectively use a computer in the classroom. The design 

this stud^, therefore/ is directed toward.s the gathering.of.
• “ all possible information on effective computer use in

, v  . ...
.v •science instruction. Three nrasj.pr sources of* information 

have been identified and made use of in this study: the •
appropriate research literature on ^bmputer use, the -

. experiences with computers of a'selected sample of science' * N « 1.V - * i , >
■v : • ■" t • ■ 0 •- teachers, and the researcher ’ s. own thou^ts on this problem.
I 'The ■information on computer use that was collected is' ... '. '> ■'!> ■■. yr '
r presented .in-a fashion de.emed-to be most useful to ̂ h e

■ ; ■ • • % ■  ■ • \teacher: information for the preparation for t e a c h i n g _
information for the teaching/learning activities, .

^information for testing and evaluation. This- study; % ,
therefore, employed a questionnaire and interviews, \ x

; • ' - V . - '  ■■■■■:■: • : ' ,  : :conducted in both the. pilot and maifi stages, to' determine, \
from practicing classroom science teachers, the learning vV

V\needs ofc'briij^uter-using science' teachers.
.v- /The main stage questionnaire ( Appendix A), in which 
■eighteert uses* are ^described in detail and .are classified. ■ '

according to ';th‘e -three phases of teaching, incorporates“the )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

fr'amework for subsequent ̂ discussion about what a teacher 
should know abput uses of computers in science"’teaching. It 
was used to. . \ ■ "v > ■' ■ ,* • \

' provide a mechanism foi identifying s^ence teachers for
inclusion in later interviews, -

- present a profile oS uses for consideration by the teacher 
. respondents and interviewees, and ' • *

. : gather initial information (Appendices B and C) about the
\  ./ ‘ specific activities and programs of each potential

interviewee. ’> ' ~
« . . . %
*■ ■: . The interviews were to ̂ provide in-depth ̂ .information .

about ■ • , ,.' (
- the nature of uses made by th^ the science teachers and"

'science teachers | perception of what knowledge was 
: needed to enable the 'implementation of computers in

* science teaching.

Definition of Terms !
' '*•

BASIC: ’A
I ■ ■ ■ ■ .

An interpretive programming language., Beginners' 
AllipurpoSe. Symbolic Instructional Code, univfersally
offered in the. permanent operating memory of

...
microcomputers. .

, • ;... " *.' . /Computer Literacy for Science Teachers:
The ability to select and effectively employ *•

‘ appropriate computei'~cfevices and programs in relevant
education#!'situations. .

. ; . ^  ' •
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v "

; The fieids of information stored in a file of“records . 
and maintained by an operator using,a host management 
program for enteririg, editing, and retrieving the data

^  as available and as required.
' ■ ' A  '' .' Drill and Practice:

A procedure and program which "provides a reinforcement, 
at a low cognitive level, of previously presented
subject matt^er content by sequential display of stimuli

. * ■ ’ .1 ~ .—

v to which the student responds'. Feedback to the student
. is usually offered but .inclusion of ̂ performance results

in student records is optional. • V
Gaming: "

The use of a programmed situation in which a* ... -< • * /■ *
recreational or .'play' component offers competition as

1 motivation to bring the situation to the ^ “termination
• ■’ ' *■ • ■ •’

- ' of A* winner. .
Computer Managed Instruction (CMI): ' '

•The educational practice of. prescribing learning 
t activities for students, and recording the results 

; thereof; based on results of previous activities of
' . that Student that are maintained in the student/s• 1 V . -■ • v / ' • ’ ' ... ‘ .• ■

y": & . •, ^record... ’• v '.VLaboratory Instrumentation: ■ •V” • ■;y" \
* The use of computer technology -to record data fr 

v laboratory instruments and/or s e n s o r t o . a l t e r at 
• process or parameters of an,experimental operation by
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' F i  • ■ ■ . V '  F F > ' ; ■■■ •: ' v . 4
v: ; ; ■ actuating controlling devices. .

An interpretive, procedure-oriented, recursive :
>programming language offering .'Turtle' graphics and■ r‘! ' F-V.:.b. %  • V ■. ■

. ';V devised for use by children.. ' ' - . ‘ F F "  •
Problem Solving:; v"-/ " • ■ ;. > .. - .'

■■|4.. ■ • 0  The creation and subsequent testing by. a student of a
} model of a sys-tem sfrithin a host program or through the

use of high-l^vel programming, skills possessed by the
, student. -z.' ■

Simulation: ‘ ' \ ’ ■' :: T
• *• '« F  . .

A representation of the 'behaviour of a phenomenon
designed to substitute for the phenomenon.

Tutorial: ■ '■■■■'■■4- ■ ■ ' ■ ■
. 'F • • . ' # '. F  ■ ■

The presentation of subject matter by an interactive
* ' ■ • . *• . . Fprogram .which responds to the student portion of the
. instructional dialog by selecting appropriate branching

routines . ’ " b  F..;.'

Delimitations of the St&dV ... * ; ,
• « • . F  ' • • ■’ ’

1.' The field examined in this study is that of science
v. F  . . ' ; ' - - V  F  '.

education and, henc^f -teaching science using computers 
. (rather than teaching computing science., -the. domain wherein 
the activity is teaching! about computers and the mechanics 
of . using theiifi) . .
. ■ .F' . F F :  ■ : -. F  ,■ • ■ ' V F F .

■F^''The4rdsearchVliterature on the effectiveness of
-  4 4  v Vusing 'a computer in science teaching was not systematically
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■ j v . :

[ :v '

*summarizep because it was judged not to be an important 
source'ofj* information for * the study owing to the limited 
amount of reported research that was of practical 
significance to a classroom teacher. ‘

r 3V By design, .the description of the learning 
requirements- of a teacher of science in each use of > .
computers' is as comprehensive as possible and no relative • !

importance is implied by the amount of description- of any , 
use- or phase of activity. ’ ’ . /
■ v . \ V . \ r.4. In, stating wha-t a science teacher should know, no 
value judgement was place’d*- on the importance of each usp,of 
.computers, except implicitly 'in terms, of the ratidnal-e^aiveh 
for each use. ‘ ^ ^

5. . The main focus is on w h a t ^  science teacher should 
know to use computers effectively in a classroom,; with, only
minor attentio^Deing given to how the teacher may become

*. • • * • »
r- ■ * * . , . ■ ■proficient the use.

' 6., Some httention was given to the determinants 
underlying the implementation of. computer use in "science 
instruction but no exhaustive treatment of the 
..implementation dimension is given. 5,

Limitations of the Study -:_ _ _ _ _  = .. : . y ;

y  1.; Tne results of this study describe the learning1 
• • * -. 
requirements of science teachers; therefore, some of thqse
findings *will.'no^Re applicable to teachers of other
subjects within the school.
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2. The reported level and frequency of use of computers 
by the teachers! was not systematically verified. The 
teachers are assumed 'to have made equivalent assessments of 
their own levels of experiefree and feasibility^^ using the 
computer for ^science teaching and, as a result, selection of

■ teachers for later interview, on the baSi^ of these 
questionnaire responses, w^s deemed equitable.' .

3 . The results were based on three sources ""of \
information, namely, the relevant literature, the science 
teachers who were using computers, and the .professional 
.knowledge and experience of the researcher. There was a 
’limit to the,amount of useful information that could' be v  

obtained for the study from each source. . In addition, there ' 
may be <ather sources of useful information on computer use 
in science teaching.of which the researcher was not aware.-

4. The information on which this study, is bas.ed were
* * * ■' .«<

the experiences of science teachers on the "leading edge" of
computer implementation in the public schools and may not
represent the knowledge requirements of other teachers who

' • \do not perceive the use^f computers the same way or follow
a less rigorous pathytoimplementation of computers into.

. . . . ■ '  . . ■ ■ %  . ' . -■ i.;-- • , ■■■.,

■ their, classes.
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CHAPTER II
• .■ REVIEW OF RELATED LITERATURE

The flood of material written .about computers and
science teaching/learning, covers many aspects: A division

t  . ' •" '’ of the topics yields two broad areas:
a ) The utility of the computer, i.e., "What the machine can 
\ do." fnd

b) The impact .on the-teacher, i .e;, "What the teacher*-will 
d o. M

The teacher who stands;at fjrhe threshold of using this aid 
has a- wealth of - information to gain in the first area; the 

nee available to the teacher in the second area is
sparse.

TheV first part of this chapter will examine the
i  j  ■■“ ‘literature on the uses to which*a computer can be put - in the 
professional activities of a teacher and the learning 
Activities of'a student. Following this inventory of uses, 
the learning requirements of teachers will be examined, as 
"••they relate to these proposed uses of computers.

The Uses of Computers in Science Education - 
Gaede and Singletary '(1979) identify seven stages in.

; the teaching process, viz, go'a^ identification; objective 
development, lessor! design, lesson implementation', lesson 
evaluation, and lesson modification. At-the risk of • "

. * ■. •* . * V - '
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dressing a new model in old cloJ|hes or, perhaps, describing 
an 'automobile' as a 'horseless? carriage' (Papert, 1980) , 
th£ applications or uses of a computer irt these stages of 
science tecTcl&ng will,be reduced to the perspective' of / a ; ^
practicingJ-teacher who is in one of three phases for each 
class taught** the teacher’ is getting ready to teach, or -is 
teaching,, or is ' cleaning up' after each group of vstudents • 
for which responsibility is held. This construct of the .
uses of the computer for teaching/learning is adopted to aid .
in presenting the uses to. the participating, teachers who are 
the respondents in this study. In this way, the general 
’computers, in'-science ’ topic is to be built, on a framework 
familiar to all’ practicing science teachers. #

V;' y  ■ ■ C V  ■
Phase I: The Preparation Phase and Computer Uhe

The activity of a teacher prior to meeting with, the . .
students in the class involves making-decisions relating to
the selection of course content Nand sequenfcey choosing   /y-

■ V • » •appropriate teaching methodology, preparation or selection 
of suitable materials, and personal preparation for 
effective contribution. Here,̂ the computer can be an aid by 
getting ̂ information from a local or district memory and-, if • 
programmed accordingly,““can make recommendations oh.the 
choices offered. Wafts (1981) recognizes four uses of 
computer^ that belong to this, pre-teaching activity: these
are Curriculum Planning Applications* Professional ’
Development Applications, Library Applications, and
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• 1-4
Instructional Management Applications, to which li^^Roe'cks 
(1981) adds .Institutional'Coordination.  ̂; ;

: x ^Curriculum Planning and Materials Preparation The 
proposed computerization (Meirills, 1982) pf ̂ the- Curriculum -
Resources InformStion Bank (C.R.I.B.) util.jLzes the large

* 'ii ' v, •*■*, ■ .■ .•■ ■ ■ • •s : .' pt ‘ ' 'memory of a centrally-located 'maxi'computer which, on 
command, transmits/ through the telephone lines, the . -
instructional materials that the teacher requests. ■ This .

V ' ' ■■ . . ,  ‘ '  .  -  ■ X : :previously-prepared curriculum information is then displayed
■ ■ • ' ■ . , X '  ' ' *

for preview by the teacher and, if suitable-, is printed for
.. . » . • ■ ... . .. '■ 

student use. The resource file that is...'down-loaded' ' may
also contain'suggestions for the teacher regarding relevant^ •• 
media,- references, or activities. Soltzberg (19791 also 
considers here the local preparation of custom-tailored 
diagrams and'illustrations using commercial programs.

Professional Development The teache£ also is a .. 
potential benef-iciar^ of this collection 'of material in a ( 
central data bank.; The collective contributions of various 
colleagues and professional leaders become available fof 
perusal and engagement in an in-service program supplemented 
with seminars (or 1 round-table1 muiti-party conferences' 
using the telephone connections) . ■. . -

Institutional Coordination Closely related to the 
above professional development of teachers is Roecks-' (19.81)

~v
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^recognition of the computer’s' capacity to aid ‘in .
> ' :• ̂  : V .  ■ . ' ■.■■■■inter-iustitutional communication using the 'electronic

mail-boxes’ of a message facility into.^which specific- or ■
group-addressed /Lnforii^tion is inserted for retrieval-by the
addressee(s) wi'tsh\ their, powers for discretionary '
hard-copying.: Included in this broad area of institutional 

. f\ \ ■■■-;. ' V  v
coordination ace maintenance of -student records-in-« * * v ♦

school-distrlct or -divisional comput'ers". f

Library Applications In a*d<fition to resource.'.
s *management usage by library vstaff, a science t*eacher (or 

student) may access a data bank, similar to Educational «
■Resources Information > Clearinghouse (E.R.I.C;. ) , searching 
for titles' not included, in the large curriculum resources 
records descr ibed above. * .

ft . • '

'Instructional Management^Applications Notwithstanding 
its fifth listing .here, tfte contributions by^a 
Computer-Based Instructional Management System <$Skkex, 1971} 
are those n^bessary in proportion to the "extjp£ »tha.t 
personalized-instructional strategies are implemented in a
O -A *
school. Using a cycle of criterion-based test; scoring, 
diagnosis, prescription’, and reporting, this 'appii^atipn ( in 
which, educational objecti'yes-dependen.t prpcedIres,

.J .materials, and measuring instruments are intejral) seeks t'o 
provide the'means by which the teacher manages the -r
educational enterprise'so as to offer each learner an • .
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optimum, set, of educational experiences. ♦
 ̂ \ ■■ ■v.*,." • ■ ; Y: Y Y . ■ Y • ; • Y - Y

• Phase' II;■■■ The Teachlnq/Ldarninq^Act and Computers
: .Sonfe.' attention, has been focussed on the forms of the- 
application of computers,to the process of teaching ancf .

. . learning beyond that of an electronic -after-ittfage of. the .. 
programmed instruction -Teaching Machines' of^he 1960s. . 
Three of Sparkes’ (1982) descriptions fall into this 
'-immedLiate'• mode of use of the .computer 'in the classroom:
The Electronic [Chalk]board. The Universal Laboratory 

" Instrument, and Gomputer-As6isted-Learnirig. Rushby (197'9) 
expands .computer . assisted, learning to include th.e 
Instructional Paradigm, Revelatory Paradigm', Conjectural • . 
Paradigm, and Emancipatory Paradigm. Lower> Gerhold, Smith, 
Johnson, arid Mbp.re (1979) view computer assisted instruction 
as .-having, seven possible manners of employment : these are .
Problem-Tutorial, Ob jective-dlrected : Tutbriai • and DriJ.1, ; <-
®uiz- or Test-mode, Pre-laboratory, Post-laboratory,' * .
Labor atory-extension, or Laboratory-substitution,’ each of'
"“Which may employ sPvariety, of strategies, viz.,
. Drill-and-Practic'e, Tutorial, Simulation, or Gaming. Watts 

,. '(19817 subsumes all of these under two classes;
- ' * * V ' '

^Instructional. Aid Applications and •
Computer-Assisted-Learning Application, the distinction / 
between these being the centrality, in the latter, of the 
computer to fhe direct • instruction of the student":

Some of these specific uses of computers will now be< . ... ' ■ f ...
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discussed in detail. '
' : /  ■■■.'/ / • ■ ■ . / /  .■= : v--/"

Simuiiations /When presented with a computer simulation,■ ■ i ■ ' T .. * ... ®
. i.e. , "a system-designed to reproduce essential'aspects of
reality for .the' purpose of 'finding ways to manage,, control,
: solve, and/or ultimately agree' upon the best solution for a.
problem (Noonan, 1981)", a student is an explorer sear.cilfing'
for the rules underlying the system by noting the effect on ..

.. the system caused oy adjusting the programmed parameters
available. A science teacher would offer the student a * ' ; «• * 
simulation as a ' pseudo-experiment '/when S/demonstration or.

. ’ experiment
* , l-.' took too long (e.-g., genetics experiments), ; •— "

2. happened too quickly (e.g., capacitor discharge),
■ 3. was too dangerous (e.g.  ̂ radioactive decay), ; • a#

J 4. required a complicated; set-up (e .g /,v MillikanVs oil.-*-drop :
■■ ■■ ' : ' V ■ \  ' . ' . ' V . / v

determination of charge/mass of an electron) , *v
5. •required-.expensive or.difficult-to-obtain materials or 
. apparatus (e.g., Ma xwe11-B o1 1  z  man distribution of ..
• v-elocities in a gas), t

6. occurred in a hostile environment'(e\g., satellite
’ orbits) , . * ' V  " -

7. caused undue stress to the environment (e.g.-, stream
f~ • pollution) (Wright, 1981), or * ' .

8. involved several factors requiting complex mathematical'' 
analysis to identify the predominant-variable(s.) which 
could be more simply -portrayed in an educational

' ‘ < . '■ . . " ' . ' V
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* I

. : ■ ■ ■ ■ • ' • / ■ '  is
- w  . •.' ’ . V .  . t• simulation. . 1 . " ■ - ■■■■-. “'

1 '■ r, V  V' ^, The usual purpose, then, is_ to supplenrent 'normal' 
laboratory activities. . There are, h^everT auxiliary uses' 
of laboratory-simulations tKat*include the possibility of a) 
pre—l4^pratbry ofieritationiPB equipment,, procedures,-.and" ’ *

• typical results ," b) labofat.dfy-extension to expand the range 
of conditions beyond those experienced by thp students when 

.. . the .experiment was/performed,and'’c) post-laboratory
replication of procedures and ’'number-crunching'"-to verify. ' • ‘ , J ■>

. >••• » ■ - . " V : *■... experimental result® (Lower, et aiL, 1979 ; Mandell, 19.82) . , * .
' Especially desirable for this application is the ability of

the screen "to exhibit, in addition to- static alphanumeric (~~

characters," sketched figures which may depict animation.

Laborator\(s»»Instrumentati^p ’ With the addition of 
appropriate -matching electronic ciircuity ‘(inter/faces). to 
which may be attached sensor-3 - (transponders ) • or switches ,

• ■ ■ ■ ■ * * - vthve computer may record from a multiplicity of
experiments, e ^ , the acceleration .of' a moving object,, the
dissolved, oxygen of. a solution, -the voltage and temperature
• !-■ • 1 • ‘ ■■of an electrochemical "cell-,1 etc. The coriiputer may only act
^s a fast recorder of these data Or may'ai!Sp be programmed
to analyze and display thd'^data in a'tabular .or, graphic
form.' The .computer, again through interfaces at the output"
ports, may also control devices in an experiment, e.g., the
release valve on a buret, ah electromagnetic gate on a
kinematics apparaths , a heater in a solution, et^:.
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• 'Tutorial The instructional dialogue between the - 
. •'* ‘student and the computer has been viewed as the: •electronic' 

analog o^gprogrammed instruction supplemented by the.
V. compu^ r ' s • enhanced ability for string checking of the
' student's responses and extensive bi*anching to appropriate '
*■ remedial discourse (RushbyV 1979 ) • ’In this -'.type .• of. the

• student is an active participant (or respondents to • ;
' ' • questi$ns#<rposed by the program; this same program has the

capacity to evaluate the student's progress and to select 
v , ,  •••— the pacelandt extent to which the new material will be

developed. •' ••
• • : '■''i. V '■ ” - ... - .

 ̂ Drill-and-Pr’actice , A major purpose of 
drill-and-practice programs is the review and r e inf ore ergpâ t 
of basic skills and cortcepts.; matching of responses is• 
r eguir^here as well as in the tutorial program. The 
branching for. remediation and.difficulty level is optional,

■ ’as are diagnostic subroutines.-

' \ ■ -.. ■ ' . ' ■ 
yGaming The .element of competition, either wit*h ̂ the.

c’omputer or with other students, presents an elemept of
motivation 'ter a program. The determination of a .'winner 1 is
the goal set by the program {Dennis, Muiznieks, and Stewart,
1 9 7 9 ) .

w .  •

1  . .Electronic -Chalkboard/Calculator The.presentation to a

^  ■

- • "•< ■■ , ' x
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. class of prepared notes and displays on a computer . screen is.
• • -- -v :  ̂ .‘:'v ';. aij alternate to the film loop or 6verhea|l projector. The 

ability to .'custom-design and display an electronic circuit, 
with locally chosen component values , and to mote Vhe

. resultant operational characteristic's is 'bread-boarding', in
\  ' . .• • ' •

^  a new &4merisi6n (Lewi^j 1981). ' . ‘ f

\  ■ . •
Problem-Solving Nay 'and Merrills' (1982)

' '  . • \  :  •' computer-based scientific ptpblem solving and Rushby's ;
(.1979) Conjectural Paradigm^ propose an expansionist's
perspective on the student's use Of"a computer in science
education not limitecfc b^^he pre-pl^nne'd structure present
in most other programs. , Here, the student specifies-

■■■V- '■ ' ' ■'  ̂ " 1 '••• '■ \.. portions of, or constructs ,a model of, a real-world system
and then notes the degree of' conformity to or discrepancy^
with the real Situation. The construction of this
environment requires .programming skills by the 'student or a
. . ; ■'* ■ ( . v-v ' .. ■ : ■high-level language (note the ^se pf LOGO for mathematics)

A emulating artificial .intelligence by the computer.
f  • . •

v -;. V  ■ ' . "  , .
•\phase III: Post-Class Testing ahd Evaluation ■
\ —  ■ , ; ,r  ■ , V

The utility of the computer in. the suppoV.t of the
teacher after the learning situation is listed tn Watts'. . 3 \ ■" ' -k ;

’ (1981) taxonomy of Applications which ihclude V x;
' Administration, Research, Guidance and Special Services/ and

\r '
Resting . '.-Baker '(.1971) ̂ views' the testing cĉ ^ onents as only - 
a component of an overall Management System where included
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■ - ' J:V. ■->
A... •'yf ‘ •*. v‘ • . ,• are Pretest')' diagnostic b r ^ r b g ^ s s  Test, and Posttest.

Ru'shby (1979) also regards many of these- ’ “
after— learning-cdtftent uses of computers under, the general 
umbrell^1 of Computer Managed Learning. v

■ V  :
Discussion here will relate to fed0- computer's Use in

Cr-̂.

t

the assessment of the, student and of the educational program
dud the guidance of fered to the student making a decision ip-

; • -■ " / * ' 
career counselling. •». . •

• " ■" '  . - •, r. " '

' Test. Management The computer brir?gs to this activity
of teaching the editing features ‘of an interactive wo.r<^^
processing program, a large ̂ permanent memory; the faithful
reproducibility of; contents, the objective scoring
(optional) of the responses, and ''the recording dfj item and
test results. The next three features .indicated below may
be included in'this general categor^ ^

,Test Production The options, available are for the 
computer to retrieve test questions-from the item bank that 
have been previously entered from various sources (Eisele,
1979 j. • dr 'for . the computer to generate unique questions using .-
■ Jh ■- \  ' >■"gUestipn templates'into which; •appropriate random values'-are v
inserted resulting in a number of parallel test items all of*
which follow general and expected formats. Options-for the
teachers using the testing program are tnat the items may be %

' ■ .
visually selected item-by-item by the. teacher or that a ; ' 
.stratified random selection may be made by the computer with'

: " "  ■ ' .  . ■. ■ ■ -M. .
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specified criteria acting as restraints such as lexfel of̂  

difficulty/ weighting by subject matter objective,;; cognitive 
level tequired, o? type of response- required (Johnson, '• 
1981). The potential for 'make-up! tests with comparable 
characteristics is evident. * , *

f  Test Scoring If the responses to the test items are • 
multiple choice or true/false or if the test is given on the 
computer (on-line) and matching routines are available for 
short answers, then the answers may be scanned for^scoring..

• of responses. '

Test Records After scoring, the results may be writtenw * •' ; ■ -
to internal records and/or returned to the test user; a 
computer managed system may also offer recommendations for. 
units to be covered or reviewed based on item and test 
results. . The computer records,may also contain qualitative,

. anecdotal descriptions of student achievement.
' * * " *T*

Test Item*Analysis The records of results in the tests 
may be' subjept to the' analysis of students’ perfprtnance by ' 
software statistical analysis packages to determine the
level of. difficult^, quality of discrimination, etc.,
:v/ ■ \ . . ■
enabling the revisionvor substantiation of the items in the

Q  .test bank.

y;/ Evaluation of Students/Program Records of performance

-■ V. . • ■ v
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results -for tests permit the longitudinal tracking of *the
■V"' r.;-',;’. ■ ‘ ' ; .. ••«. student's achievement^ and the comparison between groups

’’ ̂  . ' / . r f, r

which forms a basis for■•■Instructional decisions (Watts, . 
19.81)'. ;- ' :

■'?;■ ■ ■ ■ i' ■' ‘
Career Guidance ‘ Although career counselling of

students does not normally fall within the- domain of
. activities of teachers,. the science objectives frequently-'

include references td occupations and industries _Wffere a
knowledge of science is a prerequisite/ As part of the
realization of the maximum,potential of each student, the
CHOICES program, offered in association w.ith the Federal

’ Ministry of Manpower and Immigration/ provides a ‘
pre-5mploym^j$t and training service here, usually through

• the Student Counselling Office of schools offering this
resource. ^

S u m m a r y  V  _ r'

'' ^  i■ The applications described -abiove illustrate. Some
: ’■ - ’■ ■ ’■ separate aspects of the multi-faceted capabilities of the

computer. In any specific application, the combined
contribution of Several features is possible, for example^ a
simulation, with graphics, may appear as part of a tutorial
with records ofT the)student1s responses retained in internal
files or, berhaps, 'the use of ̂ a computer-controlled
1 intelligent '. videodisc showing slides or Moving sequences

m  ,as visual prompts for, or as responses to, a student's

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

comments «in a drill-and-practice^ sequence^,. A v »
'■ - ■ ' ~ V' (jo'*'7 . '  ̂̂  ' ' . ,, *V. ,. i’

1 Computer Literacy for Tgfachfers >«.%
v 'v ■ ’ ■ & & -"7 . Characteristics of a computer ; literate. tje§ctfeJ,l!1'a*^^^

been .variously described in the literature.*- '• 'v, - .• ■■ - ' \ :..* ' .£*
-- ■ ' ♦ ' ■ (  , '• . ,’In 3,978, Maaelaihe Baum employed the Po'^i^y .D'elpfii-

technique to identify- the trainincr;n<eeds pf. c-OTrputajr-u
' . '* v ;•*- ' V* . *teachers (Dennis, *1979}. Table,, 1 listsitheVtwenty-fou-r- ■'•'A ■  ̂ . Jrf . Si4 . . * *v-skills or items of knowledge 'that toerevconsidered
s> C* ’. v« : .*■ • ?*■ • • '•K'a - • ^ *. A~. i 1 * • ^  ■ * s * _ . ?-£ .or "very" important to proficient. .ihstruGti'onal^GomputingV^^- 
a majority of, the participants (Dennis,,• 19-7$)^’y- * y’

’ .' . * ,*]?r ■; . •Muir and Forman (1982) formed, a compositfe*&f'Various •' ► 'I,'''' '■
'definitions of, computer' literacy, that, in cl 7.; •
a) knowledge of the. history of computing, / "
b) understanding of how computers w6Kk.‘- ̂tid* hos/^^Sjfi^w\ jh'e ' •

' V . • • . ' "v' ' . " A  A  • ■ ■programmed , . , 7 • . /
c) awareness of the computer as? an aid to. .. learning,

\d) , awareness of how the computer, can be used, as a problem
solving tool, ;

e) insight into business and industrial applications, and
f ) awareness of the present and possible future effects of

computer technology on^ociety. ■ i
77These same components have been accepted by the\Alberta

,® . 4

Education Minister's Task Force on Computers .in Schools as
’defining a computer literate adult (Romaniuk, 1983).'.

.'ftThese facets of computer literacy are noted to be applicable 
to the general public, adult and pupil ,ali-ke,' and are not- ~

v V ; ■■ ' - ’■ ■" v;
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:• , ' ■ ; ' ) .. . ;; ; .-./■■Important Knowledge or Skills for Instructional Computing;
■; . . (Prom J.R. Dennis, 1978) <• . ' : ■

;1. Familiarity with Qomputeri.zed teaching' materials ^i.e., 
instructional programs) in a variety of fields.

2. Ability to integrate’ computerized teaching materials 
' . into a course. . ■ /,

3. General knowledge of the functioning of CMI (computer-
' ^ managed-instruction) systems- t >

4. Understanding of effective design of drill arid practice
• ' - materials. .y

5. 'Ability to apply computerized drilP. and,practice in a.
variety of teaching situations.

. ' 6. Familiarity with computer simulations and models.
?. Experience in preliminary design and construction of a

.' simulation.
. V  8. Knowledge*of the uses of simulations as teaching tools.

. 9. Ability to ettSluate. the effectiveness of a course that
uses computerized' teaching materials. - ®

10. Ability to determine the computer needs of a school.
Ability to draft specificatiohs (request; for proposals) 
wh^ch set down the needs , and desire's of the school -'and 

• invite proposals/bids from .potential suppliers. '
* ' 12..Ability to be highly critical of suppliers 1 ’proposals

„ ,> and' l̂ ie'ir machines.  ̂ *■ ■ ;
. 13V  Ability -*to assemble data about proposed equipment to 

‘a‘V-- facilitate decision-making (costs, perfbrmance data,
• * ‘ hardware characteristics, software support, e'tc . )
- • IS^familiarity with instructional games.

l^^fchowledge of how to use instructional games 
< '^appropriately and effectively in teaching.

, 1 6 .  Plj^sical. familiarity with computer equipment, i.e.., 
everyday operation ^nd use of a range of different 
machines . - •

17. Knowledge of trouble-shooting procedures and means o f ^
1 Access to professional help, i.e., knowing how to- W'

determine if a piece of equipment is ailing, and if it
- is, knowing whom-to call t o ‘fix #it . .. '• • ’P

. 18. Knowledge of sources for computer materials.’ ■
19. Knowledge of how to improve less-than-adequate- 

instructional computer programs. 
j, -20. Ability to evaluate the effectiveness of instructional 
. computer programs.

21. .Ability to instruct others in the social role and irgpact 
of computers in society.

. ..22. Knowledge of alternative uses of- computers in schools, 
•evgl^as class-recbrd-keepers, 'term-paper-editors, etc.

23. Awareness.pf the value of involving students in the r- 
•development of computerized instructional materials.

24. -Knowledge of-processes- of ihvolving students in 
.instructional materials development.

’ i.\ : ■ -- '
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t,

^ '■ 'Vi". • 26
descriptive coniputer professionals such as' programmers or 
analysts. - .

: Szabo (1983) nores six levels of .computer literacy; •
0) unaware [of the computer]
1) aware of its existence, V
2) aware of some needs that' can be met v/ith ̂ cotaputers, > '
3) aware of soqie ne'eds t^hat cannot• be met with computers,
4) aware of problems created when bringing in computers to

solve the needs' in (2) above, >.
5) aware of how to prevent/solve problems in (4) [writer’sV...: - ^

emphasis]. ■
•** ’

"   "
■ . " ■ " >■ ■ ■ ■The examination of these descriptions of 'computer

literacy invokes two questions: Is this an exhaustive.
.listing of characteristics of computer literacy? .Are the
characteristics of' a computer Hiterate scie^lb teacher a -

" If >

sub-set of , ©r a differently described set' of 
characteristics? The first of these questions will be' 
addressed in the remainder of this chapter; the second 
question is, in par*t, the goal of this study .7.

' . A Matrix of Computer . Literacy An examination o.f the 
literature searching for other possible, previously 
unidentified, characteristics revealed the following 
information.

i  : , ■' -
\ a) Surprisingly, in view of the frequent.presence in

introductory Courses, none of the. eleven references
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fuggested that 'a knowledge of the history of comjjuting'
; should be included'in a definition of computing

literacy.
bl) The range of significance attributable to ’an

-understanding^of, how computers work.' extended from a two 
hour'lesson (Lopez, 1981) up to two of Milner's seven 
c o u r s e s . • Bork (1*982) does not emphasize this and 
two articles^’J^oUrsund, 1979; Dickerson, 1981) make -no

■ " ‘ %  ■■ v. ~ • V  ."■■■■■ ,reference to this -^ompprtent of computer literacy. 
b2) An activity usually a^ociated with adult computer

literacy courses, 'an understanding of how computers can
■be programmed, ' i.e. , programming, registered as the

' most contentious with statements in.references regarding
* '"f

the inclusion'of programming in a Program of Studies. 
Recommendations favoufinij inclusion were made by Dennis
(1978) , Ingoldsby (1978), Milner- (1980), Larson (1981) ,-* • •« • 

v  • ̂ •'vLopez (1981), Bork (1982),' Porter (1982) excludes\ ■ ’
programming ais .a requirement for 'Implementors' and

x g - •■■■■ ':■■■•notes the inclusion .of authoring languages for
' Innovative Leaders' at ôcfe college and, at another
college, -programming sufficient for an understanding of
.implications for■instructional design. Diei^ (1981)
completely removes from teachers onus of having to

.. ,, learn complete computer programming techniques. '
c) Not surprisingly, no conflicting statements.were present 

in the discussions found in these articles from 
^Education Journals regarding an ’ awareness ' of ,;the
: /  ■ X  • : 1. ■ / ;

■ ■ \ '
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computer as an aid to leajjfjfiing ’; only three articles 
(Dickerson, 1981; Ingolclsby, 1978; Larson, 1981) omitted 
reference to this component of computer literacy.

d) Less expression was given .to an interest in an- ' . ( '
®  1 awareness of how the computer can be used as a . ^
■ problem-,sblving tool' with only five mentions- (Dennis,
< ‘1978; Moursund, 1979; Larson, 1981; Porter, 1982; Bork, .

. 1982) . . . ; \
e) Larson makes a solitary, and sld'ght, reference to the 

O  v. •
' insight., into business arid industrial applications ’ v/i.th "
a comment on students’ automation of simple experiments. 

f ). Only three of the articles (Dennis, 1978,; Hender^j^,- 
1978 ̂  Milner., 1980) recommend the inclusion of an 

'■ 1 awareness of the present and possible future effects of 
computer technology on society' in a literacy program. 

Other aspects of: computer literacy raised by the authors
v.. 'include . •

i ) a study, of •research^'f’irjdings related to learning, 
teaching, curriculum development, and evaluation 
(Dennis, 1978) . *..* ' ’ i

ii)' design, development, implementation, and evaluation of 
computer-based learning materials (Hen^rson,. 1978;

• -Milner, 1988; Po^^r, 1982; Bork, 1982) 
ii.i) a backgrounds in .Learning Theory (Bork, 1982).

f . . 
Summary

It would appear from the above analysis that"
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*
tf

substantial differences in opinion exist regarding the 
abilities to be included in the repertoire of a 
computer-literate"adult and that no single reference 
proposed an exhaustive, universally acceptable set.
Firstly, prbgrammfng skills and hardware knowledge,, the
'meat and- potatoes' of dome introductory courses, ’are not’ .■ *•■.:••••>. ■ \, •, , .• v . »universally accepted as necessary for; teachers who are.

■ considering using computers in their teaching. Secondly,
■there are no references .to the special needs, if . there 'are.
any, for implementation of computers by teachers of subject
areas, apart from a tendency to associate types of programs» •fi . ■

with subject areas,' eg., text processing with:English, 
a simulation modelling with the sciences, graphics with

.geography, tutorials with mathematics ,• etc,. , (Lopez, 1981;
Porter, 1982) . Lastly, there i-s often more coficern that

♦ ' .teachers be computer literate than how teachjOTS‘’’are to
become computer literate. *
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■ v f .
. ■ CHAPTER III

' ̂  . , EJESIGN OF THE STUDY

• , 'Sources'? and Treatmeot of Data
„As was stated’in Chapter I, the data for this study 

^ came frqjn three-sources:"the relevant research literature oha- ■ " .\ comp'uter use and teaching, a sample of science teachers who 
were found'1 to ..be. the most active in using computers at the 
time that the, data .was being- collected, and related 

® professional.experiences of the researcher.. it - ' ..« %
.Some of' the information from the relevant-research 

literature, on computer use is-, presented in chapter II. This 
infqrrnation was helpful in ider^tifying specific, uses of 
computers in science teaching and developing a framework for
classifying them. This framework is: discussed] in.detail .
'T ' ' - .  ■■ ...v:-.' _ 1 1 - .. . ; ' * .
under “the section below entitled 'The Main Stage for
Collecting Data from Teachers.r Some of the information
- . * ' • ■' * ' . ' from the.research literature is nptmentioned in chapter II

■ '• ' ■. "> ■ ■ ■■■■ ■■ ' but is incorporated into the profile of uses presented m
chapter V. Appropriate citation is given whenever such
literature information is used.

; The personal contribution to the study .from the ... . .
researched has. the following basis: . ■
- twenty-three years ' of. teaching . science , including nineteen

yea'rs specializing in hi^h school physical science',- . ; .
■ - tirio years of formal study at the graduate level of «
: ■' ■ v V \ :-\ •J •.".*■ ’ ,

r. ' •* '
■■ .30 - . ' y  ̂ '--C .

■* 5 ... ■i'l ■' "1. ! I ■*>”»' ■
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■ . *' 31
computer operation, and application to science teaching,

- four years ;of practical, experience in applying computers 
to the three phases of teaching science, and \

- six years of consideration of the question of the study
.about what a teacher should know to use computers -,

■ < •*effectively in science teaching. * . '
The most important source of information on computer * 

use in science instruction was. t^e sample of teachers who 
were deemed to be active users. The remainder of this 
chapter describes how this information was gathered.

In concluding this section, it should be noted that the-C. , ■.;
researcher-collated the relevant information,from the three 
sources -into a profile of each use. These profiles are 
given in chapter V. - ̂

■ h. *The Pilot Stage' for Collecting Data from Teachers

The Purpose Sf the Pilot Stage . *
The “ref ineraent. o*f the research ..procedure for the main 

study, the construction of a questionnaire of current and:-.' 
feasible educational uses of the computer by science 
teachers, and the determination of the needs of teachers to 
achieve these uses were the goals Set for this pilot 'stage 
pf data collection.  ̂ '

The Pilotf'pesiqn
Because of the exploratory nature of the pilot stage,
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V  .

52

information about the science;teachers' use of computers was
sought by a serai-structured interview with the eight' • C v

< respondents. The interviews occurred after school hours and , 
were audiotape recorded. .The duration of the interviews was 
one-and-a-third to two hours.

• !
The Sample

Science teachers employed by the Edmonton Public School
.Vi-v ■ ... ̂Board were considered^and, from these, four,Senior High and 
foilr Junior High School teachers were chosen who were known 
to have been involved in using computers -.in teaching 
science. The teachers selected were; .hdi^ihated by the 

. interviewer, by a researcher who was completing van
■' y." ; _ : • . •:.*&./• '■ T . _

implementation study in this area, and by system personnel
when approached to identify contacts. The interviewer had,
previous to the.interview, met all but one of the' *

interviewees and had already established a professional * 
relationship with fpur of these teachers. y -

' • ;v '7The Pilot Interviews / y''’' - ''y'’ " °
TJo_ written instrument (e.g., questionnaire) was 

: administered to the respondents during the initial contact. , 
^Enstead, two, Jrsts Were made for the guidance of the ,-y 

■ interviewer:
1) The .potential uses of the .computer*, in Science, teacli^ng 

(Appendix D). . V  .
2) The .schedule of questions to be •raised:', during the3e raise
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/ interview (Appendix E).
: . ' • <  ' ■ ' ■■■■/ Following the interview, important ideas were extracted

■ i ' ■ \ 1 ■ ’ ■ >';
Verbatim from t$s audiotapes and stored in a'-computer text

f' >V ' ■ • .. V  ■ ■■■ "■ ■ ■ ■ •. . ■; " .opv' was made for the interviewer's
■ . ■ ■: V- :'■■■ ..■■'•••r'. perusal and analysis. Analysis was aided by construction of

■ a chart,us^fcig rows for each actual or projected use and 1
'Columns for each of the interviewees statements. In each of 

• '•1 *\ *' ' ̂
the cells thus formed, relevant comments.ffom the interview.

* were noted. . • -

: ' * - .
I -The Pilot Questionnaire
; Because the. pilot teachers had made" statements, that
j resulted in redefinition of the uses and th4 categories of, 

knowledge to be probed in the interviews in 'the main stage
• . . .  S . . .  •. 'of the study, the seven pilot science; teachers were asked to 

preview the questionnaire that ]Jf|L been constructed for the 
f (̂ mai-n stage. Their comments were collected,' resulting "in 
-■t" refcrmSt.ti.ng of the questionnaire toftolace the description

of eaCh.:.'.jase and the reaction by the teacher on the same
■ jP ^  •page (to reduce page-turning) , and "  ,■ ■, • • ,•

- an approximation o.f the time probably required to complete 
the questionnaire (̂ to assess the bur-den to be placed oh . 
the teachers in the£main stage) . . • • ' . . .

The* Pilot Interview^ Procedure
The interview'.method was found'to be' fruitful far•ft ■ -It\

allowing maximum contribution. by the respondent.?*.witt^in' the•. ‘ ’♦  ... - »'•
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J

■ \  ' ■ ■ “ ' : ' ■■ 3 4

general limits set! by the jresearch questions. The comiHents
: #1; .. i ■ ■ .■ ■ V  ' ■yielded an abundance of infopixtation on the current uses of 

the computer by the teachers in the survey. The comments by
the ̂ teachers on the p o s s i b l e t e n d e d  to be dependent, in

, part, on the image of the proposed uses as projected by the. i • ' • . . ...... ‘
• interviewer. ^.'tendency for. bias and/or for ^

misunderstanding of the nature and/or the extent of confeuter° 
use was considered possible in thfe teachers'' responses to 
the interviews comments. ^Leading statements'to the 

/ interviewee were not detected until the audiotape of the
interviews: reviewed by the . researcher fuf?owing the

/ .* interviews. The discussion on the needs for knowledgev-\. . .. •'. V- •■■■■
/.■ and/or skills required by scieQhC/teacherstended to clarify

■ ' v  " ' ■(

the route taken by that specific teacher and, where not 
specifically^addressec( by 'questioning or volunteered by the 
interviewee, led to inferring of requirements from 

- statements made by the -teachers. •
ite .. . ; ■' •. ■. ■ -■'..

' Y'y'... ..' ~
Implications of the^Pi-lot Results for the Main'.Study ■

‘ ' ' ' o '

.y- The time required for transcription and analysis of the 
•; interviews was extensive, requiring ten to fifteen hours per 
■■ hour of interview. Although this was a heavy commitment, 
the results-, were more easily and thoroughly analyzed in, - 
comparision with just the notation of the main points, an 
activity requiring about.three-to five hours per hour/of’.; 
interview. Therefore, the 'pilot study indicated a need to 
be selective of those teachers to (be interviewed in the main

1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

The perception of bias pfesentfed to the interviewers
' \ ■ ’ 

when describing the pbssible tises of the computer, or needs
of teachers suggested the use -of standardized statements in

' the main stage to which the partaLcipating teachers could
respond. ' ■ '

Both t^e time ahd.^bias, concerns-above could be solved
by surveying a larger-population of teachers -•■and then, f rom
the return^ from Vhese teachers, selecting those-teachers
who were exemplars bf specific functions in the utilization. 
•&£ computers. The teachers could be interviewed to sedk 
clarification or elaboration on statements made in the 
.screening : questionaidr.e' (AdBfendix A) , This 'would tend to :
reduce the duplication of interviews where the respondents 
to the questionaire were perceived to hold similar views or 
have adopted, similar uses/ . •

The questions that guid^'^ne interview needed to be
, . . ' \  ■ *3reevaluated for their level of emphasis on
- the construction of the pr.bflde.;\'ofV.̂ ise's.;';ma^[e or considered 

feasible; much Of this 'informatio^rtefeded 'to be available 
from the initial contact through the questidn»aire with 

t the science teachers, in the main stage of the study.
- t h e  stages of implementation traversed by the interviewee 

reaching the current state.
This study is not o f .computer implementation by that 

teacher but recommendations by the teacher, who may possibly
reflect on either his/hpr earlier stages of;.implementation

■ ... r ". .'
. i
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but who hopefully will consider, the actual, current 
requirements forthatidentified*use and which could guide 
Jehobl policy on increasing use of computers in science;
'teaching. . Y. ■' / ,

The pilot stage indicated the need for a questionaire., 
based on responses by participants in the pilot stage, 
permitting ready, and more comprehensive identification of
a) practical concerns relevant to.conducting the study, such

:■ as Y  >  Y  Y : V Y  • ■ Y
- thoseteachers who were most- advanced in use of X  

computers, and who would b£'~T$ie people to interview,
-Y and.

- directions for formulating, questions for interviews,
■ and' . '

b) those substantive concerns related to the information 
that was sought by the study, such as • . .. Y

- current or perceived uses of computers in science . 
education/ and

- needs of teachers using compTiters in science, 
.particularly the benefits and>costs,. skills and
■ knowledge , and pedagogical practices. .

: *" . -V : :V ' : ' : ' '' ■' Y '' Y' * 'Yv'.Y Y ■ Y ̂
The Main Stage for Collecting-; Data- from Teachers 

The Questionnaire - v* • • • .
ft ■ '■ .'■■'/ ■ Y Y • ■ ..•■(* ■ .' '

The Purpose The purposes of the questionnaire were- to
' • Y ■  ̂ '•* *obtain information about. the nature o f 'the'experiences of

yyy y ;- - Yy  Y' . ■' ..Y YyY'
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■ sele’cted science teachers with the various described uses of " 
the computer and their* assessment of the feasibility of each 
use and, thus, to • ,■ :
- provide a grounding for the deviling of questions for the 

• intervie.w,
- identify teachers who coufLd be interviewed later in the 

main stage, and
- aid in forming a .structure for the learning nebds of 

Science teachers who woujd use computers. !

/The Instrument , The first draft of the .questionnaire
,A v ■ l:
that was. designed for the study contained two major ' 
sections: " ■ "
a) a description of each of nineteen uses of the computer
. according to a review of the literature and comments made 
by:teachers during the pilot stage and "

b) a form ii^which options'and space werey provided wherein 
the teachers could indicate

•i) .the nature of their past or current experiences 
using computers in science teaching,

ii) the-perceived feasibility,of their becoming involved 
m  .each of these uses, ^nd

iii).other comments about each computer use. tThese'
, indications of interest in each use would form a 

basis for determining the potential of each teacher 
to'contribute, in an intervew, to the study.

Informal evaluations by associates led to the following
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'■ .■■■■•.■ 1 irevision^; made to tae first draft of the questidniiaiite:
- addition of def initions of each of the fbtir types of 

participation, . ■ -
- addition of a scale to permit the respondees to indicate 

their level of involvement in each of the uses described,^
- expansion of the space ̂ available for free responses to 

programs dped and other comments; ,
- change in the'physical dimensions of the printed. mate,rial,
- rewording some captions'and sentences, and f
C ■ ' r
- elimination of one redundant described use, thus reducing .

the number of projected uses4 for this study to eighteen.
Different scales were chosen for the two ratings, expedience

* *(zero to four) and feasibility (zero to three), frith the 
intention of aiding the responding teachers in making a ‘ ’
clear distinction between • ;

' > '
- their past experiences, based in the reality of the

, ♦
\ ,

classroom/school situation, and ,*
- the feasibility of these uses, n̂ ot limited by 'temporal

constraints such as adequate software or hardware
' *

resources. ' ' v ^
The second draft of the questionnaire was then ~ ;

submitted to seven of the /eighyt teachers from -the pilot '
• ' . ' t s  •stage for their responses to the'content of thea, *questionnaire and critique of its format. Five of these 
teachers returned the completed questionnaire and their t 
.written responses were included with tho'se of the other - 
teachers who responded verbally to the questionnaire.

•KV

\
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. Consideration .'-of. :• the r^ei^ed resulted i
- . expanding or cl'arif ying t^ePl^ll^PP^cvis of s’pine /of the

uses,
. V ’ • • . - . ■ • : . ■

- rewording the stems that 'invited qpmments about the 
’programs used of considered', and ii.i ■

- .integrating the'-'^description OjjC use ’ and ' response'-
V sections to form a small cohesive unit for each of the

eighteen described uses.
The ifinal draft of the questionnaire (Appendix . Aj was then 
ready for distribution to school-jurisdictions and their • ‘
teachers. ’ .

*The Sample An early 'activity in the study was the 
search for teachers who were potential contributors to the 
study. As a result of informal discussions and inquiries at 
^meeting's and conferences, a group of teachers were '

* ... identified to‘‘whom it wpuld probably be ^rtt^while to send a
questionnaire. c ' ’ ., ■ ̂  .

V  ..Correspondence with eighteen school jurisdictions in
the Province of Alberta,,extending an invitation'f or. their”
science tdache^s to participate in this survey,- ‘resulted in

4. • ' / ;. * • *■ • r . ., the naming of severity-eight .teachers* from local' education >’ 
regions ranging in size*, from a 5228-teaCher urban district 
to a 18-teacher private 4fcchdol (Appendix F) . ’ Three of the . 
.teachers declined or were'- unable -to participate . Th‘e 
remaining s e v e n ^ f i v e  teachers were s'Cnt. a copy of. the 
questionnaire-(Appendix F) and a covering ietter (Appendix
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.Questionnaire responses were subsequently received from 
; fifty of th'e seventy five teachers remaning in the .study 

fo*^_a -return rate of 67 %» Thd distri-OTtion of the 
respondent tea.cher.s by grade’'division and. size' of school 
jurisdictibn indicates' that most (-60 %) of the teachers in 
the study taught in secondary schools or in large urban 
'School Districts (Table 2 ) .

The teachers who. responded to the questionnaire, ^and 
from whose comments were drawn the observations ’that are 

' detailed in the next chapter, probably form a select group 
of teachers:
- they were professional acquaintances of the researcher or 

were nominated by their employing school jurisdiction as
• being active in their use of computers, 1 

•- they were among the 6 7 % ofSthe teacher, ooontacts who had
' returned the questionnaire, arid ' ’1 .

: ̂  >.• . ’- they had freely chosen to!make the statements from which
the,, issues and topics were derived. - ■
- A sample with these characteristics may, be Unexpected to 

. affect the'reliability of the stilly: 0 ’
- The fact that'- the teachers were* recommended vfo% inclusion

;; .. ’ " in this .stud^- would indicate- that they had established a'
} reputation for worthiness as a4 computer-dsing-science-
teacher..with the agency or person who nominated them. • ,

- The completion by 67 % .of the teachers ’of. a questionnaire 
(that the pilot teachers had indicated-would require more •
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Distribution of Teachers Responding.to the Questionnaire"* 
by Grade Division' W d -  Size of- School Jurisdiction 

(Reported ^s Percentage of Sample)
'• : " (N’ = 50) w

Size of School School Grade Division j
Jurisdiction E E-J. . J J-S  S ' Total
2501--5500 - 
Teachers • 6 -2. 14 - • 2 . 36 60
'251 <-■ 2500 
■ Teachers . -

■ V'
' * ■

X..
2 2., 16 20

0 - 250 
Teachers 2 2

P 
1 

00

1

20
Total 10 1 ■ ‘ ' 4: 8 . *60& , 100

"Note: E = Elementary, J = Junior High, S ’= Senior High
- ■ “S. /
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-  I • 'V  <

%  ■’ ■■■ ' 4 2*  7.V . ̂  than one hour for completion) effectively brought * J jit^ the
y v';. study only those teachers who had a.high level of

perseverance and interest in contributing to the study.
This ■persistence,, could, be a ^acta^nceljating to their 

* status as a .practicing scieftce teacher who ̂ |^d succeeded ^
in integrating computers in to the curriculum but' that is 
beyond, the scope of this study. j . "

- The last characteristic^) by itself, could reduce the 
-generalizability of the results by the selective or ' 
accidental omission of information. On the oth^r hand, 
this was the one area where comments could be/, and were,
made concerning issues significant to the goal and process
of the study

*' V.- y. K0 ‘ * I •' • • . v ■Analysis of the'-Main Stage Questionnaire Results The
first step in the analysis of the responses to the
questionnaire-was the- assembling of comments from all-
teachers according to the several categories of use

.. -,o •'

(Appendix B). This collection allowed the identification of 
three.types of information:*** . % ■ .'I '.1 - the inventory of programs-that had been used by the

respondent teachers-,.-' - .r

- the i ^ e s  and concerns'-of the individual respondents t̂o 
. b e  addressed duiing-the interviews/ and
- the tally and statistics^ of the levels, of experience and- 

feasibility of e'ach use'of computers by the respondents.

"S'
. ■ *>':
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' . * " ■ ' '■ ' ^ ' 43-,
'.The inventory o£ programs was used to give the

'■ ■ ■ \' 
researcher a familiarity with the computer programs likely

•j - -

Vto be referred to in the int^Bjiews to follow.
Notwithstanding-the wealth off information which was.. .

. available in the responses to the questionnaire and which is 
summarized in the next chapter, the major purposes of- the 
questionnaire included

gaining information to enable the construction - of the 
interview questions for the main stage and

- the facilitation of the selection of potential 
■ ' “ interviewees.

 ̂ Five .major categories of knowledge about computer use
and; their ‘associated sub-topics for teachers learning to use', 
a computer in teaching science were identified in the 
responses to the questionnaires
- fundamental ‘operating and programming knowledge,
- hardware and perpipherals that are needed,

* 9
- software or-courseware that is used,■ • .. ", Qj- implementation or application in the cl»assroom/school, and
- impact on the teacher.
Each\is elaborated in- the next chapter. Within each of the 
'fiv^-categories o£ knowledge, questions were devised which .
encom^a^s's^^jimdst-^Mp the concerns expressed by the teachers. ■%. «; • f.
s u r v e y e d ' • . In addition, each'interviewee was
asked t?o suggest ̂ i^er learning needs of special

Asignificance.
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\ The propess/of selection ol: bhe/"lLnterviewees was 'aided 
by th% construction of a matrix of Information from the 
<<qfaestioonaire. . The-purpose of the matrix of users and uses 

, wasto, givfe a compact display of criteria that would be -
available ’for. the later selection process. For this : 
purpose, a grid was constructed (Appendix I), its structure1 
fOrjned by_ columns for each pf the eighteen described uses 
and two. 1 other comments ’ sections and rows for each of the 1 
fifty respondents to the questionnaire., (The 1 other ' 
comments' section of' ^Valuation Phase was.not included in 
the table because of th£ general nature of the comments made 

. there and limitations on-the physical dimensions of the
• printed matrix.) Into each of the 1000 cells thus formed, a

maximum of two symbols were placed which denoted criteria by 
■which the selection of interviewees would be made.

' ’ ' Because the ability of a teacher to contribute to the
study was considered to be dependent, in part, on both the 
teacher ' s level of experience with, and range of vision of
possibilities for each, of the -eighteen uses,, the simple 

••̂ ..•arithmetic sum of the indicated levels’of experience and
feasibility was selected as the numeric descriptor for each 
user/use cell.. The process of selecting potential 
interviewees for each use included criteria, such as
- this self ̂-reported level of present and future interest

for the use, ; • v
■ * ' •

- the relative (ranking) level of interest that other
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teachers had. indicated for the uses, and \ / '
- the rtature of the specific application, as described in

the comments. ' ' « •
* '

A second, alphabetic descriptor was chosen that would 
clarify the nature of each active user/use combination. 

.Perusal of the responses made b y ^ J ^  teachers suggested that 
each user was. commenting on , .
"A1* - specific educational applications,
"a" general, educational applications, or ’ ‘
'■.o'! — non-educational applications
and, therefore, the designated letter was chosen to indicate 
each of these possibilities.

The nature of some comments indicated a possibility 
that, some misunderstanding might have existed about the 
interpretation' of the description of each use. For example, 
several references to marks maintenance programs in the 
teacher's responses to Instructional Management applications 
raised the.possibility of an imprecise description of this/f 
use. To indicate that the' interviewer should clarify any ■ 
misunderstandings about the nature of the respondent's, 
actual use, a flag, < or >, was used, to mark such uses, fob

. later possible realignment of responses. , . .
- 1,1 ' 'J

Tabulation of Responses for Each Use in the Questionnaire
. ‘ ' ' ” . ' ''' " ' ' . _ '

Because the learning needs of teachers might haveha\
Ldifferent/dimensions for each use, it was proposed\that a

■■/; v ■ ■ o

profile of 'What a teacher needs to know to use a computer
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w

• 46
in science teaching' would best b e ; drawn by accumulating 
comments by all of the teachers under each of the eighteen 
uses ,and the three 'other comments' Sections.’ A domputer 
text file was opened for each use and, as the questionnaires 
were returned to the researcher, the . :
- degree and type 1 of experience, .potential.for further use» v 

. - ‘description of programs used and considered, and 
/'  ̂^pther -comments were entered under the identifier for that

, o . responding teacher (Appemdix B). . ' ;

/ .  *  J  ‘ ' V  T - '  ' L *  ♦  "  ■■■ ' ' "  ■ . ; :'V .. . The collection p-f responses across all participating
: ' " , •- ■ j; ; . teachers facilitated ' V  ; >

-i the establishment of levels of activity and feasibility ‘ 
across all teachers participaTting in the study for each, of ' 
the described uses, '' . •••

■ - the development of a repertoire of computer programs used 
by the scieri.Ce teachers (Appendix C), ■ ..V

-.the identification of issues which could be explored in 
the interviews and that were significant to t|re study of 
each use.

The indicated' levels of experience and feasibility of 
•each use for all respondents were tallied as the literal 
responses Were recordedV For.example, the tally of 
responses for "Test Recor&s and Determihcttipn of Course 
Marks" for.all fifty completed questionnaires have been , 
extracted from the responses in Appepdi'k B and are shown in 
“Table, 3.. Th'ei responses to this'user'indicate that tert of the

:V ' / 'VS ' ’ : • ••
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Levels of Experience and Feasibility fo£; 'Respondents 
• / -jf to a Sample Use -.of .Computers j ’ • ' ’ ; ’

"Test Records and Determ^nitipr) of Course’. Mark"
Number\ of Teache'is Responding .

' Level 0 1/ * - 2 3 .4 Total
 ̂ •• , :■ ■:Experience 10 . 10 6 ' ' 16 8 1 50 ;.. . • . ■ v ... v ... : . ■' ■... . v.' >

Feasibility - 1 4 . 5 33:'r:; - •w .. 43 *
■ ' ' ; ?■ y' ' ■ ■ " ■ '' ' 5  ' ' 'rNotes: 1. The median o!E 50 teachers is. 25. This scorevis at.

■ • the 'number. 2 (moderate) level of expedience.
2. -The median qf 43 teachers_ is 2 2 . 'This scorfe is^at

the number ft (very interested' in .ahd-.w.ill be ■
personally attempting to implement ‘this use of
computers) level of;, feasibility. . ;
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■■ ..'Cj- . w-.-.v..,; •fifty teachers (20 %) did,not use the computer for^this 
purpose t̂ it only one o,f^the forty^three respondents whp: 
described the feasibility of this use (2 %) did not see it • 

. ^ S y f e e t e i b l e . •'

■' ‘ i • , For the purpose of exploratory analysis; of the data to'
 ̂determine the central tendency and spread of the indicated"")
levels, the median, 25 percentile (lower quartile), and 75

■■ *  ■ ' ■ ■. ̂ percentile (upper quartile) level of experience and 
■' feasibility for all respondents were noted for ea^h of- the  ̂

eighteen described uses (Table 4). For example, the central 
t half or the respondent* to the proposed use of computers for

"TeSt̂ , Records and Determination of Course Mark" had made 1
(little), 2 (moderate), or 3 (considerable) use of the '

' j ; "computer with a median use of 2 (moderate. The tojr 
three-quarters' of,all respondents to the feasibility of 'this 
’use'were at a level of 3 .(11 very interested in â nd will be 
personally attempting to implement this use of computers". 
((Questionnaire 'Guidelines for Reponses1 , Appendix A) .
, Because the scales used for the experience and ,

 ̂ feasibility have neither the same dimensions nor equivalent’
descriptors, (Siote 'Guidelines for Responses' in'the 

.. Questionnaire, Appendix A,) a comparision between the levels
of these past and future perspectives on each use is .not 
valid.- '

As the questionaires were returned, then, the 
information from the teachers was compacted according to the 
criteria/described above and was rendered into a form'^which
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Curriculum Planning and
Materials. '-Preparation

V

Professional' Development • X - •  ./ x X x
CommunicationJbetween Schools ’

and/or Teachers f . X x X x
Library Applic^tio^ , X ~ * X
Instructional1 Mai^g^ment' Applications x X x  ̂ X x
Phase II:
Problem-Solving X x . X x
Simulation x X x ; X x
Tutorial . > x X • x X x
Gaming ' : X x X x
Drill and Practice » x X x 'x X x
Electronic Chalkboard/Calculator X x x X
Laboratory Instrumentation X x X x
Phase III.: ;>■ .
Tqst Production x x X x x X
Test Scoring X x x x
Test Records x X x \ x
Test Item Analysis X x x X x
Correlation of Marks and ~v

Analysis of Trends , . ■' X x X
Career. Gui^nce. ‘ ,X x X x
Note: X denotes median level, .

x denotes upper and lower quartile levels (if ' 
different than indicated integer median 

• ■ • level. )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

5 0• ■ ■ y'-1' * .s.. i • " ' • • „ . - "V *' ': ■penef itted the conducting; of the interview and the building 
of the information base for the study . - . , \

The Interview^ ProceSvit'e' 1

1
The Purpose The purpose', of- the interview was^to get

: ■■■; ■■■ $  in-depth information from selected Science teachers, woo,
k3sthe basis of their experiences, described the knowledge W, o, . > • . ,and/or skills that would be required^by a.^teacher who

intended usin^ a computer ' for specific "dedications in
science teaching,.

The Interview Questions The- pilot stage indicated the
value of a schedule of questions for giving direction to 'the

/ .
interview and for giving the j&terviewer specific prompts to' ̂  ■-

which the teacher interviewee could respond. The pilot 
• stage had also determined that following the exact order and 
wording of the questions resulted in a stilted performance 
which both restrained the flow of information by the pilot 
teacher and also resulted in repetition, where the teacher 
had already covered a specific topic of a question in a 
response to a previous question. .It was therefore
determined that a schedule of questions would be used during• .r' '. '" ' - - 'the^nterview but that latitude in wording and order during
the interview would be desirable. The schedule of questions
is presented in Appendix H.
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9 " '
'J:-: > '■£>' ' ■■

" ■. • ' ' C*‘.' : • ■* ' •• • ’

The Sample_Si:2e of Interviewees To the extent; that .the* 
respondents/to the questionnaire and the interviewees could 
contribute, the goal of the. study was to. determine the 
learning objectives andMcnowledge content for'each of the 
described uses . To^cresate a. reliable description of ‘.what, a 
teacher needs to know, it was estimated that ̂ ^atements from 
a minimum of three, teachers ‘were needed for, .each of the 
eighteen uses. . A trial interview-.during, the eighth we^c of 
the main study indicated - that two ' or three uses could be. ^

* t f i v  i  \  ...........................................thoroughly described, in the time allowed for the: interview
\with each teacher. Hence, up to.twenty-seven separate

interviews were considered necessary to achieve the goal of
. ; ' • ; "  * • ■■ ■ an" adequate description for'each use. This requirement •

assumed 'that all teachers were able to make knowledgeable:
statements on at least two uses, that a minimum of three
teachers could be foUnd to contribute to each use, and that
J the right combination of experienced teachers and uses could
be founds to mesh the resources .(teadhsrs, ) ^ ^ ’'-limitations
(time,) and the needs (descriptions) of the study.

The Selection of Teacher Interviewees The selection of 
specific teachers to-be approached for an interview was 
influenced by several factors : ,
- an upper limit of about thirty teachers could be ■

interviewed during the time period available for the •
. study, ■■

V .
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.- most teachers were selected for a possible interview^ 
neither the total number î or the nature of the potential 
•teacher conpactl\were known, and 

- a  considerable disparity in the number :of possible

■IX of

■contacts in each use modulated the potential of ̂ specific
. ■«>»• - teachers f<̂ t.-5the study'. The selection of teachers was •

■» determined by both the need of the study to adequately
describe weak -area's as well as the desirability of 
capitalizing on fme ''sttepjmts-. of. the teachers.

1 ; \ Within ^ieliinitaticys^ :d^^tibed^^oj|^^€he ma
users/uses and the’ dpe^^ommerifts were sear^SMfciteiSpv potential■ C ■ . -*v.
interviewees jaccording to .̂ the fffl^Lowing .gen§jra'l pattetijlBy. v  

the three teacher's'who appeared most"able to cohtribiite»to
■ I- ' ./ . V  ' ■ ' v: „ . the knowledge base that was to be formed.were identified

for each us^, ' £«/'• • •
' ■/' ■' ; 1 •  ' ■ '- five other teachers who had a potential to make a
> ' O  ' p ■ . . ‘

significant contribution to each use were ideiftif ied,
- for each teacher-user, two uses which appeared to be that 

teacher's major thrusts in computer usage were noted,
- the chart was scanned to identify'combinations of 

users/uses that would offer each interviewee the chance to '• o / : . V;'■ ■■ ; 'speak about one of his/her major interests as well as two 
•. other uses in which the teacher had strength.

As the interviewees were chosen, they were invited by
telephone to continue with the interview stage of the study.

■ : ■ ' . a . ■' ■' ' rAll teaghers who were so selected ’and contacted accepted .the
, invitation. In rrtost cases, a letter of confirmation • '
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(Appendix G) and' a''copy ̂ of the schedule of questio.ip 
(Appendix H) . was "(nailed to the teacher with the intention 
that the \tWacher.,might have an opportunity to peruse the 
issues and tropics embedded in' the questions before the ‘ ̂  

interview. This precursor to the interview was considered 
important for the success, of the interview,
- enabling tn’e \teacher'*to be aware of the focus of th.e 

#  interview and
- promoting some thought about the question and the 

teacher's possibly rehearsed answer.
. „ r

Comments by. the teaihers during the prelude to the interview 
to indicated varying degrees of preview of this precursor to 

the interview.%  • •

The Interviews The requirement for up to twenty-seven
after-school interviews indicated that seven weeks of
interviewing would be needed. (Few of the teachers for the
pilot and main study were able to grant Friday after-school
interviews.) In the eighteen vJIbk period-available for-the
study, interviews were thus .planned for weeks.numbered
twelve through eighteen (Table 5).

In practice, some interviews were granted^during y

extended lunch-hour breaks an^ at dinner, evening, and at
Saturday visits in.the homes of the teachers instead of the
planned after-school meetings. Because, at the planning
stage in the tenth week of the main stage, most of the

*
potential contacts 'appeared to be in the Edmonton area, only
V . '■ . . . ■ -
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Number of Contacts, with Teachers-during’the Main Stage 
/by Week of Study and Type of Activity t 

foOQuestionnaine and Interview
\jflumber ' : Type of Research. Activity Y

tof Approval by School Questionnaire Inteirview 
We~tek Requested-.- Granted Mailed Received

• ' V .

(Pilot v. ,8 : 8 7 ■ 5X - ‘ . 4*
■ ■29

£
■a .'y :

13 
' 2 14 • ■v- 13 : I :

4 28 • 17 4 \' 5 6 10 • 6
6 6 8 '. 9.7 ■ 1 .. - 2 r
8 . ■ —' o .' _ 1
■9 19 '1? ... 2
lO- - '■ — ■ : 5 '
ll 1 . 1
12 1 • 4

O

• 4
i3 . 214 6
15 .' : w _. . 7
16. ■ . ^ 1
17 ■ '• . ■'.■■■  ̂2 2
18 : • ' 1 . 5

Total of
Teachers 47 75 70 45 42

Notes: '1. The five Questionnaires and Critiques from the 
Pilot Teachers^prior to the Main Stage are not 
included in either this weekly schedule or the 
totalled number of contacts shown. : ,.i

2. Mailing of the final draft of the questionnaire tjb 
two Pilot teachers -who did not respond to the 
second draft of the questionnaire are included ijjL 
the weekly schedule, and the number of contacts.. * ■>
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.. ’' v '£ weeks numbered twelve,' fifteen, and eighteen were reserved 
for interviews' In th^^le^^weli represented metropolitan ;
Calgary and one week for northern 'Alberta.

Of tne • thirty teach' 
questionnaire and were interviewed during the study, threTe :•

Of the thirty teachers who had completed at
■r. ' : . . V , - : . : - ;

.f
' granted a second, follow-up- interview to clarify issues

: q  : v  ■ " - - v   ̂ v  . ■■'raised or overlooked during the initial'contact. Because 
^ few of the science teachers'contacted had experience with

I- '■ • : .1., vv* Instructional Management Applications 6f computers, an
x  . v  .. .. ■■■■■ ; ; . - ;; ^ ■€>.*. ̂> '• additional half-hour interview for this use was conducted

. " • < . ; ■ ■ ■ . ■ •  ■ . . . -  • ' 

' ^  ' .  ' ■ . \ .with a Mathematics teacher- who was introduced to the 
researcher as a knowledgable expert in this use of computers 
by one of the science teachers in the study who-taught in** t
the' same school. The Mathematics teacrfer did not complete "a
questionnaire but data from the interview is included, ■Vhere
relevant, amongst that from the science teachers.

*
Two of the thirty one teachers interviewed taught in 

Grande Prairie and, because of th«* travel distance and tight
i , . ‘time schedule involved, the interview with these teachers 

was conducted by the researcher1s advisor who was in that 
area on other business. . The advisor was briefed by the 
'researcher on the i,signi_f icarice of these contacts to.-the main 
study ^pd..was> given oral and written instructions .̂ori points 
to consider in t*he d^t^^iew. The advisor-interviewer was 
also\given.aud:'ibtap.̂ % on which the researcher had recorded
two pre^viquV^feihterviews in the stu$|^Wfiich would promote the

■ ‘v /=- . . emulation.^ of .the format' used the other interview of the

' ■' ’

- .. ■■ ■
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. ' study. The advisor was considered capable of acting as an 
agent for conducting these interviews because' of these 

■ preparations and because he- was‘;concurrently conducting a 
. study on another topic using .a similar methodology.

’ Summary The study drew information from three sources: 
from, practicing science teachers who were using computers in 
Science instruction, from the current research literature, 
and from the researcher's own professional experiences. The 
part of the study involving science teachers, was^conducted . 

rin two stages: "the preliminary pilot stage in which the 
instruments and the methodology were refined and the main 
stage m  which-nominated teachers responded to a
questionnaire of computer uses and, if selected, contributed

■ : .. " 'v- ■ , * :their observations in a'structured interview. The results
of the questionnaire and interviews are presented in the .
following chapters. --
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'• CHAPTER IV '
THE DATA ON COMPUTER USE FROM. THE TEACHERS

The results of the study on*'computer use by science '

■ teachers are presented in two-major sections^: a summary ofJ. • ,■ | *
the written responses to the questionnaire (Appendix A) and

■ . * ■ . ' f
i the statements made during the interviews. In the- latter

section, the findings from the pilot interviews have, where
’ ’’ •  ̂. 

they relate to the description of the use, been combined
with those from the main interviews.

• ”\
Teacher Responses to the Questionnaire

The completed questionnaires, as they were returned, 
were identified by a sequential'number to en&ourage 
objective evaluation of the comments written pn the p.questionnaire. The responses were then accumulated in three.

' ...tables: a collection of literal responses, both formatted 
and free, for each of the uses (Appendix B), a ta^le listing 
the name and application of software programs that the *

S ■ . <5

participating teachers used (Appendix Cj, and a grid showing
t *

the level and nature of interest of each participating 
teacher and use (Appendix I). The collection .of literal

V *•

responses was intended to, provide depth of coverage for“each 
area.of computer use. The table of software programs was

57
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-V.  V- ■ , :1 :v  ■ ■ v  . . - V V - * ’used by the researcher for Jilickground knowledge during the 
subsequent interviews. The grid of users, uses, and usage 
was constructed primarily to facilitate selection of 
possible interviewees and was described in the previous 
chapter. '

Levels of Teacher judgement of Experience and Feasibility 
Comparision of the levels of experience.amongst the 

uses indicates that, for the teachers who returned the 
questionrlaire, - >

"■ '* • I 'a) the largest quartile-to-quartile range of level of
• experience was in the use of the computer for

'■■■ ^  ■ 1 ' ;1 - Curriculum Planning and Materials Preparation and
- Test Production, '

■ : • ■ •b) the highest median level of experience with uses of 
■ ■ - ... . \

computers was' in Phase III, Testing and Evaluating, ,•
specifically
- Test Production and .

Test Records, ¥ /
/ c) there were five uses of computers where the median level 
9 ■ -

of experience was very low, viz.,
- Prpfessional Development,
- Communication between Schools and/or Teachers ,o• ‘
- Library Applications, .
"-’Laboratory Instrumentation, and . '
^-Correlation of Marks and Analysis of Trends', and . 1 

d) there were no uses of computers where ihe teachers
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indicate an acquaintance with the five .areas wherein

V surveyed had reached 'saturation' in their level of 
experience with that usey i.e., at l#ast 3/4 of the . ... 
teachers were at level 4. ’ • A

Examination of these comparisons’ reveals some ■.

implications , f or the .selection of interviewees ' f or the* mato^ 
stage of the study, viz., . ' 'iW '

1) priority for determining potential interviewees 'for t&e,,.
. : ' ■ study-at-large would be g/.ven to those teachers who- ' .%$£■ .

"'i ':•* r. .
m :

u ' there was an generally negligible levef of experience 
among the respondents - note c ) above 'V and

£2) each teacher may. be selected for interview in the areas 
where a generally high level of experience was noted - 
see b) abo^f - according to special aspects of the 
.implementation by the teacher, e.<g.-, programs used or. 
other comments offered'or other needs of the study.

Other implications, primarily for inservice considerations,./-
may be derived from observations a) and d) above but that isv •  ̂ . w  •

. Q* ■an area beyond the scope of this.study. i  :
Comparisons of the median levels of feasibility of the 

described uses of computers suggests that
a) three uses of computers were highly endorsed by the . 

teachers, ... ;
' - Curriculum Planning and Materials Preparation,
- Test Production, and \

p'L-,V̂T* . ■ 4+
- Test Records ,

' b) two areas of use are ng’̂ ^ n ^ a l l y  likely to experience
. . .
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'if.;, * , ‘
,, w . - 60 

^ ^-^yJLevels of activity,, ’ . ’ . .. • ifc- '
<>:■>] ; . V '• ■; ,,7,5 '
"^ming and " ' ' , . ?

■r
.. - Career Guidance. ' ,
Inferences, that' may be derived 'from these observations aĵ e

that ... ‘^ ■ -v\.' ,• ••■■■■ i .
* ' ' . • i1) the areas of high feasibility - note a ) above - are also 

r , areas where the general level of experience is also high
(possibly because uses would be regarded as, feasible, or 

* 'approved,' by teachers who were c u r r e n t ^ g ^ p ve in that

.y ' ' ■ ’ *
2) the low attraction Qf Gaming - note b) above - may •

reflect a 1back-lash1 to the possible arcade origin of
• . microcomputer activity,, and

3) Career Guidance - note b) above - may be .perceived by the
science teachers as being sited exclusively within the

■ /  ■' . ■;domain of the school counsellor. (Aji an earlier stage of 
the study, while.considering the'removal of this 
application -from the roster of uses of computers by 
^science teachers, it was decided to regain this use in 
•the study and allow the: results to validate this use by
science teachers.)

‘ ■ - ;• - ' ♦

' V . **%■ '.'' ,
. The Programs that were Used V^  r ■

In the written descriptions of*their usage of
. Vcomputers,, most of the teachers included the names or

■ ■■•' • , - 'descriptions of programs that they had used. Most of the
V programs were purchased or available on the commercial
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market relatively" few were •designed1or programmed by the 
teacher-user. The programs may also be'regarded according 
to the extent of their versatility at performing a range of 
functions. Several types of programs were usually suitable 
for only one purpose, e.g., marks- management programs used 
for Test Records. Others were found to be eitfployed for more 
tha”n one use, e.g., irord processing programs used for
Curriculum Materials Preparatioji and forVTest Production.
•The programs are tlftus*'described, ̂ a\: this-stage, either 
according to their general capabilities or for the specific ■ 
uses to which they have been applied. (It will \>e assumed, 
at this stage of the study1;, that all programs with' similar 
general capabilities are equivalent —  any special features 
of specific programs will be determined, during interviews 
with teacher-users.) A classification scheme for the, 
programs that the tejicViers reported they were using was
inferred from the use that was supported by the computer
program or from the context of the.solicited comments. The
programs that were named by the teachers are; grouped '’ . .

• ." ' 4,1 ’ * ■ ' ,

.  ̂ 1 f : ' :•according to three characteristics: firstly, those ’programs 
which generally function to support teaching aCti-vihifes.yV'' ^

'.5 ’ • : 1 >• "  gi •••••'' ?-<' <. : ■ .  /. • • secondly, programs used directly • im the-' •t^e^ch.ingyles?:.nih.4*:-
phase and for which the commercial source, ofJ the '.program was
indicated; and. 'lastly, tfyp remaining pr ogr amg';.: f f,orti * Unknown 
source's, listed,,^fccording- to the1 %subject<kcontent :area--that >.- 
was serviced (Appencte.x• G . ) Th^re were^alsb ■mahy ; unnamed'-. '

. .  ' I'''" Y  . Y Y - Y Y  •'programs that were, most frequently dfescribed.by ,the specific
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■ ' -» ■ "

concept or function ̂ served.

The Analysis of Free Responses 
' The free comments of the teachers to the uses in the 

questionnaire were examined for statements that indicated 
the concerns of the/teachers relative to the main''question 
of the study. In this search to identify issues to examine 
during the interviews,* five main areas emerged as being of. 
some concern to the respondents, whose identity'is indicated 
by the number in bracket^Pthat follows the quotation.-

ll1 Operating and Programming The, admission that 
I have just ac^uite^.. \ Gutenberg Jr. and in the processuir,e<j. a 
of learning t o | [  #20 ]

hints at, the dual selection arid familiarization•„ ,r‘ ,,t' ,
faced by intended users of computers. . ' ^

Occasionally, the concern of the respondent was a 
sweeping

there seem to be"many areas I know nothing about [#29]
or'; perhaps, a more specific .

One of th^ problems we've encountered is that no one
’ seems ‘ to know anything about interfaces for lab
equipment. Eventually, I hope this will be rectified 
[#35.] ■ ■ t - ,
A teacher who had apparently overcome the first hurdle

of computer literacy ^advice that Test Records
and Determination of

is/^n^ excellent mechanism for^introducing teachers to 
the computer... It is best to start with a menu-driven 

/V program and then advance to more complex programs like
VISICALC [#15. ] .
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Another* teacher predicted that the use of computers for
Testing and Evaluation, built on a foundation of familiar•

. experiences before computers 'arrived, at the - school, *
will probably hit the schools -before the previous two 
categoj*ie*s become a reality in that most teachers have 

' used tffal'services available [#0.4:]

2. Hardware and Peripherals When an individual or 
institution considers the introduction of any innovation 
into the daily routine, an early instrumental task is the 
appraisal of the balance, between the effort or fun’ds to be 
expended and the value t o ^  received. Th^Jjiost frequently 
expressed concerns about the computer were the resource's 
available for.purchasing the equipment and the capability of 
the machine to perfortn the task for which it's purchase was 
intended.

Considering the use Of the School Division's computer ' -'ivc’'if* ' -
for Professional Development, one teacher observed,
'■**- School not connected to central data bank via modem

except for administrative records but not professional
use. Will the costs justify or improve existing
methods? [#04]'

This same teacher recognized the benefits associated with
Library Applications but cautioned,. ' . : \

This aspect should speed up manual search considerably 
and space but terminal and production costs may prevent 

f widespread use [#04.] ' . . •
Another’objected to tutorials on computers because • '
/ Too expensive - need several rooms full of. computers

' [,;# 34. ] ■ ' , ■ :f
The ability of the computer to display adequate.images
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was a concern expressed by teachers who saw, in an
Electronic Chalkboard,

A "smart" overhead? Great I! But: requires a large 
screen technology for in-class work [#21.]

Another, indicating that they planned to use Drill and
Practice programs, echoed

We've recently bought .an Apple in our department and 
■' ■ have: built a cart with a large screen so that it can be 

used in individual classrooms [#35 . ]
Another's explanation for the computer not being used 

; for Test Scoring like it could b,e: was that it is ' ■

Due to lack of appropriate software and in.
/

automated system [#15.'] • ‘'
• .V 'if*The ability of current state-of-the-art' technology* tg'V

• •*'' v  • „ ■,I '«' -fulfil the assigned role fpr Tutorials was explained dsv_ ^
The programs I have seen so far.are dreadfully boring 
because the computer has to go to the disk to -fetch new 
problems . With larger memories in computers • in:̂ future,, 
there might be some possibilities' hebe ,.' but the micros • 

, at present are too slow, [ #14.,] ■ / .

’ 3. Software and Courseware -In many of • the extensive
comments made a t h e  chararacteristics of the software ’ " 
programs that the teachers had used, the teachers; el.abbrat.ed 
on desirable and undesirable, features of .the programs. The' 
concerns, of the teachers about the software centered aroun<|,.
a ) the 'fit1 of the program to the curriculum,
b) the ease of use for the novice dser,. •
c) the requirements of the various teacher or student users,
d) the appropriateness of ^  computer program compared to

other media, and
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e) the .appeal of the program to the students.
■ ■" '*

a) The compatibility of the^ program to the curriculum 
was noted by a teacher who had * ^

; ■ '■ W ' ,  ' ; ^demonstrated titration simulation to indicate endpoint 
or equivalence butprogram used normal solutions so no 
longer used [#04]

and, with a Tutorial on Hydrocarbon Nomenclature, had
: Anticipated use for Chem 20 practice with nomenclature'

but found weaknesses in that iso-, neo-, and outdated 
usage was ‘included [ #04. ]

. b) Credits for the assistance available for novice
users was given;

The 'word processor program has a full range of easy to 
; • use commands plus on screen help pages. IBIS allows 

'nonprocframmers to write tutbrial or drill and practice 
• lessons... [#23. ]

c)- ?’he relative abilities-of various programs to meet• ‘V •. •• * ‘ •
the special’.'requirements of Instructional Management
'applications were touted;.o '■
i Will "hse‘,in . scheduling, marks, attendance, etc., in
•“ administration extensively , the HARTS III system.. At
• '• presejit" using.. Chatauqua 'Systems which is cumbersome and 

timedonsum.ing besides .does not do all functions 
) required’([■ #09,] ; . 1
for use inCurriculum Planning and Materials Preparation,

I have, completed Physics ■ 20 . worksheets and tests.
| Diagrams are-.mo»t ,difficult to handle [#09, ]
5 ■ ' v ifor Production o.f •■Tests, —
.£■' In-''Chemistry',, problem arises, with use of 'capitals, and 

subscripts [#09 , ] . . . .
1 and>,the recbgnitiq.n ;that, ; for Problem Solving applications ,

V' '
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"  . ■ * 66■, -f. -■ .

These types of things are extremely difficult- to 
program so that a wide variety of input to the*computer 
will be accepted. For instance - interaction'between 
computer and student is not often allowed on an 
open-ended basis; i"he is forged to choose on$- of several 
given answers [#18] • . • /

which-.is, echoed by the testimonial, ' ' v
I have not seen many tutorials,* ney<^r mind quality 
tutorials, with provisional branchesfpr individualized 

. instruction [#35. ] • . . . ' ." / ;* •
j £>■

v". ' V . . ; /' ' <
d) Several vgqmiments”were made/about t^e jzeguirement

that programs ^.4’.a'daptable. or • accommod^t-in# of the needs of
a variety of users: as witnessed by the-ijitaPted ‘need, in Test
Item Analysis,' for ?

Some general analyses which could’be-customized to n̂yf 
. • . own specific needs [ #18, j *' r'

.. K  ' • ■ ■ ! ■{; 7 , * i  i- : -the provision of Drill and Practice exercises that were'
Home-made-tailored to Student requirements [1,41,1 •' -']i,

and, for Test Records and Determination of Coubse Marks, a'
.■ ' 1  ^  ■■■::*:/■ i ; ;  "- /.Grades program which I have revised to Suit my ndd$£ .

[#23.] ■ / I X - '  : y

* e) The teaches, with their experience .of using a
■' X "variety of medi^'in-their lessons , were .quic-k* to: spot the 1 

potential andlpitfalls'of computer assisted^learning using „
simulations,;

Totally agree with the, seven ' examples used: in
• explanatory notes as to , whit a " computer could 
illustrate... quickly and better than- I could, e.g., sine 
waves. Better than •'-f ii.msyywhere^’. only a portion is 
.useful and where access to ''film’(.[booking] is Setter* 
Depiction "o.f motion is valuable,- characteristic, e . g ■ >

; atoms bonding [#04] '. i 1; • '•' \  : V' H  ■■ ■■•:.*’' y V '  .■'*:•; ..•/ ' ; • ‘b
9 ■■ ■ .- ••* .*.■ ' ■ V I ■■■ l. / ^
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and for Drill and Practice, ■

Anything I have seen so far in this area has been 
supren&e^y boring ahd does little the pencil and paper 
does not do more efficiently [#14.]
A few. teach^|®| expressed an unfavorable reaction to

some programs, '4^g^|&for Problem Solving,
.The ya,9t 'ni&q.qKkty o-f what I have seen in this area1 is 
' not' very int̂ nJlfflraLnĝ  [ #14 ]

and, using Tutorial1̂ ^^^,
Students seem ^ySpyfret impatient and bored easily - 
although this jWofefinitely a function of the program 
quality [.#18] .

and,, for Production of templates,
Most of these I have • seen tend to be identical 
questions - but different numbers. A drag for many 
students [#18. ]

4. Implementation of Application The teachers, whose 
main theatre of operations iŝ  the classroom, offered 
.numerous comments about the actual use of the' program in the 
intended setting of the classroom, laboratory, or school. 
Issues that were raised included
a) a heavy emphasis on the. selection of the computer for 

appropriate activities,
b) an appreciation of the potential of the computer t y  

expand the activities with which it is associated,
c) an awareness of options presented by the use of the/computer program, and
d) followed by statements suggesting that a critical 

evaluation of one's philosophy of teaching with the aid 
of computers may be advisable.
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a) A concern for the degree of match between the
computer uses and nature of science that is emphasized seems
to be a concern. For Tutorials in a Junior High School,

The process approach we use does not lend itself to 
. this type of science instruction. [#02, ]

and,, for the general usage of computer in science' '*
instruction,

■its'. use, in a good, activity ("hands-on") scieace 
program in the elementary school, will be limitedfco 
providing 'back-up' services and 'extension' work*n 
what I feel will be rather limited units of stuc [ #4 9

although a use is seen for Singulations in a Senior High
School; _ Y  •

; They are developing some excellent simulations
regarding the reading of scales, burets, etc., as well 
as simulations showing hydration, acid-base reactions, 
and diffusion and osmosis. ' These simulations are 
excellent and provide an excellent means for the 
development of process skills. [#35. ]

wt b) The appropriateness of computers for Simulations in
%  ' ■ Oscjfcnce evoked comments ranging from an enthusiastic

In my opinion, this is one of the most beneficial areas 
of computer use. The ability to simulate ideas (free 
|from practical limitations, i.e., friction in Physics) 

id the ' testing and '.manipulation of these ideas is a 
fewerful tool. [#22,] , '-

to a concern for overly neat elec'trpnic labs, especially
\ . Millikan1s determination of the charge of an electron;

I do not care very much for the Physics simulation. I 
have a philosophical problem with, 'for example, 
simulating the Millikan Experiment. This is probably 
the 'worst use of the computer in a Physics class.

. [#13,T
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<9 If the 'real experiment can be.done, i.e., oil drop
method for electron charge, a Simulation is not as good 
in representing the real "flavor" of the experiment.- . 
If the introduction of the computer will decrease the 
experimental activities done by; students with real 
equipment, there will be no net improvement in science 
teaching.; [ #14 ]

■ and
This is an exciting area to explore but is should be
used with discretion. I would hate to see a student
miss out on titrations just because the computer 
simulates it better. . . . Students miss much of the,

' tacit dimension of science education when they don't
actually handle the apparatus of scientific
investigation. [#17.]

' The dimension of appropriateness also extends to -a
concern for the grade level at which the uses are
appropriate, e.g. , for Laboratory .Instrumentation,

Useful possibility if programs available for this, 
purpose. University and NAIT labs will probably get 
into this aspect -befor^r high school labs do so.
Instrumentation fairly limited in high schools. [#04]

and
Most labs at the high school level do not need the 
sophistication available with computers. Most labs are 
qualitative rather than quantitative. [#24]

and, for the utilization of a .computer for Library
Applications,

For' inventory of books, yes. At an elementary school 
level, I would prefer the students to use a card 
catalog. [#,28.]
Disturbing perceptions of the use of programs that had

a Gaming component surfaced;
. I dislik^the notion of winning in a computer less-on - 
one of the worst I have seen . . . involved a math 
routine, the object of which was to answer a variety of 
questions and so "shoot down" the monster descending 
upon you. The group to which this was being
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demonstrated had an interesting reaction: they made 
deliberate errors to see what would happen when .the
"monster" got you! [#13] \

: and, on the matter of priorities,
, Most program^ of this.nature overemphasize the gaming 
at the expense of the/content. [#28]

. or the computer’s presence as a comptetitor for the limited
• - * »■class time available, . v! .

J don't think this is a good use of computer given the
limited time to cover course content . [#33. ]

b) The computers, introduced as an aid f of instruction,
appeared to promote a change in the classroom routines. For
example, as an Electronic Chalkboard,

For my Math 31 class, this is an important application. 
We often explore more complicated problems because of 
this. I .have found that the micro has added an 
important dimension to this course in particular. [#17]

or, for Test Production, ,
A boon! I . use..-,; the Word processor a great ijfeal to 
prepare tests, quiz. - to keep a bank of project topics, 
etc. . . . It it- very useful to give pretest
posttest, and retests..- something I was less willing to 
do before using the word processor. [#.17]

&or, for Test Records, V
An excellent use for computers. Allows many options 
too tedious when marks were computed using pencil and 
paper, methods. [ #18-] ■ hfi, ■ .

and yet this change of routine, even in trial forrrr, ’was not
. . . .  jalways seen as beneficial;

[I] have been involved in a University program, where 
our computers 'linked up -to their mainframe. This 
program allowed me and students to communicate with a 
professor (expert) there using a storage file bank. My 
questions stored there, and answered for the next day. 
It was very time consuming as it was s^t up. [#50 . ]
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c) The -flexibility of"the computer for formatting data
files apeared for Library Applications,

Film classification on fhe basis of five fields (Title, 
number, topic, subject, and week' of instruction. [#31])

and', for Test Production, y ' ■ . /
Almost all my tests are stored on word processor dis^s. 
I don't use item banks. [#29.]

d) Lastly, a philosophy for utilization of the
computer's potential tha^ -will embrace the concept of locus
of control is indicated by on^ teacher's- reaction to
Instructional Management, .

This area certainly has potential as long as it does^ 
not become the total focus of education. A good 

. education must cater to student interests and needs and 
not always force them into a mold. [#28,]

and 1/ill also support one's p£̂ oj?ij~ijg for an understanding of
the reasons for the adoptif

This would be a goo®aM*SHSH»L0n since it is an area 
generally neglected : ffl^^BKf^chools. Every school 
should have .this comput^BBPHr'capability. [#22.]

* * - -7  . '

5. 'Impact on the Teacher In addition to any
»

responsibilities associated with the selection, purchase,, 
and utilization of the several components necessary for 0
computer assisted teaching, the teacher's personal and/or \ 

professional life ia-also affected by using the computers. 
The comments by respondees to the questionnaire illuminated 
the area of personal/professional impact on the teacher by 
revealing the following features;
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a)- the effect on the teacher's workload o r ’preparation time,
b); the establishment of a level of confidence in the 

materials, and: m —. V ' ■ ' . •' ,
c) the differing levels of acceptance by colleagues.

* ' r I *: 'a) In the management’.of a limited arid precious
commodity, the teacher1s preparatory time, one of many '

« ’ * ' '

respondents indicated th^t using a computer for T,est
Production had '

Really made my job easier here. I have a data bank of
s about ;200 questidns in Grade 3 Science. [#26 ] *

and that, trie 'teacher 1 • .
Can create test banks. . This usage encourages

■ modification of* 'faulty' test . items with minimal
effort. [#‘0,2 . ] .... V. .  ̂ ' *

■ However/. t̂ .me mriy b^j^eallocated rather than be saved>.
b e c a u s e i f  a computer is used' for Test Records, there will
be. ■ ■ ' * ’ ..

-• .• /. • : ■ ~
’ ' No time 'saving' but I like th,e print-outs. • I give my

■.science 'classes a -report every 2-3 weeks very
motivating. [#26] ' '3

• V  • r- •

and, for Curriculum Planning and Materials.Preparation'by a
£eacher who is alsd a textbook author, '  ̂ .

f - ;J . ■ ■’ ■. • ■ '■ • -■ : : ,■ > ■ 
J. ' „ '' This is . a- . very. - satisfying use of the computer . It

■' . . . . efiables me -to accumyjfete an interesting repetoire o f .
, < V i •’'-/jqafkri^s * and ,to updaijjĵ ||ihem on ci continuous basis . - I 

. - spend about 2 h per day working with trie word processor
- 4 days-per week. [#17’..]

■'•i t- ' . ■ The burden of time management becomes heavy/ however,.
. ■' '1 - ..• ” if a teacher decides to- go it alone,' ' . •

-■< v ' "• '• S;. •
•i I would like* to see test- banks available for.
• .[■chemistry ]', biology*>«and physics >■ / Right how I 'm doing

my own -, input of questions b.ut'at is aj^aste . of time.
• f i  V;...': 'i ■' i-'l. v '\-, ” . '
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School boards or the Department of Education need to
» collect, organize, and develop .'test banks, problem

generators, etc. [#35.]
■ i■ ■ ■ - • ■ ■■ ■

.1 ' . •'#

'> b) A measure of the teacher's confidence, in a program
appears to be' included, in the requirement that a Test . . ,
Production program be _

'’anything that. I could trust - i.e. - well revised items 
- . . -and/or templates. [#21.]

* ; ' ■; v ^
c) The last personal or professional'impact of computer:

use by a teacher .appears to be .the recognition by three
teachers that, perhaps simplistically, teachers may be
either considered as advocates of computer use,

major flaw is incredible lack of "time to play." There 
. are dozens of applications - but I cai*R see iiuch 

happening in school, except where ' you have a 
•’ teacher-fanatic present. [ #21 ]

and' ■
My' present involvement ifs in writing programs to deal 
with problems for self- interest „ or to be used by 
^specific teachers - I am sti^Ll busy tr.ying to convince 
-.’ my colleagues / [#44] ...; ’ »* ‘ o.' ' _ '.y; ■; ' ‘ ' ■ : i V ■' ■ ■ ■ ■ ■ ■. ...or viewed as passive observers of “this change in the.school

■ •• ■■■/ ' ■ "V
. 'milie^ V/

Here ace a few comments or problem arlsas.-in the use of 
computers^ in science education/. ' • ' ^
1. The reluctance of. teachers .to bgcome^iterate and to 

use th*. gomputer. ' We have an APPLE lie ?Ln our
department that is' used by .myself and a few
students. [#35.-] '

- \ . ' ■*. : : : ; / '5'
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Teacher Statements during the Interviews 6 ■. ■ i • •~ — . T'r 1 ~ ■ ”, ~ T • •
. The thirty-four interviews with thirty-one teachers . •
constituted about fifty hour of*contact.time between the
teachers and the researcher during this main interview stage
of the study and resulted in approximately 900 pages of
transcripts of the teachers'1 statements-.

• ' • ■ • • • *

The statements of the teachers were arranged, within
each of the. three phases of teaching activity, by the use of
the computer within that phase and i?hen by the five
categories of knowledge (operation arid programming, hardware

. • ' V  ’ •

and^p^ripherais, software and courseware, implementation of
' f  \-s^f ■ ' # ■ ":'■■■' : . •: ■" ' < ' v"application, and impact on teacher) being described.

. Within the Ascriptions, brief quotes are given that 
illustrate the information that is being given.

9 ' * -
flPhase.I; The Preparation for Teaching

This was -the phase of teacher activity where , the least 
number of potential interviewees who were using computers 
appeared according to the search criteria described . 
previously. As a result’, several uses were spkrs^Jy 
represented ;by practicing teachers. ’ \

• Orie new category of-Use in this Phase, inventory (
'' management, had 'njbl been- anticipated 'and’ds described in
th îs chapter under Other V'ses. t • I ' '

. V v-.:’-. I’-': Vt.' v '
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Curriculum Planning and Materials Prep^ra~tion Activ- 
ities of teachers in,-tfais ’section centered on the \
organization of curricular activities or the production of

: 5 t..'materials fob student use. Programs -used for the K  
organization of activities ranged from using Visicalc for 
recording dates of achieving course objectives to al 
comprehensive Individualized Education Program (I.E.P.) for

. / t- •,•*.■■ f{.the evaluating a student's abilities and planning of a
program to. achieve specified behavioural objectives. \ :
Teachers who were producing materials were, generally, 
publishing teacher-authors. 1 ;■

The knowledge, needed to operate the1'.programs was . as 
widevin its r^nge and as varied in its content as were .the 
programs used. The I.E.P. program was menu-driven and the 
spreadsheet and data-basetd programs^C.Visicalc, PFS File, and 
PFS Report) required recourse to the. operating manuals for 
proper control of the myriad of functions. The word 

.' processing' jgHflJEMflttoo ranged from thfe simplest Bank •
' . Street Wfiter^^t.^|j^feral Screen prompts to the minimally 

■ structured Gutenberg.
Programming knowledge was negligible for both types of 

uses except for the necessity.of entering into the program 
' the command codes' required for special print'effects,

‘ ,:a£ . underlining , superscrip't^ and subscipts, i30ldf'acing ,j.^.c.
■■on designated printers.,. ■ - ■ ■  ■

'. ‘ J •. A  .• a  : ' V', r ' r ,f$'
Knowledge at differing levels; is ‘interpreted in this""ft. ' . . . •’ . '* '•» ■ '* / - V

a \-a  ■■■>•.•■•' . ; •. -A- ■■ .a :-.- ■■■■:■
.,■>. . . A _ > A  : :.;.A._ ■**■•;'■; «: • • A.... , , .. /
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non-instructional use of computers as being between
. . . : %

,,1 . teacjher-authors. and teacher-users rather than students. . The
• V - &main expectation by the authors was^that teachers-as-user^ '

v -
would be able to employ the add/change/delete/insert i
functions^of a word processor to'Achieve customizatii 
curriculum materials to•local preferences.

The brand and type of hardware that wasv used included 
■ AppJle 114- and lie or compatible computers, and Centronics 
, 739,. Epson CP80,. and, Star Electronics Gernini 10X printers. 
Knowledge was not identified for purchasers for planning 
activities excepting the desirability of having function

\ ■ • ' i}'
keys for screen or print control (instead, of using ESCape 
and GoNTRoL keys) but the’ interviewed teachers had clearly 
established their criteria for purchase for. materials \ 
preparation including
a) the necessity of using super- and sub-scripts for.

printing formulas and ionic charges, ^
b) the desirability of being able to1 print non-alphabetic or

■■■■ ■ ■; ; ■■ numeric characters using auser-defipable,.'Character set,
: }-H ■■■ /:;■■ >■'c)■■'the/de's'ir^bality.i;..of being able to incorporate diagrams 

kinto their textual material, < , v ’
d) the low cost of the^ equipment- because, most of. ,t<he: '

. - ’ teachers had purchased the equipment from personal funds,
e).. the ease of - understanding -the manual and the related . - • 
' operation of the program .for. novice us,ers, . *•.

f ) the fast operat.ioi^ of ̂ the computer oy printer,' and^

■ '■ :•■■■'i;-' V ' : ■ ■ ■ : ■ •* ■' ' .*«, • .• ' •'
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.

g) the lack of portability of programs an'd.data disks 
between computers produced by various manufacturers.

‘these teachers involved in curriculum activities, and 
several of whom had purchased their own equipment, were 
likely to h ave been involved with maintenance of the 
equipment. Problems- that ha^-been encountered were 
categorized as either service due to use. or repair caused.by 
component failure. The unit was frequently taken to the 
selling dealer for service but was increasingly being
serviced by the teacher or the school district because of... ■ ; • ' ; (.-* ■ 
the cost,, turn-around time, or lack of reserve equipment.

included ' '
■' v ' ' " ■ "• *’■’ ■ Ia) $ tfand adjustment, of the alignment or spe’ed of! the,.

•i’ ‘ • • - [ ■ ' ̂
;eS by th§ use of kits or utility programs, / . »

/b) .•.E^p^jPsment of a printhead cam or service for a pin of a 
dot rn§$f ix printer that did ■flet /imprjjfiftyLjLficluding/i : . .'C'
replacement of a naiofif̂ use') , and .

c) replacement of a stepping motor’.
*. » ' ■!-' ■■ \ •. .. . .

■, Maintenance was avoided by €he use of a common domestic
master power switch for the-..equipment rather than using the •
...1 * ' ,*• ■’ ■■■■' v . +specialised switches mounted ona^e .equipment. ■ ■ ■ %
v ; :■ ••• ' .
: .v ".v. v* '• . '

' Sources of inf ormation'.about preprograms, that wete .
available 'for'this usevcame from presentations or displays

:̂ ||^*ipeci;^i^^C!qn'fer6nces,. demonstrations by University .
personnel or:;rpracticing professionals, discussions with
associates, and local dealers. .

i ■ w *• . -1 ? . i., ■ * V 'r ■ •;
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The actual programs that were used were purchased from •
S'ai .dealers.^ (with revised versions purchased or excha'nged

v . . 4$' vi ': with the original publisher) or, in some’case^, were loaned
„ to the teacher by an associate .for evaluation.

. j^The employment of the programs .for curriculum planning'
was Motivated by two concerns, a) the desire.by the teacher
• to increase the quality of the teaching process by v
monitoring the attainment of course objectives or activities

’ or, b) the mandating by -legislative or'fiscal bodies of .
systems for testing, evaluating, ■ selecting objectives, ■
Setting goal,s, and monitoring progress of individual
students . • The interviewed ' teachers selected computer’s for

' .. \ this activity because-of the :eas§ Of revision of the
produced material. .

4, ' “ '
9 ' , - ' -OThe individual programs were selected for curriculum 

' writing because they \ ,q ;
a) bad a level of complexity which Was'commensurate with the 

y. fkill of the intended user, e.g., from Bank street Writer
for novices to Gutenberg for dedicated and’experienced .

■ '‘Q-* - - * 'users, , 7 '
b) offered-a basic core of.functions, e . g . , '

c) were programs with whicb. the user bad j^Lrea'dy* become 
" familiar, and ' V " /. '' .

. d) were ,bf low cost, a significant fa*<£tor ,for personal 
' • finances, /

lA
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- >79.• V a'*
_• .e) '• w e r e .cOiMnbnly ayai iable •. or produced files; that, toete' ." : 

'• ..'tran’Sferrable/ -and" "/•, •' *>*•
■.;;: • ‘ f )> -bad a ■ s or e'en display', whichIwai^ dohgruent- With* the printed

V I ■ '•d ■
' / : . page ease-a.n .ptdducihg.. tabi^s;,.of .dat^f ' •/ *"
■ • .4 .V ~■ " > pf.infaiiig' opti.ons.:;f:e;qv|ire>d;/by; the>dsh-r;,*• e,:gUr,; — . '

\ , ■ t * I. ' • • • • • ” ' ‘ . - , *  '* ./•* * • , >' .  ' ilL. '• underline-,• .highiighhr double-*stri’k'ê  * . ’■ . VJ ‘ t . * - . '
' ■ •" . ‘ . * . • . * ,  . ’ •

'hi .were -fiexible. .in';their formafating" of -the ' textual'.
• > ' * » .  k * -  ' - * ■ ■ ■ , "  '  * ' '

** , ... uy .vrefg -r,
* ' ■ . waterial/. • and. < •• • - ' ‘  ̂„ , ; ':

' i.) incorporated ̂.a spelling checker option. . d - * • '
; 1  ̂ !. •Criteria fpr- ey$.l-u'iting the Word pro,cessing programs-* .

.. wereValso depehdent'.on the. specific, application, e.g., for :
; • t >■ ; ..* / ;. . . .

4 .i . Math.pr^Sci'ehce.'Giifcriculum, the requirements of
' A / a)-the ahil’itry to djaw and 'include, graphics and diagrams in
' h - •,;

; ■'' ' ■' • the text ’ and ‘ ... J. ■ ’ ■ y
"■¥<. ' ' ‘ :y ( '  * V  V - .  - •' ■ b') the, ability: to design and prdryt non-alphabetic
'"'d "• .x3haracterd‘'i:

This use- of ..Computers was .suggested/ for one user, by 
the example of a University lecturer and, for an author, by 
the local school ‘board's central ‘Science department'and the

r ' . . ' y  '.y. . ''' experience with the; cju’rriculum Res||iJrces information Bank; • 
v (C.R.X.B.) ' ' V . •’ ._ :

'. This use of,'the .corflputer* began, in all casesv with the 
; entry of information into the, program., ; '■/ _ :
For the planning application, these entries included,
a) the course objectives from, the provincial.(Curriculum

j handbook or the units and topics from' .the texts > or
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■ . . /  ■,  ■: r  V 7/ / -7, : - ; y ■ ' v . v \ " ' »■; - ■■

.1; ' / :. 'Y ' - ’ 80
*■ b) the results of standardized testing of students, tf

K'.. -:' .. ; ;• ■V, ■ characteristics of the, student's needs, and'th^-to^ally
, , '  developed behavioural objectives.

For curricidlum preparation, entry of the raw text followed I 
/. shortly behind .famifiarizatiort with the program^ 
i : Difficulties encountered by the interviewed teachers
:i with t,|î,S|'“u^xibf computers included the budgetting of time

t :C ‘ ■ 't- . to keep (the-information up-^bd--date>- fdilowing the initial
i . y y . !> : *  V  ■ /  a y  ,entfr^es,; internalizing. t.he: op)eration of the computer program
\ ’i'. *■■■■■ T' /•' ■' ' v .V ,rv by--summarizing essentia}. commands, and coping with the '
,”/j' ‘ • :C$iff idulties' associated wit!h|^ntering text in this

-‘.unfamiliar. medium. 1
The teachers most frequently refer^d -to associates .

• & ■ y■y :

‘ A

when they desdribed'the support that the|^iad received with 
implementing the‘ computer with< this acti^ly. The , ’ • •
assistance that they received' included' the designing of 
non-aiphebetic Characters and advice on the operatdjjw'of. the.

' The primary limitation of the use'of a'.computMHBt 
this activity was a recognition of the tendency oi#|j|MPa.cher 
to spend extra time perfecting curriculum materials, a task : 
made easier by word processing on the- computer.

- ... ■ • ■■ ; - v .\
The role. Of the teacher' who uses a computer for’ •• ‘ 7-:

curriculum planning is, for the I'.E.p, program, a reduction ■
of time sDent on clerical tasks and in meetings. Many 
effects were feit for*the teacher who uses a computer for Y |

/ 7 . ./■ 1 .v; 7 ;.v
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Curriculum preparation, most notably a more creative
orientation toward printed. fnat;erial, at the expense of

" %
.greater outlay of, time and money

Other faotors that would affect the entry into, or
continuation of, this use of computers include.
a) the benefits of^keyboarding a computer instead of a 

typewriter, /
b) having a good working knowledge of at .similar, computer 

program, '. ■ ' ' /
c) having a computer readily availablle a.t*sc$dbl or at hom„e,
d) working with a few other teachers on a project, ^
e) provision of .support straff trained to work with this

' . * '6 . ' ■medium. . '

N Professional Development There were no teachers in the- 
study who were experienced, in using the computer for 
professional development. Because communication.with- other 
teachers or..professional- leaders whs considered to be a 
component of this phase -of a teacher's professional 
activities, respondents, who had used their computer and a 
modem to communicate with-other systems werf considered to 
have a contribution to make here. The results in this 
section are based on two. teachers'who appeared, to have 

T sufficient background in this area to make a significant 
contribution to this study. .
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An operating knowledge of a modem with a computer yras 
limited to knowing what functions a modem could enable, what, 
systems could be accessed, and to respond to the menu of an 
accompanying program so as to contact a system and.achieve; 

.these functions.
Programming knowledge, as such, Was not required by 

users who had purchased a progkam that enabled .operation of 
the modem. However, prior to the initial use, the program 
must be’ used to configure the modem to match the expected 
electronic communication protocol and thus the values of .<• 
various parameters such as baud rate, parity, data bits, and 
stop bits mqst be known for the intended contact. Further,, 
if the sending and receiving computers are not of the same 
type, key strokes, that perform equivalent functions must be 
defined.

Because the computer/modem system may be used for a 
variety of activities, differing levels of computer literacy 
may be required, by the teacher depending, on the nature and 
complexity of the use to be made of the system.

The interviewed teachers had purchased their own ,
equipment for communicating with other computers; similar . 
equipment was expected to be purchased by the school‘for•t
retrieval df test items from.a central school district

... V. ■ .■ ‘ ' ' • ' ' . i : • •
• mainframjfe. One tejtcher was using a built-in Novation Cat in 
v an Apple lie with an Apple 80-column card and an Apple’III '
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monitor.
Characteristics <%E a modem/computer system to consider

when' purchasing include 
ffiwtstf-' t*:ie capability of th<‘..i- - ■ capability of the modem to operate at various speeds,

^  usually 300 baud or 1200 baud,
s: ' -

" ;?:-’nî b)v ljhe benefits of either a direct connection (telephone
gack) modem or an acoustical modem into which a telephone
handset is inserted.*'l • '

c) the preference for a space-saving, built-in modem or an
external unit which can be used with a variety of 
* ... ,
computers, i,

d) the preference for a modem that has the program built 
into its circuitVy.or a modem that uses a program stored 
on a disk,

. : ■ ;  - . .  . ■ '‘ * ’ . e) the^requiremerU^ for a complete system, possibly
including a saaialVcommunications. card,

' ■ "  ' i
1?) the capability of.;the computer to display the full screen 

' , - ' . ** • • 
width transmitted up rto. 8 0 columns, i

g) the presence of j-ocal tepair^^cil^Jps and access*to 
back-up’ equipment, and ; ^

h) the presence and quality of after-sales in-service for
the purchaser. i
' The teachers had had no difficultly with the -r

' 3 ' '■>= ' communications hardware and had had only a disk drive that
needed alignment by the dealer.

Information about specific programs, bulletin boards,
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and modems was ge^hed by reading periodicals, books, and 
from other bulletin boards sponsored by local ccSiputer^ 
dealers.

The programs that operated the computer/modem system 
were purchased, as a package, along with the modem from

. local dealers. "•$' ■, * ‘;V.
. . - -' ■. V mThe primary factbrs that determined the extent to which “

the teachers expanded their use of the modem for
■  ̂ ■ ■« • ■ communication between computers was the financial cost for

subscription or long-distance tolls incurred while accessing
various data banks and bulletin boards and the time cost of
learrifhg to operate trie system.

•. 'Criteria by whic^^tlfe quality of the modern^ s program
was judged were primarily related to the ability of the 
program to perform various functions. Programs were ' 
expected, in orde^of decreasing significance,, to* .
a), be controlled from a menu with screen prompts for 

entries, v'
‘ . '■ '' llbe •aS’l e ^ o  format the screen display to-1'accommodate 

displays.produced by various sources,,
c ) be able to dial out, download information from a system,

print this information, and save the information in'
-Either binary or text files, 

i d) be able to leave messages on a- bulletin board or send out
. files of information, and 

e> be able to emulate various terminals.
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■■ The possibility of communication between computers was 
ma'de apparent by observing contact between personnel at ,
Universities in'two provinces, by seeing an associate manage

• /■V ^an investment portfolio by accessing a international data''O' * _ ' «
,'bank, and by advance notice of the intension' of a school
-district to offer access to test questions that were stored
on a data bank and that could be retrieved by a
printer/terminal. ^

The first step to be taken, afteE installation of ’the
hardware, is the configuring of- the modem by entering the

v-'vvalues- of parameters that govern the electronic 
communication. This configuration may differ between 
various systems with which the teacher may. communicate.

'Difficulties encountered incline the general P9°t 
quality of owner's manuals exhibiting a tendency to either 
be sparse or to overfill or the tendency of systems to 
establish operating procedures that are oriented to specific 

Another problem encountered was the need for 
• feVcploration of the operation of the program, solved 

‘̂ Lrsecpnd telephone line installed for conversation 
.affociates who were simultaneously attempting 
^ti’on between Computers. -
ipOrt- systems included extensive referlal’to friends^ 

•requests .far assistance from other bulletin board u|sers'. 
In general, personnel from local dealers were not helpful.

Assistance;in using the modern was given'in the for|i\af- 
practice, in inter-computer communication, iaformajtjLpn t
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supplement the instructions give in thte -operator' s manual 
and the loan of alternate programs"for control of the 
'computer/modem. i *

The limitations perceived in the use of 'modems for 
communication were
■» ., ’’V. * ' . . * ' » . . ; *

a.) the accessibility to the.systems, including the financial 
load imposed by.computer contact with various systems, - 

; 'and ' ; ' ’ . ' . ■..■■■' ' - . ’ .•**k
' « . *

b) the general lack of awareness of,*of skill in using, the
. » * • *' K'

computer data banks as sources of ihformation.

■ > -  ■ : tThe role of consultant to others was one that had 
opened for the,teachers who were experienced in 
inter-computer communication. '

The likelihood of the teacher participating in 
professional development using a computer for communication 
independent on the teacher
a) developing-a familiarity..with a prototype of the type of 

program or modem available, thus building up a reservoir'
: ; of knowledge about the.operation of various systems,
b) knowing that a variety of sources of ihformatipn.exisf, 

each with -its particular financial and operating 
requirments, * ■

c) being aware that different levels of operation of the* 
system exist, each requiring different degrees of 
sophistication of S^nowledge, and for which different
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levels' of assistance or inservicing are required
d) having access to the equipment required for this /Mb 

activity. -■> v, " -

* -Communication Between Schools; and Teachers Because feW spi 
. teachers in the study had experience with electronic mail i . 

and none hadrexperience with electronic transfer of student‘ . v • v *• •' •
• ; _ ; ■ • ^ ,

records, .and in view of the relatively low potential 
expressed by teachers in their using computers for this • 
purpose, the following description will identify only. * , ■ J.

/characteristics that are unique to elecronic mail between i ' _

individuals and that are in addition, to the description.in 
the previous section on using a computer for professional

Operating knowledge required by\the teacher would 
include entering any identification assigned by the central 
"mail box" facility to the teacher-user.

, Hardware that is acceptable for this purpose-.must be .* .i'
able to synthesize and transmit those ASCl'l characters 
required by the central facility for executing specific 
functions.: ' '
*■'- ' . ■’ v i*-: '

' - '*■ ' “ '' ;* *' '• ® \ > - The facility through which the electronic mail was
processed was the Albenflfe. Government Telephone's Envoy, in **

*

v.

■C'

( ■
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preference to the University of Alberta's M.T.S., because of 
the nature of the proposed contacts by the teacher0 that were 
possible, and also because of the cost.^f the contract. y / ■

: Special situations* relating to implementing this use by , y# 
the teacher were . or^imarily in 'the area of signing-on other
persons- as sub-users under his'contract, of assigning a• - ■ ■ : ;■ -\ i
monthly charge to ttjese sub-users-, and the restricting of 
these ’ sub-users .to specif-ic files undet his control.

The main, impact on t'hfd teacher'of this use was the ;.1 1 ‘ ’ 1 ' t ' ' . «• . . ’• •ability to send the mai l ’ at . any time' of any day. £nd for it
O ,■■■" .. v  "to be instantly available to the addressee.

Library Applications Because .none of the science . .
teachers in the study were also responsible for the 
operation of the school library, the ■description of- ;thisv use / 
has been broadened t o •include.situations where individual • fy' 
science teachers used a data 'based system, for the management

' „ * . . fof various professional respdrces, including films, 
reference, materials, - department inventory , etc:.

: ' ' . ■ \ . " A
The staff member who operated a program for the ^ 

management of library books in one school was a library 
technician; the details of the operation of- this program 
were known only by a former teacher who had set up the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

■'.'Li*

program and the:current library technician// The programs •
■/• - : • |./ v ;v that were .usjed.by science^tea*chers for their-,owp/resources

t , i ' / : '.v.: ■■'t■■■' /■ were comme r c.ia 11 y available, menu-driven programs for which
V *. : / V  .T" V  ■ •the user - heeded an understanding of t ^ / vgeneral frartiework

. within which the^information was ;stored and1 a knowledge^o¥
■ ”• v, r S  .■ ■-.■■■. ' •rf-.' . .f ..-■■■: the meahii^ and significance of the procedures offered. All 

sources indicated a knowledge of progfaijimi'ng , as. suqh, was 
’not/required except within the- Context of being able to
formulate a- template f'or .recorded data.. Because.Jthe '" ■ ■ ... ' . a , . ' ■ ■a ’;fv. ... .programs were used onl^ by the teachers in the sceriariofe 
described, information about', requirements for use by
stadents. was not. available.
" " - ' ' t \

' V - - t  A '  . :  - -  A C  ■ ■  - • ;  ■■■: ■ A -

'■ -. "■ .■" Hardware used by the .teachers interviewed Was known to
be of two types, a Radio Shack TRS-$0 purchased originally
v - " - V  . ■ ' ' ' ' '' ' C.f o r a  business application and Apple 11+ and lie versions

with 80-columritdisplay. Monochromatic monitors, dual 5.25.
inch disk drives and dot matrix* printers were us.ed.v\

'••A '■ •Features that ma'ke the machines desirable for this
• - , .- ."'I-: '--V ■■ ■■■ ' n .application include low .o^st of the computers and the" 

programs and the availability .of software*for this. 
application. A change from Ap'ple 11+ to lie was necessary 
to achieve 'an 80-column display, V.ncreased memory, and 
improved keyboard/. / ^

The only maintenance required by these devices was the 
.adjustment of s disk drive by a dealer. . '
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•v, .-V, i'i . ;>V
j  ■: •••'*. . - 4- ■ ■ ’* . : • •'* V ' ^ . . ■ M - • V-\» -4>.

■ t.

' * ■. 
’. /*■

The interviewed teachers‘‘learned abdut’thesd, data-based r •
' programs by."talkingt to asspciateS, reading!'"periodicals,, v;

l-S! ' 7 " '■ ‘ ' v'- J-■ V ' :'v!' ■' . ' •! ; / ■ “ \ \< •'' /./''I ."/
: e.g., Fersonal Software/ and previewing programs available 1 • —  '

■ ‘ . ' ■ '  v ' v  / i : -> >from commercial dealers. -.'The fctual ptfogi^ms' used w’ere . . ; ■
loaned by.-friends foi' previewing/ were retained fo'r personal . -
'dSe by the. teachers! when other applicatlonsŷ were finished/

' : and* were, received as part -Of a software package upon the .; ' .- \ ' . '' • - 1 v ' C’ , ' .

, ■ .initial purchase of the computer. V  .. . ’
.. - .. •. : ^ .. . . . » ■ ■ ■■ -.v*-". '’ ' • The intention*of the teachers to develop these.; :i ; v \f- ../7. •;

computer-based fdata-TOanagement systems lor their resources .V
/ was dependent qh a) the ability of* the ^ys-tem to perform ^
v . ;n{̂ rmavl 1 teaclter/tasks imorê  elf iciehtl^ than: previously^; .. • V'7:;
' achieved by other, less tebhnicai means, and b) a prediction

■ of" the benef its/to be accruedt in ..lightT:of the time require^
■ ?' 1 *'"■■■''■■ l’:-'

' to thieve these benef its / Prior to purchasing or '•• ■!■
■" i .v.■;■'■. '-A*-

.%■ developing a specif ic# system ̂ the teacher heeded to clarify :~-

. their expectations , of the system â hd its capacity to . fulf ull •
these e^xpectations. . \ , : / ̂  : . ■; - ,:

’ 31 . ^ ’ :-v . ’ . . ' aj^t . " . ' Characteristics of programs that^ichieved these'; : , . . '
i ' expe&ations are that . '

a) data files created by one program sholild be able to-be 
"Used' by other^programs in %se by the. teacher or by '. 
^significant associates of the/teacher for the- purpose - of 
'’mutual benefit by exchange of information or to avoid - • : 
"orpnaning" files created by the changing of ’computers or - 
progre.ms^; . « ■ ,l o V / -: ' '•. - '

’■ * b) entry, search, and printing of data shogld be easy, %
7 : ' ;.v v-
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7;7-o7■:''-777‘7'7:77:^\^.’7.7;777'7f' ^

:. rapid,, flexible, “and fulfii^ the tasks dJ&f^ned by the *7 '

■. ' User* ■’ ' 77- 77i777'.: .*•.■. - f  .' ' "■ . - ■  ■■■■'* * , £ ' ■ ■ ■ ■ -77. J»;-7
-■777 .c) the manuals for the programs- be models of good .. ;" • ■,•.■■■•■ ir ■ . ■ ■ ■ / . - > ' a .vV: v- 4§*--- .* .•■■■■ < , . • » ’ ••.'.,£»• v .!• • • . • .. • -£f • • •.•. '•'• -' . - • •“•• '» % <••', ;.7*,7 • cbmmtfnicat i on to noviceyisers. ■■ ■ '*7. "7";, . '. .»/'■'■ . '-77' 7.77;

-■v. ■ . ■ 7-.- *• y - :;v^;I ■■ •' • V; '-‘r 7v" ' :■■■-•»
■• S  ■-*■: , : '7<: 7 ■■ .:/• «T:using this.; . 77 '7*7■■■ • • >r •■; 7 •' .7 .' Most o*f. the/ teachers intpryiew^- were.

, .technique of - reaou^ee m^r^gemen^ because. $£. their active 'V.
■'exploration; bfi'the’ possibilities •tfithlri ’the computef|domain; '■7 ' • 1- ■; :• 3 * ■ ' '.-.V-V .'Jr.;

7*7'- the program'were ; received as -gift^ at.; Christmas or were, part "
■ ■ . .  . ’ 7  i; ; - :v '. ■ ' a 7  '■ y y  ■ ■ ■ ■ " '  ' : *  -•,: of a computer ” purchase package r had been , used in; a similar.

%

capacity in-' a business, environment.. y  ; .
'The initial task/viafter /Becoming familiar with- the ; 

operation of ’.th,e > program, was. to“" define the. nuniber.. and. • •
l^ngtja . of; jpajor /headi^g^and sUb.-headings’f to expedite : ■

ati'd'i
th^'inio/rrnation ,,to .be; accessed.

• retrieval of the^ stored iaformatidh,, followedtb$ the ongoirig ■■
: "v ,v. '■... task of enter ing th^in^oifnbtion to bfe ̂ c c e s s e a y , - ■■■■ •
r-'.-'®.-rv ;v '7 Dif f*icultJ^^;.^xp^iehd^Vrb^' the'^^.cKei^^ipincludedV'aii^y-• ' '-'liir .
7i‘_. 'the dnadequatry^of the pooriy-wri'tten “manuals to ptOperiy
I’ 7,- T /  ; v ;. 'f- ■; ■v ".i ' ■ . . ' . V'7 1 "
 ̂ 7 guide-, this user v(Sdlv.^d by ‘ co'nsiflting friend's who had- the: i ;; /'
* r Same .-prdgram/O B) s opt'imizirig rtĥ - number of ma j,or headings--to 7 ;.
‘ - -.7 . 7Ĵ  7 . - ' \-y; 'v?7..:7,. 7: .: . . 7 , : S 7 V, -v'-7 7'7, .

aliov for expansioti and to decrease * the1 time: ,-reqCiir ed f dr' '.7;. "7
7 <•/ ’ searcBi.. -a.ndici^^^;tdhti'ng7.t-̂ a<'‘l'h'®btttp'â lbility' between older. - "

f *• • t... . *■-  .̂1 ' • / -  •••'■?*7- . 7 .ver§i»onsi: of. .̂ prograî S' with later .models''of ..the ppmputers . • 7 a >
■:7:'7. . 7. 7-̂o 7,̂  7' " 7 . - • . '  17̂ -̂ .:.;'.. : _ 77*; 7;.. ;. ’ v*,. . 7.7 /.-■■ :-*7';. ■

: 7 7 !. SLftjpô rt'* systems for the teaciief ̂ who had'.diff idulti'es ̂ V, .\:yy7 ; :’77 > '7 '■ 7;'' . 7:7. *■'- ■-j ■. ' ■.
, . ' • wete, firstly*,, the .dealer7from whom the machine or program -• 777';' .
' .7 7 had. Beep''purchased!, and ,7 secondly*, acquaintances - of the ; ..-.y .

.teachers. Sp'ecific assistance rendered ihcl uded, ad j us tment ' • '7.7
■ ' 7. v;7 ■ *■: '"::'w:'7; : "■ /

- * ; . " 7- ■... ■ ;■■ 777,; "U 7"‘7.,---: .^. • .-..; 7 .77 >• ; .. 7;' • 777: 7./ ; 7:'' :7 7' -7 4 - 7777':: t .% 77::'- ,7 7 7-. ' -7' 7;
7  7'7 -7 ■7/u' • ■ - ■ * l--’- 7 C ' ' " k ■■-'7-
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■ ■

t .’ t.V, •vv-.'VH’t': ''Hiiv*? ' '' i ■

■•'•. V-t'-’ :.#£ v ‘ ■■"■ •:■■ y■■ v y "• . ■' of;; el^^t?corapoi¥§snt s.- and reconciliation of ,: : ' ■.;•■■ 
'■.■*■: ii '<■-•' W- ■ *"'* ■■'■ - . •f. . cdmputer 7ptogram i^comptibibii it ie s*. by “the -dealeti(^~nd

9 2

by  ̂ fc^intfljiices- in the dperat^oii' of.the . p'
. Th e pr iipe .1 imihat'ion^ of this Use pf ..computer's. to..

: ■■.:teachihg <praCtio^v(as ttfe deterftinirrg of;. the legit-ipfiacy o'£

■ re.. • ydvr^ doing this , ’to save- time '* and to make; the 
 ̂ . • • {’feomput^ ' do'Wor)^ that ordinarily yot would normally do?.

' '’. !’ .' ' • .r . The pnly"th.ing that go^s' "in is that/stuff ..trait.'.I.:
-'V'am aimostr\ certain^ -I...-, .am going to; derive benefit from .’.: ;'*?■ 

; . . . > ha.ving . it: on the. computer ,* because it ‘takes, time to put '
..’-.y  ’ [ * it ' ■ in 'the?e": V • *-. - I haveaVt .got the time to play ' ’t.

■'.;./ - airound. • I think . that ,£he things^.that I- put in r.now'.• ,
#  Q - :t:» arev 'the • thifigs that used: to give g^eat _diff i.culty in. '

doing - still give’ me difficulty/ but at least getting.
V>;’ : v • . - much ;more help- within ’ the... cpmputer than I used to ’ • ■; '

• • - : before. r **'c ■ °~,eL 1 k' ' ̂
:6-

'V-.

No “new- roles. were identified by the. teache.rs'' who used 
. this.; dpmputer-,based resource management, system as a - : .

. o y.-ieplacehbt 'fdr pencil "and paper techniques;. except for i ’ . ; t 
:' reserving the ■ question of "working or playing" with '̂ the

^ V  computer.
V-" ■'

4 .  •

;• ,.’:V The probability of the. teachers, using, the computer for .. .
the uses described aboye.was. prima.riiy dependent o^the.

• familiarity....that they h(|d with the program.
V . t ,.y ■•. i use .it as much- as I do because I started; with it and .
/ v ! yOu become familiar with it and you k#ep. on . using . it:'- . ‘ 

> [#46:250] ■'
• i

..

i  U .  ■

' i
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* ' * y  ‘ ‘ * . . .  93 A
•  ̂ • Instructional, Management . This integration o£ Several ■ I'-.'

uses identified elsewhere in. this chapter, are integrated V
';. a : ^ ' S O ' ' ' *  v;:;,.v- ,v ' : ,• ‘ \;^>When teachers Use a Cbmputer^for 'Instructional Management. ^

•. Under this general title, .teachers used • computers; in two :
contexts;. institutional management , beinefHthe administration »• .

V ' 1. Q  ' ; • /  :iy-: : ’ ■ V . ' ■ : - V ; ; ; V  / '■; .‘ a of the Studentsy in a . schools and instructional management,’ 
v ,9 relating t.o \he learning activities for. individuals or / ? ‘

.. groups of 'students in’ a class* or subject. Because the first' .
* • ■Use ,is usually; the responsibility -of’ ah Lssistaryc'principal

and the ' second context is .the ;one which£a§cience .teacher z71
; ; : Would ‘most probably meet, the- description that follows. is • ’

based on the interviews with • two teachers^ f rom one . school ” V .'/'V-'
•who Were, active in Computer Managed Learning. -. V-l' .

'*■ ••.;/ ■ ■ • g . •' V? -v,'■

• - _ • . The kpdwledge required to operate the.C.M.L. system was. ...!: ‘
'r'-\ ’ ■ t;:.'-' ■. : r .^v-7- . varied,.; depending on the’ particular function that was being .-

i.e., as a .student drawing assignment's Or/ work V I.'7’/.-;/ >\

Sheets, or 'as a teacher u s in ĝ  a pre-defined course .map and . 
questions ,• revising parameters^ designing a/course map,' or ' ■ ' ,//z;: z/*;
' cohst^uctirig or editin^iis^'questiorisi ’ . F̂ drv̂ .both; /.

... • . - . . . . V- .'. V  vthe* program was menu-driven with help available in a >

.... Knowledge of. programming was not required but anv.' « U.... ,

   . . . \
student ’s'- one page guide or a teacher’# looseleaf Users'- •. .1 - '
<?uide. ■ ; -y,.:. -I';z:'/--:'/Li •>' .

'f < ‘ t >■ ■■■■'.( _ .#*:/■•. ;’
aqgaintance with /file management procedures that are- part o>’f \ v;':' ’
the; authoring .language was considered necessary.

v ' The ’sequence, of sign-on* procedures- f or the students and :
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• .' teachers differed, as did the; number of windows of security 
■ that: were traversect to reach the intended, program.

dhcol wj. The hardware that was used at the school was a LA-36 ■
; Debwf iter 'teletype; terminal to a central, district

i• •. mainframe. ; - . ' ; ■ *
s The Costs and benefits of using a teletypewriter or a 

; keyboard'and monitor need to be considered ffr this ':‘v . ;■ i :i\r
application. The teletype consumed consider’abl^ quantities

■ t'

. ■ - pt.paper for printing tests; in addition to 'other 'purposes 
■ for which a monitor was being'considered, such as. students

writing computer programs oq. supplying answers to .a- vS-* ' a .' • • •  ̂  ̂ .•
.previously printed test and teachers engaged in managerial 
tasks,.with the program'. ,
V ' Corftracted technicians were called for all maintenance 
qf. the:.*teletypewriter, generally restricted to replacing the

&  head drive- motor for several machines.' -■ "V

O; : The program ̂ used by the; computer was developed by a 
• Toggl technical institute ahd was part of the C.M-.L. package.
.for the whole. district. : - •

r The decision to implement computers for instructional
V  .5 management was made by the' school.adminstration as part •of a 

, cqntinuirvg process of"individualizing the progressof 
students,, Currently as a Personalized ‘Educational Program 

" vf ' (P.«E'.P. ), and including features such as opehr-area school
: ;fslbor plan, development of unipacs, unstructured time .- ■ ;;..r / .. '
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... ( *7 -V ■■■■• '• 9!
periods,,• and testing tin demand in a testing centre. _

• Criteria that were significant for ^he students ,and the
teacher’s as users of the management program included

. v ' ■■•'v } . . v 7 7 ■ ••a) provision of a question bank for review, quiz, or testing
of progress, objective marking of these questions, and
recording of students achievement, • /

bj. thdse features related4 to tlfie nature- of the assignrtients
for the students including - .7'

flexibility of the pace and route for students with

7 a m * * '  *

. ̂ ^^BBpf)ottang, (in ah< itemized summary ,' to the students- • ••'.'■ ^  ^theif^progress after, quizzes-,; - 7.
- ‘‘provision f or7testiiig parameters,. *e .g. 7/ mastery leve.lv 
; routing’ after* tests, •
—  variable weighting of questions: involving several^

process steps, and ’ •
7.7 - provision for parallel tests eft: equivalent, difficulty,-
c) accessibility of all components of the system’for

revision by teachers. . 7~ V
'.7 ' 'V, ' '-  ̂- • ■ '7."

_ The teachers had been invited by the school .v
administration to participate, in the implementation of 
computers for individualizing progress. ' ^

Implementation Of this use of computers, began with"the• 
system-Wide writing and recording pf test questions into a ■■■'•' - • • > * ' K " • ’’ ' . •
data bank and the simultaneous design of "course maps" for .

■ , ■ "7 .7- ■ '' ■ ■' v ;v77' 7- ; - .' ■' ■ ■' ? ■ 7the sequential development ’and"test-ing of cpncepts .
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a)'-shaking down the bugs characteristic of innovations ,v
e.g,-, erroneous descriptors,/ alpha-numeric I.D.s, ' ,

bl maintaining and re-establishing contact with, the 
mainframe computer during'school hours-, V

c } orienting the students to limitations of the media, e .g ,, , 
notation for exponents; square root,

d) judgement by the teacher'resulting from poor •' \ ;v;
4»> S  . ■ s s ■ 1 'communication between.the student and the computer, e.g.,'
- spelling- errors^, and
e) monitoring,’and referring for discipline, nascent 

hackers'.
"The teachers received extensive support within' their • 

school district including the
a) Secondment of other'teachers to construct the initial ;
" structure and content, of the C.M.L. program 

bl inservicing of the teacher in workshops, courses, .and; '■ 
seminars bn concerns significant to the-concept•of 
individualized progress of students, e.g., learning 

. 'file management, test 'development, and
c) foirnatibn. ;of interdisciplinary Personalized Education 

/•• /Program (P.E.P.) teams for each grade level for the 
exchange of.new approaches and ideas.

. * Assistance available, in addition to that mentioned 
above, included print materials for operation of the 
computer by novice stiidgnt and teacher users.

Using computers for this’learning activity enhanced'the
■ * ''.v ;:V". ■ ■ V  i,Xy./
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: *.* . 
h-\ i

" V  : ■ V V  . . . ;V . , ■ ' ■ , ,V''■ : '

./v.i " V V ' ^ V -  57
ability of students to ‘acquire the \cpui;sê  content at their

‘ . . V  • * .- ' ..‘own pace but provision is needed for the development of
• ' -.1. ‘ ■ V 1 '■■, ' - ■ ‘ - ■■ V' • - ' " w * •*' 1 ■ - • - ■ - • - ■ *" p r o c e s s s k i l l s /interaction of learners* through * , ,
discussion, ancKthe social aspects of* school. The teAchirs

v ■ ;vT\ ’ ■ ■' --i■ ‘ . • '* *.• were alSo cognizant■ of'<the possibility of .increased Clerical "
‘ workload through extensile contact with the computer .>1, ’ ,

. • ,■ " : I .. ."■ ■ +The greatest role of the teacher irt an computer managed 
learning environment is that of facilitator of.r.the student -

t " t ,

learning; the student is working.as ap independent learner ' ■
a'nd 'is receiving instructions .frQin a device with limited 
intelligence and thuk -will require . did. The teacher must be 
skilled in the processes of, cUirri-culum development, and open
to.suggestions ahd'is also a subject content expert, 4ble to

. ^ * ■ ■■ • ' ' \ ' .. design course maps for Controlling student progress. The
C.M,L. -teacher . has access to rpore * extended resources and
thus requires,-judgement: about • their ^employment.

^  .. ■ -i:../ 1.1';--;. ' . . - . .' .

Factors - that were part of the decision of^the teacher :
to engage - in this, usfe of computers included the'
a ), provision of ; pairaprofe&sionals to handle techrfical

matters, ' 5
b) availability' of an optimum number 'of computers, . *

c) ability of the teacher to modify the-program parameters 
to match the learners, •;

<3) involvement of the teacher in satisfying activities ̂  and- ' '' '* • . '■ O'-'.
. . e) opportunity for the teacher to apply knowledge previously.
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v ■ I did takejj. a couple• o'f courses' at university but, in 
' undejrgr^d, .you . never realize how important some of 
^ these things actually could be. . . .V' You are doing it 

in a* very theoretical way."' When it; comes 'to actually 
doing it, you are surprised than.ther^ is actually a 

^practical application. [#51:272]
' X ■ ■> .V. ; . ' . . ' .

s '  C . - • ' . ' -

■s* • » . • . » v—v
Phase I:\Other Uses The only other pre-teaching use of
~  ”  , 7~ ”  .computers thatb.emerged during-the* interviews was £he » ." ■>

-■ ,N; ■ * ■' - recording on a-comphter data-base, of theAmst|:̂ ri>al* on
inventory of a science' department. -The teachers were using

* . \ * • v. 4 «commercially or Custom-prepared programs for* recording stock
levels vtjj aid in purchasing supplies for the coming year.

* The m'e'nnr.drivan programs operated parallel to the 
normal operational tasks of a. laboratory aide of -entry , 
inventorying, and re-ordering of materials. • Prompts wer^

F < v .... ■ ... ; :. *
given when entering data. Various options for handling this . . I ■*. • . >
information were.available^-

No knowledge of programming 01̂  file management is
'■ ' v^r . ' •

required. . . .
. , For'both programs, setting up the operation.'required

" * . .-v > .,more knowledge and time than subsequently, using the program
. -.i •: . rto maintain stock level's. , For., one! program, a teacher would 

need to categorize the chemigals on hand, according tp their
V  -chemical propertiesas organic acid, inorganic ^cid, base>

oxidant^, chlorate, nitrate, 'flammable solvent!, or .flammable. 
*

' ■ - ' ■■ • . •? * • x: ; V
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solid.' A typist-would then be needed to enter name, date, 
and' quanti'ty of chemicals received or in inventory.

Hardware requirements included ap^Apple Ti system with '
•r- . V' ■ ■■'. ' . ■■ • ''disk drives and printer. The compatibility.of control ; ;-vi

charJeters sent by the- program and received1 by the printer &
; • .> ■*.:. '■■v' ■ ' 

for print effects should be verified,-No significant
I .v . v '■history of maintenance existed for this use..

' ■'  '  ' •  ■■ ■ ' ■ ■  ' ■  '

These data-based programs were Similar iii their 
.operations of entering, selectively .retrieving,,- and revising
1 inf ormation> One particular pr^rfram w^k,.developed .undei® • !,' ' • "if'1’ . ■
contract, by ;.̂ -.school district ' f or use in its schools. : What

• v . dist-i.rtgdishes:• this program is its philosophical f Qv^i^ation '
ov; - of 'segfegatirig and color-labelling Incompatible chefriicals 

• *. •. • •v ^ ^
and, datinq'h.11 stock. Adoption bfihis program would be

, t ■ ‘ ; . J ■ ' V . -y. >
beneficial by a science department similarly .briehted, .ai0'■ ■ * -• • ,« ■ i ”...
that had access to a typist. Another program was -used to

' ' . - ■> .: * v
gather restocking requirements from several schools. . The 
program could then list these requirements by school, or by 
supplier. Implicit' criteria for both applications include 
the selective sbirtin?p of records ,by descriptive fields, the 
performance of mathematical‘operations on values entered, 
and the printing of formatted information. '

The Concept of the categorization of the1chemicals was 
derived from an article in a prof esSiqfial periodical that'’-'
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'resulted from the preparation of a hazardous chemical guide 
for the province. In both cases, the teacher voluntarily
participated in the development of the application.

■ . * '1 . •
• The fhitial actions to be taken were to identify all 
materials to be stocked and to record them in the daba bank 
of' the program. A district with a central purchasing 
authority could redjace individual typing time by recording 
names and catalog numbers in the data file or on checklists 
of itfems required.

Limitations of screen display suggested chemicals be 
accessed by name and cross reference n&rrtes instead of

■% . '... i . ' '

phemical formula. Acoess time for loading the program from 
the disk suggested a hard copy of all chemicals for 
individual staff members and hard copies of each category of 
chemicals for inventory checks.would be n\pst practical. In 
general, the benefits of coigjputerizing the inventory
increased as the number o.& items or related organizations

. ■ §  vincreased. 1 . . 0 .
!• Classifying the materials could be aided by referring

to a color-codimg system employed by chemical supply houses
or to lists, prepared for common activities. 'To enable
operation -by teachers, formatsoused wers closely, related.

Wlbther curriculum materials used by the teachers. Manuals
were available and, in the absence of close.supervision,
'•were required the first few times the programs,, were used.
' Any limitation of this program on. human, resources in a ) • S
school is based on .the Eelative efficiency of the program to

• • m  • : _ ■■ -
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v  ' ■ "■ \  .

101
'' \ 1 '* ' . . . • maintain an adequate .level of stock better* than ocher
systems. . • '-.v ■ ■ ■ ,

: . ; v .  , ■ - ; ' : . c " r : '

RQies for the science teacher would,be categorizing of. 
the chemicals in a school storeroom and, in the absence of 
clerical assistance, typing of entries^for stock movement, 
or notifying a computer operator of items to be replenished.

■ :.§r'

A science department may adopt programs of this type
for faster identification of\ old, dated stock or of ■
short-stocked items, for an easily up-dated list of 7
chemicals, by selected categories or in total, or for* '
maintaining an adequate level of consumable, items. - '

Phase II; The ‘Peaching/Learning Act •
In this essential phase of teacher and student :■   •• ' •

activity, the greatest number of teachers indicated.some
experience" (level > 0 ) with the uses of computers that were
presented in the*questionnaire (with 152 fiteacher-uses

; . 0 .. ' •  •indicated). fjor some of the more well-represented uses, the
selection criteria employed'to pick between good,
competitive represented.users were the.comments appearing on
the teachers' questionnaire. * $

. .There were some uses, e.g., Electronic Chalkboard and
Laboratory Instrumentation, which were'sparsely Represented.
apd’ selection' was ,based on T'other * criteria, including ability
to contribute statements about knowledge needed for other
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'v-vv  ■■ • .. ♦. .. , - .

10-2 
\  V A

uses of computers.

V

'■ 'Problem Solving Three teachers had students who had . . ..
used a computer for‘problem solving, that is, to •test an
understanding of. a syste'm in science* by constructing a model 
of" the systenYahd then testing, the model for correlation 
with other ways of knowing'. Ten other, teacbers contributed 
their observatiohs on specific dimensions of this use of 
computers. ■ ' ■ Y  , C v
' T h e '  computer is well suited for modelling a physical 

. . system. v .. ' ' /• -. . • ' ..\ * . r“ ■ t' '
■ Then' I get them to . . . give meltheir series- of. steps ,

th.e algorithm, to solve that problem in REM. statements 
and then I get them to write. 'itin structured program 
approach which is all subroutines interactive. 
[#■39:1175] ’ ■ . *■■■ ■ " • ■ ,

■ ' ’ .«■ 
t The state-of-the-art for the science teacher'whose .

' '■ ’ * • . 0
students were 'solving problems' required .that- they hav.e'* a .

• good•understanding of, instructional design and, according
<3 ■ Y ' ■ \the experience of the teachers, varying amounts of knowledge

about programming. ■ v , ‘ ,.
I had to have had enough experience on the computer .to 
know, what •. kind’ of displays I could ^expect on the 
screen, [#34:21.1] ' , '

. . , ■ '# ‘ .. ■
A computer language or program must be available for ...

.-the student to use during the-problem-^blving activityv. A
■ • ■ ■ ■ ' • • ■  ■ ;■ ’■ V  „ . ■■ . t e a c h e r  of gifted elementary children had.used LOGO, Rocky's

' B.dots., and Bank Street Writer, in problem-solving situations^
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(.
The context of theseactivi.ties wasnot science, a^fegich,

■ ................but as challenges,for the students. BASIC language
"... ; : ' • . - ' ' \ ■' /■■■ T
' tr?.ed and rejected as not suitable.

,Because the BASIC language iŝ  so specific-, ydu have 
got to have the syntax right-r- you have to ha've the 
Commas an the right place•• But they .were being bogged 
down with such * trivia so it wasn ' t helping them.

: [#50:7.2] ■ \  ■■■'- : ■
1 ■ ■■■;. .. ; '■:■ 

The secondary science '.students needed to be proficient
at programming in a - h i g h e r . l a n g u a g e ,  e.g.,,BASIC, or
machine language. ' -

. 1 ■ ■ ■  ■ ; .  - ;;  ̂ . . . . _

/ They can write it either in^ASfC or machine language
or Pascal and I've had ̂  students do some hybrid "

', program's. • For instance,. tjie library ̂ .sorting program
for overdue library books, [two students] wrote the •
'actual sorting technique in machine language and wrote*
the rest in BASIC and put it together. [§3$: 117.!?]

. -6 . 1 « ;
The teacher can learn,the skills needed by using

references and various teaching experiences. \
■ \ .v. •- I think most teachers already have the educational 

experience; ■ necessary to know how you aTe. gbing to have
. this thing set out. If the teachyer has had enough^ just .

curriculum' , materials’ experience. and teaching 
\ experience, he has enough knowledge to say, "Oka^ I 
^don' t like the way that is being asked. Can you put'it ■
in this other way?"- . . If you ;have used a couple of

A programs, i’t would be helpful' because you know how A 
these' kinds of things can be asked on the screen.' \

v . •' [#34:21.6] . a. ' •

' The students can _learn the programming skills at home, 
at school, or by Using models of routines in programs that

' X ' ■ - -
are available. •* ’ . •

' ■ "  , _ . v r ■■ ■ .
I would say that iyrobably a lot of it was from programs 

' that they had seeji-, routines tha(t ̂ ^they had, spen,
■ -' picked up from friends, whatever. They did not create 

all of . these things themselves,, I.am sure. -They found
- out where these * things were . found*,-c went into the
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A

f

program and looked ait how these people had done' this 
and probably, in a large part, copied ai lot of the 
ideas that people Yhad >used in terms ‘of displays^ 
although their final thing was unique to themselves. ’ 

;■ [#34:27.2] ^

' The hardware that wAs used by the Wtudents were Apple 
and Sinclair microcomputers and Centronics, Apple, Epson,
and CItoh printers. The Apple Hardware were used for

\ ‘ . '■ /">“ ' »\Jr'isdveral and .various purposes in the^ science departments.
s i..Various Eeatufes made the Sinclair Suitable for student 

programming in problem-solving, &

In addition to ‘price,’ I -think the major advantage of
the Sinclair computer is that’all the . commands', all; the*
key words, are single key entry so that if you want so 
,say "Print", v you just press the "P" key. . . . All of 
the commands- .are that way, all of the. function keys are 
that w^y. . .. ‘You don't ever have to type up a whole
word, fiese students, are n k  typing students so this
was a distinct advantage fort them. ... . . It was small - 
and it would run on your own home television., I used ' 
to let -the kids take these things home for the weekends 
and holidays. [#33:778] . . . ;

.although some disadvantages were described. V ;
The main disadvantage to it . . . i s  ‘that it,’is a
membrane [keyboard. For somebody wpo was- a .typist, that 
would slow'thelm down a lot. . ; . The maip handicap.of 
not having a disk is thevspeed of loading and saving;

, that is where ybu.wAstse,. a lot of time. It'takes a long . 
time to load and save from a cassette. [#33:883]

■ . • ‘ • * 
s . Only one teacher 3!n the survey had Used the Sinclair;

7 - ’ > /' if ' *the Isolation of' this lone usage was ensured when J

distribution of the Cimex Sinclair ZX-81 ceased. .
They- are nqt 'available over the^counter anymore . . •
The thing. that , I really went over there for was a- 
printer and I was too late. [#33:942] . - ’ '

Maintenance -of the Sinclair was limited to replacement
A , ' . ' '  ‘ r
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. . . • > ' ft'-.-*.''-. /  - T '• .

V-- ' -  ̂• •. ;• ■ , ....... ..........
fe a compute^V 8̂  mempry pack and a powdr supply /  ,.y* ■.'.!•'?■:•' * “■ '•

. '■ ■ / V -

• ; V.- Software programs weJ^ nbt available for - the students
\ to use during the construction of models' of.physical

{ ■ ■ ."t ■ ■ ■' ' • v
/' . situations.- ̂  The concept pf. s.ofware . or courseware is

interpreted, for,, this use of computers, as5 programs that' the
'student will construct, ' rathe.rV'tharf’.a ..prpgram'that will host:
the-: ?ne that’the student; will ^eveiop. - .. ■?"/; '

Some of th,e students -were ■ given a sample-program that,
■j

served as a. guide, or iiiô el. of the progfam -that they were to
construct. :r ■' ’■■■'

I gave them,' initially', a program that was available . V
- . . and said, "Well, here is. .something that the Federal .:

Government has done but ..they calculated' differently 
6 than v$e calculate' it.. Their calculations- arre a little

bit - beyond what I want to present in. a Grade If course
and therefore I would like you to maybe take this and ’ - 
modify this so that it would tie all-metric like we are
using and nunits : that we are using, and do . the.. ;

’ calculations." J'* . . . Even with some kid's , IJve askei - '
' them to fix up some of’ the Ml.CC programs that wb haye.*;.
in the school through .ACCESS .' .[^34 :19 . ] j.:. ' ; : 1 ;rf 1

In most other cases, the only assistance available from <., •
the teacher was. the definition 'of the' general problem and
suggestions about user-related' displays;

I may* come to the students ■ and say, "Hey, I would 
really^ like ^to have a program like-this and I know 
you.' re interested in this as. M l . - ,  Why d&n't.you do 

; , ■ this as your project?"^ For .instarice, in Physics 30, I
': like to hjiv̂ ' the students do three’ small projects’ per
. " school yeaf' 'ahd have them relate to each.of the major 

topic areas that we cover. . Fifst term, I had them y
do a . cofepilter simulation of electric •field's. In this 

, ,. last term’,* I had them do ,one oa the Michelson-Morley
experiment. {#17:530] " A ..

For the student, the subject material that was
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‘.■■I•td.V'fr .. I:

"t( . -integra'llpd'into the donstrudtion of the complete program was
j .̂; drawn f rom the acadeinic coarse; ̂ |ontent .fl ■ ■ ' /  r .-- ; '■

. : [This prbgram] wds in; Ci-eu of his .. . m'ajdr pro ject
i : ;;\v which they do in Physics 20 where they are: requi’r’ed .to
: cV , design” a: low-energy passive* solar ‘home‘that could be .'
:V;,\V..';heated 'in Edmonton for $50 to $150 a year.* So it is a 
V; ; ' project which lasts for over about a six week period. ■
r:' .[#34:22.8] \ •• '11, \

_ > .i For the teacher., the background' that- supported, the v : J?
; s.cientif ic ̂ content ofvthe programs came from literature1 f

research. v;.';--, ' ■' i ■ . ■ <•'; .
I. looked around in books and so on to find out now rt.o

t t  < ‘ do these kinds o£. calculations-. . - .' . SWERP- has a
; •library . . , I '«an • remember going over at one time and

talking to ’• the people over 'there that I know at SWERP 
and . saying, "Now, how would you do this ̂ calculation? 
and "How Would this work out?" and 'so on* and just

. : “ .. keeping up bn my reading, as well. [ #34:25 .9] »

. .The,factors ithat determined the development.of a . 
computer program were" - ' .. \ ■■'/'. ■
- the leyei of interest and ability of the problem-solving .

'd .."v,'d ", ■ '■

student, ; - ■ ■  • !
.'5 . '• f : •

Most o f t h e m  are, pretty traditional; they'll do the 
paper or’7the experiment. But I try to encourage' some,

; especially the. 'ones I. know, aren' t real achievers ' in the;'
"traditional realm -but who, -I; do know, have an interest.

... But . even, then, • surprisingly., ..sometimes they won11 feel ‘
' cpgfident' enough . to maybe really explore ’ their . 

st'rehgths or what I see as their .strengths. . They still 
> ” ..go the traditi.orlaL w a y . . I.would be lucky to .have 
. - 20%'Who would really be that adventurous. [ #17; 641 ] ■

s'’ * /' - and the utility value of the program for-d^ter use by the
V. elass-at-large,^.

: ■ ' ■ , .* > ■ . '■ \ . \ ''.There was a mor^ immediate payoff in that I would tetch
them how to write programs to soly^e physics equations

" and that ., they would be able to. jd<p Some 'of their,
‘homework using the programs ‘that tljey had 'written and

• ; V  .
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'■Jw :

i0;i <!*.''■&> 
to IK

aXso that' their’classmates would be .able to do some (Of : 
their horite .'"'asŝ ignments •.. in >reguiar class, ydesk; -work 
times., to do the. same kix\d of-., get the samef -.kind of
[
enefits.,' from ‘ the pbpgrams thajt* they ^ould writer #33-697] ' . Jf y ; r-y.'.

Evaluating 't'he :problem.'solving activity of. the ’'studeiit-r $

j
involved, for most teachers,- .judging;'the w.orth of

‘'t ■' : V- y 'the -activity itself,
- the program produced, '

■ V. ■

He hasn’t ’ got documentation of how to save'and how tjj 
load.. ‘ The program runs well but he hasn' t  g'ot the'xikm 
information so ,now I’ve got to get aftuer Greg and shcjv 
him what I expect in user information so h e ’develops : 
a-. [ #39t 1175 ]. .' i ' ; : '

■'J

- the extent of correlation between the student's program 
• and'.ot^j^r programs or preferences, S* '

- I was .amazed that the’ model that I • used when the ,, ■' 
students first did it-,, arid they did it by hand-,- 
worked, out as close to what the predictions were of' . 
these very- sophisticated moclels. ■■. . . We compared, for - ■ 
instance, when the students "completed their program as 
well, ; we comparer the .output from the Hot Can program.; 
to our program and they; were within $1.0 to $50.^. . .

•. That is certainly close enough; I wasn't 'concerned With;.' 
that kind of amount at all. [#34:26.5], **

- and the suitability of the;.; program for the./end-user.. .
You have to look at . . . . whether it: fits., the 

X objectives of the lesson,. the. content that you. Want to 
get across and the. style of your teaching and _the 
general sequencing of the ' material' . &nd' ”th 
completeness. [#43:597] 1 y;. y ■■

■' Responsibilility . for. starting the problem-solving 
act began-, as u-sual, wi?h y
- ■ tn̂ e teacher Soliciting the . interest of the students *
- although some, students later took'.the. initiative.. ■
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It is usually..a combination of me being the initiator 
and the student; -^being the initiator . I may- come to 
students arid, say , I would like to have a program
like this and I know you're interested in this as well. 
Why don't you do this as your project?" . . . . I. have
had students come up with>-'i<Ieas "I, would like to do
something on demonstrating the^N.ewto.n quotient so that 
• the kids will ’ understand __the idea of derivatives a 

' little bit. bet’ter." I had one student come up to me 
'and suggest*. "I would like tp do integration and show
Riemen sums-" .. . . •so it has been a bit .of both.
[ #17 :530 ]

The difficulties that were experienced and resolved by 
the students: arid the’ teachers were varied and included 
- access to the equipment , '

„ Some of those ki'ds would come in at noon hour, some 
would’ come in after school. on days that weren't the. 
days that I'was-teaching- this. . . . I used to let the 
kids take, .these things-’ home for the weekends and 
holidays; I would just book them out like a/library 
book. [#33:778] ■ V  . v

and the attempt to pattern the student' s program on an 
available model.

We first tried, to use the TI-59 program and then we 
«•’ just kind of. gave up on that idea .and said "Fresh 

. start*" v'-.y.i . They took; the. thing away and looked’ at ’ 
i it and they came back and they said, "Well, really, we 
"'.can.'tv" : It i^,.almost like trying to translate the TI .
thing. It was in BASIC and everything but. they^ecided
to start over again. They came back within a week or
so with’ this program which was really fantastic.

■ ■ [#34:19.] -V’ ;

There was no eyidence of a formal support system for
the teachers and any help received by the student was

; usua-lly based, on”personal contacts by • the teacher . ^
/./ In a couple . of cases where I had problems with knowing 

vv/ how to help the kids in theif program, I for instance,
. asked [a colleague] if he coijild help* them out on that. ’ 

/ . I think,: in a minor ,-̂ way, he did-, ' in terms of
■■■'; ‘;- v. . i:
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programming skill. [#34:32.11]

No aspects pf this, use of computers were identified as 
being incbngruent with good teaching practice.■

There were several impacts on the role of the science 
teacher who offers problem solving on a computer to his/her 
students. The most, frequently mentioned change was- that, the 
teacher must recognize . - 1
- the limitations' of his/her own ability to kn6w everything 
' about all problems that will be identified/* •

: You don't have to be the expert to run these things;
you have to know how to start tJnem and know how to- 
direct kids, but you don't have to have all the 
answers. Part of problem solving is that you can find 
the answers yourself. [#50:8.6] ; -

the need t° tailor the task to, challenge the student,
So it was a kind of an interactio'n, thing a.s well. Once 

' I saw what these kids were capable of doing, then my 
ideas as to what they should be able' to do kind of 
increased. You^have to be kind of cognizant of where 

;■ . the kid's programming level is at. [#34:30.0]'

- and also the requirements of the” students for leadership
• ■ ' -y ■ >
and guidance. .

I think the thing that I might see ■ . is the
interpersonal: skills required, in terms: of getting the 
student to' do these, kinds of things. . . . The job Can 
becbme norrendously complex and over-bearing in a sense 
to the student . . . . . in terms of getting this "thing
done and.: getting it to a point where you- want it. You 
have to,‘l think, be able to watch'where the student is 
and I find, . a lqt of' times, "Just back off-, . . . I 
think that is a pre^fey - imp'Otc±ant thing for teachers to 
learn in' terms .of interacting with the students'and 
recognizing that- it is a different kind ̂ of problem 
solving by-the students-than,/perhaps, we are used to-. 
Where there isn't a nice linear line’tp the answer-, 

/ not guided all the way and the student is going to have 
difficulty. . 1.. Going to become frustrated at certain 
points ‘and times because- the computer keeps doing what

• \
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Jk 'V- .
•they are telling it t6 do and not doing what they want 
it to do. [#34:33.11]

. ■■■ ' ■■■ •• 
; . ^Simulation Modelling Inspection of . .the responses to '

"■ P---- ~— ---- -— ~ ,■ ( ■
the que.s.tionnaire''indicated that two distinctly ' dif ferent :. 
applications of simulation were possible; the' conventional 
presentation of a model- of a physical system where the 
student observes changes in the-1 responding, variables and a 
second use, the purpose of which was to allow the student or 
the teacher to confirm .the.results cf .calculations of values 
measured in the *iaboratory. This second use will be - 
reported later in' Pljase ,lj as Experimental Analysis. .>

f Just ,;over half (28 of 50) of the^ teachers in. the ' study 
had operated a computer program to simulate{model) a 
physical, phenomena. A low level experience (median = l).dipd
medium level of feasibility (median = 2) of the respondents
yielded, teh teachers who provided, their insights - into this 
use' of computers . •
t The use of a simulation program’generally required a

. minimal level of computer literacy , - ' :
If they know where the keys are-, the keyboard-, where 
the return key is. V . .Especially when they're going 
'to put the number, in6 and'then wait until you tell them 

♦ to' press the* return key. . For . showing the
demonstration or simulation, he doesn't have to know 
anything about the. computer and programming and
•hardware and software or the disk beyond-, he has to 
know • is how to put the disk: in, and turn.the machine on 
and when the light comes on-. [.#27:514]

A
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although, fo'r some teachers; problems with hardwg&e/softwate 
compatibility necessitated more extensive measures. ‘

Knowledge of programming was not necessary unless, 
infrequently, an assembly of programs on a^disk was not 
accessed by t£ie use of-a menu .

’ .The only thing he, .should jkn.ow. is. if it is menu-driven 
sdx controlled by the cata^g., ;̂ Thê  catalog you have to 
type the "CATALOG" to get the program. . • • The.only 
thing is, the teacher has to read £he manual that comes 
with [the program.] . . . S o m e  of, the simulation

. programs . . . are machine{.language programs; they have 
got to go to BRUN. [#27:615] ... .

The operating knowledge required for the use. of the', ' ■ 
program by either a student or a teacher differed•only when 
the teacher retrieved and used information coming from the

X  i ■■ ' ' .  . ■ ■ ■ - ' /> management compohent of a sophisticated program.
He would turn the student on it and then he would get a 
.printout Of the student-, all students1.inputs and' how 

; each parameter, worked out. And he could, take*that.and 
'. sit '. down with the student - and. say, "All .right, I 
noticed., here that you- allowed so many Big Horn-, so 
many .dear, to be. killed and., you .allowed this much 

. ‘ v grazing- and you got .this result. Why was your next 
input t h i s ^  - Did: you thinKit .through or did you, just 
want to try it out?" and "WhaV happened here?" You' can 
•analyze it and what you're tcyrng--to teach the kid^.is a 
lot of analysis skills ■ which is-: one of the higher
mental levels - Interpretation, Synthesis, and Analysis 

. skills - a n d  that's what I really wrote the thing for.
" [#39:1080]

" V , ■

Hardware used for simulation included Apple II,
Commodore 8032, and I.B.M. - P.C,. microcomputers and
monochromatic or. color monitors. Characteristics of 1
printers and other peripherals were not discussed, relative
to this use.

Several features of the microcomputers and monitors
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were Identified as significant for effective use of the X 
simulation programs. --To accomodate students with different 
learning styles, the simulation should present a .variety-of 
displays. ^

’ ‘ f-*.' v , - . r.-jv -When we teach,kinematics to,the students, we approach 
it algebraically,..••graphically, and pictorrally, . . . 
so. b y . entering those variables into the computer, you 
could see pictorially illustrated von^the screenNrhat 
was happening and • you- could ask the computer^ to. g j.ve 

* you a table of numbers representing what ’happened at 
specific time intervals which you could specify, like' 
every tenth; . of a second, and you could also get it to

. - plot a .graph of that information. ’ [#33;001] ■’■***, • • •
* •• « The effective presentation of these displays was

enhanced by several characteristics of the computer and
u monitor including the
c- ■ ■ .. - «. *  ■

. - quality of graphics, ‘
-^faS&lity for color,.

■ . \- optional networking- of coftputers to form an efficient,
... .

integrated unit, and/ ’
• 64k memory, single drive,. PC machines,. networked to' a
V. IBM-XT 10 meg hapd disk. - We wou^d expand it to the

^  full 640k and thatlS&jyuld be networked .in a lab and we' d
: license.the programs. acros§ for the rijStwo'rK, rather than,

buy. - individual copies. . -. . So what we end up |«ifc.h
then is 20 mahines . all tied together- through a nard 
dfcisk- that* can run - the upload and download time for 
the kids with proper . software control can' be almost 

• - ' negligible and all students can .work off the same file
and you're not running around with 20 disks and the IBM
PCjr can'tie into this network,. [ #08 :7-79] ...

. - a low-cost, dependable unit.
The last ', few " ,'that v we've-.; .' bought have bfeen 
Apple-compatible :Con)puters,- just-t?ecause of the price.
. . . They have teen veryvsatisfactory;iti is usdally
just . a trade-off in terms- of. service ' and cost.

«" [#17:666] ' 7 -
*.vi:
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v ' • Maintenance of the computer: for teachers commenting on
this use' of computers was minor with iiteachers- meeting*
difficulties in a -variety of weys ranging: from \
- tejach^r-tackled problems, v

I've worked on the Apple in the. science department,,
like • I .said, drive speed and clean heads and, if there 
is something mechanically wrong, like the door on the
drive’is busted or something, then I could probably fix

' that. I can pull a*chip but as easily as the next guy,
•I guess. ■. . . But to diagnose1, you know, if you don't
have a .diagnostic program to say, "Well, it is doing 
this. That is- obviously this chip here",,,there is no 
way that I would know how, to do that. [ #1.8 : 5 .10 ] '

- to technical service'provided' under contract .
I- -generally do very little maintenance because as soon 

-as there* is a problem - a chip is down,- the disk is not 
.„ alignejfc properly - we had instructions from ouii‘county 

that ^te shouldn' t touch the machine; ' . have
T maintenance personnel . . in the county rentral

- office. .- . . That way, we get just <phone and -he comes
^^jJwithin” a day-, that is for vall of the schools.

Everything. All. If he can't 'do it, he will take it 
in. [#27:401]- ’ v . .

Information about simulation programs came from,
- observing presentations at conferences, and -
- reading printed materials;

. I don't look • muchr farther .th'an,t say, magazines. The
Physics' Teacher, for instance, will always have a list 
of some of the software available and provide 

. descriptions /or, in:,a regular column in that magazine^
• there^ is a feature on courseware., I have looked',, 

through -the” [catalog of] MECC material that are 
available through the Department of Education. I, 

f haven't pursued it to the point of actually sitting
down at the software.-[#17:091]

' ' Th§. programs that were used by the teachers came from
- ’ *
* - -listings’ in printed references,
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The only software I've looked through is this stuff 
that I've had on loan from friends. [#17:091]

- local commercial. aaleS • outlets,
- sofware :banks .of non-copyright materials,, known as 'pub'I'ic

domain', which are available from hardware dealers,
JWhen we gat those 8032s, they came with a package of 
diskette's labelled. " 6-QO programs for your 803 2 '

' . .. '[#3-3 <3 01-] ■ - .. . ■ " v ../• _ . ■ - ■■■
-■and national software vendors or developers.• • ' ■ * •, ' t

There was Whale, Rats,. Population-, have now been 
converted -to .micro and they're available for .Apple,

1 TRS-80, and Commodore. 'The micro versions run a
little bit better. '[#3^: 653] ■ ■' *

Once the teachers knew about the programs that, were - 
available, their next decision was' to buy or' to build.- 
Concerns that, were present ̂ 'in their comments were for
- the personal time to procure the program,

There's two basic costs; one is the teacher time cost. . 
: . . . I don't really‘think that. I have the time to sift
through the material that might be out there,. ..It's 
sort of" a. hit-and-miss thing.- You invest several 
hours, perhaps, searching literature and you come away’ 
realizing that there isn't anything specifically wh^t I 
want. So I find I would rather write the software 
specifically for. my class.’ The drawback of that is 
that usually you do it in a hurry. It is not really 
polished; I'm not an excellent programmer by any means.

' [#17:1.5] ''
- the financial cost of the program, 1  ̂ >•
v'■ I would buy it-, I would recommend the schodl to buy it 

but the school is not going to buy it - they don't haye 
money. "[#27:195] . .

- the needs of the school’ course for the computer program,
- the degree of risk of purchasing>an untried program,

l l  have come to accept th^t there is a risk involved, in
• v  .’• ■ „ ' :v' ■
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buying software. This came as • a package, t h e g j k  four 
diskettes. I don't know if I could have returned one 
that.* I ^didn't like and got a -refund or a credit. I 
heard £,some ' of the resul-ts of the Math software? that - 
werds evaluated by the Department of.Ed. i; gather that 
the .risk is* very high and I considered myself lutky 
that three out of four I liked. [#33:589]

- thd need to explore the potential or ‘’limitations Of the .
medium, ■ ' ■ " . ■ . :.. ■

• • '
We thought: we would play with this and maybe get some. 
,areadtrion from my kids and just s-ee what they were doiag : 
in 'this . different learning kind of environment.

: 1 7  * 2 ]
■■

and the decision to- revise or to retire the program..
I have started some simulations that I have -just given 
up on ; tMBkbecause--1' ve realized' that I have spent , so 

. . many > houDHipbn it and I can' t spend any more. .1 had-e*' 
one showing maybe wave puls.es reflecting and just not 
^atisfifed with-it. So thdse one, we scrap those. -That 
might be similar to designing a test and throwing it 
away the ; ,next ’week : when everybody bombs out and ;you 

' "realize that it was the te|t and not-. [#17:800]

The assessment of a simulation by the teacher was based ■ 
on an extensive number of items falling, 'generally, into two v 

• areas, those items" related to technical quality and to
educational merit. The .few items relating to technical '

“  .  ■ ■ ■ ’  ' 1 . r
t , s ■quality included - . . ' >

' - speed of operations,- i
Now the .original program that :i have is written in 
interpretive BASIC and it’s very slow-so what I've done 
is taken it and I've compiled lit sd it funs in about an'
;eighth of the, time - it flies. You ge't. the* dots coming 

■ - across and it runs to the printer. [#08:531] ;
quality of graphics,

■ -.Or if you're talking about a superabundance of deer, it
fsiwould bev nice to show a herd Of deer, in color- p; this —  

kind Of thing. That really .is where the motivational..
O ' "

4'.“Vj
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G

aspect coWes in and. then you're tfruly , going into 
interactive mode - tabular feedback ^^orie thing,/but 
literally a picture you know how the cliche-/.goes, 
so-. [#.39:620] ' . * ' ' ~ , v '

- and qost of program. , ' • )
■ /  ■ - '  S.' '  ̂ • Lv These • w?re aroufhd $40 a piece these programs-, per 

'■' disk, so price wasn't a factor except that if 'i were 
.going to .want to do this with many topics, those $40 
JwoUld all add up quickly. [#33:235] '■>

- C , ' ■ ■: ; ■&̂he teachers’ contributed, many Items by which they-
■ determine' the educational merit of either a simulation

■ ■ ■■program or simulation' programs as a type of 
Among those mentioned were t . '
- graphical displays and simple pr.ogtanis,

Theri when they see the graphics Of it, they get really 
interested." They are watching right away. They, are 
curious •• to see which of the projectiles is going to go 
right at the nucleus and which is going to miss by so 
much. - That ty$e; of interest then,1y on their part, I
think creates .a little bit more of a.need to understand
what is Rutherford's scattering. If it .can increase
the"; interest then it served a useful purpose. It has 
also augmented then, what I've done in class*. I
certainly gould never do the calculations because' of 
the time ^^actor, so ’ the computer is doihg.' the
calculations for us - and then- graphing theiti for us.
[ #17 :2 0 0 ] • ’ *'■ ■ «‘- t h e  degree of fit with the conventional or prescribedi .

curriculum,  ̂ !
The, reason that I wouldn't have used-it there has been, 
tp :;dd. with my approach to the inclined plane^ being more 
sophisticated than , .^.exemplified in that simulation.
If is a little‘too ,simple a simulation for what I need 
to teach the .student's about the. Inclined, plane / . . . I 

*'x/don't fhink '-you Would find many' physics courses that
would . match up very well with that particular
demonstration of the inclined plane because most of
them,, like I do, would want to emphasise the vector 
aspect. [#33:387]

J - the underlying foundation of the simulation.
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t Simulations are significant, part of 'science. What
x became so clear to me almost immediately was-, that the

'.‘students could .(quickly see was-, that the quality of 
\the assumptions ‘and conclusions th^t may come out of. ,a ' 
simulation is ,'almost directly dependent on the realism, 
of N the simulation and , on' the validity of the1
assumptions t.hat ire : built into that simulation.
[#46:908] . ; ■.■■■.v--;■

: - the*capacity of the program to foster higher mental
activity, ^

They had a little car^travelling irom point A to point 
B through a line across the screen. Then a question 
. came up . . ;. Something like, "How long did. it take the 

. - -car govto from A to B?" That was it. You had a number, 
of .choices’. Essentially what you had to do was'ask the' 
information. . . You had to have, some’idea of what

o was going on and then you had to • ask the’ right 
questions which is the important thing. [ #13 :-l'8.11 ] ;

- the ability to track the students progress, .
It's got to^be individualize'd for. tfte student and what 
you have td>'have th^n' is some method of record-keeping 
that' you get the stuaeht's inputs put into some type of' 
file that the teacher can retrieve artd analyze what the 
student, ha^ done and talk;-it over, with the student; use 
it as an instructional tool like £hat! [#39:462]
" - ■ .■ V  ■

and, lastly, the teacher must be aware of the. purpose of the
■ -TN' ‘ ' ' ' ;■ ' '■simulation; to. portray a system ~

- with fidelity ' y ■
■ Orife is what I call simulation modelling and these are
derived ’ primarily. from the pure sciences a-nd
engineering - that's modelling the 7 47 s Hoy hooking up- 
the mainframe at Boeing or m^elling a population curve 
in Biplogy. or competing pc^jiations over a number of 
years .J . . . . The problem is.-rfnat if you - are using some
real-,, realistic formula, quite, often the chang'es are
so extremely .'subtle that the student at the High School

■ level, with limited knowledge and limited number of
process skills, can not tell you what is going on.
[#39:434] . V . ,

4or with simplicity.
fltie [ other ] type of simulation is the one that I call- 
an instructional simulation which does not necessarily 
try to model reality in its starkest, mathematical
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sense. • • . At the same time," we built in random
factors, such as forest fires, drought, cold wlaiter, ' 
and the kid could not, keep all of thdfse factors at the 

./same time in his head and see what relatipnship they 
were “because he didn't see the mathematical model, so s 
what you had to do was you had to fudge the results so 

\ the kid said,’ "Ah, hah; I've done this, I've done that: 
and this is what the impact was" which would be greater 
than what the formula would give y,ou and instead of 
being a factor of 5, it might be a factor of 50 or 100. . 
Exactly,-' ;you would exaggerate to really, point the kid 
to it. [#39:462] %

' & .  ’ : "  ■ " -  ' ' • . .

This use of computers was initiated when the teachers
received impressions of the iisadvantages' of other'ii^dia and
the advantages of the simulation programs for their science , (
students. There was, for some, ' > %' , \'v ' '■ ■ *- contact with other professionals,
- for others, limitations 6ih printed and-film media,

I think tapparent motion;is important] -because it gives 
the student,‘‘I think, 'a little impression that this is 
really happening and here we're learning about 
something that is•really happening. A picture doesn't > 
convey , that.. A film loop probably oould, yes , but the
nice thing about a computer is it's so much more
ftekible than a film loop-. You can'tx reach into the 
film loop and change any of the parameters,. If you can 
change the charge-,, if you' can • make the charges
attractive. ' instead of repulsive, you get interesting 
insights. In fact, you can show the students that all 
you have t° do is change one sign -on the program and .... 
you've suddenly got v an orbit program. The
gravitational ^force law . and the scattering force jew 
are mathematically equivalent. That usually reany 
draws them in. [#17 : 263/] '

't h e ‘ability to incorporate typical .experimental'error into
the data, ; . ' j .- \ V-'"

What I -did in Order to make a transition, say with my 
Physics 10 kids, between theoretical kinds of problems 

v .which you run across in texJibooks all of the time in 
which the data is always accurate and exact and. 
everything else and. the real world, even the real "world 
;o,f the air track.,;, is to provide them, with some - 
sitiulathed data. I have used the machines that way-, to

: ^  '• ; ' ... ' - . v . v 0  -
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; crank- out information which is . not estact, a little

scattered, that sort of thing. Give: the "kids a little
bit of prat ice first in wot king" this data-, drawing the
graph and doing whatever they dp, and then they will go 

'. in and do the real thing. [#13:10.6] .
- or the difficulties frequently Experienced with la”b
■ ' ' '*■■■ : ■ .v .' ■ «' ■. • .> ■ ■ ’ / '. ... *• ■'• equipment. . , u ■ -

You ca<f lejarn lots about the science process and about . < 
manipulating but without .1 - ■■*.* somej^hing a-;iittle' more 

' concrete that definitely points them doWn the.course
...•«•* and doesn’ t give them the idea. that. am: experimentation
. is a* randomized activity Ahich may or may not work.
. . [#18:7.1 A  . - ' ^

vHj- '
Using the simulation for science education requires' a

teacher to go through a recognizable sequence of steps.
I must be informed of the hardware that is available,

* the. software that “is available, I must have funds or
access to the equipment, I have to obtain it - either 

’ by going to a shore or by mail onder - I have to
preview it, I have to decide where I want to use it.in 
my teaching and for what specific purpose I want, to use 
'it and what I dp not want to use it for. [ # 33:6 5.4

. A key decision involves planning ■: »
- wherX and how, in the sequence of .learning activities, the

student^will 'Use the simulation. 4 '
•v . ' ■■ *. . . • ■ ■ ( ‘  ̂■

I .would use it not to introduce the subject but to
provide Examples for the class. . . . It comes" after
some teaching has taken place--J several periods of it. '

■ . . . It- would, fit between the instruction and the home
assignment of paper and pencil problems, so that it was
providing the student with an example, of what he waa '

y. going to do when, he did his paper Spd pencil problems. .
. [#33 : 203] ■ . V" ... '• ' :

'■ . ■ ■ ■ ■■■ A  ■■■■'• > /■: . .- and who will control the operation of the program. x
Depends on how . good the simulation is. If it is a

: difficult Simulation to use, in terms of it asks you- 
for a lot of information to run, I usually end ‘up being 
the one. But whenever possible, I like to .'let the kids .

A
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/  "play" v with the computer because-,. I guess one of my
O  . things*1 is I like playthings, in the classroom so, if
- they can handle the program, I like to build in a few

, minutes where the kids can sit around. .[.#17:343 ]•

. The difficulties experienced by the teachers who used'f  ̂' • '
simulations* in' their science progtgms mainly resulted from a

v;: ‘ lack of. available computers 1 which. caused cS^cern for ^ ;•
management problems r

Usually I- just have one .’computet in the classr-oom. 
That is the one drawback. .”So if you-'ve got twenty kids 
trying to get at one computer, that doesn't work.; What 

• * i sometimes do then is structure the class so that,
J - while ,, the • kids who are- spendipg ten minutes on the

Q^omputer, th,e- rest of, .the class is working on something 
. ...else' and we’ cycle them through it-. Usually two or 

• ■ three [ in a group. ] [#17 : 343 ]
- and a suitable learning environment. ' , .

. i • did have the imprjession that the students were 
reacting to it in much the“same way that they would

■ h .̂ve to a lab ^demonstration where they tend to be
 -.. •-spectators; rather ti&n thinkers about what they are

seeing. And I think • that that would be a strong 
argument . for mor^:'terminals so everybody actually gets 
a ’ chance to . participate and not just, be a .spectator. 
Then, had there been any ..questions stimulated, the 
student could have come to me or he could have got the 
computer-, could have got the program-, he could have

. tested out his question simply by running the program
'again ' with the variables <that he had in' question.

; .■'■■■/ ■ [#33:3.9] • . . / -.

• 3 **The teachers did not require specific assistance to
implement this use but did comment on a broad system1of
support that Was helpful for implementing sibilations or1
alternate activities. , .

jyiy greatest source [of help] has‘ been TORIET [users' 
, group.] [#40:640] ;
That' 'particular experiment'is something f-hat is ̂ always 
thrown up as an example of something that is difficult 

, to do and therefore we should do by simulation. I
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:,iv' V-.r " X  I*. -MJ & '  •"  ̂ '

'*v, ■
r- X

don*' t real ly accept that, ., ,1 my 
involved ; in some inservicxng'in j 
the things . that we showhd* o.ur phi

‘. systeip - how dp you opdiMte/thijt m< ___
of * ̂ helh had neyer seen-it befd%e.

.. view, I can understand- that £t‘- would -be tty# 
\ [#13:13.3] ' . I,'-" V - - v ' - * /• *> ■'*, . '
-N ’"•••• W  " "* '' t ‘ •• ' « ' v'> ••l‘L '

1 2 1 .

was

\

/;/v .v , .■'
* Limitations of ''Simulatlons>Von good'

» ■■ • >»• x-, .■ V a. ■ . p -centred on four.theme^i -- »  ̂̂
"f°; ' v-'-'- the substitution of a, computer^rogifam f or aft a

activity,
Another, example * w&uld. > be ̂  t4e programs
simulate the motions of “■»Ŵ f̂‘-,is ,-pfef erabjjjĤ fcj

• to: have the students a n d ^ :tbg#ther - in"
' - evening, which we ” have d b ^ B y^R§-;.i'$' h a r d y o u  don11'

. .always have kids that. pati~be. t l a c t u a l l y  do some 
astronomy. Or go to 'the pianetS'OT-ffm of.' look at' some 
slides. [#17:700/] . ’ * “

I; ■ ■ , . ■ a \  1. 1 . , .
- the ,perception of reality, of the. simulation,

We were then able to look at it and just say, "Alright, 
what are ,the value of ’predictions? ̂ What are the value'

’ of simulations?" And it ^depenc&b .entirely on the 
- equation there' .. that you are using .to building the 

model’. That was the objective that I wanted them*to 
. reach - that they are not going’to leap "to conclusions 

about certain, data until they have, had a chance to look . 
at exactly where it is coming from. [#46:995]

- the effect on process skill
VoI have lome criteria for simulations; I don't like to 

* simulate anything that• I cd&v do in the lab. For /
. instance, I have seen simulations of titration..'. I know
you can do some good teaching with-them but I*think it 
is important for a student to practice doing titrating, 
to swill a beaker around, to break the odd beaker, to 
actually handle the.'material c>f scien%. It -teaches a 
le t of what scientific .method is the student .realizes 
that., there is a lot of technique, perhaps, involved in 
lab work. [#17:689] \ -

- and attitudinal effects on the students and the teacher.
° Sometimes a simulation-, because it removes all the.

• extraneous influences, it can almost seem like; what, you
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, ■, -are doing is trivial. That is a real job. ' I think you

just have to be aware of .that ' cause i*f that happens , /
you've lost complete!?.y the power of'the simulation and 
you've, maybe, even done some damage, t#^.7-:710]

The cumulation-of the influences described above havefr ; 1 ^
an effect on the science teacher's role in,tffce areas of . ;

' - preparation for teaching £
The person has got to understand the concept very well 
in order to simulate.. It's got to be more than just .a
familiarity. . . . .- To make use of a simulation and to.

‘ be able to answer the "Well, what if this, is- 
'different?" type Questions. But that'is trtr^ of any 
good explanation in. class. [#17:762] ^

- management of the activities,
You've also got to understand, in terms of tifne in the

:v - classroom, how much time -it is going t<| t£ke to get
anything out'^of thS simulation. [#17:793 ]

- and the academic climate in the classroom. : .
:t V : /  : ' • ■■ v  ' - '  \As a teacher, I feel good when . students .start 

[suggesting revisions to the simulation} becaus&i it 
shows me that they feq.1 they have a' stake in this class 
and that they are involved in it. So the computer, I 
think, is a way 'of building a little bit more activity 
into the bourSe. [#17:298] .

. ■ ■■ ’ ' ' .•

Tutorial The level, and kind of knowledge required was.
well within -the ability of the user of the tutorial, whether
- for the teacher using the SuperPilot program
1 ^ The language, is; already in very simply. The simple,,

basic computer literacy-, ‘once you have got that-, once 
you have got the early, qa^Ly -fundamental protocol of • 
using SuperPilot*- which is a matter.of about a twenty 
minute look at .the tutorial'- you could' write yourself 
a very. ea'Sy, linear, properly reinforcing program for 

\  Whatever grade level * y'ou wanted to choo$|jp, easily in 
the space of an hour ; [ #37 : 5.2 5 ]
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-. or for the student using; SuperPilot,

I haven't -seen anybody that carf't handle, once they 
have been through the early, early fundamental literacy 

r - and we are talking: kindergarten and .grade one and two 
and everybody • else - ,Once they have had experience-, 
and we have "used it; sort of a set pattern \tLth 
introducing fundamental computer operation to kids-, 
once . they have handled that, they have no trouble with 

.tbe^SuperPiiot. We've set the choices that thej&m'hke 
arida' how they respond and the style.of interaction to

. . suit their • needs. So far, We have only gone down to 
four with SuperPilot in-, grade four in terms of 

* science. [#37:714]
and, -for.the programs' available through a terminal from a
maxnframe, for

• * • ' * •

- t h e  teacher who began the sequence,
‘I found ajcomputer and put it on a'coupler. You called 

- up your code - we had'-a code that we had to use to get . 
our particular section oft h e  mainfrhme put.into it. . 
A H  of the schools had a storage place. When that was 
coded in, the menu came up with the; different”.programs 

“ that we had in there at the time. . . .  And then I
would gust start the program, fflk43: 2^^].

: - or «fche student who followed through. . ,
^ . From then on, it was very friendly. It-just asked you-.; 

to' do things and you did them. It wasn't too hard. 
[#43:5.9] . . . . . .

The.'kind of knowledge needed to write the* tutorial 
program.was of two types; programming skills and ' 
instructional design. / Tha extent of programming "skill 
required depended on ■
- the perceived need of the"•teacher', to - be familiar with the 
. operation* of a program where the BASIC language is • .
exposed,

P

. I .think you '•••need to know some'BASIC so.that you'can 
• understand how.• the . program . is working-, V what' s' 
happening, even if,, you’re .using a purchased program. ' I .• 
"think it is to any teacher1 s ^advantage to have a little
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knowledge of ‘ BASIC. Youvdon't heed - I had five
two-hour sessions is ali>I've ever .taken plus-. You 
don't have to take a University course, I'rit quite 
convinced of that. So that you. can adapt the program 
to your needs. [#43:714]

- and the characteristics of -the authoring language that was
feeing used or on the requirements -of .the tutorial. '
X T o  utilize [a tutorial program] fully, you have to have

sofne programming knowledge ... . because what you -have 
to NJb is, if you'don't want the student, for example, 

a  when '"'missing the '^question to' be put back to the
^  previous. page - mayb^’you want him to be put back to

three pag'fes ago - .then you have t'o go in and havl to be 
able to make changes • in that program. You can also 
include 'gravies . vso, instead - of putting a text on, a', 
page, you ’ . just ilfeave it blank and'-.then, later on, you ; 
go into the . .program and , at that . point, you tell, 'the 
computer to dr^w some graphics -on the sc-reen. So- you 
have fto be more than somewhat knowledgeable, about the 
programming. There are some fairly complicated things 
there so it' s > certinly • no<fcs for the'novice user. It 
would be for someone whp is heavily into ■ computer tjgse. 
[#28:247] •' _ : ■• . - " -N _ J ' ' ‘

the -"need for knowledge of . instructional design was present 
for all applications and included ’
- a background in programmed learning, '
' I didn't have • too miich trouble setting that up with my 

experience /with. the UNIPACS in the first place1. That 
is another pertinent thing, I think, or anybody who is 
■going " to write . this material. -Before -they start 
•writing for a computer] they should get good at writing 
'tutorials in “general-,' which I had that previpus 

x experience. The only change I had to make was in how
- to put this ‘ into BAS.IC#Language f or the computer to 

understand,'that is a-11. [443 :65-6 ] - .
J * &.-application of learning theory to the program, 1 .

You really should invest some time in either 
instructional design, and come . up with a njold or a 

■ 'model that works and then ag^ry it, ,or start to get
creative*, and either one. It.depends on the teacher's 
resources and energy and context, but it is va-luable in 
the tutorial thing. The ones that really work are the 
, dnes that yhu do Well from a design point- Of-view. 
[#37:532]\  ... ‘ ■■ ' ■; ' ;

o
J * 
♦
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and to thera'quirements of the student poj^alation.
students] want changes. For example, the fours;-.. 

They'll want more reinforcement arid they'll want - 
shorter blocks - they 'will .want many more sub-units in > 
there. Fives and' sixes tend to want -to persist longer 
- they don1t/need the bells and:whistles, asvmuch- so 
[the teachers] will want some control over tWgt. They 

• w^nt control over sound-, character' styles and sets 
7 7  aren't as important to fives and sixes as they are to 

.-fours - that type of input and/or control. [#37:732]

Differences between the knowledge required by the 
teachers and'the students were present where
- security.requirements were evident g

They, don't give permission for kids to use the phone or .. 
. evdn know, .the phone number ^or the code. The kids '. 

7 weren't allowed to know those things. I believe that 
was school board rules. I'd have, to phone it all up 
and hook'Tit up for them. [#43:5.8] q p

- and the tutorial had a management - component.
The only, real added sophistication was perhaps a 
manager and a score program that the teacher would be 
segregated from the student, oh* and that -is all. 
[•#37:744] « .

The hardware that was used for the tutorials varied
- 7  ' V' from7a LA-36 telet^p^ terminal to a mainframe, an IBM-PC, a 
•Commodore 8032, to the most common Apple II microcomputer.

Although the computer‘was frequently selected because 
• ..of''■provincial support for courseware, there were features 
about the peripherals that paused the teachers to prefer 
specific requirements such as
-•the number of .machines, ;■

. 7:: ' f t
I think if I had thirty students, only about a third of 
them at any one time would' be. going onto-, be working 
on something like that else-. They,would have, first of 
all, other things that I would have assigned- they

■ T.,.,.,. . would have to accomplish those too. The time wS^ild-be
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factor. . Other£ have only a: very limited interest in' 
the computer/ for their met-hod /Of learning;.; they might■_ 
prefer to use some other mode .[#43:17.3}

- input devices,
- a moveable trolley-to facilitate resource sharing,

■ I I ; : - ;  ..:■■■•.. ...... ....11 * be. /able to unplug, that^ one, roll it dbwn and we 
: will share/ that with kinderga^en-/ [ #37,: 762 ] ^

- the; selection of ' ats'pfe.cif Ic type of/monitor,
’We’.'ve got an NEC monitor, a, small one, lately, in the
last year, / tha,t resolution-wise/: -is really excellent

• and color-wise,/is excellent as well. We traditionally' 
have been getting Amdec and Panasonic but I '-d say this 

■ new one has .got some good things about -it. The Apple 
; III green screen we.^ve got-, I wouldn'tsay there is 
much real difference. there, if it is ad justed properly. 
Yes, we've been that route [using black and white
television.]/ Not great/.- You get so much‘bleeding and 
such poor /general characteristics that, it i s : not 
realistically .of value .to us_ to go that, route. - There 
is, .fimes / it1 s almost essential when you are dealing 
with. a large group of kids so you make that trade-off 
regrettably-. As far as graphics goes, though, it is 
not good. [#37:271] .

- and, for teachers using a main ff̂ tĉ e., the decision to #ifs.e
• a teletype terminal or a video scr^ii.v.,

O '

of the problems there dBfc- simply the volume 
paper you went through. Th^t - one of the probler 
.Every response, input and output,-'was always on that 
. .' . Other than that, there wasn't any .major- proble? 
One of the nice things about it, was that the students 
could keep the'hard copy and that happened, very often.

. Because it was hardcopy, students would simply take the 
pile' of paper and. they ^Ouldv on -their own,' reac 

; through all the instructions so it was a/set. of notei 
' .that they effectively got which was one of 'the positiye 
/ ^features of it. That' s right, . it's all there ,plu*s tine 

questions that tfiey had ,tr^d-; so they had ten or twel 
questions that they could .always, perhaps , just go pack 
in terms of reviewing. [#44:999] ' ' *

i
The teachers had minimal involvement-in servicing the 

equipment because of maintenance contracts
We are all under contract so I don't have.to/fool with
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-■ . ■ ■ ■ is' ■ . ■ ■' : \ • r '■maintenance at«all which is nice. I just wouldn't have 
the time and' I really don'tNhave theindiination or 
interest.^ . We have y e ry . low incidence of

* maintenance problems. The on^s we have had, generally,
* • have been . solved in tneL_jrtatter of an hour or an hour
' and . a half . > The computer goes over, gets diagnosed,
^ comes back fixed. Easy, It has only been a matter of

. vchips* and . the odd keyboard :prbblem, but that is it ,
nothing .‘.else. We don11 • even bother with -diagnostic
card's or anything else. They would be easy to get and 

" easy to do ~ but we • just don't f^el that we ’have the 
need. We have^identified the budget. We would rather 
•spend out time elsewhere. [#37:750] * . '

• ■ -  ... ' • -  ' r  :but, when operating from a mainframp, occasionally
experienced los& of the program.

The only.problem that was more, severe than that was the
\ mainframe would be down, when. you. wanted to use it to

printout.- They. Would be down, at inconvenient times all 
of . the time- , sometimes without warning', sometimes ’with’ 
warning, Oh, you would be working away and they would 
interrupt with a little message on the screen that the 
mainframe would be down between 2 and 5 today and this 

- was at I o'clock. [#43:345]

V'" - ■" ■' ' ■: ’

Demonstrations of the courseware or authoring programs
were the chief means of introducing the teachers to possible
programs. - ...

There is always the Clearing House - they oversee'the
listing and they evaluate it. Number two is my own 
colleagues in different .schools who have used it. 

.Third .is conferences and the vendpfs having sorite more 
kinds of programs for displaying. Trie-si I have a chance, 
to tise it and see how dees the program work and whether
it is meeting) my needs, the strident' s needs, and tJae
current curriQulum and my exp^tTa*pon.s-, what I expect 
to, get. Very satisfactory-^. That - is mv biggest 
source-, or exchanging materials, £#*2*7 : 762 ]

. . •

The allthoring 'Systems..werapurchased from local 
suppliers and’ the- completed tute&lai program came from a 
variety of software firms advertising in brochures. One
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difficulty experienced by teachers who are shopping through
.brochures *is that of receiving for evaluation the program.

I get a lot of catalogue matetiar in that is relevant 
to teaching and course materials, with the computer. In 
the past, we have applied for and written away- and 
received some preview material. . ,. ■ . There is. a -

y guarantee .that if you.don't want the program, you send 
-'.it'' back and your money is refunded-, but there is Such 

a hassle as you are aware.in the educational system-, .• 
. as I am sure there are in other places-,. with 

presenting that money first and t ^ n  getting it 
returned* and all the bookkeeping > and accounting I 

.procedures you have to go through so that is becoming a 
real■ problem in terms of getting access to some of 

' the^^ -ptograms. [#42:2.8]

The teachersywho_ had- developed their :own tutorial 
pfpt/rartis were generous with criteria that they consider whffen 
developing a program. Highest on the list were 0.
-their personal limitations of available time, end'-patience,”

V  .First of all, 'I would have to consider whether I had .
the time -to;,even. consider doing it. h:,v- . .' That would be 

y .’ -the ;number*one resource-that I would have to look »at -
• . time tg write this programi [#43:12.6] . .
the directing®of the program to achieve acceptable
Objectives,- .  ̂ .

4 —-V- ’My objectives, are.the second parameter I  have to look 
■ at-, is what Are my o*bjedtivss for the'lesson or unit?. 

"V.r'. look at'my objectives afidi -then try to write something 
vy ;that would .accomplish those objectives. .. . . You can 

- get the content objectives from the . commercial, programs 
. . but the process objectives have to be hand-made. . . . 

f I  don't see me using commercial-built programs or 
tutorials very much, ever . I think,you havev to design 
something that ig-.suitable for your, personal biases and 

• .objectives. The only one way ■ to* do/that properly is to, 
write it yourself. . ... -.1 would think the' ultimate-,
best program would1’ be Written by the .teacher :who was 
trying to use . it. {#4 3:12.7 ] " .’
■' ■/ i ' ̂ ■ . i- the potential•to create and formatively evaluate a • '

. •. V  :
I
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program,
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i think time to see Ijow .the kids react is'important. -
what types of things the kids would say. "This would 
be useful if y.oi would stop it here and display this. 
This would be useful." • > I think that is necessary.
[#,18 :1 2 .1 ] . . 7,_. |

•' .'I:'' ' r • ' ■
- the usefulness of the compl:et^3~ tutorial program,,;i

Another thing that Wpuld;govern that is going to be how
j . much we are ' Agoing to- use u.t. Are we going to use it

within the school? If . we are, with four physics 
teachers, is .it going to be worthwhile? If I am going. 
to be the only one that is. going fepVuse it for one day\ 
out of tlje year, , is it that worthwhile? [#18:12^4]' •

- the recognition of personal styles Of teaching and
•learning! . . • ' ^

We try to 'look at different approaches, because we. 
believe that all students s do-' not learn in the5 same 

: manner-.,*.■ and this 'we' don' t: have tuilt up in every unit
v , • bUjt̂ it.' is again something th^t we -are • wbrking tro. This
J is where the ! Super .Pilot, I think, will, come’ in and is

why we purchased it .'•■'[ #45 : 6 . 5 ] °
- a n d  the balance between the logic and, the logistics of

branching in tutorials.
" . I ’ 'have tried to write with branching but that, I found 

very difficult - it's just a matter of•'hoW -big the tree 
becomes. ‘ How far. “ do you keep branching? Aftd the 
problem ‘is then to try ' and eventually Come batfk to 
where you want to go, otherwise^ this . thing just 
becomes, co-lossal. So I found the easiest‘was, you ask 
a question, the student responds. If it's not •‘'correct, 
tell him it's not:right and try again. And usually I 

.. terminate after' - two. 'responses - if it's incorrect, I 
: will then come back, and say, ''This is what the answer 
is. Let's try another one," and go to another
question-. 1 . . I can see the logics of branching but 
I just find that it's.very, very difficult frhing to 
work with. [#44:1101] ‘V - v .. •.

Virtually every teacher had developed criteria by which 
tutorial programs: were evaluated. The first decision by 
teachers was., whether to use self-authored programs or to use
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commercially-developed programs. Features that affected v
this decision *"ihcluded the capability of. directly ■ -* *
controlling"Various characteristics of the program that the

' ' ' A A>students would use. _ . “
[Skuper Pilot's]  ̂real strengths are that,’’ being ah
authoring language, it gives us the freedom to design 
our own, vehy, simply, and with ' relati.v’el/ minimal 
requirements up front , in terms1 of knowing a
sophisticated language and programming skills. Its
advantages are numerous in that regard. That is one of

a the reasons wWy we have elected to -go- that way.
[*.37:024] J

If a decision had^lfeen made to use.prepared programs,
^ the necessity for evaluation was apparent A  j . ■

- i I 'would suggest to thRteacher who. was 'going to use it-
- ’for the- first time,. W a t  they preview it before they^

ir‘ use- it.;. Guard yourself and know what the program
\ allows , -\What the material „ is. If the . material is

concurrent .with the curriculum. If the-difficulty■ 
A  ” level in the questions is to a standard-, up to your'

-expectations, , . . 1  would-.tell all ̂ the teachers to 
watch ® u t • because sometimesvthe program may not-turn 
out the way you want it . You must be-i .very caiif ul,

..preview-- it and find out , if the program is linearly 
aftafiged, if it is., menu-driven, how pany'questions 
there are, gbgs it maintain the management systems 
there,. • •■■■, ■" if the -student tas .contril over the
developi'flg,’ and manipulations, ‘ or whe.thef^ou control 
the.-r- managdmeht, system, whether you can^ead. out the

- ans.wers. [ #27: 8.2 0 ] A  i ' 4
* ’ ■ ' V' '^ ■ ’ .*• > ’-f. and produced-a list- of criteria used to^evfaiuate these

f ' ■programs that was extensive and included
- the appeal of the program to the students and the., quality. ’ 

of the -performance of the program when used,
I find, that trhe kids are too awed with the games idea -

- if yo.u don 'f. have* something "graphic and ~yOi' have a -lot 
Of -pages of text, and- it is not in color and stuff like
.-that - , you know, one -of the bare) ■■ very obvious type 
-facts’ of programming-. . It has got to be flash,'bam, 
whiz, bang, or else 'the' kids don't want’ to s.it in. front 

V  ■ * ■ • , 4
■■ ‘ a . •• ■'V; . iv .■
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--of a machine and press-. {#.18:2.0]^

the facility for both^ student.and teacher control over" the A
program, . i : "

• ) ' '*:-~  It would ■' ask ■ them, "Do you want to do this part or do 
you want to skip it?". i . Then it started right off,
"Do you want to do the whajjLe tfyina or, do you want to > 
just look ahead on the aeroSfttc respiration?" If they 
wanted to do everything, they would start off in the r
anaerobic respiration^ If they decided they wanted to *
leave •• at any tijĴ , they. had an option to leave and go
£o . aerobic respiration or go to the end at any time. . 

j . • So they had 'option^. If it was too easy, they would 
' .. skip parts . < They could do/ it, two Or three times but go

to a different part each time. [#43:155]
- and the usefulness or capacity of the program to meet a

variety of learning situations. • 'V.
We have applied for and written aWay and received some 
■preview /materials.— , We , have looked" at some of |zhoSe- 
things ’ - y most of which we find is hot ./directly 
applicable: either tp the curriculum the’way we present 

' it in "Alberta or doesn't again match our particular 
style in . teaching.' [ #42 : 2 . 8 ] . , . ' ’

•-■J*
<^ ' The introduction to ' tutorial, -programs frequently began 
with teachers ordering preview-.materials froip software 
hod’s es.

y^fter the, exposure to this use of computers, the actual 
entry by the teacher and the class had three stages; ^. \J

| ; - the screening of the program,
- the resolution ,of the "Wait or go" dilemma of a buyer,

So we felt, rather than constantly seardh and acquire 
. ' and ‘ search and acquire, and wait for, the evaluative
• v,: ' process to run its course in the, science arek, it was
, : y" ■ 0 ;- easier for us to meet our specific focussed needs at

'the' time to author very short Super Pilot/ programs. . > 
. We came across Apple Pilot,.realized that there was 
another „ newer:/ a n d m o r e  sophisticated ^ersion coming

' . ■■■■

A - v  .. : , - ,
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, available and waited seven months to finally get it.
[#37:024] • V

- the familiarization of the teacher with the operation of • 
' the program, '

J q , I Basically worked through the tutorial and then worked\\ through the manuals, developed some lessons that were 
basically canned, went back, re-evaluatecl them, had 

’• ' 'them evaluated through- our evaluation process to learn
.‘^ome things there.^ Investing about a mpnth-and a half 
. in that process . '. ̂ . during the school year. . . .  It :

' is a- very focussed thing. ■ There will, be times ht
: . school .when I'll have intense times but most of the
_ time", it i s ^ n  my own after ISchool. [ #37 :137 ]%

and. -the^itegra'tion of the tutorial with the normal class-
program, / , V

,s - . When students used the" cppvputer under me, it wa^ always
as a review ŷ-ycJu fiad’ taken the stuff already, whether v 
it was a -dr̂ i'i in’ chemistry "or a tutorial in biology.-'- 

- [#43:09 8 ] : Iv-/,* '-,'v V.' , ' ‘ : ■ ' ''

»' 1 Fewer difficulties wefie • experienced by teachers who
used an 'authoring program than by ’those who used a
programming language, such as BASIC. The teachers had to
-determine the extent of branching to be provided for the

students ' ' - . . .
[ Super Pilot]-, has that capability; it is a matter of^ 
whether or not we have got the strength and energy tp 
get all> of that in there that thoroughly. .Generally, 
we will limit ourselves to one or two remedial branches 
on .a particular segment of a lesson. [ #37: 485] .

- a n d  cope with the achieyemenb of.quality graphics using an
-authoring language.' ' • ,

[If I had time,] I would create some tutorials in it on 
some- aspects of science to begin with because that's my 
area - - it could be Math’although Math would be more, 
difficult, using:" IBIS, because/really to present Math 

: ' successfully on .a screen, you pretty well need to go 
iiito a graphics mode rather than a print mode to draw

,v. ...
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things properly-, you have to exit the program, c^e^te '
> you?;,, own graphics and ^then you tell the prhgrain,

instead of looking for a text page, to go' and get the 
graphics; you created so it's actually a separate part \  
from the' program. [#*28:279]

The support system in place for-the benefit of the 
teachers, was of looth an formal and an informal nature. On a 
most formal basis,
- an' academic class provided guidelines, &

y . ■ . ’ 1 think’ the, class gave us the general format - that you
. ./ must have input, you must make it interesting and vary

. your approaches, and^stuff like that. I thi/ik that was
• good. That was good bread-and-butter stuff. As far as

. the actual mechanism as to what to. do when this didn ' t
’ . work-, , that was • harder • because thel"lab assistant was

spread too' thinly. [#18:14.10] ' ‘T *
— as did groups of teachers formed to evaluate, software, \

He is our main biology man, and he had access to some 
' ' of the materials 'that they have sent him from the.
. Department of Ed-, . . . so he had looked at some of
. ’r. th& .materials ■that they1ve presented and so he knows
V .. . what to look for and how evaluation-, and so he has had
V  a look at some of the programs for me and with me, and

this was one that he felt that he probably could put to 
use in class. He tried it .with a couple of students 
and -liked what, he was seeing..andxwha.t he was getting 

. from it and so: he decided, ''WeiT, we '1,1 buy this one,
it is reasonably priced•" and he felt he! could make use 

. of it. ■ [#42:3.11] ivy. . . ..

although other informal associations were 
-y- created by the individual teachers,

■ . We are starting to basically form a group of peoplV-.at
different centres' that we know we can get- ahoid of and 
all have certain levels of expertise. , It °has beeh a 
valuable- thing. [#37:154 } ' “

- or formed through contacts in .the school system.
The chemistry .fellow took a great interest in computer^ 
while they -were here and started doing some tutorials 
and then we got the people;from the school board-to 
come out and give an inservice on BASIC progfam and we
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4dxd, I 
[#43:1.11]

guess, about' five nights of inservice

In addition to the above sources of general support, 
additipnai specific assistance for clearly identified, 
problems was received from a variety cjf sources including
-commercial software suppliers ;

I've only really had one that didn't provide me any
t kind of overt satisfaction in the process of evaluating 

their instrument-, only [software supplier] company 
that just wasn't terribly willing and interested. Mast 
of them have w e n  more than willing to help . [#37:154 ]

- and manuals designed to aid other ■■ users.
,He made up a program so that the.Phys Ed. teachers
could ceme and use it without asking him all of the
time. f He had a booklet-, just a few sheets of paper
and instructions on how to log'in. [#43:276]

Only two limitations on good science teaching were
•.

noted by the teachers. Uncertainty was expressed about the
capacity of a ,tutorial to respond to f" ■
- various learning situations . •

I don't think the computer is a teacher substitute in 
any case whatsoever. I think you can resbahiiJto the 
students much better than the computer can.' .NO matter 
frpw many branching routines you: ;havej /if the. kid' spells 
the word wrong, • the computer- 'won' t take, it , V-if he 
mispronounces it, you'll Understand, I think^the
face-to-face, to. me, is the best way. [#18:13.11] '. •

• various learning styles’, ; V. .
Some kids tend to be book-type kids.. Other-kids: want 
.that context on. t.he .computer and. d‘o better because of 
it . . . . Not ali\of them, are totally 'positive with it. 
Some of them .tehdy to find it imposing a littleibit>

. Some • bt. . them aren' t-, are. not intimidated by it^but 
. • some''-of .tbem don't. find it fits their style. The more : 

visual . kid-definitely grows.with it much better than/a 
chĵ sff* who. is. a silent :read«f' at his pwn pace. • A-.high 

■ V speed reader tends to be frustrated a little bit by' it.
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A child who reads very well’ and at a. very high rate and 
comprehends tends tP‘ find, often, the-page turning a ; 
nuisance and too slow /so they‘-do complain.; It -is done 
on *a frame scrolling basis and the kid-. • It^kis jJone in 
high res'now, done witn. a graphics speed* that is pretty 
significantly reasonable, I find, but tfee kids perceive 
it as too slow or too monotonous. [#37:388)

- and the decreased personal contact .between the teacher*And
the student.  ̂ ^

The price that is being lost to us teachers is^being. 
able to be in contact with the child when trrey are 
[using the program. ] We dori't have that opportunity 
very gften; I'm sure the lessons could develop better 
if we had a better opportunity to do that-, both as an . 
author  ̂and as a teacher, to see the“effectiveness of 
them. that's qne^weakness. It does remove the child 
at times and it/ doesn't allow us to inter ject, at 

. times, our personality into if. Some ’ teachers would 
definitely want^ more "of. a personality into that
'instruction than the computpr--'situation> allows them.oX i <1 hj W ̂  W k k Uii >_ iUk/ W U W-i. iJ J. WU Vi Vi J. V A i Vi Jm. JU V n V>ii Vikl • v y

[#37:412] X  J

\ •

The major roles present for-1 the teacher using a 
... computer , apart, from that of teacher-aS-student learning 
new skill as a user of tutorials, were related to the 
diversification. of aefeflPities within the classroom.

„ I give time for them. to work on their labs and do 
tutorial ' materials and; .so on and I go from group to 
group and tdlk to th'emv and help them. . . . I jusfc 

■ found that whenever there is a whole lot of options,
: • some kids choose one, some kids choose another. They

rotate “themselves over a period of time.( [#43 :656 ]

v  •; ' These activities required the teacher,to
-- prescribe 61 approve appropriate student activities, _>■ i '

i Th^t' is the time when, given vthose circumstances, the
j bhiid can say, -"I have a half-hour "block that I need

. ;for the computers. It is acceptable for me to go ahd
use them?"„ "Yes." . . . Thef.kids are pretty-,' the 4,
.5 i and 6s , now that they are literate, are quite aware 
and quite demanding of their time and they want it so 
they will seek it - they seek it actively. They have a

■S'
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-*v ■. 1 '■ 1. *1
roster schedule and, they either have their assigned' 
time which is definitive assigned lab time or they have 
a Yguantity* of flexible time that goes up for grabs.

■ y/.- [#.37:327] : r \ V  ' . .. . '

- and accommodate other teachers or their students.
Since then, we have becojnje fhore flex/ible' and we have 
structured their situation now so that, if there is 
another release time during the week, they, will either 

Y utilize the ..computer in their classroom or they will 
come into my classroom and utilize one of the two that 
is in there for their half-hour blocks during the day.
[ #37:310]  ̂ ...

The diversified^ learning environment and its resultant 
movement of students and other activities within the school,

Being in an open area, you are used to noise ail the 
time. .. . «■ In this school, . . . 4*6 still have the
open area and we are all-, there're four classes going 
on at once herefsometimes;/teaching there, here, the 
lab going on over here, a M  at the same time in this 
one room* . ... . Thdfe —us some teachers that can't

' handlex that; they, are ggn'e in no time. Others,, it is 
no problem. And 11 ve, -been here eight years, it doesn't 

• bother me any. It took a while to get used';to. 
9. [#43:30-2] . _

was, for a teacher who is accustomed to working in this
atmosphere, not a matter of concern.

!v • ' I don’t think that there«has been much change in my 
role.^-v'* I am'still being a facilitator, and tha't is my 
basic role. [#43:656]

t ■
% •The teachers who had developed or used tutorials voiced 

cpncerns about'' issues that ha$J*hot been -included in the-; 
schedule of questions''. ,;Th<£se other dimensions of using 

. . tutorials were
• • - the desirability of cooperative development of tutoriais:;;
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Sooner or latter,- it woul^ be a" heaffthy, thing/ I; -tfiiqk) 
.'to get atf \ /&uttioti*igr j^aa$iiage;;siii';- -'situatifeh'. whet©’ 
y lessons are' being., d^eloped •' by eitbes a cooperative' 
small; group/or by a group of ingivid#ais that have both 
the technical end o f . thing§ understood, In terms of 

' instructional -design, .. but. also .,-having the content 
knowledge/' [,#37:485] - ■. ,

- the importance of a criticd!i. evaluation of the '
ef fectiver/ess of tutorials j : ’ • • ? ••'■' •

If ydu are going-' to. use tutorials,̂  you have to first 
. say ’-'What concrete ^evidence am X- going to have that 
this/is a good, method?" [ #18:l6%il] ; . ̂ \ ■ '

Effectiveness . and / get ,/ to: relatively' objectively
:ompare-. [ #37 : 444 ]• ■/' :. .

/■-. ;ar the clarification of the level of n i k  to health of 
students. " . /• t - ■ ■ ; -:i : ..:he students.

The' 'back of my mind is}aIways saying, "You' ve spent 
three • hours \ n  front.. of thie/set .y is 'ft [ s-aŝ B? ]" . . .. 
I don't think'- technology is addressing the radiation 
problem of computers as myich as; they should. [ #18:28. 2j

.'f ' %

Drill and Practice Maintenance.of hasifc. skills was one 
of the four most comm&n uses for computers by the 4 -
'questionnaire respondents with a n^dderate< level' of both 
experience (median = 1) and potential for' future use (median 
= 2.) During the interviews, nine teachers described, in
varying degrees of detail, - their experiences with this' form

• : - : v.:- : S. - ■ ^.of computer assisted instruction. - •

."''■'..-'•Wfeîther.;the exercises were drill, where; there was. no

V,
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' rule to guide the students to the answer, or practice, where i 
a well-defined rule was -followed, programs used by the ■
interviewed sqi^npe‘teacher required only plug-in and 
turn-on operation. I-n addition to isolated and unfortunate 
mishaps encountered, while unplugging peripherals from the 
computer while the power was on for both, units, other. 
technical knowledge was required, and not described in the
manuals, when changing programs in the CBM 8032 or changing

' ■ , ■ ... .. the case of characters to be pointed. V._ >
Students,, in one instance,Vusifig a pattern created by a 

• • ' A *' 
teabher for"~use by"other science teachers at a school, h$d
created a drill and practice program as an end-of-£ourse
‘ ■ Vt

activity. No differences between teacher and students were
■ i

thus, seen in the programming knowledge of using BASIC to 
write a drill and practice program. Although the program

- -S if' ' * ' >'was- of educational Value to the.. student-autHors, no 
judgement was given of the educational merit for subsequent,

'■ ■- ' ■ ■ ■ ;-'A. ■ ' v'users of ,this sfcuQen.t-prouced program. •
: . . . ; ■ ■ ■ ■

The school' computer used, for drill and practice were
v' v ' . 1 "Apple II, PET,.and CBM 8032.

, . Concerns that surfaced that have implications.for'
.'■^^rchasing computers included ■

-■ the need fot- the computer to be selected on the basis of
litiachine-specific so'ftware-;"that is suitable and available,
I .... ■ -o
|:he benefits" ofi having a'.1 single extensive system 
throughout the'’school for po-rta'bility of programs,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

- the requirement of access by academic classes to the 
school's computers, and * '

- the support by a repair facility, whether a local dealer 
. or district sponsored^with a stake in minimizing
down-time and service costs.

, V S'  .

’ Maintenance, including cleaning printers,and repairing
.- o '  . . . .

disk drives, ha,d been provided both by a technically-willing 
and manual-guided .teacher and the dealer'who had otigin^Liy 
supplied*-'the computers,.

Reading/periodicals and promotional literature appeared* 
to be the main method for achieving teacher knowledge about 
available programs. T̂ ie reviews of currently available 
software in a.variety of periodicals, including TORPET, 
Creative'Computing, Compute, etc., needed, however, to be 
read with reservations about-the thoroughness of the report.

Current reviews, I think, although I am not too sure 
* how much they .tell’ me because you don't know anything 

•about the reviewer and his or her biases in this whole 
learning' thing. {•.#13 19 . 6 ]

Other souirces of information about computer "programs
■included . •’■ •,.

1 * ' ■ ■ ■ # .- .flyers sent by supply houses, • ,
, !-. reviews about, and...personal inspection of, software

recommendect'py the provincial .ClearmgHouse, and'
- browsing -arriongst the displays, including PLATO, at 

:"S^  conferences. /I.
c . The ' source* of the actual programs previewed or used
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came'from
- exchanges^ with friends'or associates,
- public domain bai^M of programs supplied by dealers or by

W
■users' groups,

- commercial supply houses, e.g., Merlan. Scientific, and, 
i ’- ,  rarely, as loans from local software dealers.

The factor which dominated any consideration of 
development, revision, or implementation of 'a drill, and 
practice program was the time that could be given by the • 
teacher with a second factor being the provision’- of an aide 
to function as a human "file server" for one program used at 
Sixteen computers.

■ The interviewed teachers, learning from their use of 
‘ programs from a variety of sources, indicated that they 
'would prefer using programs -that included
- branching to difficulty levels of questions or concepts

4
dependent on the student's achievement in the program, .

* 9- an .option for the teaCher to revise the wording of the
J*questions and answers, x ^ ;

•••' 7 - teacher control over "the subsections to be selected in the 
VV *

review from the major concept covered by the program, a.nd .
' *• ' " ' * ’, - .reinforcement routines that reward performance rather than 

; ^
of f <|r .'incentives for‘‘"'students who select incorrect

y .flnsaSkts.
was quite .interesting1'except-. Here' we were; there 

“ |e four or five educators, some of the adnj^istrators 
well, involved’ in this demonstration and^everyone1s 

irprtial reaction was, "I wonder what happens when those 
guys- , those . A i n g s , get you when they come down? " So 
the immediate reaction to this was' to make errors-to

O
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see what would happen. I- found that totally
distressing^ So we looked at it and then we went, away.
It was lovely color and everything else, but the whole- 
objective of the exercise seemed to me in reverse.
[ #13: 8-. 3] .■ ;■, >. .

The interviewed teachers began considering using their 
computers for drill and practice because"tx.
- there were many models commonly available as public domain 

"freeware" and
- for motivation of students and variety in the lesson.

One of the /things that I've always felt is ’ tha.^ the 
more varied you can make your lesson, the better. This 
Was a way of varying it, adding a motivator. And drill 
is one of the more boring.things you can do in life, so 
that is where I started from. [#13:387]

The varied ways that the teachers began using tjhe
computer for drill and practice included \
' • •concerns about the program and computer that would be usedr

for the exercises, including1
-•learning BASIC so that programs ^ould be built for the 

content that the teacher had selected for review, 
— designing a framework into which local, questions and 

answers could be embedded,
- building a bank of subject-specific questions and answers,

including using final or unit exam questions and one of 
the multiple choice alte- natives- in a true/false format, 
and

- gathering the equipment and programs together at
appropriate times and places to enable the students to

<f ' .
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*4.42 
\  ■

o review i
and" concerns for the students and the lfear'ning routines»
such as ■ • ■v ■;; .

. - estimating the amount of. time -̂ halb should ise spent in .this 
mode of learning, •* .

- identifying those students who are in need of this review 
'•activity, and '' .
selecting the sequence of basic skills for the students to 
follow while reviewing.

Difficulties that were encountered in computerizing the 
drill and practice exercises were in the form of
- inadequacies of the software that were not-detected in the 

descriptive ■■■literature, I
- a computer, television, and trolley -that .were purchased 

and were then used or^y occasionally, and
- students who would break out of the program ,and change the 
j code or go directly to the data array where the answers
; were stored (resolved, by loading and immediately removing 
the disk from the drive or by converting)the questions ; 
from BASIC to SuperPILOT in which an author disk is needed- - ,
for assess* 1:6 .the program code. )

The teachers who used drill and practice received ,help

; £ r ”  - f y :  ■

r other, teachers in their school sysifem, ^

• - competent students in the te&cher Vs" classes'̂4. , V
-- programming manuals or courses offered by^nfewol

*■ -r jurisdictions, and

rft \
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- users’ ' manuals for the computer languages'. ■
. The specific .assistance that the teachers received was
" t in the nature of programming the computer. .•

*.' • Thp only limitation identified for students who were
. using a computerized form of drill and practice Was the

propensity ;for increasing the consumption of class time by
this low-level skill building activity. _ ■ . •

, No new role was identified by, the interviewed teachers 
• except • for ■£’ . i •:

/ • - making, the computer and/or programs available for extra
practice outside- class time, or"
allowing students to copy the program so that review could 
be- done at the student1s .home computer.

/■
ifi'Strubtional •Gaming. ■' The Competition’ in a 'gaming

program that results in'wiriners' and 'losers' was a use of
■■v'- *' W ' - i  . 'computers that few; te£c$ers in the study hhd experienced

■' ’ ' A>-- i .■ (median = 0) an&/tl|ja'# ■h£d’’only a low (median -1.) .perceived
.level of feasibility. Only three of the teachers who were

- ' ■■■■■■ . * ■ • " ’ \ '■ ' ' interviewed bbsc?iribed the knowledge needed by a science- ... i
f v . t ’

teec.^er.\to .^^ectively use gaming in .their classes. "
■ ■ * . ’ - , .

:■ .14- ■ ...The'/inte'rviewed teachers stated that*; minimal operating 
ski 1^’̂; should. be required by teacher]^ and students to 
Operate any educational game beyond the fundamental.. skills-'
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of
- inserting'the program, disk or cassette, ; /' - .

• « * ’ ■ :■ ■ 't. ' . ■ :- closing the disk drive or'capseffoe door(, . and •
i  A  . "7 • • ' ' 7'; ' 7. J'-'v-7" ' ■ >  .- turning on the power switch for (Computer. * ' *’ '■

No knowledge of programming was deemed required by games' f v7 .''V77: ■ ’ v 7 7 7'; ’• . H'usfers.. /  7' '' • „ ■ : -r'' . ■ ■ , - ; 7

7 The computers u ^ !  for gaming by the teachers were
• : 7' - 7 ' ••£ : '*: • * •.,'/Apple I Js-with'disk drive and a cassette-loaded Radio., Shacl^

7 ' . *7 7 ‘ ',7 7'. ■-* '7. ■ 'Color Computer. • ' : * •
■ *“ 7 7 .: -7 ■ ’ 7 . V- . . ,■ ■■ 7 V .7. - *■ ' .7 Tiie characteristics of the computer that were t

■6':

' identff ied as enhancing "'gaming in a classroom included
7;" , ; ■  ■ (I* w 7  . '7- ■■

. - fast performance "of" the central processing unit, a 
■ ■ . . 4£.7

characteristic of, the central' processin^r, electronic
circuitry design, and programming language,

- an; Attractive- graphics presentation',
- a stable company for after-sales seri^ce- and sofware 

support, and . ,
*  ■ ’ ' *’ ' ,- f o r  a programmer, a dialect of BASIC, e.g., Microsoft,

i that minimizes difficulties translating programs from
other computers. . ;
^The only maintenance that was described'was the

y  \  . ■ - ' 7 ' ' ... ' •’ >

replacement of a keyboard under warranty or-the application
by the teacher.’of alcohol and tuner-lubricant to .sticky o -

* ■ •' ■ \ *

keyboard keys. 7 . '-

4 '■ 7 '■ - <■ . * : ■..." _ ' ■ • .. . - 'The common, availability, of games in the. community of ; ■
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computer users enables the teachers learning about games1
* .vfrom friends and associates in casual users' groups and 

professional specialists councils.
The programs that the teachers used came from 

commercial software companies, contacts made through users' 
groups, school district licensed distribution of software, 
e.g., M.E.G.C., public domain 'freeware' or were written by 
the teacher-user. \

The two-factors that restricted the introduction of 
educational games by the interviewed teachers were
- the lack of funds for purchase and

• ^  *

- the restricted availability of time for classroom,
, inservice, and learning time. /**
The factor that was the chief reason for the teachers
introducing variation, including educational gaming, into.
the classroom activities was'the increased attention that
was given by the students and the enhanced recall of the
activity during the later discussions.

I sense there's that, concentration, interaction and., 
Glom! , you got 'em kind, of thing., . . . Once you've got 
them- at that point, to expand, I think, is quite easy
bedause, then you can always say later on in your
lesson, as you go back and review, you could say,
"Well, remember in that Odell Lake^" and, for some
reason, they always-- say, "Yea, I remember." Whereas 

‘ before, you could have had it drawn on the board and 
you Say, "That diagram." "Well, which diagram? Oh, 
yea, , that one." Forget it, but just the new 
situation-. [#05:976] l

These users of educational games had compiled a lengthy 
list of criteria by which they evaluated gaming* pro^ams for 
possible inclusion into their classroom. These criteria
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v  i t ' ■ ■ ; ; ; *

;. could W  considered to be classified according to one of two 
main emphases.; - j i .
v : ■ :x: //. ' . . ̂ ■
a) technical features, such as the ; ^

.-^operation without users issuing^^^k^s/s^em or
'^tkgranufling commands,. .V̂  ■; ' < ,0 r

- provision of a H E L P  option or menu, . " ^■■■'. S '
- i^ier'co^rol over , the duration erf involvement in the " .

jf « '• contest, and * _ • ' . . >.
b) pedagogical features, such as ‘ r

- complex tasks requiring high level njental processes .
including the integration of skills or information,, 
e.g., Lunar Lander, 0

; ' : .' '.u..- tasks where opportunity for "development of power" -wasO
present and,, through self-improyement, the student 
could reach higher status levels,, e.g., moving from 
entry level #6 to mastery level #1 in>vSgeedMath, or 

- events where each contest is different from previous 
ones resulting in variety and a sense of exploration of 
the limits of the game's environment.

' ,|i|^ffexDl6ration of the program by the' student was seen 
? as the reason for students purposely selecting incorrect 

answers to observe the resulting mayhem, a controversial
l :- ■- ■■■■ • ' ' /aspect of gaming that elicited many negative comments. The f 

interviewed teacher noted that if this form of negative 
reinforcement is provided by the designer/programmer, '

. instead of giving no reinforcement for incorrect responses, 
the novelty is usualiy exhausted and soon ceases to be an
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t;:> ' ■■’. ■ -"̂ 'v .-$!rffy V-■.' ihtereStiflLg^ bhQice %or th^r<student.■ ..<. • H.‘ », . w . ... ■ ■a' Tfcro features that •'are frequently preset in computer games•s \' ■' •**’■. ’ ■ M ■
n and attract much interest but were riot advocated by the 
\

* .
'•tS. teachers for classroom use because of lack d||papparent •■ ' *.W* ■

educational merit were . tfoosgf^that could be classified as 
: *. \f-' destructive.' thrilieir-|^c^^ie V^'rcade variety, eCg., Moon 

■ Rover, and . . - / , \ ■' '
-role-playing fantasies, 1.e ., Dungeons and ̂ ragphs.;

The teachers, in the introduction of a game into "their 
classes, had gone through two identified patterns‘of use, 
i.e., using the game  ̂ ,
- on a merit basis, e.g., as a reward for students who' 

complete assignments, ‘and . ̂  '
.. . - later, as an activity- integrated with other classroom •.

' ; , v'-. ."'-Kactivities and in' which all students would; have a tur
The new role of the: gaming gave all students.,, whether fast
or slow, achievers or strugglers, an opportunity to ^
experience the learning possibilities•present in the game
and allowed the teacher an opportunity-'to present the 

S-computer program as an engaging source of-information, e.g. 
using Odell take to identify food chains amongst fish, 
rather than- as a source of entertainment.

.Difficulties'were experienced by both the students and 
teachers during the g'ame-playing in the form of .
- for students,.using Odell Lake graphics to predict 

predators sol,ely on the basis of the depicted size of the

p
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- for-"teachers, the accommodation of the motion and noise Of 
students moving to^and from the computers, .and

- fqr both-; /the problems of ' . - V
, - access of a fclass of students to a limited number of

computers and * / • . ;
for assistance in note-taking during information

retrieval fromVhe program 
( solved by pairing of • students at the computer..)'

.The interviewed ’teachers sought assistand̂ yLn ‘'writing,
. ' programming, and swapping §ducafionS? games from members of

users’ groups and.high school student% and Computing Science 
teachers. Periodicals,,used’ by the interviewed teachers - 
included Computing Teacher, Creative Computing, / 'Nibble,. and

. Y  • The possibility of' games^^h the classroom limiting .
effective teaching was noted .by 'the inter,viewed teachers who 
.rec'ognfzed.the temptation to students to want- to stay with 
the gaming, thus introducing/ extra management or control 
decisions for the teacher.

Y  For the teachers who were interviewed*: no changes were 
identified in their roles as teacher, except for minor ones 
dealing with ■ • " ’ . ■ . : ■.

establishing a fair rotation of students to the computers 
^identifying, the most suitable means of using the computer 

game, i.e.,
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:̂.','as a carrot for completing assignments, >
- as a source ef information for ..exemplifying lesson 

./ >> content, or
> !?. - for guided discovery of a science concept, e.g., u'feing *a' \

worksheet to record data for later analysis and 
.!i-e<|dgnition^^“'patterns, ..

; - and handling ihcr^psed ^8feia^interac
/ j-J agf. par)ti«f^^nts -the ̂ ga^i'if^

,’S*

n between students

s identifiedr̂ factdrs that the. interviewed
f

als influencing the probability ;of games entering ‘ into . their
classroom activities includ 
^ the freedom of the student to compete with classmates on

’■s . arP equal basis in games in which none of the students had .
prior background knowledge, e.g., Odell Lake for students 
with minimal, actual fishing experience, —

- a background of the teacher in educational psychology to
' aid recognition of the forces present in the gaming

interactions, and
- a perception by the teacher that the games port on the

computer could be perceived as another port into the
computer for the studentsr learning1activities. V;

If you can device your topic into a game that they1 re 
playing, I think the child will learn a lot better and 

•c a lot faster and . this is where the challenge comes in - . 
is how can.you take a subject matter and present it in y 
a . challenging way 'that becomes a game? I think that 

, boils down to simply, "What is teaching?" [#44:895]
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s
Electronic Chalkboard ^The use’.by the teachers of ..the 

computer as an "electronic chafkboard" or "o.verheaS" wa^ 
limited; only thjree. teachers contributed their insights to 
irhat a teacher would need to know for this use. Within the 
broad definition of the electronic chalkboard as. '/the d3W.c£
used- by the teacher infthe class", were a) a page-turning

■ # \  / ■■/ ■* /.'... program for giving notes, b). programs* for calculating values
for refraction of light in water and for the/terminal
velocity in^if, and c ) a laserdisc presentation.

' ■ The knowledge of the operation of7 the computer was 
determined by the nature of equipment, used. For the 
simplest situation where a • prograin is menu-driven and a 
single monitor is used, .the normal booting and responding to 
menu prompts were required.. ,/ff multiple monitors and/or a
laserdisc is used; then plugging interconnecting cables into 
appropriate fittings and/adjusting the devices for optimum 
display becomes ari added necessity.. /-J
' Knowledge of programming to display, or to control the 
display of, materj/al becomes a requirement only if the 
teacher has the/interest or if the purchased material

. 7
requires modi/fication to make it suitable for the1 teacher’s . 
class. /t ■ ’ J

, For/the\most part, there was no difference between the 
leuel /or kind of knowledge of a teacher-user or a 
student-user; many students used the material as independent 
learners outside of class time. Thfe only extra task
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.required of t;he tea Cher-'was. the Survey of the" contents of 
. the laserdisc prior to/ class to identify, and enter into the 

program, the location of specific frames and sequences for
<©. .• ■'ii

. later use in the lesson. • *■•>.. - , ■ .
:-;.v - ; "■ : ■ : ■■■■. ’■ . ' > --V »

v , ® The hardware and peripherals used as.electronic ■■■'•
■ * chalkboards included an Apple lie and normal size TV,screen\ 

a TIr99 wired Behind the tuner, of an Electrohome.Edvfcatpr
TV, and a Magnavox LaserDisc Player controlled by an Apple

. 'c* . ■ ' ■ ',

II and using a 26 /inch monitor for the display.
■ ’"v • ■

Purchase of the equipment required . „

%

a) an understanding of the need for quality of display 
necessary for the size^j^the intended audience ernd the 
•nature of the text, graph, or diagram displaced,

b) knowledge that a manual controller and any computer with 
a games port are alternate means of controlling the 
display of a laserdisc,

c) an appreciation of the quality of the picture and -the , 
time required to access specific contentof a; laserdisc, *

■' and. ■ j ‘ V .i-\ * '
d) an awareness.of the benefits of alternate^m^thods Q£ ̂ 

controlling a computer's operation including light pens,
.touch-sensitive screens, and the mouse.

Because of the recent introduction of £hese teacher's to 
this use of computers, no knowledge- was available concerning 
maintenance skills necessary for a teacher-user.

'■V
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• Th^^cuinfees- of information atiout specific progfams or 
: las^r^iscs was not identified by the teachers in the "study. 
■ The periaaigal Physics. Teacher was the source ...gf a listing

•- of a program to display the. terminal velocity’ of a .freely 
falling object/ MECC • supplied a program on simple harmon.i,c 
motion, and “WICAT Institute and Simon W a S t r  wereJv ^ e ; •vV
sources of laserdiscs on biology and general, science' ■ :
content. .

• : :' - i O  * . ' ■ v ■ ■
The eve*r-pr£sent restriction, time, was cited as the ..

most critical factor in determining the teachers'
development of, or familiarization with, a computer program
for use in the delivery of a lesson.
' '• ■■■•■ . . ' V  ’ * ■'■■■.V • 'The decision by the teacher to use an electronic
chalkboard, in general', or a specific prpg-ram was based on' >
several criteria, including

■ V

a) the extent of the appeal of the material to motivate the
student, the prerequisite for all learning activity.

>  . ■■■■*The kids are sort of attracted to the computer. . . .
If you? bring something in and. it is going - to be
computer''demonstrated, it has some•. . .appeal just 

' because of that fact. When you are,teaching, you'want 
to" capitalize on anything you can to get the interest 

'. up. [ # 18 : 4.3] ,

' ■ £ b) the ability of the computer to solve difficult
m a t h ^ ^ i c a l  problems quickly,' e.g., terminal velocity of•' jjti r
falling object,

; c) the display, wher^iv&pplica&le , of the concept’ in
.V • ' ’ ■ ■ ■ ■ ■ ''•*" ‘ graphical faxpV^ •' ■

d) the deslefh of the program to achieve closure, of av‘SV
■ t - .
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concept, and ■ ■ . . ■
e) the- opportunity to practice good communication skills. ■ •' ' ' .V'. -V/'': ■v ■ '

si,gnificant to /th'e concept being studied, e.g. sign of
‘•V ■ t, ... , /vectors.- ' •

It was in the area of implementation of the computer 
for this use that the teachers most freely described what 
they had" learned. The demonstrations of the - laserdisc at 
conferences' by a staff member of the province's Computer 
Technology Branch and the in-class^Ufcectures by University
staff were frequently cited as creating an awareness of the 
possibilities of this medium.

’’Entry of the teacher to this use began with • ■
examination, and revision as necessary, of programs or 
screening of the laserdisc to identify and record the 
location of segments of the disc relevant to the proposed 
lesson. ' v V

■ Difficulties encountered in implementing this use

a ^ l ^ X j  Of .^ttcess to equipment- because of competing school
progr&fas or priorities’-'resolved by the purchase of■ j*5 ̂
necessary equipment by the teachers1 personal funds,

, readjustment of the pacing of the lesson because of the
. ̂ lowegr -waiting load on the teacher , resolved by handing out 

'[* • written notes to students and making, the program
; i available to* students outside class time,
■■ :r v  i - *;/V ^c > slow loading from _a*low cost cassette tape resolved by
r - ■ '*>'• ' K • • > '- * ' ■■ - ' ^

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

loadfitg the tape during the break between classes, and
d) revising the program to permit values for parameters 

beyond those allowed in the original program, and
e) resistance by the teacher's.peers to the use of the.

laserdisc has not been resolved.
These teachers*/ in this'inhovative use of the computer,

' • : : - ■ ^ ' ■ ■ generally received help from outtside their school, usually
from other teachers or staff from the province's Computer

. A  '

* Technology Branch.

Sestgral limitations were identified by the\ ■ 
•participants: T '
a) the "canned" lesson, whether on a page-turning program or

‘5"on a linear laserdisc sequence, «4̂ s very difficult to
modify in response to the spontaneous development of the
concept in the,lesson, in cqmparision to an overhead
projection pr chalkboard erase and redraw, •

You have, got your class all planned out, you go in 
there, the kids ask one question, ahd you get off v̂ jn 
some terrifically good side idea that is .related and 
that yfl&p are going to "’cover eventually, but, "Boo 
This is .the time and the place." I don't see that 
an electronic chalkboard. [#18:23.7]

/ *b) the effortless presentation of notes should not displace 
the experimental work normally part of the development of

i -
the concept, ^

c) the rapid calculation of rvalues of variables may 
overwhelm the student who may not appreciate the"arduous

* achievement of the original development of the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

generalizations in the concept.

ft 
4*The commentS\made the!teachers did not i^entify any 

roles of the t'eacher significantly different than the usual 
ones of a? identifier of suitable resources, b) manager of / 
learning activities for the whole class and c) responsive , 
adjustments t̂ o the needs of individual students. ^

.Two dimensions of "good" science teaching using this 
media were raised by the 'teachers: ?
a) the possibly narrow perception of the limitations of the 

cfomputer, 'in this application, to the presentation of 
text, diagrams, and graphics, and

b) the concern that the class may be cohdqgjfced.to fit the 
program available, rather than tĵ e tailoring of the

=• program to meet the needs of the students.-

L a b y  atory Instri^nerTtation , There were no teachers in 
the study ̂ ^o ;had experience in this use o.f computers.
There were,, however, several who anticipated-, ttfis use and 
had therefore developed some considered perspectives and it

•/ y
is.ori these that the findings are based.

Concern about knowledge of the operation of the
1 / * fcomputer and its ancillary devices included the primary task

p \
qf interfacing the components.of the laboratory
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instrumentation system, and^the ports would be used to
.w- . .

achieve this interconnection. • “t . j - ^  ' •-
Although competence*with programming wa 

anticipated, there was a,in expectation that a be^K^rbuhd^|i^ 
statistics would be nec'essary foP a competent inteirjir£ta*tion 
of the data. &

• ’ A student who used a com^aterytor this application
would need.-only to respond to_-itfê u prompts; a teacher would 
also have to be aware of the limitations.of the program, the
manuals, arid the devices and the computer.

The teachers had ,reviewed cataSfcgs from Cambridge 
Development Laboratory and had ordered a kit,from Holt,.

« Reinhart, and Winston Jthat would read and display 
measurements of physical phenomena.£ I %

Because several teachers were at the stage Of , 
considering this use, several factors were uppermost in the«I 9
minds of the teachers. Firstly, the physical property that
would, iri view ^f^the practical curriculum applications,

\ . - .. ."V.V-.-,most lilse^^.be: employed would need to be anticipated. Then
the dev£^£$<-\w$u 1 d be selected to achieve this application
and, considering limited school resources, purchase of ther - *

) . . . . . .

.necessary components, e.g.; time interval clocks, 
temperature, voltage sensors, etc., be prioritized.
Teachers would also need to know what'capability the .
computer had for receiving the signal from the device;
* - ' • ■'

whether serial, parallel, or game ports were available or
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whether an analog-to-difcfital c M b t e r  was required. The
d teachers who • intended purcha£ina|fequipment for this 
application would also need t o y U B H & e r  the trade-off 
between the amount of time needecPto bfcome orientated to 
the equipment and its operation and the extent•of th£ 
resultant expansion of curriculum activities.

No information' was available concerning maintenance 
skills except ttp checking of the. physical hookup of 
components in the case of failure of the system. >

Sources of information about specific programs or
devices were mainly catalogs from commercial supply houses.
■' The only teacher who had done; any development of •
■ electronic circuits^o monitor signals frorq. external .devices
had developed a pragmatic position about the time required 

• - ■ • * 
for development.

. ' * ° ■
' The [experiments involtffng instrumentation] that would 

be most practical and the ones that ar£ done most 
frequently ^re the dynamic questions where you measure

• b time intervals as a function of distance - that would
be something that would be used quite a bit. 1 . . I f
they, would get that far nnd do that, tnen that would be 
quite, an advancement, I mean, an up-grading of what 
they are able to do. . . . I> and everybody else, has 
hardly any time, other than do the basic job and it1s 
like, you1 re an a fast track all the time. [#30:185]

The program should,allow teachers to either display the 
values of the physical parameters (raw data)* or to proceed 
to various interpretations of the data, e.g. graphs.

■ . , ' ' t
-■* * ' '

I sources of information about'this use were experiences
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in laboratory facilities at the local university and flyers
» £■ V ; : a ' " 11 ■ ■ ■ '
from commercicil supply houses. . . f

>-Di,fficultie'^'fjljat had been experienced by the teachers
*' --w • ’ i ..

were primarily the high cost of the devices and programs and• - • *
the perceived limited application of the material and an 
uncertainty,about the balance between the-exotic and - '
functional character of the concept.

The only support system.that had been developed was
' :with a laboratory technician at the physics lab at the local 

University. •
A primary concern about this use of computers wa^ that. • 

the level of sophistication should not overwhelm the 
student. ' ■ ■ ..’■•' ...... ■ . '■ w , . © • ” t ■
' I believe experiments are only gopd^ as • f ar as .-the kids 

understand what, they1 re. .doing.’[ #,30; 352 ] ■
4

ft t 'i
A additional role^for teachd't,-sprier , to: using the

computer for’laboratory instrunifentation -is "to verify the
. , . i  ■■ - : ■: j

. fidelity of the devices a n d . ' a s .  nre*asaring^what is
claimed ■ and *thpn to label the- material’ as . worthy or

*   ■ - * ■ -•/ "v - . \ :/ -■
. worthless.. This caution .is because.'of the remoteness of the
produced results *frbm fhq'’measuring process and also the ^ /
limited trial-by-use of: tlie equipment by-.the teacher's

y- peers • . r ■' /-> , ■

The likelihood of'th^ teacher using the computer for
this use was’ dependent op.the stage,of the srodent in their

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

It' depends on the situation. . . ;. This is one of the 
labs that we do. Let's set up a glider andv instead of 
talking about uniform motion, let's hang a mass over 
the,, end »so we get some acceleration. ‘ I want the kids 
to do some initial work themselves to see what kind of 
.thiMfc. comes out of it. Now, after they've done that, 
they^understand .that, under these circumstances, this 

. glider accelerates, then I wouldn't have any problem 
[using the. computer. ] Let's say,, for example, moving 
on to a- Newton's Law kind of experiment where we change 
the mass .. . . to use, say, something like that to then' 
speed up the analysis - they know that is going to 

.^lappeijt but what happens when change the variables? -.WO 
. .<j£o that very^quickly. I think that . v . I Would

in-that framework but my objective is different 
■, :̂ <Jn*H#13:12.2] ■ . "

... . "6 ■ H.V: ' , .■■■: «  "

Experimental Analysis Students of foijĵ tof the teachers 
had used a computer1 - to check the results and calculations of 
labs. The students used either programs that calculated 
values parallel to those performed manually by the student 
or that piinted a graph and slope similar to graphs V*
previously "dfhwn by thei. students .* .

The. cbti^aSibh of the program by the students required a
r, ' - . v  . ■ ■ ■ ■ ■' , .
minimal orientation. ( ‘ X , '
■ It ’takes--'''about half an. hour letting them fly with it,

at the beginning of the year, to learn how to operate ‘ 
[the VISICALC program.} . . . They teach themselves., 
You, remember in Computer Science, when you had 
.something-, it just wouldn't fly-, it just wouldn't r 

1 wo^k, and you leaned over to the next guy and said, 
"Hey, how do I do this?" [#08:5X[5]

The Only knowledge Of programming'required for this, use 
of a computer is, when a program is initially set up.to do a 
graphics dump to’ the printer, the teacher/programmer must
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determine ,ahrd embed in the program, the required command to
activate the.machine language routine or ’the printer ■
interface card for the ̂ printer. ■ , .

[The control code is hidden] just inside the program. .
\ ; . it is just a character string that you send out to

the printer. ... . "Control IG" is usually the graphics‘ 
dump' command. [#.17:391] ” •' \

The student only needed to\^ppond to questions on the
'screen. i-

, ' I -.give the students, an option; . "Do yoyi want , a
hardcopy?" and on the basis of his reply, it will 

' e i t h e r  turn -on the graphics dump or not. Most4Of the 
time they say, "Yes" and away it'goes. [#17: 391]

The hardware that is needed for this use is a computer, 
'■$?. . .  . ■ . \

• a printer, and, for graphics diplay, a printer, card.
• The features of■the hardwaresystem that was most

reinforced, was
- the capacity of' the machine for easy access

I wheel the machine‘right, down .from the Computer ,Room
and bring it in the room. I want}my own machine in the
room but they won11 give me $5k [#08:461] '

- and -a graphics card for printing high resolution displays.

In the last couple of years, the graphics-capable cards 
have ' sort of replaced the older .,' ones. It is just 
another newer feature that is.selling so almost any 
card that you buy today if. you have a graphics-capable 
printer, will most likely come with a graphics f̂card.
■‘[#17: 444] ' .

maintenance was described as necessary by the
'■ ' ' '• $ :teachers for this use of computers. •

-4, . 0
' ■ ' 'The teachers, learned about aspects of the programs;that
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they considered important by
- digging for information

So I started asking arpund1' and, at that time,. the only 
way I could get the Centronics to do, it was tô  go 

. through a graphics dump -program.. [ #JL7 * 420] . . ;
1 "' * ■ ! ’

- and noting progress o f 'colleagues.
Specific programs that were ujSed, by. ̂ he^§t\j^ehts;:‘;fpr;  ̂■ 

lab analysis included a spreadsheet , public -domain-, , 
teacher-authored, and copyright programs , : •& . . J'A• ' . : •« -lyd i .* > •; jt.: A • 'fS, '* % : "•* •'So I got a copy Of the graphics ^ifl^.^ppograpi, f f^m

WestWorld: . . . It. was part of.-theiAljL'br/ar.y(;̂ -l!he.y\̂ Vs.'t
gave it -to me. t#l7j444 ]' , "

The teachers’ in the- study had , .ip" the' main,: nd^-
developed the programs that .have been,deserided' hut one .;
commented on revising and the usefulness d ^ -a.,program.

I see [•.Tevi-s'î ĝ :.ae-;-fa:r\more.: likely • than- starting from 
. scratch and writing a program to - do.' this {.#iŜ ;2p . 7 ]'

Features of programs that -were recognized as:desirable 
by the teachers included 7".
- the variety of Applications, . / ’ ’);

I 've used that primarily in.association with reaction 
kinetics lab .that I Vve. done but it ' s , mostly surfouhding 
t‘he Spectronic 20. There .are a wide' variety of things 
one . can do - . the reaction kinetics, the equilibrium 
consiant, and the ksp solubility is what. I use.it-for. 
[#0ff?401-]

- the correctness of the product of the analysis,
- the quality of the screen display, g' .

. - - and the increased amount of infdrmatibn .given to students.

I see . . '■> -the busy work taken out. of the. lab: .as. a. far 
more useful thing than ■' tutorial.. [• #-18: 20% 9) _ ■' "> ■ ■
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The possibility of usin^;<|the computer to aid ,the
students in the analysis of their labs occurred when the
teachers observed students working under'conditions that
were not desireable; most notable, - 0-

■ - the time spent on repetitive calculations or graphing.
: The other thing that' T, do. use the computer for is for

. Experiment 29, an equilibrium-. 1 . I find, with the
kids, the calculations take'too long and-I find i t ‘is 
better for them to put their data into the computer and 
get their print-out, rather than spending time on 
calculations. That is one definite use that I have in

. Chem 30. [#35:]
■ ■ V" : ■’- a n d  the difficulty of marking labs based on questionable.

. calculations. ' ' ,
Now,, when I ■ first did - this kind of thing, I said,

• ' V "Well, how am I going to know whether or not they have
V ■' made errors in their calculations?”,' because I want to

get rid of errors in the calculations so they can. spend.
: their . time on the .conclusion - we can't make a very

■good' conclusion if they start off by saying, "If my 
V ■ calculations were correct, then . . . ." or "i-don't

jo ’ .’ think my calculations were correct, but, . . , .So
you have got all these kinds of answers. [#34:18.9]

• ’The.provision of the lab.analysis program for the use
; ' of the students did not relieve them of the responsibility

• . '•yV- : ■. 1 y ■ ' .. •' •1 of doing the analysis themselves.• The teachers usually '
•required one complete-sample calculation/graph to be shown

.•-'.V J • .•'V' V ' ’..‘benqre4 the program'q.ould be 'used for parallel work.
‘ ■ V "v The botfom ; line . is, "To get that piece' of paper .with
; your, data- crunched . on i t  you must present to me one

set o f , calculations rompletely done, completely 
' / . Correct, the proper . sig,. f igs., and-all." They'll

, ■ • ' ..‘whine and ;they' 11 complain and they do. ’ "You've got to.
• buy . yo.ur . printout with a correct calculation." . . .
.'They've 'proven to me, once, they can do it - then I 

k . •. •* give th'Om all the- 'test .• [ #08 :424 ]
^ . . : i ■' • Vi.' 11 .it^roduce.^-ih ' may bo a month into the. course when
. the., liiqs " have ’.dofte maybe four, or five lab activities

l
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and have prepared graphs. Thfcy understand wTat goes 
Into making the graph. . I ’ don't - want them to be 
illiterate in terms of MThey*, ve. had the computer do all 

;‘t^is for them. " . . . So they'll be quite proficient a t '
making graphs and it is strictly seeing the computer as

, a tool that they are g o i ^ t o  use. [#17:362] s 1
The teachers provided an orientation to the lab»analysie ̂

• program by various'means > including handing put copies of •
i Oĉ the t'creen presentations. ’

- ' ■ r  J ' :  ¥ ■ ]1 then typed‘ out all/of the displays so they could come 
they would :vhaVe their -things all written down asin and they would ?have their things 

it would be on the/display. [-#342,8 .]
One of the teachers had made.an initial attempt to .'solve the 
problem of calculating lab^data by earlier providing a 
calculator for the vise qf his q t h d e n t s , /

The 'normal scenario of the c-lass.foom/lab'when the lab
..ft

. sJ
r0-

,,r-

analysis program is .in use is one 'of. multiple activities.
, Some of the kids .are. banging their pucks together on an 

air-y table andi the other -;ki.ds are inv^Sfe corner checking 
pheir data that; is twpv,focal points in the. room - the 
-rest are ..working on “/stuff.' • That is still a big 
'improvement i . i Two • hi-r tables and two computers in 
your classes is totally'using pfieip'time efficiently.
[#18:22.10] ■ - . ■,

- ' • .7

' I: -In the quest.'for a' method to assist their students

.- f ■
■P< :

analyzing lab data, 'difficulties that were m e t  and. overcome 
included inefficient .'''graphics printing procedures.

The teachers received -specific assistance when 
implementing this, us^ by-•s .... Q
- reading manuals ^

and., receiving assistance with ptogramming'^dif f iculties
■ v - :  - i - ■ » V- ■* ' ■ \ '.- Some- - of •• the kids have helped me, with some of my 
programming - like one kid was trying to help me 
relbcqte memory there. . . . So some of the. kids were 

i .helping that way as far as programming-, some of the
■ : ? ' .. ' - ' ■ - -/ V .
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N teachers helped. [#18:23.3]

■ * «1v"j»4:jjphe teachers did not identify any limitations for good 
: • . 1‘ fc I ’’. v W  iFi. teaching associated with this use of a computer.

ijor impact on the role of the teacher whose
studeffffcljp^e a program to assist with lab analysis were the
dif f ereMMjfi&y in which labs were marked.

W h a « ^ p ens, when I'm marking the lab, I don't have to 
checI^^Heir calculations. All I do is read their 
cbncxusron and mark -it. . . . The time used to going 
through their data and making sure the numbers work, I 
now spend reading their conclusions. [#08:424]

Another teacher used a program as. a replacement for a
calculator for checking'; "the students' calculations.

Phase III..: The Testing and. Evaluation
The post teaching/learning phase was the1area in which

virtually all (49 gpt of 50.) teachers had some experience or
prospects of using a computer, mostly for test production
and test records.

The process of evaluation, with all its associated
activities, is the third phase of a sequence which begins
with setting goals and gathering materials, followed by
providing learning opportunities (usually through 6-lass

*activities), and lastly evaluating the process.
First of all, we have a published set of goals and I 
set my goals .as to what I wish to teach. . . ̂ The. 
goals 'are there and they are specific behavioural goal 
statements. The teacher attempts to teach to the 
goals, accomplish the goals, and then to evaluate the
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goals. . . . If . . . I can get some data back on how
my students^ did in these specific areas, I can modify 
my teaching based on that. . . . And one must always be 
going back to the primary worth: What I am trying to 
accomplish - the goals - and, . in my mirid, I think 
nothing could -improve the state of education better 
than that. [#40:918]

, Test Production The process of evaluating the progress 
q,f students usually includes the production of tests. This 
use of computers ranked high amongst resoBbdents on both the 
experience (^n^rdian = 2) and the feasibiljl^P (median = 3) 
scales. Of the,three quarters of all respondents who had 
indicated a potential for contributing in this area, eleven 
^teachers made comments during subsequent interviews.

The results of the pilot study, indicating that there
*are twc approaches to test construction, from test items or 

from whole tests, was confirmed in<£he main study with eight 
of the interviewees working with tests constructed each time 
from individual items and two teachers storing and : 
retrieving’ whole tests.

Two'teachers used test item retrieval programs that 
required a minimal knowledge of BASIC programming only when 
the data was initially.entered. In these programs, the text 
for the test item was stored. either as data statement's in 
the BASIC program or as entries in the fields of a 
data-based system.
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I purchased EasyFiler which is a commercially available 
DBS program- arid theft set the data base up using rather .,

; strange field sizes so I have two lines, for example 
for the question. I have 78 characters I am allowed 1?o ' 
put my response in, A, B, C, and D. I then have a slot 
for the correct response. I have, a slot for a 
selection . . . so there is this Yes/No selector thing. 
And it ’works extremely well. I have all my multiple
choice items . . . That's how I got them in. . . And
this is what I'm doing for the multiple choice items 
and . . I have 500 items in Chem 10, 20, and 30
combined. [#08:001]
The use of these test item generators to print

questions only required that the teacher follow directions
presented by the host program.

Tft^ way that you use this program, you look ate the 
syntax of the questions and you pick which ones you
want and the order you want. Then you use the program 
and you put the number of the question in that you 
want. Then you just print them out. It prints them 
out- in the proper numerical order, just the way that 
you put them into the program. [#35:2.0]

A program with somewhat similaf features is the Test
Generator by MECC that

Allows you to enter up to 200 questions and you are 
able to enter them by objective number, say if you 
wanted to do inferring, for example, you could call it 
objective number. 1, and . . . So you enter all your 
questions. . . . It will ask you hove many questions you 
want, by objective, and it will randomly choose from 
within that bank and print those questions on a paper. 
It's a shell program so it will accept any kind of 
questions you want to put into it. [#28:141]

- fV
In one lartfe urban district, teachers and students,

^  using a teletype terminal or a microcomputer and modem, hacl 
access to a bank of test items stored on a district's 
•mainframe computer. These test questions were available to 
teachers as random or specific questions of a designated
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content objective or to. a student at school within a
framework prescribed by the teacher.

V  v: ■■■ '■ " ’ •
So I see for next year, I would say that I want a test

\>;,V . on this; unit and testing these objectives; I want some
knowledge .questions, I want some comprehension t 

k: - questions, I want some open-search questions, ,and sort
of design a course in that. Then, as the students
progress through; the unit, they would go to the 
computer and they would get a test that is unique for 
them ^within the frampwork that I have set so.that, when 
they have written a test and another kid comes and 
says,,."What did you get on the test?", there may be a 
chance that the’ same question: would turn up again but r- 
not necessarily. [#41:3.5] >-

Lastly, under the general heading of' test item storage,
are questions, generated using a template, that differ only
in specif ied. criteria,: such as compound, mass, volume, etc.,
and are produced without manual control of* the values of
these criteria. ^

What I have is a program I've - written, ■ using
concentration calculations, for example, where the code 
.•will 5ay, "NNN grams of XXX Compound are dissolved in 
NNN ' vqlume; calculate .the molar concentration." and 
those are one type of question that will appear in this 
thing. An alternate one is I give*the number of moles; 
an. alternate one is I leave the Volflme blank; an 
alternate one I leave the molar mass blanks The^ 
Compound is always randomly generated. . . . 1% also 
runs through and calculates all the. answers and I can 
run off a hundred different-, and they wij.ll be
different; some of the compounds will come out the 
same. [#08 : 029 ]

The second technique for test production uses a word
processing program to build and store whole tests.

The data bank is actually a test bank; it isn't a test 
item bank, it is a test bank. Because of the type of 
programs that we have, which are simply word processing 
.programs, SuperText** and Gutenburg, . ... . we have put in 
tests, quizzes, exercises of various kinds-, worksheets,

. .. K.;;. ‘ • ' !'
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that 'are complete in themselves. So you would print 
them out as complete items to hand out to the students. 
[#34:1.5]

Students did not have access to any of the test 
production programs except for the printing, previously
described, of unit tests from the main frame. /

* . ■ . - y &. c ■

The teachers in the study uŝ ecPci variety of 
microcomputers including Apple, Commodore, IBM PC,* Radio 
Shack, a teletype terminal by Lahpar Technologies-, and. 
Centronics and Epson printers." Each* of-%hese devices had " 
their, own operating characteristics; no features were* 
described as essential for the use described here except for 
a concern for compatibility between these <jfcevices.*affecting
the transferring of files, printing, or other educational

•* ■ *.uses. ** o * . ‘ • ,, <.1lool's^ printer. . . Everything ' s totally 
:ept foaf subscript/superscripting - the 
Yr won't do it; it was bought before 
£n, was available". on Epson, . . . You have 
half-rolls and I've done it but it's a 

‘pa'in-.in-thfe-butt and I just ignore it. . . 
"all in one straight line . there' s no ups

and there's no downs .and that's strictly a function of 
the printer that we' have at the school.. I don’'t have a 
printer at home - I hayl the school's back and forth at 
the" moment. [#08 :194] ’fc* ‘ •<. ■ ' “*• ■ - .. ̂ a - ;■ ■ ■ . •
Problem-solving skills were needed to-‘packle - speci-f ic 

maintenance tasks;.-the teacher had to know how to identify 
the comppnent that had malfunctioned and thus 
- the appropriate organization'responsible*'J .=»■♦ y £•

When the modulator went, or the modem went, it was sort

com
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. of a matter, of trying to 'sort out whether it seemed to 
b^ a problem from the SAIT [mainframe test*bank] end or 
our ‘end. « . . 1  didn't w^nt to have LanPar come in if 
there was* nothing wrong, so in that case, they probably 
would have charged me a service charge.1 I wanted to 
-make sure that it was, most likely something wrong with 
the hardware we have got here. [#24:837]

- the appropriate action to take,
V  We did have a solenoid" problem as well -the.
S' v, driv-e-pins at ime pbint and had to replace the complete

. . and even the strap that leads, to the head . .
. . J, did a lot of fixing of fuses and so on and we
bought-' fuses and . I ‘ would .take the thing home and I 

. , /would solder in the "fuses as well in terms of getting 
tha’t^ kind of thing done. But we tried to send it. out 

' 4 oh occasions and then we would have to borrow another
• Centronics from the lyiat.h department or something in 

order *. to keep our production going, particularly at 
exam time, when you look at exams that are being 
produced for all of our ten different courses that^we 
offer, you are looking at -final, exams f<?r• all of those

‘ f a  year, and . ... „. -all of the unit exams and
ier exams and quizzes and so on. [#34:1.10]
4 • . ■" : • '

a.knowledgeable sales organization.
•■‘I •'/■ ‘iPj&vkhow that , wf th our-' experience at hotne/and even 
he?e, \ -t.o"' hook up . tb. the TV, 4you have* to 'go', out .and. buy 
a. /" mpdulatpr. . . We always phone Micromedics' for
information and they will tell you, anything that is for " 
■P.ET and Commodore. , We didn't like. the Commodore
printer-;. we get an MX80, I think it is called. . . ..*r.

. but we had tfĉ  buy' it. a special, link first of all to* 
connect it: . . . so that adds, another $65, but you need 
t*fcat- linking. '. '. . There is-^all these little.things

.-here. , . . . .Anybody that has no idea.of'what they are
. doing or /doesn’t Haye access-, you go to buy these 
things and^v the' salesmen don-'t know' any thing-; they are 
• only vinterested in selling. ■ . i. ',. ,1-"have . contact with 
;„[Micrpmedics ] because we" bought oup school equipment 
■there*, - '. This is : how. I.*got t^.know threm because'* I #&s 
-taking' things in -for Repair. [ #35 : i'4 .1 ] •

Information about the software used f°rv test production 
came': from diligent searches in periodicals and of vendors, 
frequently supplemented by published references and personal 
contact with active models.
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There Was a comparative iftagazine article ‘as’well'that 
. Compared ̂ agic Window with. Super Text and a whole bunch 
of other' things, arid I went through 'all the features 

, there; . . . I think that ,was provided by the store,- by 
West Wor^d. . I was able to get ahold of the
... program there from a guy in the city who had been using 
\it to produce some textbooks himself. Then I used it 
'$at home for a; period of time, or a few days', and then 
gave it back to him and ordered it. [#34:4.2]

-  ‘ - ■■■■'• ' V  ■'-■<■■■■ The teachers chose :to implement their'particular mode
of test production because of specific het benefits that
they perceived to come from that.use. The teacher who used
an automated t̂ est generator using a template hoped to *
achieve individual student effort combined with instant
feedback and less teacher prep-time.

The beauty of it is I can have different worksheets for 
everyone in the class but they're identical,.; it’s just 
the numbers and compounds have changed and you honestly 
get individual work.*-., . . As far as Î ap concerned, it 
was designed primarily ah ct* time . saver and what it does 
allow .me -is to give mbit .questions with, correct .answers 
available right • away ,* as opposed to: I make up the 
worksheet, then, I sit down and spend•the time working 
out all the ^Correct answers as opposed to this thing 
does it. for mej immediately. •.[#08:078]

r  ■' - ' ■  v: -
The-' teacher! , ambivalent about •ilsinp ' the MEGC Test

Generator / describe,d the . weakriesses of the program. ■
t  .. *■ ■ ’ ’ • ■ ;■ ;No .1 diagrammatic material arid v î t will nCt _ handle 

• ■[ super [scripts' and, sub^c,ripj.s ^because', it1 sva' simple
.- print- ' statements . It, 'doesn't.' have a. vword

' practising capability. [#28:1611 • ' 6 •

Pullj*ng quality; questions, from, a test item ylshnk on a
mainframe.using" a computer and modem at home was anticipated
by one teacher, ^ , ,

I am waiting, for. phe .t/est banks, of Biology to common 
b y , and, as soon as it does,- the majority, probably7\of
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my tests will be what I . do at Jiome. . . . IjBsome 
cases,' i'll pull my existing tests because it is ^iied, 
tested, and true, but I am certainly interested in what 
new material and resources are out there/ so I will 
certainly ^be - calling off Questions from that computer 
when those are available. [#31:271]

- a n d  the extensive resources ^  the bank facilitated
pulling parallel or individualized tests.

We are talking about being able to just draw out a test 
from the bank. . . . That will be the first thing that 
will be available-, is draw out.a test and if you like 
that particular one-., or you select your test for level 
of difficulty and set it up in parallel tests. . . .  i 
see eventually .“ . . being able ter tell the computer 
the level of difficulty and the objectives to be tested 

. and having each individual student c;o and get their own 
, individual test f rom . the computer, writing it, and 

putting the* answers • bagk in and having the: computer 
basically mark their answers and give me.the grade when 
I ask for it. [#4f,:+28.I]

Wojrd' processing programs had many advantages over 
other methods of producing, t ^ i s /  . : .

First' of all, I wanted a 'word processing program 
.■because I am not the world's, greatest•typist. . ,. .1,

' . feel that X. want', to present the students with a quality
- that. ' is-” > deee.nt; hand-written looks handwritten. %

' / ' “ Getting the secretaries to type for you is no't an easy ....
” . v job; you have jto . do it a couple ‘of days ahead but, :

sometimes t the • ̂ night before yoq need to -.do *'it'. . .
Plus,- things, can change - in your lesson; you ' can
• suddenly think of ancJther objective' afte# the test was
made that you would like to^change.. [#43:84j9'J .

- and over other specific word processing programs.
-v-: ■ ■■■ " ■ "tv.- ; ; -■■W-, ■ : r- 'One ’ of '/the ..••'other . -things that,', came: out. in* terms of; ;
. science, wa-s. accesSibility to other fOnts, '-f or'example; • ■

Greek, 'which we use' iny,some. cases fairly' considerably 
. if you are get,ting''into the nuciear chemistry.

With Gutenberg, you have access to. thes^f Greek fonts in-
two ’ ways; . ' . . You * 'could draw it' yourself on the ‘
screen \ .* [or] you could use what is called a User 
Font which is available through -the Gutenberg word 
processing, that you can call up and it will download 
into the printer, or. you could even call up the
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printer's capability, of using that kind \of‘thing which 
< you couldn't do. within the Super Text prqgfam.

[#•34:5.2] ; '
' , i

’ „ , , , For the entry ‘of the teacher into producing tests using 
a computer and a specific program", an early requirement was -
- the/exposure to the program type on a demonstration disk

.[The T^st.Generator] originally came as ofte of the Demo, 
disks ••that we gbt from. MECC when jve first got our • 
computers. We didn't have any programs and we've heard 

* about the Minnesota Education Computer Consortium and
" one of the, disks they'had at tfat time was’the Teacher
Utilities. [-#28:185] ■■■ V*

'' ^  ■ ' ' * ' ■* ' ’ 1- and the pilotting of the system in a similar setting. ,
The .. teaqhers all went over to take a look at it

• , in operation. They'showed us how it worked and what
you .can get- from it. We also spent an afternoon at 
^Forest >Lawn- High School and observed What it- could do 
irom a-more sophi*stricated standpoint., [#24:890]■ " s ' . ' •"

r-: • 3 - ■ ■■■•/:•' ■During the Use of. these programs for test; production; a
° number of problems, some of .which have been referred to
previously, were e^ejrienced by the teachers. Additional

S o. . ' i '«'• f , ■■ ■
: .probltems met by these teach.e'ts. included , • * ' i •

- -the inadequacy of -operating manual^, • . ' : ’' ' ’
v ' 1 r ’ v , '■ ’; ’•The. mdnyal was . . terrible . O  , ^ 3... The manuals are'' not

written by ' educators at all.^^^:', I found that, for
' 1;J both word processing systems*; v^jat-I have pyoduc.ed 'a
... one page summary-of, their wholefrtfahual for both Super.

Text, "and for Gutenberg sq that people can get in there 
ahd learg.' hpw to qse. the. thing. But you do need-this 
kind of step-by-step kind of' p r ocedure, [#34 :11 .-9 ]

- the brgan'ization . of f iles p f ‘t e s t s :v . f _ > ''
~ SO we left' the old oned with' the unorganized fashion-.as

’ ' ■ t our backup and we-.^ook • all of..(the Unit A stuff from
_ Chem 10 and we put ' if -onto Unit'1’A* diskette*., . . and '

-• that is the way- we- operate now.• [# 3 4":. Id..'4"]
- arranging for sedtirity of §hared text files* and
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Now you have some difficulties in' there in the sense 
that When you are using the word processing system, 
there is a possibility of destroying what you have got 
on there - this is^where.you really need your back-up. V
There are some people who have a knack of destroying . 
things on computer diskettes; with twelve teachers .
within the department, you are going to find at least 

* one per&on who generally has difficulty. [#34:11.1]
- innovative arrangements for handling diagrams. f

The only drawback is diagrams'so what you do on ,'th,e question is you put in "Diagram ETi." - that means.
Energy Test 1. Then I ‘have to keep a book with all of 
the diagrams in it - no cut and paste just one phge ' * >'
with the. four or five diagrams arid, that is ail -ygh t
really., have to run off and give to the’kids and'.'flis>ay,;
"This . is your diagram for that test." . I have one.
sheet with all the diagrams;' whichever diagram* I nee& 
for that . question, I give them. Then 1 don't have to 
cut and’ paste, .every time I have' a test,and■check it 
over and make sure it works. [ #Q9 :943 ]

The ease of. implementation of producing tests using a
- computer was affectdft;.at.the beginning of t.hp use, by

- ‘persons or agencies’wifh, whom the teacher had contact, .
We were 'discussing . . the Q-MATh . computer tiehia with 
the-, through. the’ school system-, with the public 

•, board, and so i thbught, "Why not try it at home-?" . .
■ : I ' came home that night and loaded it’ in and just

- tried' getting random-questions off i t * S u V e  enough, I 
got fifteen questions'off so I saved' it^on*disk, plus I 

’ 'ran .it into-, through^the p r i n t e r ['#31
V - manuals or training aids provided by the supplier,
'' ' The manual . . . came' with, six tapes-, actually three

- tapes, two sides each. We played the tapes and 
followed , the manual and learned how* .to use* ‘ it.

. [#43:23.1]
-.v. ^ - -

'; ' -  .and,; ©;v* a, continuing basis by, vari.ous; individuals. . . ( ;
’ We , alsfo * have’ got a. teacher transferred to our school
; . from ,St. ' ‘Francis-,; tand he knew\ totally Jfyqw to. operate

• the'6 machine' so;'*, , really, our ins’ervi-cing, to a - large
^ieXtent, with the specifics* has .come from,him. [#24:971]

S.

I
- v , .

A*
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■ There were no limitations to good science teaching
identified by the teachers; ft factor,'nbt perceived as a
limitation by the' user, was the presumed solubility of > .
compounds in questions,-generated using a template.

That's not a concern of mine at all because' yhat I f iti >
attempting to do fight "then in Chem 10 or Chem 20-,'

> solubility considerations don11 ' Really come in until
• equilibrium' when I do it-in Chera_30 and it '.s actually
■ not in the Alberta Curriculum.'The' alternative isj^o 
drop the sulfide ion and y‘ou've solved half the battle .
there. [#08:159] ' :‘V. ;, I'*

*

• .Most of the teacher identified ways in which this use.
of computers had an impact on their role as teacher. Common

‘ themes- were, ■■ 7
/- thê jfflriount 'of time -i

One of thebigge?^ problem that I feel-,, I;, can see, it 
■r • is too _ much work. When we'got this computer here,- 

everybody had good intentions. ’ But it is a lot of work ;
on your' own. . . • I am doing it for my use because I<f

•  'feel it^ihas saved me work-, it will save me a lot of
. , work. [ # 11 vl ] # : .

. - the. necessity of being able to type')'.
. '■ If ' you- 'are going -to . dp- wor^ .processing and .you are

going fe- abi^*'to db it‘. vith any. ̂ sqrt'•’of capability
' ' . at all and~d6. it epnslatently over the years< you are

-^going to- have to be able to type. . . So the training
of., teachers would have to, I would think, include 

• ■ typing, skills as a 'kind of 'a prerequisite,. [ #34 :*14.2 ] Vv- ■ '7 •’ . ?
- having S computer at home, ■ < ; 7

\ , So • I will certainly- be calling off. questions from that^
‘computer when ttfose are available and doing it ‘at home’

, ■ • bec'ause— , ’just -to-do it. a-t .school'-, I ' d rather; dp it in
 ̂ ; • V ... • nrty ’©Wn •’ environment A  -I know how to -control my/ system^

‘ here', whereas the . terminal s we have, at . school- , .it' s in 
the. library, everybodyis walking by. ■[ #,31:271]

^determining the level of developing'1 programs - for self or,,
for others, ;
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■ i»75
.« , You would havfe. to polish it a lot and that '.s part of ’it 

as well ; I wrote it for myself - it' does 'exactly what X 
designed it do do. . . . I know what I ’d do ’if I. was: to. 
market the thing. /There's a lot of things I would add*

\ [ #08:127 / / V / ;,
the excitement of working with hew materials> »■ . J

It'has me champing at the bit. I see all kinds of uses;
. "an& things that I want to do. [#28:204.1
and facilitating the revision of test mater^La.ls. , •

It saves me an awful lot of time now because, most of my 
tests are in there and in the bank and' I can go in 
there and £v cart .look. over the comments that I vhad, from .

• the kids, . in the classroom . . . Everytime a kid says 
- something about, a test .question now, I make sure that I 

make a note of it on the test and .' . .. I go back in 
and I change that question-., the wording on that 
question. The quality of my questiobs is very high’ 
compared to what it used to be. . . . That is were the' 
major advantage is over a typewriter in terms of the 
quality o f ■ the material. But it does cost you time. 
[#34:9.9] .o ' ;

'Test Scoring• The extent to which the teachers in the 
study used an automated test sco.rin§/marking device is » 
indicated by the low '(median‘ = 0 ) level of use by the' 
respondents #to the questionnaire. A novel test-scoring 
procedure incorporating, markingf Reporting , and recording 
Was created by a school administrator in a neighboring  ̂ .
school system who used,a mark-sense card reader and a , 
microcomputer. ’ ’ % . : V

’ §e uses a card reade%,‘>̂  His' students write a; test- ahd 
\ t h e .  cards arS these4 long stjip/ Cards so, for the" ;iv; 

rfmitiple choiae, they ’ re jflLntply pencilling in- .th’ig: :
' typical score. He: then.Wust has the reader and ''■ ■ ■  I #'monitor -. at the^dbbr and his d,isk drive; set up- and al

the • students fife by, they put’their card in the slot
They' -rkeep . walking .'and about • four steps down from the 

v '-card reader: is' the monitor that gives them, their'
■ *» Av. t1...
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• : inunedi'a.'fee xesults • and.*„ those [f results go to-his mark 
■ management, *pi?4gt.ain'. right' away,* ;f So”for the sake of that 
;,/,'grie •;.step-;'that a the student Stakes / .’ the student has 
: ih'staht̂ '''̂ ■fe,edback: . and 'the yeccttd keeping is taken care 
of* ‘ •: ^

■ ’ . r  ' ■' ■ " ■ - ■ i  iV- ■’ "  - "  : .  . ; : .The: .contributors ‘o f . i nf o ritiat i o n ‘for. this use-of.
'■ ' computers Were three” teachers, one.: each. in ' an Elementary-,' a 
’ Junio^ High-,' .and a Senior High Schogl;. Two of -these schoolsv . v k V

;;* , used acard-reader made by Chatsworth; the- other device was 
; produced by. Scan-Tron. The ChatSworth reader required .' ■
connection to an Apple microcomputer; the Sc^n^Tron wa,s a 
stand-alone in the scoring and marking mode. '.’ Both:machines■

• & ■ < • • * ' • * v , ■ V

’̂ ^ed special mark-sensing answer sheets/cards. No. '
: respondents were , asked .about1 system-wide test scoring'using

,main-frame; information about this facility emetged.'during
.: s 3 Vanterviews relatihg to item/test analysis. .

The apparatus had been demonstrated by suppliers or by
system personnels.Significant aspects of the .performance"
included ' ' ,‘jf: ■. . .
- reliability of performance, -

Somebody i*n the public board demonstrated i,t to me and •
I thought, "Rorget it; I can see npthing .but problems 
with that machine." . . . He couldn’t get the thing to 

“ read properly and the thing was only a year''old. . . .;
■ , "For a thousand, dollars, ^it' s not. worth ten" because

the thing wasn't reliable and.you're also tying up a
computer and you can't tie up a computer’ for, the amount 
of v time people want to mark and use it in a.classroom.
[#30:670] ''."y;-;.-, :/.

'.. availability -of service facilities,1 ; -
We'were looking-for a local Service'contract; ’Well, we 
don't have one." But we do have’ an agreement. ;
they sent. uS up*a? bunch oi parts for the things that do 
tend to' wear out and they also promised us that, if "the 
thing . broke down, they would ship one up right away
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• while we/shipped"ours l^ck down. [#30:740] A///' „/
- and the extent of the local network of users. HA -..

I contacted out purchasing /people tp see if anybody 
else had /acquired one. . . . They said, "Yes, there's a 
few other people that^had i t . V I  called the supplier. 
Yea', they we«^ aware of sqme people in the school 
system' that/" Hjaive .* it. . . . We are. aware of, I think,

* * fivev ' or .■ S;ix ' 'pther schools that have it, Junior High
,v . more than.Elementary, I gather: [#37:1015]

/ /  . / • :  ' . ..  ’/  The maintenance of“ these devices resulted-'from the
mechanical Aspects of their operation and varied from
routinely checking an<| adjusting the sensitivity control to
finding repair facili&es for major ovpirhaul. ■;
- At the lowest lev^Mtof knowledge, a teacher or a

. technician needs to- be^^le to moni/tor and adjust the
/''sensitivity- of . the optical reader. ..The Chatsworth reader

,/ . seemed especially sensitive to; v|j^Lng shades pf . pencil
marks and card thickness". Userdffflpfc initiated a periodic,
ten minute, test routine u sing^afBHc program and a set of-";
test cards to determine the-neeaPj||PP?adiustmeht.

It is a simple adjustment of a Simple potentiometer. .
.* . , /Test it first and then do it. . This is the

:’/ second time this school year,. [#37:942] /
. ^ 4 ;. ■  ̂ \  :To avoid-problems caused by pencils of differing darkness

and cards of varying thickness which apparently Paused 
problems with the card reader, this school has standardized

.:/../:/■;, ‘A <rits penci.ls and'ariswer cards for the computer-scored tests.-„
/ Now . we.' ve uniformed the pencils;, we have a -particular 

batch of ‘ Cards that we bou'ght in bulk so they're all 
identical now and that works .•considerably better. 

'/■/■' [ #‘37.:9 35] "• ’ • , ’/. /' /'/'./ /,//. /.'O/'-■/:

/•/. 1 At a_ higher level bf. probiemrsolying" skill, .some v-:
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competence in diagnostic techniques may be required,'^/
Because the mark reader, is sensitive to light pencil,”

‘ V'~: ■ - ’ ■ strokes,' one teacher had erased stray marks leaving* the
■; ~ ■ . ■ ■; ■ ‘J '

rubbings' on the car<3|p.
^ Youpull out .your eraser and erase and, I think, that's

where a lot of the residue* came in. . . . You're
cleaning up the cards with the eraser right there.
[#05:130] * . ■

After this cleanup, • the* teacher then obsejfved tlmt '
'-T . * - V ' w •the machine w^sn' operating very well . . . no pattern

developed,, so I tore the machine apart and finally
figured;, out that there is a drive-wheel there that gets--"
very .dijaty and it puts on marlcs on the card. Like it’
will .pick up in one area 'and put in.another area•
[ #05^060]

Analysis and solution of this problem included reference to 
the operator's manual and treatment with 90% isopropyl
alcohol. ■ .+ - ’•

' JDifficulties with false readings with the Scan-Trop or 
.’with an earlier, similar machine were not mentioned by the 
teacher. '

At the highest le.vel of maintenance Requirements, a
machine-that has given lengthy service may require finding a
repair facility for. a majo.r overhaul. .  .

■ We ’had an optical marker in this school -for about five 
years. . ..Everybody used it, it was such a popular
item . . . S o  what happened is 'that it started Wearing,

. out and 'it - had to;be repaired - it wouldn’t mark th«
first two questions right and so o-n. . ..Theft

’ ■ ■ couldn11 find anybody 'in the city to repair it.
i #3°:6651 '

' V  '* -. • .1. ; • ; ’ V:’-- ‘ * *' :Extehsiv?’ d'oWh-t’iWe 'for repairs • to ‘the machine-.may -JNfcrodftcitf 
. v ,  ’ ;-- ' .■ . \  ■

'concerns ' for continuity .of .the' school operation ana , „ 1
I''"-''. • ■■■;. "V : :: V. '1 / ;, v i>;. ■conservation, of resources. . • ■ • v
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You need a marking machine here •'*̂ 3* the time - we 
. weren't ready to send it -down tfteJS, and wait six
months'. . . We found out there w^re Setter machines
on the market that did more. .... ... You see, they take
different answer’ sheets, the new and the^ld machine, 
and we still have a lot of .old answer sheetWjaround so 
we'll fix' it up and. then use both until we tijun out of 
the old answer sheets; for what it costs get it
fixed, we can't afford, to throw it ou£ with the 
extra answer sheets afpund. [#30:'800] ■

The operation of the Chatsworth reader.involved
fundamental skills of booting the program disk and.
responding to a menu of options. Students at one Elementary
School in ..the interests of computer literacy, routinely put
the scoring program disk in the drive, close the door, turn
the power on to the computer, monitor, and reader, and*

run the score program and then simply follow the screen 
directions in terms of . . . entering the number of 
students, number of questions, input the keyed answer 
card., input the student” number one card . . . and away 

... you go. So they can handle .that readily; it is not a 

... problem'. [#30: 981]

The time required to process, a class set of answers' ' *
varied by a factor of three,’ depending on the machine used.

I would think that twenty minutes as being about what 
.it would take, twenty minutes to thirty minutes.. . . . 
It's deceiving because, like, if the [Chatsworth] 
machine is operating and there doesn't have to be any 
adjustments . [ #05.: 300 ] ." -
It would take, me twenty- minutes to mark that exam, 
whereas with this [Scan-Tron] machine-. I gave two 

. exams- roday; the. last ten minutes, I went down, I 
marked them, I put them all together, and I brought 
them back within ten. minutes. [#30:830 ]

• The ,Scan-Tron card reader, being completely 
. independent',;.;Was Tsimple to operas  ̂ Involying insertion of
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the ^nswer key sheet, the student's answer sheets, and a
report sheet onto which th§ device prints elementary test

Chatsworth card reader had a programming error resulting in'

going into, loops. We would get . . .. locked into a
loop. The person would end up stuck inputting the..:same
card. . . . I figured -that one out, too. I changed
this one. . . . The loop problem_is right in here. . .
V"- When the printer was on, i-t didn't work; if the
printer was off, it worked fine. [#37:+015]' *

This problem was not incurred in later versions of the

difficulties were experienced, with malfunction of the 
computer program. .The computer program for the Chatsworth

We got wind of-a new version by letter, contacted the 
supplier . . V About a month later, arrived a brand new 
disk with this all done on it. . ; . At nb. cost, just 
Straight from** California, hare you are. Real nice 
support-,; just Super. [#37:925]

One teacher had a software program that had been
modified "to signal, the results of reading cards which

for the class were printed in a format which both increased

statistics. The device also prints the correct answer for % * ' ' 
each question in the margin of the student's answer sheet.

' Early editions of the scoring program used by the

the program (which had been acquired from unknown sources)

. program.
V The Scan-Tron card reader/scorer, used without the
&  ; toptional,interface 'to a computer for statistical-analysis,
does not'require a computer for test marking and/-thus, no

card reader was available in a number of .forms from various

apparently had double or no responses. Also, the results

M-
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‘the volume of paper needed for statistics and lengthened the 
time required for marking a- set of answer cards. This 
teacher had already invested time to solve a problem 
generated by false readings produced by a dirty/drive wheel. 
Hence, the major concern for .this teacher was the ̂ balance5%'"i i ■ * ■ ' • i. •
bttween the time required to correct the problem and the

■ V  ^ •time saved if the problem was corrected. v
S So I would see, if I were. really gung -ho on

programmirig, ai person would be delving in that area but 
the payoff there is so terrible, for the time you put 

; in. [#05:325]

The teachers who used the Chatsworth reader coiisidere*^
beneficial . , ■■ '*■ ■ -v .A' . •
- ai^ftogram that speeded up the marking proce'ss,

With the bigger machines, when they have a batch,‘they
run the whole batch and then they look back and say,
"O.K., there’s problems here' and here." It's faster to 

tSj.. do that rather than to break the batch as it goes 
through the scanner so I am just assuming that if it'p 
possible for the bigger machine to do that, the^ why
wouldn't it be feasible* for this one .to., run the winds
batch? [#05:430] .ft

- had improved analytical and diagnostic capabilities, :: t
L

Now i t  does a little bit better analysis, but iti also 
give's us the capability cPf adjusting the optical reader 
ourselves, r.ather than having to rely on a service 

■ person or a service agent to change-, to make up* for 
differences in cards. [#37:930 ]

- and discriminated between ambiguous responses by tĥjj, c^rd
, '.reader.

.'The one weakness in the card reader program, . it.
should pick up.either 'no marks for that question,' or 
it should, pick up and signal, in some'way, that it 
'didn't read that Question properly.' (#37:1130]

The teachers became aware,, of these machines by reading
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journal’s, by viewing;' the machines at conferences, or by
exposure at the school.'

' • '

I read a review of it which was positive all the way 
down the line. It was- in ,. . . an Education
Administration Newsletter. . . .put out0in Minnesota. 
Sure enough, here , it was, talking about using -it in 
their school systems for instructional management 
scheduling and ail kinds of things, and also test 
marking. So it was really, really positive. [#37:1025]

, - ■ c .Following awareness of the potential of the card reader
for'test scoring,^the teachers surveyed the suppliers and
brochures issued by manufacturers, determined the extent of■  :■ -1. '
local user§__r>f similar devices, and proceeded to purchase.

Our V.P. said, "Well,* I've run across this new machine. 
Do you want to come aAd take a look at the brochure?" 
And I looked.at it and Said, "it looks good." . V  • We 
talked to the supplier and we looked at the brochure. .

we looked at it and we liked it so we bought it. 
[#30:695] #  * • -

^  All teachers using both card readers had problems with^  ■ ■ >
students marking their answer sheet without having stray 
marks or inadequately erased old answers, both of which fed

-4 ■

to incorrect scoring.
There is a training.element to building the student's 
familiarity with it so that it doesn't.affect the 
score. ■ ‘ In other words, the marking g-f the card, and 

i marking it carefully, is not of sufficient' distraction 
' to the student that it would, impinge on their 
concentration on the test. I think that's a learning 
curve- of relatively short duration but, nevertheless, 
it is not a familiar experience with a lot of the kldsy 
. yet. [#37:1102] ' ' "  , ; :.

The mark sense cards for both card readers allowed .for 
only numeric identifiers;;the cards had no provision for the
student's name. The teachers responded 'to this limitation

• ■■ ■ • ' r"
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by ordering the cards according to the class list. This - 
procedure also gave an additional bfenefit of faster entry of 

« the tes.t re.sults* into a marks record program.
The teachers received assistance from a variety of 

sources including the operator's manual, ■ st.ude.hts.,.. teachers, 
and administrative personnel in the local school systems and 
the regional specialist ' council. . The assistance included

v . i •
trouble-shooting/programming errors, advice concerning
* ' ,-v * ’■ *maintenance procedures, and doing the leg.work for finding a 
r/eplaceriient card reader. * *■ 4

Objectively scofed test items marked-by the card reader
;

included multiple choice test items and, depending on the ,
reading h£ad and the specific machine to which it was
fitted, true-false > and matching questions and survey, poll's.
• - ■ •The effect on the student and^the teacher of the use of
the card reader was seen by the teachers as mainly
favorable. ‘ .

For the students, the main benefit was the immediacy
and the discrimination of the feedback. All' teachers
returned the marked cards to the students for post-test
analysis. v' V  . ■ '

- What the kids Really appreciate is the discrimination.
"You've got this one wrong and this one wrong and this 

r one wrong. ". . ":l did?" From a student1 s poin’t of view, 
we have underestimated how valuable that was for .them.
They' really do want to ‘know that and the immediacy of
it immediately forces them to go back and look. They
go back and they redo their test again on that basis,
doing those questions and like it. It. is a lot more, 
positive situation.. The immediacy df thge turnaround 
has been really, really good. So, from a*student's 
perspective, it is nothing but positive that we've seen 
so far. No negative reactions to . . , communicating
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their responses on'a card. [#37:850] . v '

For the teacher, the use of a card reader for test; 
.scoring entails an.added workload as a programmer or'as a 
technician if the operation' is, f aulty .- I f t h e : device 
performs as expected, however, release from a clerical task 
is the primary,payoff. ' » '•

" . . / s V'-' •• ■ *■ ■I , can be spending more time, preparing lessons, or 
■ dealing with students. [#30:836] , '

' Depending oh the physical and supervisory arrangements
in the schooly some out-^of-class. time is' implied if students
mark’ ‘the answer sheets.  ̂ ^ :

Genera.Lly, the kids "that want to mark gladly''give up 
their recess or their noon hour and come in and spend 
the ' fifteen • minutes it takes, tops, to mark, the whole 
class's work and then they are done for that particular 
day. [#37:975]

• - ’ If , however, problems, with the device are extensive,
•the teacher becomes more cautious of tackling new areas and
may be,? content to hold the status quo.

I am one ' of these people who are backing off, just 
'don't have the commitment:or the energies. [#05:470]

*

. ,.,.v . .In summary, r a; teacher who is considering using a
computer for test scoring, using a card reader, should know 
that
1) a dependable, easily operated device gives greater 

'service to the, teachers 'in the school for the!*-investment,
- measured in tests marked per, foliar spent, -

■ : - \2) the inve|^ment required for this use is dollars ̂ of school
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capital funds and/or;hours of 'teacher time (which, could 
— also come from school funds for release for program"

" needs), : ' . .. .■
r'.-' ■"'■■■ ’/»/;■■■ ’• v- ; : v' ■> ; - ‘ ; . -.3) the. teacher should" be inclined to the process and 

limitations of marking-by-machine, ’ .
: , 4) the interpretation; by the machine of the student1s mkrks

is determined by reference to an arbitrary-, a.djusf^le 
standard, of sensitivity, ctnd •"

5) the students will learn that"th^^device- is: not flawless 
and th^t unambiguous communication using the mark sense

' :>■' v i-, ■ ■• card is required : ' :x .„'
' r :  -  . . : x , . .  ■

V

.test Records The area of keeping records vd£ student 
• i ■ ; .. >/.■■. 1achievement is one which commanded both•the 'highest level o

’ . : ’ • ' \  ' - .experience (media'n = 2) and. also the highest level of
\  ' 'r. . '.'' v.'/' .

feasibility (median = 3 K amongst the respondents to .the ■: 
questionnaire. Although four teacheES- were selected for^. 
discussion of aspects of this, use, eleven other teachers' <S. \
referred to their activities here as asides to the primary
topics discussed, '(fn'this use of computers, much of the

■ ... ■■■ ■1'1' "; dxf.f e.r.ehiia.tion, between^ participants was dependent on the'
- - '• %  . typ'e of software that they chose. The programs used byjfe.the

teachers ranged from a simple calculator function without 
storage of records, through programs suitable only fpr
° v - Vdetermining and ̂ .storing marks, to multi-functional data •. 
management programs. -
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.• v- .• f 7 - • - 7„,. 777-n ,.; ■ • ' 77 '7777. 7 .?-: 7. V;T. ' .:'

4 ‘ . ■ -7 -■ - \ 7- ■■■•... : ■ : ' V r C - ° > " v' -■■•.■■' 186'•77777.' t. '-7 ’7'’ . v 7':V ■' 7. . ;,;.V . _■ "• - ■ y.'.
,;- j|n Npne of fhe'programs required knpwiegg.4 of programming.

■7:'' ■ ”7 V ■'.■ . , ■■v.-”-:;' -t" “S'- ■.7'7-/;"of-the programs were "turn-key" r'eguiring only
. ■ |  ‘ • ft- ». 4sH-  7 ■ W'operation of the hardware components and response to the 
requests of the menu-driven program/ - 7 7';'7ivf *

' The.-data base management, program was operated as a
7 . 5 W  ’r. . . v; ;■ . . .

learning activity by special project students under the —
1 • 7  - ’ • \ W '  ... * -  i; ' I ' . . .  ■ . .  '" • 'p .;; .instruction of a teacher iand as a customized servicing of : .•■/ 7

the.'-marks of five teachers. The, kinds of knowledge needed ■ '
'■■‘•■'■'A ; 7; 'S77/ "■■ ■■ . ’ .7:7 '■ 7’ 7 ■ 7 ■ . : 7' ■ ■■■

. ' by the teacher encompassed both the large concept required
. by the teacher of the -scope of the program as well as the > . __

details to bi| mastered by the' student including 7.
*■.'■■■:'.v\- 7' how to ^operate the ..fields, .which are,.the important

• . things, thq*variables within\the program. I Will show
them', the various menu functions, how.I .can manipulate 
data.. ; I wiil show them what, I had done • 7"'•■*■■■ using 

' - , last year's programs. . . .. The problem is7that as you
• -.vary the teacher, you vary the format as well. . •. -.; My 
' format won't fit any other teacher's formats for'mark

calculations. [#40:390] • . 7 ._■ /

7. A range of computers4 including IMSAI, Applp, Commodore
V..v7 ' ' ; . . 7:7/ ' . . V  v^-'7 7'

8032, and LA36 ̂ ECWriter terminals to 'a mainframe; were used
■■ ■'■S'' ■. ■ ■•■■'■• ' ■with the marks recct'ds p r o g r a m s N o  ; distinct advantage of

any machine' was noted 'except for a concern for the■7. ♦ . - . Y  ,7 ' 7 .
portability of programs, .between computers manufactured by '

• ■ sthe same company, e.g., Commodore 64 and 8032;
..I have to make some adjustments, so I have to go
through • and make sure where the problem comes in rs
wbere you are. With files, with the 8050, you are in 
Basic 4-. Now I have to, with the Link in, I can have
Basic 4, but I only have one. disk drive. So with this' 
particular program, ' . . you put. one . disk in drive 0
and the disk that you want your file memorized to in 
th'e other one. The commands are specific for those 
different ones. So you have -to go fhroggh and-change

. those things. . S a m  hoping that is all. there is.
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If there is more than that, then I will just scrap it; 
it is not worth j,ty [#35:178] . \  ̂ ' ■

■ ■ .. ’ . ■ '■ ■ . V :.f . ' .; • •
A proposal.to process marks on a mainframe was seen; as

desirable by one teacher who.hoped that fewer errors would ̂  t:
result from direct reporting'':of • the students' marks';

We could directly feed ‘Coe information that we have o n * \ 
these kids, their marks, to the- Department of Ed. so < 

' that ..thete is .less likelihood : for error i We went' , 
^ • througnf a period of using computerized report cards a

'V few years back; !some schools still^.^ise them. . We were
absolutely amazed at how the mark-,' the mark book with ■ 
the .bubble sheet, to some technician downtown, to the 

. computer, ' to , Edmonton, 'to the mail, and back to' the 
. ■ Scx^-, how the ', inhrk V ooui,d end up being sb different.

amount of corrections and stuff’was unreal. You 
could never" ‘ place the blame'anywhere.; it was just a 
long chain and anywhere these mistakes were made. Now, 
we ' think ',it will be possible that ;■ . . we covfid feed / 
the ma'rk directly .' . . and once the teachef looks down 
the .'“list and, sees these are correct, that it will now
be correct in' final form. [.#41:161 ] ,

"The .teachers learned ̂ about specific,marks records 
programs by reading^ catalogs sent by publishing companies,

. by inquiring at local compute'^ retail shops, and from local
■' ■ ■■■■'■ ■■ .. -school system specialists. The programs that were used were

■ . ' *  ■■ ■ ■ ■ • _ ;

produced by students or fellow teachers in the school Wh^re
the programs were used, by a developer at the local

■/ ' • : . - " - i ;University, by specialists working for a local Technology
Institute or school system, by the Provincial Department of

* ■ " • ‘ VEducation, by commercial software ̂ houses,. and by the 
teacher-user. . ' ■ • . ’ - ŷ

For those ^.eachers who were skilled or inclined to" 
•develop a marks program, that development was frequently 
- "a required project for a course, -

&
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■" - :■ -V '• V  :/ ,-.v:.I.'1.’--' '••• : '• ■ ■■ *' ':V
’ The only cpason I wrote this one is because, with the 

.correspondence course I took, we had to write ; a 
project. 'It didn't have to be as ambitious as'the' one 
that I did -but I decided that's what‘I wanted; there, 
wash't one on the market at that time or a.t least hot 
a -good one that I had seen - so I just decided to write 
one' and so I came, up with a useable .one 'and J.t 's-mine
•so IV use- it. [#28:350]

or because available material was unsuitable or inadequate
for the teacher1 s ..purposes. r . v *

•Initially, I got • started on ' i t " in terms of I just
wanted a way of keeping a record for myself and then'
t-he .school here* bad purchased a commercial program . v. >. .it's not_ all that great a program. . . . The problem'"' with it; - and a number of teachers complained about, it, was that you could only enter one student's name and •• you only ;saw one name oh- the screen. And it was onthat approach that I started■to look around. I played around v̂ith' it myself and I was very displeased- with it so I decided, "Well, maybe I can. write something thatwill do what.I want." And, as a result, we now haye itset up"̂. so .; ̂that it- presents 15 students ' names on the.. screen sorit /Looks like a normal mark book. [#44:154]

Tne characteristics: of’ the marks-records software that
> -V. -vwere extolled were ' I

* . ' i • s'? *-..the , flexibility of ‘ the data-hased -prog.ram,
• ’ - I-purchased . -itrealizing that 'it had ,a reasonable

flexibility to--do. anything I wanted it to -do, whether I
' ... • wanted' to do , inventory, whether I wanted it. to do#^

. students' marks.,,/ whether 'I wanted to do any kind of^
• - manipulation of, any . kind of data, I could do it with

that Manager system. [#40+020] *
- offering a format appropriate for the intended 

application,
We tried it. put here but it is designed mainly for a 
Junior High - Elementary, eight block a day-,, more .of a

   class-orientated, rather than 'ah', individual student
mark sheet. . . So what it does is . . . you would
get all the marks for Grade 8 Health and then you would
go on to a module in Shop and it would handle all the
kids. And it wouldn't look at what this kid was taking
if he switched courses all the way along. . -../Again,

■it is very awkward to use in the High Schools so we
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decided not to go with that one’ either . [#09:081] ;
- the operation of a program from a ̂ j^ngle disk drive/

But i^'s not that good; it needs two disk drives and I
v vf.ind that teachers really don't like a two-disk-drive

syst^mlfor their marks because they like to have it all
on one ' disk. • They want to have their disk with"-the

V. program- ahd- their files on- the same disk. . . They
; have control over it. [#3.9:120] '

- t h e  rapid and efficient processing of marks,
That * was an experimental program that we decided to try 

1 up- until January and then we gave it up because it was 
- too cumbersome, ’ too time-consuming-v.. Recess ;to 
individual —.student information, to enter marks',

. retrieve information-, ' it simply took too long; 
[#09:060] . ■'/.* -  ,v .

- provision- in the program/ for requirements of the teacher.,
Problems . . .’ in . weighting factors in columns and
ma'rks.. . . . "Will it handle anything less than 5%?
Will it handle anything over 5.%?" " He hasn.' t done, that 
in his main program. If it is less than 5% for-each
column, it won11 touch it. . . . So you have -got to
watch yourself, so that when you are doing, a kid's 
average, I always check to make sure that if. I do one, 
kid's average, and if his is right, then the rest 
should be right. [#09:699]

- the thoroughness of the manual to describe the limitations
of the program,

I am ..not sure that they could write a manual that
- defined what I wanted to do . . . so I can car,ry it off

tight away. . . . To do my |pnction_ of reporting, I
think one ,has to be a bit tolerant of the fact, maybe, 
they weren't writing a manual for doing report cards 
[using a data-b^sfed management system.] [#40:+122]

the ability of the program to gather and weight similar
marks for a final summary,

I have used the one written by our student; I 'm not 
happy with it, and I will tell you why. Because in the 

.„ Sciences, I like to usually allot 10% for Labs,'20% for
\  the Final Exam, that is the way we used to do it, and

70% on - classwork. ."• This program did not facilitate 
this. [#35:163]
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and . allows adequate description of marks.
But it wasn't giving us, for. example, if I would type 
in : Test #1, I would type in Tl. When the student gets 
back the printout, it says Tl 50%. He's got t o . b a c k  ■. 
to his own recqrds, unless I. provide them, to tell him 
what Tl was. With Compumark, we have-available, at-the.

, .‘bottom," a legend. Tl was Test #1 on Reaction Kinetics; 
h T , was Lab #2 on Precipitation Reaction; and So oh. 
[#42:242] f  • ..

; The difficulties that were experienced by the teachers 
included the'phenomena of .
- working with the requirements of the computer/program

. . The only part of it that is a little bit of an 
incohvenience. is the fact that before I can enter it, ...

« . . I have to get a'mark for each of the students.
* Now, there is a provision in the program - I can go 

back and add or change a mark for an individual student 
but it1 s a little bit of a hassle to do. You have., to 
start up the computer a#d you have to go through 

: certain procedures to change the one student so it's
- easier ^to wait until you have all the marks for the 
class before you enter it. [#28:331] . ' ’ “ .

p: and coping with the workload associated with this use.’ ' •
: It does take time on a weekly basis perhaps for 'us; to •

enter the marks, but again,f it is at a point now where 
we have one or two -students who we say to, "Look,. I ’ve'- 
got a new set of. marks, would you enter it-for the 
class?" . . . They love to be helpful and so•they111 do 
it for us. .And it saves a lot of time. [#42:31]

The teachers, as they encountered the difficulties 
described above, called upon a number of resources ranging 
from their own perseverance, their fr.ierids or colleagues, or 
the author/manual.

; •- ' ’ •;. 
For . this particular program, having.gone through it- 
once with Cam [ the author ], all staff member's present, . 
was enough to. get people with it, and ready reference- 
to the manual. The only thing we have done is, as. we 
have used it, we have simply made notes here and there.
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The limitations or impediments to good teaching 
practice detectable in the comments, by the teachers related

‘ - the perceived infallibility.of •the computer1s printout of.'
-.-marks " : •••' "

■ ■ ■ ' ■ ■ ■ >  ' • v  ■ ' ■ ■ ■ - .  -■ , .

Th,e» administration, they belief that the computer can't 
make .an error. . . . Tf.-'I give them a computer 
pri-nt-out, they take it for face value. Then they 
don’t look at my record book-and they ,don’t think.

■, [#27:1138] ..." V  1
'-and the confidentiality of posted student marks.
. .. 1 asked the . students prior to ■ ever posting anything, 

like that, "Look-; are you opposed to the new way of 
having -your marks' presented £o the rest of the class 
via the bulletin board at the back of ‘the room?". I 
haven't had any students object. I they did, then of
course, I would- consider some way of removing, that
particular person's mark, just by flanking it-out from 
.the printout, cutting it out of the page, or whatever,

. or .making other kinds of personal adjustments. .' . . 
-The names are there, the marks-are there. - Students can. 
see how many assignments they have, who's missed them, 

a ' : who; hasn' t, - .what grades you-'re- getting, .what the
average mark is on -, each assignment aS-well as the
•overall class mark. [#42:32]

.-The impact of the computer on the teacher's common 
chore of recording student, achievement was -felt in three 
areas; * ..... '
- the potential for relief if the teacher •is released from

the task of dat-a-entry and manipulation’ V
It is a very mundane act, particularly if you have any 
broad evaluation basis. . . . I find it extremely
tedious, I can think of nothing I'd rather-, I-don't 
enjoy it. [ #40 :+224,]
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Because of the time-savi:pg feature and the immediacy; of
the:, fe.edback, I - probably ndw provide mpre < haid 
evaluations', f of the'" students than I-,<Would have 
otherwise. I n . other w o r d s t h e r e  may be ;jnore quiz zeS ",} -.

Well, this test has pushed me ub, pulled me down, 
where it has-. . ." [#44:096]v t'

I think we are. accountable to [the -students. ] "These 
are your marks, not rny marks. You are responsible f or 
those thingl'. I had better have done my job right." I 
think that probably the hardest thing to get u s e d £ o  is 
handing the'se] things out and T h e r e a t 1 > f o u  have 
done, as I perceived it, and . I marked it, and I 
corrected, it. Am I right? Did I make a.mistake? Did 
I d o  something wrong? And, if. *i did-, then -I think that 
you have- more than a right to talk to me about it."
: [#4 0 :8 8 9 ] * / . . , .,;t ' , • . ti

.tne&i? 'Hiay oe. more assignments ̂ tnat are:,nanded in tor 
l^apfiag, and the results. : beirig given back to fthem..

persons. .d-
jfte" certainly. has speeded u p the-process of assicrnincr

The effect of reporting marks using a. computer is as 
significant ifpr the student as it is.for -the teacher 
because,when marks are calculated and posted,
- self-improvement is noted, ■ •
■ :'! ... ' .* - '■ ■' ■ ...... ' .... * '' The , kids respond very positively and' they cant see .

and teachers are shown as accountable for their role as
processors, and not originators, of students' marks

«

..In summary, a teacher who uses a computer for mark 
records should know that
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a) this function. Will magnify or enhance those same

activities (recording., compiling, reporting) that the. • , ' . • • • , ' '

teacher*would have completed without using the computer,
b) -the limitations of the’program or'■computer in executing 

thpse activities must be identified.using trial data, ' ,
c) there will be a trade-of f between*i.increased clerical ... 

activities of entering -the data and decreased - : ; ' . .
calculations in processing the data, and •

d) an examination of the issues of confidentiality and ' • 
accountability should be made prior to fusing the
' computer:v;s. ability to expand the reporting of marks.?1

Test Item Analysis< The extensive use- of a computer for. 
test production and mark records is strongly contrasted wi4^• ' ‘ ■ - .'"-n..
the negligible experience (median = 0 ) and moderate

. ■> •

V  feasibility'(median = 2) when used to aid in test item
analyis. Four.respondents contributed the comments that are
compiled in this section. ' ■/.

* •
The programs that the teachers used were SuperPilot, a- 

'program for the Chat'Sworth card reader- (both pr^gra'ms used
on an Apple, computerK and thoserWtitten for the mainframe' - A 7y ■ V..;

- computers operated by two, large urban public districts... The 
teachers had hot used any knowledge aft programming for 

■■ • analysis of test items. However, to initiate’ the analysis
of test items u-^ing any of these programs, the teachers 
needed to follow-,di^ections either from the screen or from
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the manualaccompanying the program.*? Neither students nor
teaching/aides were involved but -the use by the teacher of- .• >f.i • , ' ■ .■ ■ ■ V, - ■ -
the Jpba'ti sties provided by the program, required-an extensive 
knowledge including • *
- the extent of the' information that is to be selected from . ..
, the printout of- statistics, . ^
- the significance of the .statistics that are produced by
’the program, ' r

■/-. the criteria to be used to . evaluate .the statistics
v ‘ •* **■

•' prlsbnted, and . - % '

.-the  techniques for revising questions using .the .
•V-." o ; ^ .v,: ̂statistical /information, -

■ 'The analysis of tests used by ,th"e teachers'in this
• o • •

survey employed^iardware and software t h a t  had been selected 
either by other school personnel or for other purposes. The 
.analysis of test items was then a supplementary benefit.that 
was used only occasionally, b : •

W e 're not using it as extensively now as we have in the^
‘ past'. . . . So, a number of times during the: year, . ...
■ ... I . think w e ' re running about four a year. This year, 

for example, I think we've only•sent in two, but we did 
a few more last year which meahs' that in the rotation, ' 
we're a little bit more confident with more exams that-' 
are still up-to-date.''■ ^#46 :054]

' < . . .  The major use of the test statistics by the teacher was
for building and revising tests.

p ' What w e 1 re trying to do is build a bank of tests rather
than just items that have been through everyone else 
so, as the years have gone by, we have done ^Sat. So 
we use the service now when we're trying to put in a

X
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new. test. ,[ #4-6:00.0 ] *. ■ •.

' ' ' " t- r

Features of the"analysis section of servicing tests
• * s.

that were.identified as useful -by the teachers included
It gives a frequency .response to. each of the possible 
answers, . . .'a distribution'frequency of the .scores - 
how many-people made the scores... Then'it giVes a mean 

^"~''-^and a standard deviation- . . [#05:211]
The question is defined in terms* of what . the
classification is - Knowledge, Comprehension, ,
Open-Endj%d, Whatever ' so you have tjfcit classif ication.

■.It's also-got a l e v ^ l  of difficulty Tfssociat^ed with it.
[#44:712] .

4 * ■%. ** % ■ ' - . J •

The teachers used the computer-generated statistics for
test item analysis when new questions or tests-were being

H  Vv- .constructed or evaluated. K «
. If it was a test ‘constructed by the teacher and he Wa^ 

interested in" -doing that, I think it would be helpful., 
you know, it would at least get him in the right ball 

.park. [#05:211]

The revision of test items on the basis of statistical
analysis was^done initially by a revision committee but in
practice.by an'interested" individual teacher.

With the revisions, we -tend to do it together . . . You
- j u s t  have to- take this test and I'll go through it

because we just can't get people together, unless the
• person has a particular interest, in the test, then

often they'll do it. The ecology test we had some 
years back, for example, I did because I was keenly 
interested in that and we’ just couldn't get together’ 

. .[#46 :084] “

The impetus for constructing, testing, and revising • . * ''•»
test items came from a sponsoring institution Such as the
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employing schoot, school jurisdiction, Department of
Education, or from the individual teacher. ^

I think it has a lot to do with the fact that, as 
science teachers, you have * some ' feeling towards
objectivity and that if there is a way ..to check arid see 
■if a question is perhaps being objective-enough, you 

. are going to utilize it. [#.46:017]

Although the statistical•analysis supplied by the ,
%
^ p m p u t e r  was useful, the teacher and the pupils-xare ^
%®ipor*t‘ant- sources of information to assist with test item

' "" ^  ' ... . . ■
revision. ■ ' ^  •

•’ ’ $  -.■■■■ •
If someone was wondering about starting this kind of 
service; in itself, it's very useful but I wouldn't 
want to do 'it without always- having the thorough. 

'■'> experience, when going through a- test, of having gone
over that test with the \ class' that wrote it . . . .  
Especially - when you go through multiple fchoice 
examinations with studpnts anql hear t h e i r ‘obj^fctions to 
certain things that r.l'm sure you've experienced this 
- there's no way that-, you '^duld have seen that until 
you';went through it with a group of kids and they said, 

but -I thought this meant, something else" and you 
. ' 'ibo’k- at it and W y ,  "Well, of course, you£.d©uld read it

' h; [elf her way!" [#46:147] , ; / '

'A difficulty frequentlyexpressed*1 was -the defay'in ; r 
processing the test results using the•mainframe computer to 
produce the statistical results.

, I think I remember doing it once and the turnover was
• so long. [Pilot] ,

In summary, a teacher who would use a computer for 
analysis of test items' should know that

there are many levels of information released by V' ’ * . •'.[ •statistical programs dnd each level is ajbpropriate for
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various degrees of revision of .test items,
- several souces of information each bring the^Lr own 

information and perspective to the test items that are"
\under scrutiny, . ̂  . .

- instruction in how to use the information presented in the 
statistics, mastery of the course content, and an 
understanding of student learning behaviour are all
necessary to achieve the desired, revised item,
' * ’ ' \ ' ' .- a dilemma is frequently presented between using delayed,

extensive results available0 from a central mainframe, 
computer.an£ less detailed statistics from’ a local school 
microcomputer.

-f. t ' ’ - • •

- Mark Trends Teachers in the survey had virtually ry6.

experience' (median = O') and only moderate interest (median =
. , ■ v  ■ ’ #2) in correlation of marks and analysis of trends. Only one. 

sixth of the respondents indicated some experience ox>- 
interest and, due tp time limitations, only one of these was•'■■.O'• f • • 

.interviewed. 
i ■" *

The interviewee had not used a computer for analysis of
5 • 1 •

mark trends but had done an elementary analysis as a
iftr ’ response from administration personnel. _ «iv/- • ’

A -few years ago, there was some exam written. .-. .
Everyone writes it and then, of course, analysis of 

.. . marks is done'in some fashion and. typically we'll get
1 i  information back to the school. They111 have, say

’’ provincia‘1. average such-and-such, your school average
- such-and-such, and then -the question, say] from the
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' ^person at Central Office, will be, "How do .you ' 
rirrtterpret * this? " Maybe w e 1 ire f our percent below 
provincial average. My initial reaction to this was 
one of a little dismay. [#13:25.9],'*sv • ... • •»

: v -'- ' ■
Concern was expressed for' a balanced view^bf the

measure of. productivity of a class,
I am not sure that I am ^.ern^bly interested in a lot of ! 
detailed statistical analysis of an individual class of 
mine. I think there are subjective aspects to this ' 
that might be more significant than the objective. 
[#13:27.1] . ' ■ V . . . ' : ,

and a need for training of personnel responsible for
<i interpreting thesfe statistics. , ■ >‘

* % ■ ■ ■I don't like necessarily getting involved with that
kind* of detailed analysis because I really don't -know-
what • it means in any case. . . . There are so m^ny
different ways of interpreting data anyways that - from

. statistical standings - that* I am not sure how
important I feel that is for ah'individual class. If
ishey take global views of many' tens of thousands of

i? students, there may be some interest in f-hat kind of
• thing. O n . an individual basis, I don't know.. I
personally wouldn't be that^’ interested in *-it.
[#13:27. *■*. ; ■ . V?

The onset of diploma exams, the capacity of computers
to 'Itore' and analyze data, |nd the tendency for work to. 
expand in. proportion to the opportunities that are available5i ,

predicts increased activity by school personnel in this area,
of analyzing, '.or responding to analysis of, trends in marks.

1 •
Alberta Ed.- is •: doing. it right nowl We are going to 
have to .react toes that in some way or another.. . . 
This whole- thing is broadening out now . . . . I  think, 

^.whether we like it or not, we are going to be forced, 
into this kind of item-by-item thing, "What -are the 
trends1 in this., particular area? How are the exams' 

t “ being modified to compensate?" To me, it is a very
. . complex and very messy situation. [#13:26.4]

/
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,Av final.observation was made that the use of computers 
■ for this purpose is for supervisors or coordinators and not 
'for the classroom teacher. . ;.■-■■■ -

• Whether we will be able .to do anything meaningful in a 
.small sample within t h e . school, I- don't know, it 

^ ' "always distresses. rye When people complain that, a school
or. a kid is below average/ because, by definition, half 
.Of,*; the population is below average. .The next year, 
ma^be we're four, percent above average. What does it 
mean,? •* It means absolutely nothihg on the face of it. 
I d>n't know what you were actually getting up. there, 
but this becomes really an administrative*,' supervisory 
use. [#13:26.6]

Career Guidance Although ‘career guidance tied with 
. gaming as the lowest ranking use of computers by experience 

(median. = 0) and feasibility tmedian - 1 ) , nearly one third 
of the respondents indicated some aquaintance with this use 
and two respondents described their activities.

t ’■ /. f  ■' ' ■ • ■ * ■*' ' ■ '
The programs that were, used for this service to 

• ' 1 * * ' 
students j^ere data banks of occupations, the search of which
was controlled by the responses to questions asked of the
students.

The one that we have-is a program that I Relieve was 
developed by a guy in Rocky Mountain House. It is 
commercially available. All of our high schools^haye a 
copy of this. . . . What it is is a listing of 
approximately 800 tp 900 tygĵ ps of careers.' It, leads a 
person ttfrough making choices of their* interests, thefr 
abilities/" what kind of wages they would like to have, 
and' I don't know how many questions there are-. 
[#24:262] - ' • ' 4 '* ' . i -
The -programs'were menu-driven and required little
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V  ••• 200.
assistance.•V. .'.■■■•

Now, for orientation as to how to operate 'p f f e . hardware,
; I think ’it i^ almost nothing, really,'be'&^use the . . .
- disks are/-• inserted into; the machine permanently. It

has got a great big.pie9e.pfi tape over it so that you 
can't take v the disks out. . ". .. It is completely
menu-driven. ^  You just follow-the questions. The kids 

r find it very easy to follow the questions. They don't
get into trouble - except occasionally. . j  Any
teacher, or any student, can.be trained very quickly to 
go  ̂through .the ptoper order of turning things.fon, and 
slipping disks, i n l a n d  being careful of the little red 

..... light and that typ^v'of thing. But there is a little 
bit of training that is involved, so that it is more 
than, just turning ifê . on., . . . Usually-the, guidance 
counsellor will be there w^ien the student initially 
starts on the program, jui&b to'make sure that they ‘get 
in properly. . . *. The counsellors^ take them, and then, 
more or less, they- give them ’.the code to get in. 
[#24:332] ‘ c  ̂  \

No programming knowledge was required by either staff of
students. / . ’•
... • • ■ _ . ■ v - • v ^ r  ■ -

# \ •
V: ■" *

. Both: teachers; were in- schools where‘the guidance 
department had fiscal and, managerial responsibility^or the 
service,. - Guidance staff handledfall arrangements for\
V  . ' ■ •.■' ■ Ybd.qki-ng and booting the computer. \  '
* The guidance computer .is not available^to the school 

other than for “" the guidance" people. They have made 
that very clear to us. [#24:353] '

The schools used Apple and Commodore computers for this 
guidance sferviceV •• ' ’
.-'The. selection and maintenance of these machines was done 

by the depaftment,
' i 4> ... v' - ’ ■

As far as I ' know, the. .hardware w#s given to the school.
Now whether it came from the School Board or from
Alberta Education, I am not, certain. . . . This is1 the . 
reason? that the guidance department is very protective

cr
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of the hardware 1 [  #24 :686 ]J 

as was the selection of the programs.
[The counsellor] has looked at CHOICES, spent two days 
at a camp, and I t^ink [the Factory author] is going to 
come down and spend Another day with us so we can get a 
pretty good look at it. [#09:864

■; . ;v'/: ■■■

Only two programs were used by the schools, CHOICES and
Career Factory. ^

Career Factory appears to do the same thing that 
CHOICES does/ except it is cheaper, and it is hanSy „to 
us. [#09:864] • * *

Prior to using „<the computer, the students, were given a *
'v ‘ . * , '

list of expected’ prompts to which they wrote their
anticipated responses. ' , .

One thing they’ have to do. before they get on the 
computer itsel'f, the counsellors have a piece of paper 
which takes [the students] through a lot of the 
questions ahead of time and they are asked to fill out 
those questions on -a piece of paper so that , when they 
come tc the computer, they can respond reasonably 
quickly and have an idea as to what kinds of cue s.t ions 
are going to come. [#24:332] ’ -• p-'

. '.-Because the teachers held dual roles of science subject,. 
:ea^hejr .and student advisor, they were atuned to thjl.

/benefits 2ff this use of computers, by science students.
j  Using -the program was considered to indirectly benefit the
/ . 7/ teacher and the student; :
/, - t-hp teacher, and hence the students, received additionali

background- about the ^practical applications of the subject * / \
matter ,of the science course.being developed "
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I will be talking to kids about vectors or something '
and they will say, "Well, what good is this going to do 
us?” And I will say, "Suppose you think*ten years down 
the road that you might be out in the country 
someplace, in some hick, town, but your big interest has 
become flying." And they will say,'"Well, what does 
flying have to do with vectors?" I said, "Yes., I've'
taken a few flying lessons,. I know that vectors have a 
lot to da with it whin you get down to the maps . . ." 
You jus’t keep on listing examples, so they finally get 

• the connection between the two. It is very incidental, 
it is not that I go into class and say, Well, I'm going 
to tell them everything that is practical in this 
course. It just comes incidentally. [#09:915]

- and it was possible to’ identify the relevancy of the
course content to the students' post-secondary plans.

When. ^>art v of your teaching and part*of your courSe is 
'talking about the applications of the course I and •
technology,.^ it would be nice to have a nice, big \oncf
lis't of careers that sort of fit into your chemistry 
course - that you have. • Now what' can a person do" wnen 
you get out. A lot of that,. I've just .gpne on past 
experience and I, think that perhaps that Career Factory 
or something like that would be a help. [#24:315]

The impact of this use for science teachers is that the 
teacher is assisted in bringing the student to see that the
learning of 'the course material is part of their whole life
experiences. v .

9 ■ ■ ' ’ v :  ■I stress in my Physics class, I .say, "Go"out and get an 
'.Engineering* .clegr-ee; if you can't make ■ up your: mind 
about anything else, at least try that. If you get. 
accepted • "and you. > put iij a couple, of years maybe, by 

p  •••;. v -£hat■ /LtymeJ your eyes will bfe opened up a little bit.
.  ̂ Get &.JLit.tle bit more experience in this thing than we

: /can ‘ ,atT:scho.ol here." And we are. siyre trapped, really 1
You d on ' €  have much 'outside contact, but you do at
least once you are'out of here. .‘That is one of the big 
drawbacks of counselling; you are here. You are not in 

i the main flow, main'stream of'things in-.the business
world. So whatever" -I see as- being a g€red; job gets 
•passed onto the kids. Maybe one kid picks it up in so 

* far as counselling; - in that sense, that is what I am
coping. I, imagine that is what some of the other' 
teachers are doing as well. Depending on what courses
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they take, you are going to get influenced by those 
teachers to a certain extent. [#09:888]

Summary
The vast ambunt of data provided by the science

teachers during their interviews was progressively'sorted by
■ '' *phase of teaching activity, type of computer use, and.

^ * rcategory of knowledge and skill to give a description of the
specific knowledge apd skill needed for integration of 
computers into the science curriculum.
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CHAPTER V /' • t

The Knowledge Perceived as Needed by, a Teacher.
. to Use! Computers Ef fectively in •Teaching' Science

Introduction
The knowledge and skills possessed by-'a teacher ate 

cuiwrLative over various'past events. These separate
experiences are usually integrated into a whole

. ■ ’ ' ' fr 1' •understanding stronger than the individual ideas. The same
can be said about the use of computers in teaching science.
In this chapter, various ideas and practices are brought
together to form-a composite picture which, hopefully, is
stronger and -more useful than tjie individual parts. The
information used for the synthesis comes from three sources:

y  ■ > ■- the.surveyof references and periodicals '(Chapter 2 ),
: ■ .. X ; -  ■■- the results from the questionnaire and.-the structured 

interviews, with.practicing science teachers (Chapter 4), 
and .' '
 ̂ ĵi/jjv the related professional experiences of the researcher.

The researcher believes that these three source's are 
fairly exhaustive in presenting the "state of the art" of 
using comj^ut&rs in science instruction. By selecting 
correlated observations and unique comments from these three 
sources, a description is synthesized that describes a 
possible introduction to being a computer-literate science
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teacher.

In a manner similar to the ..way the knowledge v
requirements for each use are built into a unified whole 
from the separate inf ormation sources, each interviewed 
teacher* formed a coherent, working pattern'ofbehaviour in 
computer use that was consistent with the educational values 
to which the teacher subscribed,, crocker (l9g3) suggested- 
that this pattern, which'he designated as the, teachers1 
"functional paradigm", was build on common beliefs, values, 
exemplars, and routines. Lantz and Kass (198y) identified, '«. ■ 
as elements in the functional paradigm of chemistry ' 
teachers, four common perceptions.by chemistry teachers of:

, high schooT"chei^.stry, teaching, students, and the school 
. setting. ' V

'.••-.In this study, 'the common elements, that yere present in 
the functional paradigm of the interviewed science teachers, 
appear to be the five categories of general knowledge in 
computer use that, were identified in.the questionnaire 
responses and around which questions Were poSsd to the 
interviewees to identify what a teacher should know about 
computers to u s t h e m  effectively (Append!* H) .

One factor in'the functional paradigm of the 
computer-using.science teachers that was noted in passing - is •
the' effect on the nature of the science instfdctfSn as a

■ . ■ ’
■ ' 'result of using the computer. The interviewed teachers*

indented that this inf luence was already - i?ei^g felt in
’ * *

’ • * . '■ ',.1 ; ' :V:'.
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various uses and phases of teaching. Although the
technology'presents potential for improvement of
instruction, it may also mold the direction and emphasis in
instruction in ways that may or may not be considered
desirable.' For example, test-item banking with emphasis on
multiple choice items may be a great time-saver for the
teacher ■, but it could also result in the neglect of
evaluation of (and hence instruction for) important outcomes.
in science. ;

■ <?

This chapter is'organized as follows: In the first .
part, there is a brief critical re-examination of the 
framework for the study, as represented in the questionnaire 
in Appendix A, on the basis of the data gathered, from the 
t e a s e r s . This is followed by a presentation of the general ; 
background knowledge that is required for many, 'if not all, 
specific uses. Finally, each of- the uses remaining, ■ 
following the critique o ^ t h e  framework, is discussed in
detail on the basis of the three sources of information

. . . "  • »

indicated above. This is done from the point of view of 
helping a teacher understand the specified use, the kinds of- 
objectives that might be achieved in science with this 

. computer use, and, finally, how the teacher might get 
started' in the use and ultimately' become effective with it.

ritical Examination of the Framework-■'i ; ...... ' '•
The structure of the. questionnaire in Appendix A is one
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repres.erftat.ion of the framework used for identifying and . 
defining computer uses in science. This questionnaire 

■1.. resulted from the literature survey rejported in Chapter II 
arid fhe pilot stage for gathering datS from teachers 
discussed in Chapter III. The validity of the framework now 
must-be judged* in terms of ..the data obtained from, the 
teachers in the main stage. TheseNiata point to the 
following considerations:
1) The three phases of teaching ■activities, constitute a 

■ useful sequence for classifying the; .specific uses of
• computers' in science; hence, should be retained. '̂

2.) All'eighteen uses spelled out in the framework are^
/ legitimate possibilities. However, they are not a}.l

deemed to be equally important or feasible,. For 'example, 
at this time, very little of real value for the study can 
be said,' from the perspective of the teacher of science, 
about, the use of computers in career guidance, hence, it 
is now dropped from the list of Uses discus’sed in this 
chapter. Others, such as the use of computers in 

^professional development, have-not beeh developed yet or 
become an actuality, bu-t their potential value is so

m.
great that they will be inclmj;ed in this chapter.

4 3) Some of the definitions of uses need to be modified
• arid/or elaborated. This-is done' at the beginning of .the 

• i:;ifv discussion of eac.lf• use. For example, "library.'
applications" has been.expanded, a s ."information 
retrieval", to include all instructional resources in the

; ■' '
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library instructional5technology resource centre,' v 
laboratory Supply rooms, etc. In a contrary fashion, the 

• description of "simulations" has been restricted to 
. . include only applications of modelling of phenomena 

leaving the other, previously included, '
laboratory-oriented application as a separate use as 
"experimental analysis".

4) Very few, if any, of the-uses described in'the framework- 
stand'-.alone, unrelated to any other use. Indeed, the 
opposite^is true. For instaffce, a computer program that 
introduces new content in a tutorial mode might also 
incorporate drill and practice as .well as simulations. 
However, the eighteen uses remaining in .the framework are 
distinct, as can be"seen from their definitions.

5) The framework did not recognize the general’background 
knowledge that underlies a number.of specified uses.
This knowledge represents a body of information wjgich 
cou’ld be considered prerequisite to most .subsequent uses 
of a computer and, rather than repeat this general 
knowledge under each use, i f  is' deait with in a separate 
section below. y

General Background Knowledge 
The results of the study, "partitioned in the-previous 

chapters into the', various phases ahd uses, identified
several categories of knowledge that were in common or were

. v ■compatible across several uses. These are as follows:
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... . . .209 .'■*>
operating and programming, hardware and peripherals, 
software and courseware, word processing, inter-computer 
communication, implementation of applications, and impact on 
the teacher. ,

The purchase and operation of a computer system in an 
educational setting has several reqrnLrements regardless of 
the timing of. the proposed use in the- cycle of teacher and 
learner activities. The common factors identified below 
represent a possible core of knowledge for a • -
computer-literate teacher.
ft - " .' .

Operating and. Programming
The common'body of operating knowledge needed by the 

.teachers is limited to that which would be considered good 
practice and able to be learned in a brief orientation 
session, .including the practices of 

• - care, handling/ and loading of the program disk,
- adjusting the monitor and printer for- operation* and
- responding to menu prompts in the program.

Programming knowledge is, in general, not ^equided for 
■ the computer uses described. - However , foir even the /most 
superficial application in any of the uses, a knowledge of 
the components and stucture of the program is desirable so 
that the purpose of specific integral activities can be 
understood. ' FO.r the user who intends writingIsimple . 
programs or customizing programs written by others, an
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> . introductory level of a programming language is neces'sary.; ^ ■
, BASIC/ notwithstanding its lijmitationig^f machine-dependent^ 
dialects and slow speed, is preferred because of tt\e 

/ . ' presence of this ..language ■■in the /ROM ̂ circuitry of most 
microcomputers, its simplicity, and its' pervasive use in 

■ common programs. The initial set-up-yof the .computer system 
involves the 'technical knowledge of electronically

. .connecting the components of the computer system, and often, 
where a -printer . is . requ; 
special print effects.
where a-printer. is 'required, entering control codes for

■Operation' of the computer-using alternate'input 
devices, such as trackball, mouse., touch screen, and light .. 
.pen, each ^ e  their own'operating advantages and ■ - 
limitations' for particular applications (P'oor, 1987r%Rose & 
Wisell, 1987, 'Stone, 1987). Also control of the computer by 
voice, commands and bv stare-at-the-screen-and-blink for the 
physically disabled users/are possibilities that are 
currently hnder development.. - -

Hardware and Peripherals . *
The selection of the computer and specific peripherals,

*  such as, printers, screens, modems’, a m i ’alternate input
devices previously listed, is chiefly dependent on two - * v ...

factors, v-iz.,' a) defining the; nature of the problem to 
which the computer.system has the potential to be/of 

■ assistance and b) assessing' the. level of support: that the

•r* ■
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teacher can call upon .in bringing the • computer., to ; the 'task 
of addfessing the define^ problem. The actual, entry of the 
computer^yto the science'classroom is predicated on the 
availability of financial resources for the purchase and 
suitable software for1 the intended use. Within-these ' ' 
constraints;, the interviewed teachers .identified general 
features that rendered a particular computer system 
suitable, including ’ . ' • \ -

- the availability of qualityloca.l .service facilities go t

\ : ■ ■ • '■
'. user support and hardware maintenance,
- the extended presence of this' model in the education 'field 
' ; with a •recordvqf 'performance- and' reliability,,’
- its capacity for upgrading the operating language,’ 

peripherals, or software for applicatipns or other uses 
not perceived in the initial proposal for purchase, and

- an appropriate visual display on the monitor, e.g., high 
resolution for graphics, -monochromatic for word
processing, large size for whole-class activities, color• * - ’ ■
lor Motivation or clarity for learners, delivery to a 
television for low-budget service.

•A teacher should also weigh, when considering the purchase 
of a variety of hardware components from different.dealers, 
the’ ,
- merits, such as reducing total capital costs and 

optimizing performance characteristics of equipment, and
J, ** X .

- disadvantages, such as achieving electronic compatibility 
and resolving component faults for servicing by dealers.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

. One cdnfcern relative to hardware' (and software) 
pur chaSea. that was frequent ly-. identified by the interviewed 
teachers- was the need to purchase state-of-the-art ‘
machinery. However, in the rapidly developing area of >■
micfoprocessing equipment and programs,, the identification 
of this, 'best of the lot' changes annually. Thus, 
significant advances tave occurred in the' capSbilities of
both hardware and software since the teachers were,

. ’ 1W . V. / * •interviewed. .These changes bring with' them revisions to the
learning requirements of computer-using' science teachers.
'.For example, ^j^er- memory capacity ■ had all but '’removed the 
need^ for chaining text files for classroom te'st's. Word 
processing programs now commo.nly provide for drawing 
diagrams; how does 'the teacher--utilize, this feature?

' ' . , 1 v 1 .

However ; the large purchases* of*'computers in past years may 
have created an impression of. adequately equipped schools \ .
that may tend to discourage purchase of these’more powerful ,

- '' \computers and their programs. Thus, although the equipment
and programs are available, learning requirements won’t»
change much unless the new hardware and- programs are ♦
adequately provided. c-

/ : i -
Of considerable significance tor good management of 

both finances and the classroom, was the identification by 
.the teachers, in the study of the optimum number of computers- 
for the intended uses. For example, only one computer,was
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required for' all Phase I (Preparation for Te^hing) - -
activities,/..electronic' chalkboard applications J.h Phase II 

, . J Teaching/Learningj; -and all Phase III (Testing and -
Evaluation) applications unless the computer supplied'.tests

. : - directly to the students. For’this direct test
. V ’ ■ 'v- >■;'administration, the number of computers needed depended' on

■’ '■■■■ . ■■ , ■/ ■ ' f
whether the student carried the printed test to a work'site

■' or answered ,the test at the screen display. Computer ..
requirement's, for most Phase II (Teaching/Learni^gpi' ^
activities,’ estimated by the1 teachers in the st’iidy as
one-half to one-third of the number of students in the

\  ' *  '% class, would allow for simultaneous, alternate desk or
laboratory activities.- Some kpplications, e.g., test

- . °v . . . " ■ \ ■ '. administration m  . a ,rlopk step" curriculum program, will
require a number of computers equal to the ‘size of the

5"-V • • largest class. ' -yvi
■ —  ■ The interviewed science teachers also described £heir

need for access by their students to thie school's computers
on an equal basis with other subject area users. They also
underlined the desirability of having a.'computer- in the
teacher's home for work, primarily.in Preparation and’
Evaluatiofl applications, at a.time and pace not controlled
by conditions present in tfre^'dep'artmerit- of f ice „ library., or

v * . ' . . . . .X/ staff room. ' ... <

Software and Courseware
:According to the interviewed teachers, a teacher
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v  . ' 214
considering a purchase could probably Ĵ earn about software
: \  ■ V  : ) : . 'programs by reading evaluation reviews or by critically .
evaluating advertisements in periodicals, by5discussing the

. mer its, and disadvantages ; of specif ic programs with '-
colleagues , or ..by .observing demonstrations given'by
distributors qjP̂ orkshop leaders. The Clearinghouse from
the province's Curriculum Bra'nch provides regular, thorough
evaluation reviews, open-house preyie.w opportunities, and-
purchase information for prospective computer program users.
The programs could be purchased either from a local—<r-
distributor̂ -or directly from the publisher or be loaned for
examination purposes by an associate, a~" com^ioQ practice
amongst the .interviewed teaqhers. jr

A teacher ĥô intends developing a program could
proceed-either as a solitary designer/programmer or could .
participate as an individual (or with-.other professionals in; • , a peer network) to design the program an<| assign, another
person to write the code that satisfied the specified
requirements. Motivation for this private development would
- be 'necessitated by the lack of sui||||ple commercial or public
domain material and dependent on the availability of time
for writing a usable program.- .

The primary reason for a novitiate incorporating a *
jrogram into the scjhool activities would be the enhancement,

th1|| teacher Cor for the students, of a normal ..classroom
activity. The acceptance of any program is based on its
ability to perform the functions that are expected and the ’h’/
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ease with which the program can produce the expected output
with a minimal amount of time and manipulations by the user.*'

. '. v . - : \

Word^ Process ing. '
Word processing programs comprised the largest list of

■ ' '■ 1 ’ ... nonrcourse specific programs used by .the science teachers,. '
according to their questionnaire respojrsps (Appendi^ C) .
Used primarily for Curriculum Planning and Materials .
Preparation and Test Production, and to a lesser extent for

■■ ■ v  ; ' .

Professional Development and other Phase I .(Preparation)
application, they reflect the extent of .the teacher's *
creation of the printed message in the
teacher'/student/course : interaction. Mastery of a word
processing program, as part of a fundamental level of

" Vi compute^ literacy, als;o Of fers teachers an additional bonus
of being able to use this skill for non-s.chool related ■
correspondence, thus increasing the payback to the teacher
for the time invested in learning to operate the

%  .

computer/printer/program system.'^
Word processing programs consist of a set of procedures 

for receiving, organizing, and displaying information/in a 
t printed form. They offer standard features for. handling 

text material, ̂ including, entering,Deleting, revising, * 
inserting, finding, replacing, merging, copying, moving, 
saving., and printing blocks of words. The teachers in the - 
study in&i£fat:ed>£hat using a word processing program-enabled " 
them to' v ' W
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duce their typing to only initial-entry efforts, an 
advantage for slow typists,
be less dependent on school support staff, a limited 
resource in many schools, and

— revise existing files to provide a context for materials
which reflects current pedagogical concerns or class
. interests. - ■ * •*

The textual material as it appears on the screen may’
be, depending on the specific word''vpfrocessing prtagram,
‘displayed either exactly as it will ia*ter be printed or it
will show both the characters to be printed and the symbols
(control characters) that represent formatting commands to

. the printer, such, as, boldface, centering, superscript,
■« - .•

margin sets.,- justification sets, pitch, line .spacing, etc
« ■ " v ' " VA science teacher -who is using a word'-processing program 
will als'b^need* to know the capability and operation of the
program for^placing diagrams, graphs, sketches, and >

. 1 ' ' i

user-definable Characters amongst the conventional .textual
5 .materials .  ̂ •

Lastly, and yet ofte of -the, essential^ steps to be taken 
before purchasing and learning^ to operate a-word^lS^Ocessing 
program, the teacher will need to assess the levels of both 
the resources (time and financial) available and the J.’I-
producti-ori requirements of the task to determine the letfel

: -' -s ■ . . . .V • * . Vof complexity, from Write One to Gutenberg, of the word 
processing program (Wright & Forcier, 1985 ) . •'
.. ^ ■ V  "■ ■ ; • ■ ■ '
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/*
5

Inter-Computer Confrnunication ...
A number of the uses described in tri*§' framework 

require.,, at times, a hook-up by means of a modem and a 
telephone line between the teacher's computer (at home; or at 
school) and another computer, usually physically distant. 
These uses are as follows: Curriculum Planning and Materials 
Preparation, Professional Development, Communication Between 
Schools and/or Teachers, Information Retrieval (formerly  ̂

Library Applications), Tutorial, Drill-and-Practice, Test 
Production, and Test Item Analysis.

■Jtfhen a teacher uses a computer connected through a
■*£. ' ' ' Nmodem and a telephone 1^ '  to another computer, one of three

possible modes of infOtMa'tion transfer are possible. The
simplest possibility, used by an interviewed teacher during
his orientation to the' use’and existing when two
microcomputers are linke'd, allows simultaneous operation of
the "called" computer under,the control of the "calling"
computer, 'thus enabling the accessing and running of ' '
programs from files on the disk of the called computer.

A limitation on this simplest case, t'nâ . both computers 
must be powered on at the same time, is ocircumvented when a 
third computer acts as an electronic "bulletin board^ where 
notices can be posted and addressed to specified callers’for 
later reading as "electronic mail" or to select grofips of 
interested individuals, resulting in a "conference" where 
each -qdller is able, a t ‘a"convenient time, to read and add 
comments about a commmon topic. f
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.. v v •• ■  ̂ .>'f- ■■;■.:* ■■ ' ■ ' - \ '■1 * ‘
•••• . V v ' \  ‘ -r • •  .

; . ; * ■  ' -  . &'' ■ • . .•« '*•'•••■ *'^

A-thifd possibility,, for c®mpute#7mddem c<5:
’ ■- ■ .< ■ " y ■■■ ■ - * ■.. *■

when the ca.lled "host" computer has. a large £*a>!
v;  ̂ *5® . • ^ '*inf ormation that can. be received by ..the filing.

Several of tfa'ese "data bases", s'uch- aps/The Source,
■ '  ■ .... ■ . k : >■

CompuServe, Dow Jones News/Retrieval ̂ ./yice^ ^ d  Dialog,
dispense information on a wide 
of consumer interest. The e d u e a t i o n a ^ j ^ ^ ^ ^ ^ n t E . R . I  

\provides rapid identif ication ‘ind’̂ abcess 'tef^fo'stracte of 
documents and articles in periodical's, of significance"" to • 
teachers. The .computer may also "be used to "download" a 
variety of computer programs from a central mainframe 
.computer, including '
- curriculum print materials for teacher or student ujse,
- instructional programs including tutorial and /

.*.•*• ^ ’■ ' ydrill-and-practice sequences, and ' ...
- selected test items for a teacher-designed test.
Benefits of storing materials at such a central facility 
include the

’• %- ease of revision of the master copy of the materials and 
programs (Merrills, 1982),

- possible reduction of total' costs by district licensing of 
the courseware, and - .'

- easing of the necessity for all schools to hold'large, 
virtually identical inventories of computer programs.

The knowledge recognized, by the interviewed teachers as 
n'tecessary to operate the computer in any of these modes of
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inter-computer communication consists of
- knowing what systems are available, and their telephone * 

number, for the mode of contact that the teacher requires, 
e.g., mailbox, conference,, or data base, Q

- knowing how to access th^ host computer, *

- being able to identify o n e s e l f n a m ^  of a.ssig 
 ̂ identifier and, usualifyr a password * and
- being familiar with the significance of, and using, the

. ;.;; ' i . : >■
options usually presented in the menus *o^ the bulletin
boards or data bases. .. -

Because\the-host computers have both- varying ’kinds of. .
' N  ■ v 'i

services offered and interconnections with other ’agencies, a
degree of sophistication is required to^inaintain control o|j
the activity. . ^

A knowledge of progra*mmin^ is not require^ if a
software program has been purchased for communication via
the modem or if the microcomputer is to be used*%s>a "dumb"

' ' ■ - .
...terminal with no files being sent of received and ^tored. 

v . Knowledge of possible file formats and handling is heeded if 
. programs or data are to^be sent or saved. The extent of the 

technical knowledge that is required is for the -^itia'l 
setting of the modem's circuit^.:, to format the electronic 
signal to be passed in a1 form thalt; is recognizable by the . 
transmission network, if used, and by the host computer.

The peripherals required to enable inter-computer
■ ■■ V  . ^ .communication are avmodem and a'v serial 'communications

■ V  ’ V . ■ . 'interf ace, —if not part'pf an " inter naLf-r modem or'supplied as
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, part of the computer. Most host computers display 80 
columns of text'aftd thus an 80 column card is usually
.required for the microcomputer.

Before purchasing a communications package, a teacher 
should ensure that •'
- an operator's manual, both tutorially' and technically

' ' * 7s

adequate, is included and that post-sale support and 
service are available,

v # :  ■
the modem and serial interface card and the A

^  interconnecting cable are wired to function as an integral 
.unit, and _ .

- the moddm and screen display have the capacity to function 
within the parameters set by the systems to be accessed.

Because of the nature of the non-moving electrical 
•components in the modem and the%ard, service, is riot 
ordinarily necessary after the initial shake-down period of 
a few days; service by the owner at any time is not 
-recommended by telecommunication authorities.

Most computer/modem systems 'Can function as a . 
no-files-,transferred "dumb" terminal without an operating . j  

program.' One o8f the main benefits to be gained from using j  
iriter-computier communications , howeverffi is the ability to
send and receive information that is or can be stored as

• •

"text" files on a.disk. "According to the interviewed . 4 
teachers”, a complete telecommunication system should,
therefore, be able to ■„

. " ■- !-< convert outgoing files from BASIC or.binary into text j
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files for'later transmission and to similarly convertV. ;' * _ . ’
incoming text' ̂ l e s  "into a usable .form,

- decrease "on-line";/time and charges .by holding 'information, 
in memory until the teacher elects to send the ..outgoingr'X ‘/
file or to save the incoming file on a disk, and

: i ^  "- edit the file in-the memory./
''The data-handli'ng program can be either permanently sealed 
in the, circuitry of: a "smart modem" or it c a n ‘’be loaded from

V • • ■' -a disk, each time. the* teacher decides to use' the 
telecommunication activity. Telecommunication software for 
most microcomputers is available from local dbalers.

t The. ra.pid, world-wide transmission of news, the 
shopping directories in malls., and computerized booking for 
travel arrangements have, made most people aware of 
telecommunicating with data b^ es. The lack of a Visualized 
source of the information will, however, make this 
implementation difficult for beginners CSevel, 1984),. Thus, 
for initial exposure to-this activity, side-by-side 
inter-computer communication and repetitive easy access.to a 
conference\boaxd and to a data base,, such, as, a .test' item -•

.' bank, will fcx?suieeded. Clear documentation, a short summary 
of expected comitemds, resource personnel, and on-line help 
are required by the' teacher. The teacher also must have 

' access to the computer and -modem at convenient times and'
: places -•(-frrochet, 1985) . Inter-computer communications will 
have to be shown to be able to "Seet. a perceived need of the 
teacher before that teacher will consider investing personal

Sf
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or professional time in this somewhat impersonal media. The 
interviewed teachers indicated ‘"Uheit' they' would not '

.• participate in an electronic mail facility until A  "critical'
' V  \  •. ■ •/..mass" of their, peers are also active parti<yAants, thus

as'suring 'origination and reading of. messages . Thus, 
widespread implementation wijl begins with’close groups of 
teache-rs with common, binding interests that function as a 
primary focus while their computer literacy skills are, being 
developed! v.

: \  ''-•'V. . ■ \  \ . .
Implementation of Application

According to the interviewed teachers, introduction of 
the computer as a possible medium for a particular use.comes

" ' ■ V  ' ' *frequently from the^ example given isy a colleague, the, 
presentation.-of the possibility in periodicals or 
adyertissements, or -the perception of a possible adaptation
of an establisrfed operation in existence at the iocal school- " ’ Q, ; 4,
C vlevel. ' ■; „ •

O  Athe teacher .has become aware of the possiblity
that the computer ho>lds, the next stSfe requires that the 
teacher must perceive some value in the - computer’s use. 
Some interviewed teadhers used the computer to
- motivate” or give variety to the student's routines, *
- increase the- relevance of the course.material to the

student,. ' . ■ ’' ’
'/ ■'

j *  reduce the amount of drudgery in the students1 clas’sroom

>  n . \  "  ■9- '
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^ oper? new ’possibilities for meaningful educational-
experiences of the students, and

r - . .- modify.the teacher’s professional workload., ' 9

The implementation of the computer system in the ;
intended'Application should follow afpath that includes v¥.• k »imt .■ )■- familiarization, with4 the.'system- [ hands-on" pre-purchase,

testing of the system and readingJ*(|L-the operator 1 s
. wmanuals, -

- validation of•the system by the application of the program: </* ' ■ ^  (

. , to^a situation tt^t.is familiar to the teacher where the
.'outcome of the program is verifiable or significant, and -c . *'. . N J .

: ' - probing for the limitations ; of the system by »testi£fg with ..’ 
difficult values or entries.

Frequently, the introduction is eased by recourse ’to a 
ona-page 'summary-of the- commands^ or. to' a knowledgeable

.■S . ■ , _ \ ’ P
colleague. ; . \ . . *. • ' .

Difficulties experienced by the teachers can be ^
* ,

expected to come from various directions,- such as
limited access to equipment or programs because of budget 

difficulties, v f - ' ’  ' /

-  the modification "of the curriculum or the established
s •

classroom routine by the^.introduction of this media, or
- the difficulties in achieving the desired output from

* • • J*- 'components of the system because of limitations in the 
>•original design of the software or hardware.

* " ' \
1.
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»

The support! systeih to which a teacher has recourse 
includes, in varying degrees of proficiency,• ft- . ■ . ’ ' ‘

. - sphool system consultants for inservicing, f

- school administrators for funding,
- Experienced ..colleagues of the teacher for models of 

computer use,.
- professional specialists' associations,- e.g., Computer

Council, Science.Council, for curriculum-related
applications, . •/ \

- capable students withia the teacher's circle of
.aquaintances for programming and Operating* tips,

$
- users- of computer bulletin board systems for assistance 
.with operation of programs, and

-technical staff at lpcal commercial dealers- for

224

trouble-shooting techniques.

.In this study', the focus , on 'what the- teacher should
. ' ■■■. . know to use .the computer• may be construed as promoting the

multi-dimensional talents and skills of the all-purpose
.science teacher. However, effective use of computer^ must.

\  ' -I ‘

also recognize the benefit of support services such as 
subject area consultants, repair service facilities, 
classroom aides, et*r«._ utilizing these personnel will remove

i • • ' •
from the teacher the need for specialijZ£.d’ knowledge that is
expensive, in terms.,of time and training, to acquire and 
that is Only occasionally used by the individual teacher. 
Partitioning^pf responsibilities; for'1 computer implementation
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t • . . V- , ' 225
.■ ■ *"J ’ ’ - ,» ■' in the school would thus, allow for more efficient

concentration by the teacher on dimensions relating to"
effective* computer use in the teachers' primary Work area,
the science classroom. ’ .

Impact on the Teacher
An initial effect on the teacher': of using a computer 

• ̂ across' most activities was the ,need to achieve a balance 
between the challenge of exploration of a new area of study 
and the maintenance of current programs. Along with the 

. explora-ttfeftn comes an allocation of time.- ,The interviewed 
teacher's described the realization, a t .some stage, that a 
paint'had been, or would be, reached where further 
investment* of time would not substantially increase the. ‘ v 
benefits for the teacher or the students.. Thusj' a mental 
.balance sheet of time invested and time saved'was monitored.

■„ • Another effect was the intensification-.of the* dual role'
■ of the teacher as' an, .independent, learner and the teacher as
a^jiember of^a- supportive community of. learners. Most of the
eachers proceeded on their own path of implementation but 

occasionally touched“base with others for assistance and 
comparison of progres's or new* ideas.
■- ' A.third ef fect is that tĥ -" teacher will 'come to • 
re-evaluate their role in the classroom as the computer; is ; 
assigned tasks that were previously a'ssumed by the teacher. 
Facilitating student .le-arning activities' rather than .' 
lecturing was ^ frequently'cited change,. Diagnosis and

r A
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' ~  ■■ ..~.y ■ 22$
assistance with Individual student problems requires hew
skills when students are 'workihg at various stages in ap
computer program or on different Instructional activities.

Changes in student activity brought with it new
g : •

patterns of student behaviour- and thus reexamination by the 
teacher was required of his Cher-) expectations of normal 
classroom management (.Olson, 1986 ).

Knowledge Needed for Specific Applications 
1 In addition to the general Knowledge described above. ^  

which is -necessary for entry into most of the uses, more' 
specialized information is required for many of the uses in 
the various phases of .̂a. teacifer 1 s professibnal activities. 
This last section of the, description of what a teacher-needs
' ’ - ■ 'I " ’ ■ -  •to know is divided into the three phases and the eighteen 

uses formed from those in the'questionnaire in‘Appendix A. 
Each' use is discussed under the following sub-r:headings: 
definition, rationale, implementation, and illustration.- *

. Phase I: The Preparation for Teaching 
.... The potential•for.computer assistance to.teachers in 

the preparation for .teaching is extensive, ranging from 
accessing data banks of information! 'td'.; preparation and 
storage of .material's using word processing' programs,, and 
planning student progress in a course of studies.
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Curriculum Planning and Materials. Preparation 
V * -o ': ,

Definition The preparation. of instructional materials
and storage in files, the display of these materials for
preview and selection,by the teacher, and the printing for

V  - ,student or teacher use serves an important purpose in the 
■ /7\ ■■■ • ; ■ } . .

preparation phase of a*teacher's professional activities,
, whether for worksheets’; or notes, whether in a mainframe
memory or diskette based. ' ’

4 Rationale The textlStSL materials; for a school course 
usually originate, outside th<i classroom. In the

; / impl^ernentation of the print mcfc^rials, some modification is
*' ' ' • •‘normally made to accommodate significant characteristics of

■■ii ■ ' ■■■'7'; -
the students, the teacher, the school.,*and the community 
that are relevant to the learning process (Steely, 1980). 
When curriculum materials are down-loacled from a ̂ centraj ^ 
main-frame computer Or are produced oh'a local school 
computer, control over the format,, sequence* arid content is 
maintained-..Ify'! a‘*%£sponsihl-e stake-hdlder, /the clas^ ^ ciift 
teacher. T.h'is action ./takes the teacher beyonjjl the mere' 
acceptance- pf prescribed material to‘7av.p^rSona.l ■ involvement 
in the development of the curriculum,materials. Another 
related role'of .the teacher is the potential‘for 
comrnunigating, back to the original author of the.mater ials ; 
the changes that.have been .effected, thus making possible, 
greater participation by' practitioners in the-, revision of 

. the curriculum-. . ’ .. ... - ■ „
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Implementation l£ a mainframe computer is used for. 
file storage*, &pe computer that is to download a • ft̂ fe of 
omputer-based materials must hav^a modem and a telephone , 

e to the central computer. 'Both the terminal to the 
central computer and the local standr-alone computer require 
a printer capable Q^pritJitrng any required effects embedded

 ̂ in the materials’, ( such as »non-ASCII characters, subscripts,
• *  ' ' * •

and graphic^. . .
c ■ • • ,If teachers a're to be able to modify the materials to 

reflect local; concerns., the text editor of the k
. ' f ile-management system on the central computer and the-..word■ v • ■ >■'
' processing program on the*local computer must offer the 

ability to V ••
- revise the textual contents by editing, searching,
-teplaci ng, and moving .contents and 

■ -••manipulate diagrams pnd graphics by moving dr redrawing, 
in addition to the normal file-handling operations of 

^  loading, saving/, merging, and appending. ;

The operation of the system that presents.the 
curriculum materials' to the. teachet is variable and 
dependent ■ on the system from which the materials are - 
received. - • ' ■ < /.

p.. . - ^  v  .

Illustration Although Merrills (1-982'). demonstrated the 
possibility of lodging junior high' school teria 1 s
* ; *
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; • : . ■ ■.■■■■ ■ ; '229.-'
■ :
in the Curriculum Resources Information Bank within a

- '  ' ' . .  ■■ *  ■ ■

'central computer} implementation' of that model, has not
■ v '■■■'' "s\ -proceeded sufficiently to describe the specific requirements 

'v for accessing, revising, and-delivering these materials to% "■ V. .

students. The considerable potential is evident in the pla»n 
but requires implementation beyond the concept l e v ^  to the 

- - level-wher^^repor^ can be made based on actual experiences 
of classroom users. .9 .... * ■

The most common source of modifiable computer-based *^ ' ' i. ' V'
materials in cur.rent^ use in the schools is in the f iles ^
produced by a word- ptor?essihg\ program j.n a local computer.
The operating knowledge : required., for customizing mate rials 

• in either case is to work^-v/'ithin any. limitations of the 
system to handle files and to revise !textual and graphic 
materials. In many cases, a group of teachers with a common 

■ curricular goal were u.sing the same program 'so that
interchange of files was possible. .'For example, a unit on . 
.'’Energy for junior high school students was being developed  ̂

using Bank Street Writer, because of the ubiquitous nature of 
the program and its ability to produce text files that were
able to be used by other common word processing programs.

v  v  ■Another,group of chemistry teachers is using Gutenberg for » 
■the development, and mutual sharing, of textual materials 
and also for-;the accompanying testing /vateriais available on 
disk for ease'of revision and use by teacher clients.

. :The interviewed teachers noted that programming skill 
is not.requirement for this "desk-top publishing"- but the--.-
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teacher should recognize the technical limitations of the 
. equipment to load and to print the .available.materials. For 
example/ materials written using AppleWorks <yi an Apple lie.

/ are inaccessible to standard Apple 11+ microcomputers ̂ gind 
some'older printers, e.g., Centronics 739, can not print 
common Greek characters in text mode. Incompatibility of 

. computer brands and^models limits' sharing of programs and
* V

.files between teachers, goth district and provincial 
symposia have placed high priority on networking of 
micrqcomputers and mainframes for information sharing, 
including the production of materials (Redhead,. J986; 
Romaniuk, 1986). ' '

’ Professional Development «
- — " 7':_" V.; ,/

. Definition Of the' wide range of possible uses' for the
; computer for, professional'development,: e.g. , designing

courseware, implementing one of- the uses identified,.etc;,
this Study found ample grounds to suggest that the
computer1s ability to help a teacher access'data banks for .
information and round-table'conferences for discussions', asv

■ proposed in the questionnaire (Appendix A), could yield a
x Ai • ’bounty of opportunities. for teachers. .

•> . . .

. ' ' ■ ■ • -ARationale The factors that limit the-practicing .
teacher's abil-ity t® maintain Contact with innovations• and'

•' - 1 i t -  ' ■' _ . *' '■ research,'in -the profession are both time ajtd^inancial
res'ources. Using a co'mputer for professional d̂evelopment i
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. has*the potential for both reducing the total demand on 
these teacher resources and, simultaneously,.for expanding

/

/

the opportunity of the teacher, to maintain contact with

iinnovations and changes that are .significant in the
teacher's vocation.

The facility^to communicate with data banks or bulletin
• • s

\ : boards will,*. initially, require both '
. - time‘to become familiar with the operation of the computer

~ < _
;m in this use and to understand and evaluate the

: /jarent benefits of this use and
- finances of acquiring the necessary modem and software.
The interviewed teachers identified that;, in return for 
these investments, the teache^ using )a computer for this use 
will benefit by .
- having to spend less time travelling to facilities such as
■ Universities, Convention centres, ett̂ r'.-yfbe.re,

- 7/ ■ • y  •
traditionally, professional development activities havef' 
taken place, v-:-

; * t. c .* %- being"able to contact these^soutces at times that are
- convenient to the teacher, and
- for local area contacts, or where toll charges are ' v

■I ■' - - *absorbed by* spon/soring jufisjdictions, no telephone 
communication or vehicle transportation costs ̂ are 
incurred. "

- 7 \ >  ■ ' ■ ^ •.
Implementation If a teacher has access to a computer

that is.- used for other professional purposes, e.g. , word
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processing and marks maintenance, the addition of a modem 
and a software program, described in the background sq^ion

232
:

of this chapter, represent the only hardware required for 
' this use

After the initial setting of the operating parameters 
of the modep and software/', operation of the system consists 
of following the protocol for establishing contact,with the 
host computer and selecting options from the menu for the 

. -intended activity.' The details of the operation are 
: typically described in the manual that accompanies the 
software dr is available using a HELP function.’ . Underwood 
(1981) found that, in lieu of documentation, a-demonstration 
of the use is necessarj^a^First-time users of’the 
Conferencing System, COSY, at Guelph ON., also preferred
personal support', when learning -the system (Haras i?^ &
'Johnson, 1986). V ' A
• ^  x  *. : The successful implementation of the conferencing 

 ̂ . * •
, facility is dependent on factors, identified (By ‘Harasim arid

Johnson (1986 )‘ .and ̂ interviewed' teachers , including ^ .
V:';-v • ■■ * «- the le.yel" of the teacher's expectation of the usefulness 

v' of the System, ■* c '
. < ': ■ 7- the number of new .personal contacts made with other

teachers with similar’interests, and
. 'K

r t h e  yield of comments waiting for the teacher at'each next
_ . - v..* ' ’signon. • ' 1 ■■■ -

Illustration Four forms in which a science teacher
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could engage in'professional development using a computer 
are described below.

In one form, the teacher could observe, and listen to ai
presentation of a topic to Va large group using public
broadcasting, e.g., ACCESS in Alberta or Knowledge Network
in British Columbia, following which individuals could ask
questions or provide feedback; In the manner similar to,the
way Videocassette recorders have enabled "flex-time"
viewing, the .computer can make possible flexible post-lesson
discussion and assignment submi^ion. \ ‘

Another possible form is a ‘conference with peers or .
curriculum lehders of topigs of mutual interest witLout
prior formal presentation of material. In this form, a
topic *vis defined,' or "posted", on") an electronic "bulletinS ■-- *»..board" by any person who then, as moderator, invites ,
comments to b e ‘appended by other caller The resulting

- discussion uses ;a, "roi^ynd-table" format|wherein comments are
available for perusal by interested teachers. Harasim and
Johnson (1986) describe several facilities that offer this'-
open"format, including*f6r UM' using the Michigan Terminal

'■System, M.T.S., available to st%f f and students at the
V - - - ' ; ' t v■University of Alberta. Seveira*. conferences, each on their r 
own topic, may be run concurrently and callers-are"vable to 
participate in any topics of interest. - .

A third form of using the computer for professional v-‘ 
development could be for assisting the teacher who is 
searchiprt^ for reference material on a topic and^ as such, is
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one of the information/retrieval applications described
\

later; Library catalogues are converting fron^^card systems
to on-line computer data banks * resulting in \b<Jnei?its of
thoroughness of search and Less time consumed by the library
user .' These same) benef its are available \f or . teachers who
are using the Educational Resources In forma tl|>n
'Clearinghouse, E.R.I.C., list of recently published material
using a computer search instead of scanning the entries of a 
■ ^ >■ ' 
bound paper copy. - .q

A fourth example of the 'use of a computer for .
%  ■ ■ ■ , ' .s ’professional development is found1in YORK ON-LINE SERVICE,

) , . IV . • , sponsored jointly by York University a^d IBM Canada, wherein
teachers currently may access, using a toll-free number
through iNet 2000 of Telecom Canada, data bases related 'to-' * * '"* /
giibrpcomputer educational software and̂ fs'jjTecial education, an 
electronic bulletin board, and a facility to allow users to 
enter thpir: own evaluations of educational software (Owstop, 
1986). s Generous documentation and HELP facilities are 
..provided, including samples of the dialog expected while 
acc'ess ing; the service. . ' . ' :

. .V . . S. •••• 4. ,

Communidatidh between Teachers, and/or Schools ■ .
Definition There are two uses' of compute'ts possible - '3-V

/ T ‘ ' '£kKi'under the broad topic of institutional coordination: a"1) ^Pv. ■' ' •
communication between teachers in. scpools using a central

\

computer and b) communication by' schools to '-a central^ 1 .' f
computer for processing student^ records. This' study focuses ,
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^ N--. •. . ■ • •7M yon the former use by science teachers. '

Rationale This "mail box" facility is an alternative
to surface inter-'school mail delivery by either district ■
vehicle or by,Canada Post. As such, it has the potential to 

' §** 
redfuce transit time between originatoi5‘ and addressee. A
further advantage is realized by the itinerant teacher who
may '."-pick up the mail- from a terminal at any location ’in
the system in a manner similar to telephone pagers used by
staffs with responsibilities at multiple job sites. A

: ,< 'r\ .

related advantage5is the speed of addressing and delivering 
mail to an employee who may have moved to another school.

‘-A • *

A disadvantage to the electronic mail system is one 
that carries over from the'traditi offer 1 method where the, 
^addressee may neglect to "clean out the mail box". 'This is 
mo^jjKiprobable for staff who have not incorporated the 5 >
compute r“*into their daily routine or who would rarely e

^  ' < ", . ■ oreceive mail using the computer. For teachers who would• * a ,

infrequently use a computer ,to check in to the message 
facility, a mechanism would need to be contrived by the host 
computer to allow each school to sweep the mail boxes and to 
provide a notice of message waiting for the teachers.

Implementation The physical requirements for this
. .fjm- w’■IP ' ■ ^system are a central computer with Sufficient memory to

•J ^  , i .. ^

accommodate the volume ovf material transferred. The 
terminals in the school could range from the simple, but

/
fr

(
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slow, DECtyriter printer/terminals, up through’ the school's.’
computers with their modems, to the'facsimile .machine, FAX,
for. transmission of jHrtual copies of ’the original document. :
(FAX; ,1987) . > m .\, • -

For all of, these types of electronic mail, the 
^ " operating knowledge required is restricted to the-protocol ^

necessary for contacting the jmail facility and is part of 
the general knowledge required for inter-computer

• • v ■* . ► communication. Keyboarding skill is an asset wh'en text
S

material, is to be sent.. • . -

Illustration There are three sources for-the material 
to be gent by’ electfonip mail,.
- The. simplest -form is fbr the message to be typed onto a 

terminal, addiespSfed, and sent using a* System similar to 
the SMESSAGE facility..on the M.T.S. computer at the 
University of 'Alberta. . *

- Anoth'er. source of material to? be .sent could be a text file
that had already been created, perhaps by a word
processing program, and which could then .be. sent as a ' . .

- i ' V • ...prepared package to'-the addressee. Also included in this
category would be information kept at the school in data

*
management programs, e.g., science staff may forward
dfders to district personnel -for science equipment or for '
film'pr print materials fromp resource centres.

- A third possible source of material are visual images that*
' » 

cannot be sent as printed'text. Because of the lesser

<
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quantity of these non-textual materials, the large amoun 
of electronic data required to form an exact copy of the,
document, and the current high cost of facsimile machine's, 
this pse will probably be restricted to specialized 

■ applications in.the school, such as diagrams, graphs,
'■ 1 historical documents, music scores, etc.

: ■' ' ' ■ ; -
Instructional Resources Applications '

1Definition This use was formerly labelled "library 
applications".. It has now been broadened to include" 
.accessing all the instructional resources, whethten . 
references, printed materials,, supplies, or equipment, used ■ 
by teachers in science. The definition, as presented in the 
questionnaire (Appendix A), has also been restricted; the 
,u'6e .of thip - computer by a librarian for administration of .the 

e.g., ordering, circulation, overdue lisfes, etc., 
^P^ally an activity of science teachers and^gthus, 

is no tv •ffh^tuded in this study.
O  v ... •

*
Rationale The resources available to a science teacher 

require some form -of organization if retrieval for use at 
intervals during the schflbl year is to be efficient. For 
example, the interviewed teachers longed for a^means of 
organizing their periodicals so that course-related articles 
could be identified, by the teacher and the student, for 
retrieval and use at appropriate-points in the course.
Except for those trivial items that are4 limited in number or
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•are not subject to change and can be stored in folders or on . 
shelves,' ̂ a computerized'information retrieval system can 
increase the teacher'W productivity while planning and . ?

v conducting study in the units of a course.
The maximum.benefit of using a data management system 

on a computer is derived when a large amount of information' *•
, is ^tored that needs to be retrieved and reported either

frequently or in a variety of formats. The currency used to 
measu the extent of the benefit is the net’time saved.

• Implementation N o .special characteristics of the 
computer were identified. The interviewed teachers 
identified a fast printer,‘ i .e ., dot matrix, as a necessity*
for presenting the results of most s^rches. The number of 
disk drives required for the implementation should be noted 
in the operating manual. A monochromatic monitor offers 
compact, readable screen- presentation of the information.

A good information* retrieval system will be menu-driven
and have screen prompts and "HELP" pages. A knowledge of
file handling is .desirable Jout no programming skills are
needed. ' : ■ •• . ' .t ■

A general data management system that is. flexible 
enough to be used for' storage of a, variety of information 
will distribute the cost, over, ^nd increase*the productivity 
for, Several applications. The program should be easily 
operated by a variety of users. Characteristics of a data 
management system normally include the ability to
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- edit records by adding.,.- deleting,, or correcting 
information, , •. •

- display records on a' screen’or to a printer, ,
- save and retrieve records using a minimum number of steps, 

and
format the retrieved information in various patterns for 
specific purposes. ..-

The benefit of'the last' feature is apparent, for example, 
when a chemical inventory file, such as was being-developed 
by an interviewed teacher, is to be printed with the .records 
arranged according to various fields of data;

• ’ V

- by name of chemical for general surveys of quantity of
, '  ■ .

stock, ■
- by .course- and level for' preparation of supplies for’ a 

specific laboratory exercise, .
- by class of chemical for se^tion-by-section checking of

1 fi oinventory of incompatible chemicals, or - ■ - .
' 4

- by name of supply house for re-order of stock.
' i ■ ' ‘

Illustration The mogt common form of data-based 
■information retrieval program found in the schools of the 
interviewed teachersjwas on a disk in a microcomputer'. For 
this sour’ce of program, such as the dual PFS: FILE and
PFS:REPORT, the teacher determines the format and.the 
contents of. the records. '. . / .  ^

-■ :VBecause of the time needed to initially,.enter the 
information into the- files, careful planning of

; v- ' "*•' :
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of the files*, based on present requirements and allowing 
reserve for future heeds, .will result in an .effective and ' 
flexible system. For example, some of the interviewed 

' ■' t âfct>erd created blank '.̂ ieids. to hold spaces for information 
that might later be found to be necessary. •

.The resource materials that are significant to science 
instruction, some of which were catalogued by th§ 
interviewed teaghe'rs, include ; ^

V — print.’mddia as textbooks, library references, periodicals, 
or newspaper clippings, or

- .encoded or miniaturized .media as videodiscs or videotapes;. 
;■■■ v film strips,'film loops, film slides', dr transparencies ;

or audio recordings, *
- curriculum banks of printed materials for teachers or 

students, . ■ ' '■ '
- laboratory-related equipment or chemicals, or f

.. : ' ' ' ’- plans for ̂ curriculum topics .to develop,
^ '■■■ - ' ' ■

Instead of .using a f loppy.“d$3Bk computer program, the 
\ operating program and ,it?V st̂ rejif. information may - reside . in .a
■v, i • .■■ ’’:' '>y • "t '■remote mainframe computer ,' ;-for example, the Educational
’ : v/. Resources Information Clearinghouse (E.R.I.C.) data base or

. "' " ■ / i • - " •' dhe5'electronic library,Catalogue available on the University
■ ■ /  ■■

of Alberta's computers In, this case, the teacher will work
within the confine^ $1: .both content and format predetermined

• by the prograi^designers. In exchange for these 
restrictions'/'the sponsoring agencies normally offer
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orientation material or help for the izseiri’ . v

*. O  • * ■ '
Instructiona 1 Management  ̂ - V  • ' .. .

Definition As described in the questionnaire (Appendix
A), this use of computers, relying on educational
'■ • ' . .V. ■ , . ■; ■ ' : •
objectives-depepdent procedures /, materials , and measuring

. . . .  •• •• 
instruments, uses a'cycle of criterion-based test scoring,
diagnosis prescription, an^f-Jreporting to- provide th& means• . / • a’ • ■ • • ' s. '■ '  ̂ ■. fr ■ . . .by which-the teacher- manages the educatibna! enterprise so 
as to .offer each-‘learner an. optimum set of*educational

■ r  \  »  <» - • ' *.
experiences. ' *•' ■ ; •

i < :v
"■ ■ ■ .‘".r ^ ■■ ■

Rationale Administrative and clerical tasks that
K ,-r • 9.■'V 'i' i - ■precede and follow instruction and learning. areXactivities

where substantial assistance" can’be -rendered by the computer
■. ■■■•>'-. : in schools in which students learn a- subject at their .oWn- >

level., and rate. With its capacity for .storage and selective
recall of characteristics of th^j|ubject'and the student,
the computer was recognized'by the interviewed teachers as
playing an important part in'the' daily decisions relating, to
the screening; and evaluation of'students arfd the sequencing

» . ‘‘ . . .

of instructional modules. , .
The initial teacher activity is the evaluation of 

assessments on students who. are entering a program. Whether, 
these are™ ability tests administered by a special education 
team or are achievement yteSts administered by a teacher or' a 
computer, the readiness of the student to enter at a level
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that is appropriate to their ability and background is
V ' ■ ■ « • ' -,'N,_. normally established. ,

The curriculum, must also, be well, defined so that the
. computer* can issue unambiguous directions for activities 
%
that will result in student achievement in the course. ' j'

V Thus, the goals and objectives must be detailed and be 
sequentially arranged.

For each of the subsections of the content area, an 
appropriate selection-.. of learning activities must be 
identified and experienced and an adequate number of test • 
items must be constructed and administered to measure the 
student's progress through the module. Lastly, yrtmechanism 
must be devised to record the. results of tests ^nd to
implement appropriate action based oh these test results.

o • -r !>,.

Although the teacher plays a substantial part as a 
course organizer, the interviewed teachers-found that 
his/her roles when the Computer Managed Instruction is 
underway, become that of a facilitator to the students who 
are involved in the process of learning and a tutor to those 
students who are experiencing difficulty with learning the 
content of the course.

. An interviewed teacher noted thqt a supplementary,
. administrative .benefit from computerizing the management of 
I the- learning in the classroom is the ability of the system 
to aid in the preparation of reports that document the (
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programs and progress of special education students in the
school jurisdiction. , _

•. ■ * "■#'
' : : 4, ‘
Implementation A • variety o-f̂  sfbftware programs , either 

1 as stand-alone prog^lfhs or as (afdjunct-s to’ C.A.I. programs , 
are offered by manufacturers or independent publishers for 
most c o m p u t e r s T h e  most significant criteria for . ,
evaluating the software is .the flexibility, of the program to
accept'‘input from.local teachers and school system personnel

' : '"V - *regarding -
, ■ *- goals and objectives for the course,

O '
- p&rameters for permitting passage-of students between 

modules of the course,
- routing of students through the activities in the course,
■ and . '. .

- test items and procedures for evaluating student '"S .
.)

progress . . ., '
A *'®’ ’The programs tla.aoi-! ire designed to process the data base

; 'MP'• 4 e • • ^implicitin the above management are invariably menu-driven.
According to the interviewed teachers, neither programming
knowledge nor general technical knowledge, concerning :
’’agyp.pment*-or program troubleshooting, is required unless the

. * /implementation is in its/developmental stage. /
' *

M I
The Amount of student and course information accessed 

by a goraputer managed learning program generally requires 
either a large RAM memory or frequent recourse to the disk
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>, 
>.

storage device / A mix of hard copy terminals and ||p£eo
display terminals offers alterh-ate^forms of output for

• $
various student and teacher..'.a^to^^es. Disk access and

■ ■- ■■ Z v'"' 'printer spee’d heed to fcfe rapid, to reduce waiting tigfe 'for
A

students receiving assignments or tests. , £

The interviewed teachers identified a large overhead of 
teacher and staff time#required for
- defining the behavioural objectives for the students 1 v

’ '1 ' . ' . ' ■ * 
progress, . ^

- mapping the .routes, through the course objectives,
- assembling a variety.of effective learning activities for
\ students with differing learning styles, '

- or-i^nt^ng students to receiving instructions ht a computer 
terminal, and ; .
constructing sufficient .test questions to assure , 
production of several parallel tests for achievement.

Thus, the introduction of a computer to management of
- ' ' A ■instruction is most probably1 implemented in a ■ school across

a well-defined course with further expansion progressing on 
the basis of experiences gained with the initial limited 
implementation. During this shake-down period, teachers may 
prefer to phase in their., reliance on the computer system by 
using the computer-generated tests as review exercises, 
retaining ’previously prepared "proven” tests for evaluation.

Illustration The computer can be integrated into the
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V

managemerv^ of the students' course of studies at two levels:
- the computer can /aid the teacher in planning an

Individualized Education Program (I.E.P.') ^sing**the first
two aspects of instructional management, where the ability
o,f the student* is mapped onto the course objectives to
identify the starting and stopping .points for th^y,
student1s unique program or ' \ '

• * — .

- the computer can use all three aspects <*f instructional
management to guide the student from activity to activity
in a course so that the course objectives are attained.

A refinement of this second level is the coupling of this
■ ' ' ~ t

^ computer managed learning With insj^^ction received directly :•
from the computer (Compute'r Assisted Instruction, C.A.I.).

• Forms of this instruction are described later in Phase II of
■* ■:

computer useS'isVftv education.
" ■> t

Phase II: The Teaching/Learning Act'
Problem-Solving

Definition In most applications in Phase.II of the
teaching/learning cycle, the computer functions as the
dispenser of. the information and the program determines the
process by which this information is transferred ^o the
learner. In problem-solving applications, however, the
control over the process and the product of the computer
operation is retained by the student. In this use, the”/̂
student, using the computer, construct^ a model of a 

V, ' ,
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V' r . .real-world situation.or system and then notes!the decree of
ana nr*iy r.r-5 4-1-y 4-V-. 4- •.' \ rnK 4co.ivforn|i't̂ 'to Or dip^repancy with the real^*ituation.\ This

...t, : ■■'.=■■;'■■■■?•, ^  . '-Wt'.' \ ■.. , ...... “ >t_limvfced by the\ .J
pre-p.larined ■4^ '̂fi'hure present in-'irc^^SpPP^r * ir̂  thS

• phas^. of. tea.Shing/'iiearnMtn^. \ * . \

• t ' /  I  ̂ ^  v ■ W “ ' :
'"■ Rationale The basic processes of problem-solvinq - \  •f
■ - : ~ ~ ~  r‘j - ' - ■■'"'■ "' ; V

define the problem, and implemei^r the solution - are V
subdivided in Polya's (197 3 ) four- steps for problem solving
(understand the problem, make a plan, carry out the plan,
and look back). When used in a computer environment, these
processes are further refined by_Moursund (1983) and Wright
(19 813) as ' - r
- understand the probi^m, j icluding

- what -is known,
- what are the allowed "types of operation, and
- what is wanted, i i

•> ' • • -- select or develop a solution procedure, including
-» - step-wis^e ref inement 3of ♦ the problem into identifiable

- • ■ >. •

"primitives", or basic procedures,
» c \ '- write the program, including ■ . •

- identify the flow of the algorithm using natural' 
language, block ‘diagrams, or flowcharting,

- select the programming language, and
- write the program code, "

- enter the program and data, if required,
- test the program, including, '

*  v /
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•* ■■ '-M:- 'r ■ :. \ : ;; 247' ■ > x ■ ^ -' " ''■■■' "
I v  ' . - debug the .program, ■ ■ ■'

-verify the robustness of the program, and( ■ ■ ■*.•-validate the product of the program's operation,„and 
-^document ^he .̂ grogĵ am, including theJ

w program'^architecture for project initiator,
. .' ' • *program listing and comments for possible revision, and

rf ■ _ . u ’

, - u d̂'r ' s guides describing program operation, limitations<k .. *■'. . '
Sf of Applications, data entry{~}aftd expected output.

^  ' ' ■■
^valuation of a student's program could employ criteria

V  ’ ''■■■■' * . '■’*similar to that usifed f,o^a conventional laboratory report,
including ' ' . >

• - v  ■ ■ ■ ■ ■ *  ■ . ■

- accuracy of the calculations, if any are performed,
- quality of the communication with the reader, and v
- evidence of activity in the problem-solving steps.

Implementation Because of \the amount of tim£ requiredx ' ■ ,
* t

to enter and debug the program, students will need access to 
a computer ap home or in the school. To enable practical 
use by the teacher and/or other student^, the program should

7
be*operable on available computers. • * -/  ■

The students may write the program in any language 
compatible with the classroom computer. The students

X .

SV ’* # * / * . . .
>)' usually prefer to write in BASIC. 'The rate-deterntining step ■ ' .I i • — I

'•>'; * in subsequent use in a class is usually data-input by the
1 ultimate user of the program and not Sfecaus'e— of the spedd of

^ 4 V  ' ' !*
- V  ' ■ :- i\ .
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i- ; V: ■' #
V -  ' . v : ' -■ ' " *• ■ v ’ '. ■. ’’ - -
•processing by the program.

The teacher who intends assigrilftg program-development 
■ 'c* ' 'i,

to students as a problenii-s.olving activity will need to
- have a sound knowledge of the ,science content to be

described,
- <t- have clearly defined the assignment and specified the

' . I ■ - ,. ' ' * ■  ■'anticipated outcome of the activity, ' .
- have a computer background or have access to assistance

. ' ■ v‘ ' . »1
for programming, and

- understand the size and complexity of the task in relation 
to the ability-n&nd interest of the student to bring the 
project to a successful end. -a

S. » . . . .

The teacher-spons.or of this program-writing,activity, 
in addition to providing the initiative of suggesting 
possible'’.Subject content as a fo£us, will need to provide 
guidance and support to the student during the construction; 
of the program. / : . , •'

Illustration In one possible application of computers 
\ toia student's problem-solving, a §.tudent. may write a •• 

program instead of submitting a laboratory report. The 
program, when completed,’ .could be usid by. other students in 
a later semester to •calculate 'the final value* for the same r

. ' ' , • ... v*; ■  ̂. ‘ ■ ■ 4laboratory exbrcise (,as described l&ter in this Phase as 
Experimental -Analysis). .‘This "Subseque'nt u£e-,would confirm-* * • ’A

f
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the students1 calculations, thus aiding the student in
■■■■ ■ verifying their calculations and allowing faster marking .by'' ■ o ■ - ♦.

the teacher who could focus on qualitative aspects of the 
laboratory report. " ^

The purpose of*the program-writing assignment would, in 
addition to providing an opportunity,for application of 
knowledge from another curriculum area and the development

p . • . iof problem-solving skills by the student, result in a 
product of value to other students and enable; contribution
loy students to the artifacts of the classroom.

>

In another application^ the ability of the computer to 
■ ;-rv ■ .. ■ \ : ‘

'"‘perform rapid calculations could be used to calculate a 
value in thermodynamics where the use of a calculator is a

‘  ■ a ■ f  ■*

highly repetitive, mechanical process. -For“example, the 
^-temperature of ^JjfcoOling body could be.-^predicted by apglyj&g
Newton 1.5 Lat^of?»booling (Kelmajn, 1983). After measuring the
- -V.' a  ' •
temperature of a cooling otoajĵ jsT'at * intervals-, a trend-would «
be observed, graphed, ^j^vpossible mathema'tacal models of •

' , 1: ‘ ' . ' ' I ̂  ' ’ '- *the behaviour identified and tested and a prediction rnad-b.■ ■ ■ . ‘ v 'At this point.jfv 'students may elect to write a computer
program that Uses a short-period iteration method of' , ■ ... >
approximating the cooling curve. "4 •

.The purpose of this'laboratory-derived exercise would 
be to1 give the students practice at

making precise laboratory measurements,
- identifying .and analyzing trends ,. •:

V V %

/ \ 
> '
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- predicting relationships and values,, and
- giving students experience with the dynamic nature of 

thermochemistry.
_ . i

The computer would be used to amplify-the students’
■ *

performance in the sec?bnd aijd third activities by . refining^ •
processes.that the'student would conventionally.use.
J *

Simulations
j ' '

Definition In this use, the student is exploring a
•

system under study, as presented in a computer simulation, 
by adjusting the parameters available in the program andt.
nbtihf^fche effect, on the system

of-
" A

Rational-eV~Î  central^question for a teacher who is
\ . ■' £ . . . .  ^

consider!^ usintf. a simulation- is ’Under what'sco^ditions fs 
rrn1̂ nn̂ ||i nrr a model more educationally sound than is

a simulation -•£ 1 m .ng-ifee-fSxred  ̂ system? When is
v v ' ’ ^  \  *• . \ *

^.beUjSlgr^ jtb^rth'e rea'l thing?." /  ■ *

ffV.' ■ . .*» . -
• • . ■' • Although; the* interviewed teachers and -tnpst ’of the
v  *' J, ■ ■ j* * * ■ v v ^
r references generally prefe'r>r-ed the/*laborat6ry experience on'

■ • . ’ • ,  . -  >  . • 'which the, model , (and sitqui^t^ph )''i« based » the; specific ̂ V *• '■ /A i ' ' . u : x -.’ simulations fel.-l into four categories, i'.e., those that
t ■' X -*. ,'w; 9* „ j■ tested models that .represented'|,p^ertomena that, within the
■' / _' ; ' . v ' • «jSf .'
^classroom/laboratory ,Sett ing,' were . y“ .. . ■
- impossibl.e or ihcohsist^eht with, gqda practice,

* difficult t>r repaired unuSuaj time <?r gkil'ls t ■ .
' - easily reproducible,• or '
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- so complex £hat the most essential .variable’s were dbsured. 
The rationale would-, probably be different' for using a 
simulation from each of these categories.

Rivers and Vockell (1987) found that those students 
whose discoveryrof concepts in biology wa-sSgu'ided by 
descriptions of strategies to use as'they solved the 
-problems presented in the simulation achieved results on 
standard posttests"(measuring specific problem-solving 
skills directly related to each unit) that were equal to or: 
significantly bette^-than other groups that were not guided 
or that did not use computer simulations. ‘Clearly, the

'V » «; ' *traditional support of student^s is part of their effective $
learning using this new technology. *

< '

•, 1 ' ' > ’•, Implementation The program and hardware must
incorporate good design characteristics to achieve -a
"transparency" between the student and the model so that the
simulation achieves'both the teacher's curriculum objectives
and .also the student's motivational objective of realism.

■
High resolution graphics increase this realism. In addition

# 9

to the usual requirements for good presentation (speed of 
operation, menu-driven, "HELP" screen, etc.,) the program 
.should provide some data capture for the teacher so that a 
record of the performance of the students is available for 
assessment of the student-simulation interaction and so that 
remediation for the student is indicated. ^
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■ "T- ■:' „ ■ v 1 • ■The teacher who uses a simulation is a facilitator,
giving background information, introducing the program",■v-y ■■■'/> .\ '■ "N ' ~ ' *monitoring and coaching the-students during the activity,

•' / ■  ■ ' "  ■' ' ■ and leading a post-simuliation debriefing to ensure that the
teacher's objectives for using the simulation have been met
( Wright and For.cier , >1985 ) .

Illustration • One. stimulation, HABER-TECH-, clearly from 
the first categpry_ because of capital costs and operating 
hazards, allows students to manage their "own ammonia plant 
for fun and profit!" The objective of the simulation is to 
produce a steady-state synthesis of ammonia from its '
elements. This^simulation would probably be included as one 
of the activities in a unit on equilibrium and would follow 
laboratory exercises and d4monstra'tions of the application- 
of Collision Theory and the predictions based on Le 
Chatelier's Principle,to systems in equilibrium.
Pre-simulation instruction, spefciffc to this industrial

? • * setting, would ̂ include the distinction between equilibriumr C « c
and steady-state conditions and also-a tutorial, available
on the disk, on the pl^^t' design and the* manipulation of

* 0operating parameters from the "control room." * x
A simulation from the third (reproducible) category 

might be an acid-base titration. In this category_^ythe 
simulation might precede, instead of replace, the laboratory 
exercise. In this case, the objectives could be to review

with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

equipment-handling . and data-gathering before goih|f, into th$
laboratory. Although a teacher-led c^monst-ratidn ̂ tiuld . 
achieve these same objectives, some circumstances> ^ . g . • 
individualized progress, may^ favour- this computer.i zea>V 
pre-laboratory orientation insteadoof the demonstration .$£ 
set-up. This check-in could also '.include apsequence of 
selecting and ordering procedures, reading instruments, and
calculating values to screen laboratory entrants.

'In - a third simulation,’ TRIfiBtES, where • the. student
• ’O .

practices scientific skills including data-gathering and 
hypothesis-generation in a "microworld"*, designed SO th'at 
all earth-bound students with varying background knowledge 
are placed on an Cqual footing, the teacher taj^ps a less 
prescriptive position regarding exposition of content and,■ 
instead, encourages student growtlp through'exploration and. 
inquiry. . i

is . •

Tutorial
■ , ■ m : ' / .

Definition In the instructional dialogue between th'e ■
student and the computer,' th§y-.student responds to questions 
posed by the program^j.'The computer evaluates the student's 
responses' and, on . t̂ A'tî fesi's , branches- to alternate
- * . : ' ' ' v.\:'sequences for either. reA^dial or- new material.*

t ' . ^
) ^ •

Rationale As-*a tutor, the computer/program system is.
designed to emulate the teacher in a’ one-to-one session w,i:th■
a student. This session may be computer-led as a didactic

- . r-
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tutorial or student-directed as an r W- (Digital, 1983);
V . .  ' - ■ ■■

4

* Most tutorial programs are of the pattern
wh^r^in, the program delivers the instruo^JPr and 
periodically asks problems to verify the progress of the 
learner. Based on the correctness of these r e pliesthe 
program will either branch to remedial instructions and 
problems following incorrect responses to the average 
problems or Will branch €o advanced questions on the same 
concept following superior respons^f to the- average 
problems. Thus, the computer-as-subst.itute-for-human- tutor 
,is expected to offer a measure of responsiveness to

. V * -'differing‘levels of students. <*■
Tutorials tend to be effective when used for concept 

building-when students' may be channelled by limited response 
options. • However, .the limitation of its ‘usefulness is 

, reached when the -student is.ready for expansive and creative
" V  ' -o \ ~experiences that explore the complexities of the subject 

matter (Coburn, 1985). Tutorials then are effective as part 
of a program of studies. The teacher should recognize the
- restriction of multiple choice answers to the.responses

anticipated by the author, . .« \
■ » *

- the limitations' for transfer of objective answers 
(multiple choice, true/false) to real life situations, and

- the task of analysis of short phrase answers on the 
answer-judging capabilities -of the programming or \
authoring laViguag^e. . , . , ' . .

%
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. \
&■ ,

A less restrictive {pattern, of tutor/learner, interaction 
is found in tfre 'Segon^patt^n Where the student, as 'an 
inquirer, poses questions to the data-based computer that 
responds to the information requests. Although this format 
poses demands on the “program f.or question analysis and 
thoroughness of the data base, higher level processes, such 
as pattern recognition, problem identification, and question
generation, are developed by the student. •

* Implementation Operating knowledge for a teacher whose
\  ■ . >■ .1 

students use a tutorial must, 'then, include the''entering of
values for the multitude of parameters*/ e.g.,' num'per of * )

. ' ' * ’: • *  . ■ //..: ■" ‘ ‘ ■clues to Offer after incorrect responses, number, of' ' ‘
5 •* ' ‘ • ' 1 p* • > ' fr , •. •

successive questions correct for prOnyb.tion to"adVs.nCe<I. * ■ - •
problems, etc., that control the program's Stepping'' • •* « ‘ A 4>-- t - • ' p ' • \
’ ' " ' / ' ■ . -H’- ' » ■ -  '’’■■■■: :: '-'v * ' 'laterally between achievement streams and^lOngitudinallv ^

througH' the sub-concepts. iThe^boye ■ no‘ted_:-.r,'e<5nifements -for w

individualizing instruction1' have, im^l-icat-ioqa for', the ■ ».v. '
memory/disk storage-specifications o £  the ..’hosting computer t ,

If the program is' operated’ fron/ a central ' computer',
knowledge , of the protocol of .'accessing1’ is also'^-required by
the teacher,. The student will 'need.: tb know how the
courseware relates to other course activities 'and'content, 
j . .. . •
how to access the HELP pages, and how to activate options’ ̂ ' ' ' ’ '
that are available/for s'tudent-contr^l1 of movement within 
the program. I
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At all tiroes, the opportunity for contact with a £uman
teacher with inherently rlon-programmable featured; is

: • . V  *
present. .
, 1 : ■■' *  * : ' ■ ^  

The teacher should recognize that the essential 
criteria for selecting and using tutorial programs is jphat 
the student shjStoi^£b^. able to' '
- use the ilyv. > . ^
- accomplish objectives speoifi-ed by the teabher and

17 '""program, and
-enjoy learning with the material, and 
that the program helps resolve an instructional problem 
which was previously urireactiable or inadequately resolved

V  • ' , \through other means (Roblyer, 1983).

' Illustration A possible application of the inquiry 
pattern cau'ld be the* us;e pf . a program that would allow a

■•1

student ask a 'feqtrtp̂ f̂ fbr- the results of chemical tests
■ on an unknown chemi^.al\ :: 'B^sed on these results', the student 

'»' ■ ' /?■’•‘"I ’■
could consider and ask for other specific test results.• N
From the composite results of the-se J’tests", the student

c* . . .  .could predict the class and/or name of the .chemical before 
doing a "wet" lab test of an unknown substance in a 
qualitative analysis.‘experiment. The benefit of this 
pre-laboratory check is that the student would show 
recognition of the significance of the identifying tests at 
nodes of the tree branches and be able to use the laboratory

r
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. : ... ■ ' ■: -257,' : . , 7,-time more efficiently.■ # /

Dri.Il and Practice
.Definition ,The purpose of drill and praqtice programs, 

as defined in the questionnaire to thS? science teachers, was
the maintenance of basic skills and concepts.

/ ' ■■ / ' * ■
: >  ’ .'Rationale Recognizing 'that drill and practice

exercises can be a drudgery because of their nature,of
'rehtgii^sing old material, practicing teachers frequently■
employ various techniques, such as games, puzzles, "pop"

. ; v. ... ;•
quizzes, etc., to liven up this routine. On this count-
also, the computer, because of its capability for animationi
color, and variety of pace, level, and display format', has •

** • the potential to aid the teacher and students in their
tasks. ■

Implementation Displaying the situations and questions 
* *

will require either a bank of problems or a > *

question-generating template/algorithm._ The practice 
exercises will need to be,indexed by sequence in a 
conceptual hierarchy and difficulty level if- a range of 
users are to be ftccommodat^&.

If using°a multiple choice format, a matched £et of 
^anticipated alternate answers are needed, or if the program 
uses a short phrase response format; response-analysis is 
needed. Computer programming routines that judge free
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responses are currently under development and usually are 
restricted to authoring languages, such as. Super^ltOT.

Programs can be written with perf ormance ' " ; * * v' V-
characteristics ranging from "electronic flash 'card's,? to.X «' •' • 1 ' a $! A •* % *Jfe”.% l. 5̂, ‘ T*' * yintegrated components of a computer managed learning J’dyfetem*.

. ■ Mi,','** V • .

Time will be needed by the teacher f Or familiari-zartSLbyi ,%î th; ̂  '■ % %

the program, • a process often, not adequately treated in the-*-
,  : - =  .. . . . .  .  ' . ^ \  - , - . / :  -

users ' manual. Requirements by a class may be.a-portion'Of , , '
the students rotating through .a- set of computers .during, the . ■ . ;•
period or a partial period,.' complete .class equivadenJt .'A .'. : » • , - ,v.
teacher cJKjpaering this, use of, computers should know ' what' ‘ ■
role drilr^anc practice is projected to* have' in the V'-' ‘j-..
curriculum program of the'student, and what computer, . • ? .
software, and time resources are available to support, this ■ '
use. ■■■■'• ' •' ' :

' 4 - J . -
■i ■ » • *

The ability of a student to complete complex tasks .
usually requires mastery of primary*, low-level skills-. A
teacher will then, as students progress in their skill.......... ...
development, make provision for practice of component 
low-level skills. Whether requiring drill, where exceptions 
to rules are rehearsedor practice, where rules are 
applied, "some portion, of the class.time is normally set . 
aside for this purpose. During these practice periods, the 
teacher may review the material. to'be practiced, assign ancl 
check specimen problems, re-teach apparent problem areas,
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and assign and gather for marking sottie remaining - problems, 
the evaluation of the answers to whicff will influence future, N 
lessons . The compijtey has the capability, * through, its >’ " '
performance, in the above activities according,to’the 'Various;
uses described elsewhere in this study‘> t©' allow much of the
1  ■- ■ ' V >. *' . ■ . teacher's time to'be released <f or activities •requiring the .’ , $ v , . , v ? • J , .
teacher's Ip^rsohal intervention.. . ' . ' . " ;

' : .•■Illustration : A, drill-and-practice •>progtiatn must 'meet 
■ *■ " . . .. * ' . X' • 
tihp f ollowing, basic criteria 'for acceptance' by students and
teachersn . ‘ . ' ^
'    -N- easy £0 use,;-: . f  ̂ ■■ j ; ;
- adaptable to a variety' of user, levels,
- interesting to .the learne^T, and -
- educationally' val'iW ('Vojack/ 1980,). ’
The chemistry and physics programs available' on the ^ A T O  
systejm were " frequently.'cite’d by. the science teachers a s V  
exemplary ‘f or drill and- practice applications. ■'

' ' V  - : ■ ■ ■
- Another, application, •from some of the interviewed

teachers'/'elehient.ary and junior high school mathematics
progpsms/ is'the. thirteen disk Mi,lliken. Math Sequences
practice program whete.the ŝ ucfjjthtis 'receive twice weekly
■' t ' : l  •. f ‘ 'fir teen",m.iMute pr'actige-sessions on maintenance on basic 
mathematics skills. ; The teacher .structures. the sessions by 
prescribing parameters for the'program1s>operation> • ,
■ ihcludihg .selting.'.the. level for mastery passing from :a unit,
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the-minimtwh"nunilier cif exerdses j'o be completed within each • ̂  J
> V  ' ' : •unit, etq.-/ / /.' ; . ■■/. :.s /' ^

*■ ■ ,, . . r ' • :• ■ . • .-’J .•' • ' ' ■ * : /■■ ( /■' - 
Instructional Gaming ; “• ' ’ iJ“ /

.■ ’ ■ ' , , ' '  ~  ‘ ■■ ; i’ '•. Definition The essence of .gaming - is- the- element, of
competition, either with /the ,computj?r or", with.^ther\|?' \ ' ’ ' ■ ‘ ’ . ' J * ' ' '• - '' rj* ) : J -f 1 •’ pstudents, thaf provides motivation for a^lesson;^ }The 
determination of a, "winner", is the gdal. set by the program,

y 1 ‘ ,1  ̂ ' ■ » • ' *• j*?;■
in: the questionnaire . (Appendig A) , .-this |ise/was labeled as 
"Gaming" but, at this stage ,in the/stu&y, the modifier

'yo' . v/-,
"Instructional",/is added to emphas'ize the classroom, rather. v 
than arcade, possibilities'of. this - use-of computers:'0- ■ - *

■ ) /-V' • ‘

^  ‘ ’ " /Rationale The characteristics-./of/gaming - enjoyable,
, • ■ 'jJ1 '•~s>Involving, and challenging r- are Ideail-y (present • in all -

/ - > ‘ - ■ ■*- i v ■ ■: ;T..effective use of computers in Phas^ Il; of the learning - 
cyple. Of the various uses in'this Phase, gaming is’ most 
suited 'for developing group, dyrjemid skills of cooperative

-j. -/v-‘ / -;/; • ’ ■ Q) ■ S ■
effort, shared responsibility, amjl communication. (Ri^esel & 
Clements, 1985). WhaJ^-makes- gaming unique as a ttjpde of 
learning is, however, -the competition either "between grbups 
of students or between^a ..student and a computer ■ gsing a

 ̂ ■■ - /. . * ■■ ’ ; V- ■/ 'defined set of relies -resulting, usually, in the - declaration 
of a winner at the end.of the contest (Wright and Forcier, 
1985 ) . : ■' . ' . ?

& \ ' ■* Implementation- The- early distinction that the/teacher

'■ , /
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vHfr' ’ - ” :: ' • 261 ■■: ^ 3 ® -  ■■needs to make ^jjjPjj^Ween games that are primarily </"

recreational andyrajlse that develop or reinforce * 
instructional objfBraPtes that are embedded within social, .
psychological, and^cultural values (Coburn, 1985). Thus, 
the popular HANGMAN.would be rejected if a teacher accepts ■ 
the learning theory that rewards successes instead of 
punishing failures (Sparks, 1982), f̂s would many adventuret '
games that,,- through vicarious role-playing and superb
eye-han/d coordination/ promote the use of direct conflict
and'aggression to achieve survival!1 .

Wright and Forcier ^1985) assign to the teacher :̂he
tasks, of 1

' ‘ . & ' 1
- setting limits on the game, ' \y
- directing the process, and \ ’

monitoring the result. • \-

Thus, at an early stage preceding introducing a game into 
the curriculum activities, the knowledge, skills, or 
abilities that are to be achieved should be specified.

After a program that meets these criteria is 
identified, the teacher should preview the game and id^ptify 
features relating to the actual implementation, including -
- ease of use and quality of directions, -
- interesting format and pace of events,
- the appropriateness of the computer to host the described 

activity. *
The validity of assumptions that are part, of the algorithm
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should be identified td determine the probability jfcf 
transfer learning to .real life situations (Coburn,M985 ).

User-control features should include* the optiJfc to 
select • £Q.
- either competition.between a student and tftie computer or

between individuals or teams of students using the
computer and 

%the set of identities that are to bemused as the objects 
to be manipulated or won in the game.

Lastly, the teacher needs to plan and/include lesson
component's £0 merge the game with other(classGroom 
activities, such 'as
- ensuring that prerequisite material have been introduced,
- enabling practice,'.without a computer , of skills present 

in the game, and
• • 'V

- orienting the students as a whole class to the operating 
rules of the game. ’ ' *

 ̂ _ Illustration A possible application- for a chemisbr^
class could be to introduce as a game, but containing a> adrill and practice core, MASS-OUT wherein, fpom an agreed 
set of elements and their charges, ionic compounds and their 
molar masses are proposed that have the greatest molar mass. 
Points equal to the .compourjd' s molar mass would be , if 
calculated correctly, awarded to each contestant./ As the 
ionic species are used and removed from play, the possible 
combinations would be restricted thus bringing the game to a
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natural and rapid closure. This game would recognize' - 
excellence in •
- recognizing characteristics of chemical elements

'' ' *significant to the goal of the game,
- gathering relevant information, viz., combining capacity
- and atomic’' mass,
- formulating alternate splaying strategies and evaluating 

choices using these characteristics to select large molar
' 4* •

mass compounds,
- writing, correct formulas for ionic compounds, and
- correctly calculating molar masses of the proposed ionic, . 

compounds. "
Post-game discussion led by' the teacher should ensure that 
the techniques for increasing the chance of winning are 
shared with all students. 9 '

This game would use the computer's capability for rapid 
calculation of values using “information retrieved from data 
statemeilfes. • If the students are intrinsically motivated^y 
the competition on the chemical content', neither screen - -
graphic's nor audio feedback would be required.

Electronic Chalkboard  ■ •   0

Definition The computer may also be used to present 
textual or graphic material to, or to compute the values of 
functions for, a class of students to enrich, illustrate, 
amplify, elaborate, or reinforce the teacher's instruction.
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Rationale According to the teachers- in the study, the 

electronic chalkboard as an adjunct for delivery of course 
material appears to be recommended when a number of • 
conditions are present, i.e., where
- learning the concept is enhanced by movement or animation 
t in the display,:such as the replotting of line graphs from 

revised data or the grouping of related specimens in an 
exploration using dichotomous keys or ■

- t h e  interaction between.variables of a phenomena is
studied to encourage numerical insight into the '
mathematical .relationship (Thompson, 1982). - *

c .This electronic equivalent of the overhead projector 
a'lso offers Color- coding, by block or by figures, of key. 
related concepts. The quality of the screen ‘ layout,

, y
including factors affecting legibility such as size of
characters, is also equally significant for both computer-

♦ *  ̂and overhead-projected displays- Electronic Chalkboard
programs, such as the Image Printer ,from C & C. Software/

*

provide a range of font styles and sizes.

This use.of ^computer also creates other kinds of 
overhead,•including
- increased hardware and. associated budgetary concerns,
- especially if multiple large-projection screens are
daisy-chained for increased visibility in a wide room. 

«■

- a five-fold increase in teacher time required for

-!y

3'iy
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preparation of textual display material for computer media
compared to papier notes (Clark, 1983). This requirement
^would be increased if graphics are to be included or if a
‘teacher provides handouts to minimize note-taking by
students, an activity exacerbated by the potential“for■ . ■ $
rapid page-turning by the teacher. ®

Implementation^fiAfoAaher who is considering bringing 
this computer-controJ'r|HH|M^ing aid into the classroom 
should know that, it jSyMMMSleasible where, in addition to 
the conditions descri^HraDove, VTJk~r
- facilities -and release time are provided for'preparation

• . > vof materials by individuals teachers or teams of
*professionals,

o '  i ® ,- a large group of users exists to amortize developments
costs, e.g., the $2000 fee for producing the initial copy 
of a videodisc, later copies of which cost $20 each 
(Bosco, 1984), and -

J
the teacher will use the prepared material in particular 
and the computer/program system in general to justify, the
initial orientation period and so that the routine of

1 ' Coperating the system is minimized and attention is'
returned, to the students and their learning activity.

. Illustration One teacher in the study had used an
■* ifcinteractive videodisc in Biology within his principle 

motivation of providing a versatile alternate media to
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films. A sophisticated computer program could also provide 
this feature but the quality of the graphics using the 
videodisc -was superior. -. * *
' ■ ■ ' • ■' . t  ■■ ♦

, In another application., a interviewed science teacher 
uses’ -.a ■ spread sheet calculation of various possible 
relationships, e.g., quotient, -difference, log' ratio, sine - 
ratio, etc., of two. variables, viz., the angles of incident '' Y t

i* •« <ar\d refracted rays in physics, to enable a search by 
students for the generalized law that test describes the 
behaviour p f  lig&t .from several observations at varying 
angles -recorded in a specificjexperiment.

*, ’ i
Laboratory Instrumentation

Definition Science teachers have.had experience for- ’ ? *■ ■' - ■ *** 1 ' ’’ j '
. sevetal' year-s wi.tho instrumentation of observations in the
... ' ’ -1 aboratorv, inc 1 udi'r̂ ^tahotooate timers irf physics,

■electronic balances' -in chemistry, and pH meters i-n biology. .
The acquisition, storage^ and processing ;of analog or

- digital data directly from experimental apparatus by a
'

computer and the control of attached devices by dnalog.or 
’ . „•* digital signals , ■ howeyer, has ..opened fields of technical

* .v 4. • ' r '. knowledge and pedagogical opportunity got ye't explored in an- x • ’ \ > f '", ' * . • At ' . i
. ' Y  r I , '  •'*educational <ponte£t by* the interviewed .teachers t ; *

S, ■ ‘ 4 v ‘ '■ v  ' 7 * . ■ . ' ■
v v-' 1 / ./ . * Rationale The pedagogical, opportunity opene^by this -

data-gathering activity was viewed^, by the interviewed ■
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V. * '$ •

teachers ifi a manner similar, to simulation; Both are 
/ ^regarded as modifying or encroaching on the traditional , ;
^ laboratory experiences of students which is one of tjje key 

characteristics of science study . A teacher needs -to' ' ■ i- • ■ ■ <* • ' ' . ridentify, amongst the measurable quantities of 
- conductivity,, displacement, electrode potential, force;, 

t, r humidity, luminosity, mass, pH, pressure, sound/
temperature,, time, velocity,'volume, etc.,~

■where the use of the computer is warranted / ''Accepting the 
■-v primacy of "hands-on" experience-as. letting the students do 

what they can do and’ letting computers do the rest, 
applications can be. considered that 8 .

. - extend the range of measured values beyond the limitsi S | < • f I
: *-hbr'mally available to students (Thompson , 1982*) or

■ ■' ■■ . ••
.'̂ ../a's.si.gn the computer the function of tireless accumulator 

of da-ta, allowing students to focus ’bn .th^ phenomena. or 
science principle uhder: study (Tinker*? 1981) ,

Although the computer aids the collectidn of data in an
v r . . v.’-...experiment', it. also cafi be perceived . to come between, the

students and the phenomena laeing studied. The poiri't of .
V* ' \ ‘ ‘ ‘ ' ’■ optimalbalance betwe'en manual. and computerbalded ' '

i ^  • - /- 7 •••• •experimental work' is one; that each ‘prafftici'ng teacher must 
fifid. ‘ ' •

' V

r •
v .Implementation The technical knowledge component'*

^appears in the form of the binary and Boolean basics o-f"1 • / tir
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. computer logic, the electronics of data^procesiing Within
the computer, and the operating characteristics of 

. electrical circuits. . Afpercept.iVn of the rdle^of the game
or user ports or an interface tard in permitting attachment

; of devices, similar to the way the keyboard is
"f-^ielectronically attached to the. main computer Circuits, is ' ♦ 

requ&fed. '$hd‘\ teacher must also recognize the limitations ' 
imposed on the voltage and current of circuits attached to

* the computer. • . '
^  . . .  ■ >  : .

/Computers differ in the ease with which'they facilitate 
J measurement of these observed vaiues.« Up to four phenomena 

- • •that can be measured using the BASIC * command,* PDL(n), as
analogous variables., such as those indicated-abover can be

■ . ‘ ‘ " V : ' ■ V• .inexpensively measured through the game portmof an Apple II
computer using "150 : kohra low-torque potentiometers > -to the ' 
shaft o;f which is attached a mechanical arm, the position of
which is related tQ the, phenomena, under study, • e.g., a' * " ' ' \ • ‘ v- : v . v ' . • Vv ' » • 4

/  * '/ ■ . . .Weather .vane indicating wind,direction (adapted from Horst
and Dowden, j 19 8 6 ). Although the measured Resistance is

3 . - - " ' . ■ ji ■ ■'proportional to the observed phenomena, fche program must
. ' * - V . ; . v, provide for the calibration of th.e system. The Apple II' can

•alsp monitor thre&Sswifcch inputs^Wh'SljSh-.can be activated by' ** : ; -- ' / ‘ .4 — ■ ' ■■■; - 
'- prpxi.mity switches'such ̂ a$ magrieti'c, reefr' switches. The'

computer has eight lines at its user p.ort-through which '
digital signals may be passed. * ■/■/■
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The devices that are attached.'may be built from 
components following -a design based on electronic and 

t electrical theory or may be purchased from, science supply 
• houses (such as PASCO equipment available through Merlan 

Scientific) as plug-in appliances requiring minimal 
technical background (PASCO, 198,7). The program that
controls the flow of signals into and out of the interface
' * ■ ■' ’ ' ■ .■ ports may be written in machine code, for fast, operation, or

in ai higher level computer language, e.g., BASIC, for easy- ”... i • . • ;
, revision (Thompson, 1982) . :

® '■ , '■ ' *
• V  - . Illi^^^tion In Brasell' s (1987) description of the.

• b e n e f ' . o f .  "real-time'" graphing of observed 
kinemat^ over a three-day cycle of pretest , , .
treatment, and posttest, she notes the need for

presenting only distance or velocity graphs•on <the screen 
„ (and not acceleration -graphs) to reduce ’the -amount of data 
'’ presented and -tblis .to. minimize cdnfusion , ' V  . : '

*•. '• <- familiarization v?i€h» the equipment arid basic .gra®^ • : “
*'V  ■ , ■ " ■ ' : ■ ■ ' ’ jfei-? ' . ■■■ *patterns and prediction and reproduction activitie^ using 

dist'ancej and velocity, graphs for a cjbmplex event» and 
. - a. suf ficiently long experimental , petiod for. students to. ••••

v>‘ qorif irm ;theiir res.ults’,and to" confront'‘conflicts'’.between •■' '. ■ -"'V
Vi. , their expectations and reality. ■ ‘
'> •' ^  1 ■■ ■. Another possible application of 'ther coitfputer for data

■ : Collection where, the limits of experimentation could -be ■
extended’ beyond that which' is rStsonable for student work is

;■ : V  . v ' . . , -  ' 7  1 1  ' . .  ...

■ ■77. 7 ‘ ;
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the monitoring of weather conditions, such as hours of 
. daylight, wind velocity, rate of precipitation,.barometric 
pressure, etc., for twenty four hours eaqh day over an 
interval, of several days. The resulting'data1 is-\ then , 
retrieved for conventional analysis by the class or analysi 
assisted by the computer^. Use of the computer for lengthy 
periods, however, would need to be integrated with demands 
by other staff. :

• •  ̂ ‘ 'V ' ■'•.•'•••••a-'-' ' ' ''Experimental Analysis - ■ >• •
■ ° ... ■ . ' / .  *f. ■ -'

\ • Definition This use of computers was originally
classified in the questionnaire {^ppendix A), as post-lab •
"nugpber-crunching” under 'VSimulatipns.'f. Creation of this ,

.’ ■ new. use was .initiated by response je^mmtents from .
.. tptatticipatirig -teachers and based on reflection on the lack

of overlap between this analysis- and.the primary modelling.

„ ,. Rationale The rapid calcu'labio'n and display by a,
computer of experimentally derived values provides a 'useful 
aid for both the student and a teacher. ,The student, 
benefits from this dgta reduction fcjy knowing, 
i .before dismantling the .laboratory, equipmenty^that-ttie. '

• ; . meSsufed, Value s'* are, acceptable (Thompson; 19 82) 'andt
”0  ■after .dbing a manual calculation, .that all, steps., m  the 

 ̂. ■caicul^tidn^sequence'; ate' probably correct Jf the final
answer of the 'student and the computer agree. •*. <■ ' '* ' / . " * ■• ••'

.The teacher alsb can benefit from this use of a computer,
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- indirectly, by knowing, if the*results of the calculation : 
■check by the student were acceptable, that the teacher can
focus, during evaluation, on the qualitative aspects of
■ ■■■■■;■.' . ... ■■■.■■ ' ' , 4'i ■ . •the experiment reports and

- directly, by entering experimental va^fues. from student 
jijtepor.ts to confirm the student's derived',,Va'luek..

T£,\- 'I
K  ■ .» -V  ̂ ■•■■■ ; / -■
*.■> > ■ • - ■ - ■ ■ ■  . ; * ■ r i  ■; The teacher $rho introduces this use of coqiputers will 

. • /£? /n$t|S that students” will generall y^^cept the tirade-offi:3of.
. time ta‘ become oj'j^nted to "the u B ^ ^ H ^ h e  program-in 
exchange for tjne .validation, of tbJ^Pf 'calcul^f ions . The 
'Visual ’pre-lab otien^iation/the day before the experiment is 
an ideal time to include. a printed sample screen display and 
a w^lk-bhrbugh with simii^^ed-data with the effect^that .the, 
time vf or daf a entry . during the laboratory period^-will be ' 
correspondingly r educe^;v»'’Two-computer and ̂printers -carv"-. 
accommodate the students during the . la*St' half ,of phe ‘

;► /. . l$bdr|^^ry." period. * ' v >

If a teacher uses, the program for checking intermediate 
■and. final calculations, sonie' provision should be ̂ available

'.... ■ ■■■ T - 'V,:. - ' V .  J ■. ■ • ;■ for/the teacher to bypass ariy student ̂ errors -at intermediate
’ • \ stagds So that later calculations -can he, checked based ‘ on ■'
■ . ■ t error-free-'calculations-;: • r. -*• - - 1

i .• Implementation • In addition,,to the ' question of who-.’, 
enters the students’ measured values and who benefits from
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/ \ ' : • . . . 272
the calculation, another point to be. considered by a teacher 
is regarding the amoyint of information to be produced by the 
program. Most of t"he interviewed teacheirs preferred giving 
only the final calculated value to students but displaying ' 
intermediate and fina'l values to teachers, consistent with
the objectives for the program1 s use.

; ■*

An alternate form of experimental' analysis is the
graphic representation of>measured v,alues. In all forms of
the displays that confirm the student's analyses of . 
experimental observations, the interviewed teachers required 
previous or concurrent presentation or confirmation of the 
student' s ’ ability. to perform tasks equivalent to those *
completed by thq* computer. •». ‘

The program should be simple in both its‘instructions 
to the:user and input of experimental data with the option 

. ' available to have the'answer(s) printed on paper in addition
to being displayed, on the screen. Although printing would 
require more time per student, attaching the.paper copy to 

' the experimental report would document tb,ve .calculated • value.

Illustration• Most programs ar^siraple,^written in.
■'* V •' ' . *' *' ' . VBASIC, and are. a^ suitable assignment for., a beginning ‘• • v ’ . ' * ■ . «

^  • * *  • • v  &compute-r science-student- or as* a problem-solving project T
'■ (previously noted). by a capable student. Alternatively,

. ' V v’’ _. / -••  '-a ' .

spieadsheetjprograms, such-as VISICALC, with their^ flexible

V  - ■; .. i- ,v :'■■■ '.V.- .
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, '  ■ - ■ ■■■■ -  ■

format, "arb ■ emiihehtly • dui'ted for this, purp6seV>>'alt|hough>
* slightly î pie'brieritati'o'ni for' “initial users would be‘
■ \v' . • •  -'v- •’* ' ::'; required. Some ..textbook publishers- are marketing V;
' datat-eheckirig' software for their integrated science ‘programs
--(Mefr'iir Publishing, 1985 ) . '

* •
*■Phase III : The Testing ..and Evaluation.T
' V.

Test Production ••
. . ■ Definition The production of tests for evaluation of
' students1.progress may be achieved1 by either a) the storage 
and retrieval of single test items or complete tests or b) 
the generation of tests using.a pattern. . .

Rationale A teacher considering using computers for 
this purpose shpuld know that a wide variety of options 
exist within the schools and include the decisions to use 
. tests that ' : =•>
- are prepared and printed by the teacher or accessed by the

' '
student directly from a computer (terminal)-, • - •

• - are created from banks .of .questions- filed, according to (
content objectives - or ‘created- and stored- as complete,
• integral tests, * ;»

- ’incorporate symbols and diagrams within; the test or as an 
‘ addendum.to the test,
- are produced from intact test items or by automated 

insertion : of random v.alues into a question pattern, ancl.

, " v
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:,/r- ihclud* '' 'y y  include ot&ar more familiar criteria, such as including
■ f . •' ' ■ ' *
;J.................v>questions t^ be objectively or subjectively evaluated. 
/This last option is currently not pbssible with accuracy 
because of the current state of the development of 

:S..̂ h?>̂ e,̂ '-:9l?î cking routines involving W o r d  recognition and; 
syntax 'analysis. Each of the otherjpptions suggested 
introduces its pwn nature of speciaj^ed knowledge and are
frequently selected in special areas'of the school setting.

Inclusion of symbols and diagrams by. scijjjjgb teachers
** *

has caused difficulties for, .and creative sol^jjj^s by, 
teachers including _/
- sketches using non-alphabetic,. non-numeric SPIJPStfcters such 

as, ! _ = . / \, etc., ..
- diagrams hand-drawn or pasted on to the test before 

duplication,, and‘ ^
- referral of students to a specific diagram from a standard 

set appended to the test.
Large-memory microcomputers and word processing programs 
with an integrated graphics-drawing component, such as ■■ 
MacDraw, * has made • these non^-electronic cut-and-pastp ■ .
tec.hnique's archaic. ' V  . r. ; ■*

Vv , ' *. -* . * ‘'• dCmplementation Tes.ts delivered directly to the student 
are, by reason of thd number of terminals required, 
generally restricted to student-centred schools offering 
individual student progress programs. The teacher i# this

-j’ ? ■ • ' J '

; ■■■. \ . , .4 -v'-; • . v.\ , ' , ■' ; •
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milieu will know how to control the flow.-of* questions from- a
bank of questions to the student By setting values of. 
parameters, including the numben of questions in the-test, 
the mean difficulty level, the concepts to -be:tested, number

' ■ '$• *~4.of questions per concept, etc. Within these restrictions, a 
large test item bank c^n support the production *o”f a variety 
of unique, parallel tests for Iriitial tests, rd-tests,. or 
for other classmates. The test may be printed on paper or

■ t- ’ " - •

on the screen depending on the type of terminal provided.
- , 4 t, ■ -

'. ■*The storage of test questions as separate items instead
of complete tests was preferred by the science teachers as
giving them more f lexibility in the .-produced test. The
individual test items'usually contain descriptors, such as a

..̂  serial number,, degjeeiof difficulty index, discrimination*vV* *
. index., and a record of past usage and the question itself.
• A test is usually tailored to specifications set by the 
teacher.and constructed by reference to these descriptions.

A test stored as a text file in a Word processor was
•" 1 '■ ■ '.:i- 'found to be most amenable to revision of separate items or 

>' of the .length 6f .the. cbmpietTe test .
. . .  • 1 * '* •

' * ' ’■• .A skill frequent4!y identified by. the interviewed .
. teachers as ‘prefeqvlisite for accomplished test production
was the ability to type.' Knowledge implicit in this, use <?!’
computers is an understanding of the methods, of accessing
and managing'f iles 'and of operating the program that
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Illustration The test that is prepared by a teacher 
\ and printed by a computer is likely to be the norm for most

teacher-centred classrooms and is an amplification of the
* ■ ' . 

long-used typewriter and spirit master model. The teachers
in the study cited the ease of storage, retrieval, and
revision of tests or items, using any of the common word
processing or data-based management programs, as reasons for
using the computer. The potential for revision on the basis

o f  ' . . ...

- post-^exam feedback from the students or item analysis or
- changing emphasis in the curriculum or class interests is 

a special benefit of using computer-assisted test 
production. # .

The .test items referred to above have been described as
i separate entities. "Another type of test question, usually

■ " . V -used by the interviewed teachers for a whole test, consists 
of questions whic.h have a general format into which randomly 

. generated Values are; inserted.. ‘Several questiSgjss, each 
generated according to their own template, are assembled 

• into a test which, ■ although using unique values, follows the’ 
. same’'pattern for all students. These individualized tests,
. ^although cranked but by a program that produces 
> &ij&-T.Size-f its-all questions, encourages individual student 

pet1 Barmance during tests.. Marking of the test is made
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' . .. . 277
easier by the inclusion of a computer-calculated answer key'
for each test.

*

jif, ■
Test Scoring *

Definition The grading of answers to tests may require 
checking^t’om a limited set of responses (e.g., multiple
vchoice, t.^ue/false, and matching) or analysis of’ Sri , •
open-respc^se, short answers by the computer.

h ' '
’V  ■ \

Rationale'"’ Th,is proposed usa^e cSuld bring to the 
teachers' the berlef its ;<̂ f

*
- reduced marking load, ’ •

I r  "  ‘ - *#■>,.. .

- statistics being gathered for test and item analysis, and
t automatic recording of marks to a marks record prpgram.
The ease with which these benefits are gained by the
teachers appears dependent on

-  “  ' ■  ' \  '

- the reliability of the scoring System,
- the complexity of the operation of the marking system, and
- the turnaround/time for test marking.

The. restriction frequently mentioned by the science ^
■ #'teachers in the study as being most significant in 

determining their involvement in using a computer was the 
■,4time available, for learning about and using the system. if

' • . j, .

a teachers', aide is not available, the teacher must balance 
the benefits to be gained against the time required. The 
Scan-Tron stand-alone reader uses Less time than a teacher
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■ ’ c, : ■ ■ • ' 278
would need to personally mark and release raw scores for a
test. Generally, far a greater amounej of information about
the test, a greater investment of timexpo call up a program
or to send the answer sheets to a central t^st-scoring
facility is requ^^d. r ^

implementation .Students 1 Timited-response answers can
be most reli^Jsly marked if the answers are directly keyed by

.' ' ‘ .. K. the student into the computer terminal. The obvious
requirement for access £o hardware will restrict this option 

■ f1©1̂  iff^t students and teachers. If, however, a mark sense . 
sheet, is used to. record the pencilled selections, the 
teacher will need to instruct the students .about the hazards 
of light or random pencil marks on the sheets and to monitor 
the reported results.

. The reliability of the computer to mark short answer 
responses is more difficult to assess because of the 
possible variation in the thoroughness of the marking 
routine used by the program and the extent to which the 
program development team had anticipated the-students' 
alternate responses.

Because the quality of a'test is dependent1’, in part, on 
the reliability and validity of the test questions, the 
computer can support this quality-checking by reporting back 
to. the teacher the students' responses and a variety, of 
performance statistics, including "phe questions * difficulty •
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'■ . O'.. : flevel and discrimination index. These values, when combined
with subjective comments from the students when the test is• ■s'v . - . '
reviewed in class, provided the. interviewed teachers with 
0 he support required for revision or rejection of a specific

. . test or item or the normative data for referencing of
*  ■ ' . . students' performance over a period of time.

^ . ■

Most teachers quickly develop mechanisms- for manually
marking limited response test answers, including* circles on

^  fc- transparent overlays or punched/slotted answer sheet r*** - , * 1 •
'overlays. A teacher should know that any computer-assisted 

pt^Cnati-ve that is more complex or less accessible than;'
primitive, but functional., devices must offer

: jr.; /> ■ .*
j^p'ensa-ti'ng advantages that the teacher regards as 

PJ^BRrorthwhile. The teacher should also be aware that the
benefits ‘of computer scoring of tests may lead to overuse of 
this mode of testing to the detriment of a balanced testing 
and hence- instructional program. ,v

.Knowing that students react positively to early
• • • * 

feedback on their test performances would also need to be
considered by a teacher when deciding on the:method by which
a. computet could be used to score the students1 tests. In
some cases, manual marking and recording may precede a more
leisurely and thorough analysis by a bemputer system.- *

79

■ Illustration The simplest system for £est scoring that
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was- found in the teachers V schools was a self-contained 
Scan-Tron unit that yielded bnly raw scores. To produce 
i:est statistics or to record test mark's, a -computer: must . be 

.. - attached to the reader ''and a program activated to ■ process 
the data.. ..For these more complex, and more productive-, 
test-scoring systems, a knowledge of the protocol used by 

' the: system to achieve the marking' is required. "Instruction 
in this technical area is usually available'in the operating.
manual or may be .given by designated personnel who*, supervise...

' '  - ■ %  - ■ ' '

the system. ^  : t  # > \

. .: ■ Â  significantly more powerful system was also
' • 0 * ’ M  'identified at the central office for one of the school

districts. Tests sent to"'this facility for scoring require:
. minimal, teacher preparation of sheets for answer key and

class identification^ After less than a week turnaround,
( ample resuits including student and class performance are

returned. .
0

Test Records and Determination of Course Marks
Definition In this use, the computer will process data 

in the f Or iff of students marks and combine these marks, 
according to weighting proportions prescribed by the 
teacher, to calculate interim or final marks.

Rationale For a teacher who intends becoming f 
acquainted with using a computer, this use4, as a first time 
encounter, differs the advantages, if sufficient access to a-.
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y  291 •
computer is provided, of ;VV' ■ ■ .yy .. ■' ;y..y.

' 'V. ■ ' V ; viife:. ■■■- practice at a time aipd place convenient tp the teacher,
- the option to seek assistance or. to go it alone,  ̂ \

immediate, payoff^for the teacher of a JtaSk. that must be . v...'."r
done before the course is completed., and ■' X - .

- inter.im benefits for' the .student in-the form 6f notice of
current standing. * - ••

- /: ;. y,' •' : y' . ■ Wy. ■; V  y-
; • • ' _

An issue to be considered by a teadher considering this . •
use concerns the possible changes: in marking or reporting -i
routines likely to occur if a marks records . program is used. ^  ^
By making the calculation of student.’S^markjs easier, several ~
decisions' should be made early in the implementation of this
•computer-assisted ■ reporting: ■ y . - '' ■' ' : . '
■ - Is'more frequent progress reporting‘to students o x  parents

envisaged? Increased access by students .to their 'marks.' - .
• ' caused'sqmeyiricrease in student expectation gf .mark

reporting frequency.- Automation „of the calculation of
marks involves^i’ncreased time for both the teacher and the
computer in processing these interim progr.ess reports. '"~:~y , -

- Will marks be posted in the' classroom for general perusal? y  
Will the-.right of privacy of -student' s'marks be . - 
recognized?. What pleasure's will assure this anonymity?
The marks record programs' usually sorted students :  ̂ ! y  v ....

. , alphabe.tically butr varied “in^ their^ ability to accept an V  '
' ’■ ■'■vv: I’v V v1- v ,   ̂ '■ ■ *'■ . '■ > :■ .'. .* ^  alternate. I,D. and further to sort the printed results by

' th^se identifier^,.
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The answer by the teacher to the questions posed above -'will 
‘ define much of what the teacher will need to know about the
■ ■ c .* ; . • " ■- ■ ■ 1 ;■■■impact of the use of matks records for both the teacher-and 
the' studdnts. .. '....- ;v >-p:\ .

. implementation Both the. specific matks records' •">' 
programs and the general data-processing programs- ;requlre\ a 
■ familiarity with the process of using; a keyboard and .disk 

'■ media-. Although the-computer’ has" been de^brihed as an 
? .'-''electric .pencil, " for • some .initial, users of computers, the
..grasp is difficult.

■ - " ”‘N  i
. 'illustration This documenting of the^learningiachieved -

, .-I ~ •. ■■ • I
by student^ ,i.part 6f every l e ^ l  of accountability irr jthe . 
school, gave the interviewed-- teaoh-ers much impetus' ’ to try 
out. the^ptark .recording progranis;fthatarfe so freely ' ' , 
available. A common source of programs was'from the local •

■ computer dealer as public domain ^freeware." These programs 
are frequently the products of progfamming exercises and,
s' ; ■-■: ;  ■ v . : 5v :;,... *>. ■ ■ / ,
because no controls were required for design or performance 
criteria by teachers /"suitability, of- these programs ,for the 
intended application should, unless other.users are .known 
who can witness for the,-program' s performance, be judged on • 
the basis of^ "you get what you pay for." :

The interviewed teachers referred to several programs,
;. . v ' •■ - ■ . - ' ■such as Class. Records or Compum^rk, that were produced to
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" market, usually. mention. t'his feafute. Laber!, vers ions of 
.. . these, menu-driven.-programs have, ‘also been revised on. the

*:■' ■' ■ ■" ■ ' ■ -/A ■ :
: vbaiia : of. feedback’f rom teachet-iisexs . V ! ••

I X  ■*'* ' ■’ ' ' v* :' • -
over come the • difficulties pres.ent in those friom' the! public 
domain collection^ Thes e ,cp.pyrigh t  vc reations usually have 
been-validated ‘by teacher u^e ̂ and, ° in protaotibri in the , v

: Another, source, -of software are the. no^-specific
dat-a-based sppogfams, e.g.,. The Manager, or spreaqs.l^ee'ts,

: . % •  t -  Vi si caic. Teachers require a 'higher level of skills -.
for'for mat ting and using these multti-purpose-programs but ;

<\  \'. . sofne express a .preference for the amount of personal control :
. ; that this gives them over; the processing of the students1 ' ': t

L; VV • . . ' . .. ■> -7 ■ .
 ̂ VJmarks. . Concerns such as "only integers' alloyed” and "mark's ~

must, be' over 5%"^are\not present when, the teacher defines
: < • -the functions used f ofS.each of the . operations. '

Test item Analysis
Def inltioTf'Part of many \est scoring programs is the

■ ‘--option for a statistical analysis of the students !  '  r

perf^ormance on a test, to determine the levels of difficulty 
and di'scrimination 'of; individual, questions in the test and 
for the reliability of the complete test.

./■

■j-

-Rationale As defined in the questionrtaire to the 
teachers, the purpose of item analysis.is to provide • ; v 
evidence of the quality of the test items, to, en’abl'e. rev>ision

^ V  *• ■ .
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or maintenance of a rbbust -jtest Item bank, ■ As' such, the
..purpose of item analysis goes beyond the^conventional' .
•olassrpom teacher's:;concern' for- tesj;.. 'anaiyJ^r' that .yields a 
whole ■ test imean average-and standard deviation. .. .'V, ... V . k V " ; \  V V  I

■ V - ; i/; • ■ :' i" v: '''■'
: implementation - No knowledge ‘of* computer operation,

■ programming/ hardware, or software was required for -this  ̂
application. The knowledge and skirls required by.^a-teacher• * •• • i • - ■ ** ’"vs ■ ».' •" ■; *; ,
to use/ the complete- statistics' provided by. a- te^p analysis ~

"v - - S'.. " V';.. ;•*
:• program would, however, . include knowing , '■ •-S •■. /'s. v s - v - ss. vss...-;'''s s>

f m. - the significance o f . the inf ormatipn that is available, ’
. .-. the criteria “to,; he. used., to, evaluate the information . Sy.'

;, the- limitations, on .the. interpretation of the information 
that is available, and' /. .. ’

'• - .the techniques for revising, questions .using, the above 
information. ^ ‘ ^

■'' "■ ’ -V ■ .■■■■'.' - :' KThis, understanding is normally . found m  a course-; or . a unit : 
' on measurement•and evaluation and is not in the domain, of .
computer k n o w l ^ < 4 g e ;

The levels of: information released from a test or itenv 
analysis then are each useful for various purposes including 
possible revisions based on dis'tractor, item,' or test .

' . - v s . s  v : ;' . . s  > '  ....responses, Tot. be completely successful at this test ite
V ' S ’ V ' %  ; ' :"■■■■revision, ...a' teaclie^ would have “to know how -to use, the

information'presented in the statistics (with a background
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/ .  .  . - • '  '  ' * ■  V . -

• ’\ •- . > . ' ' ’ / ' • 285.
'•̂ a> ’>:■ ’ ■ vi v « .*in measurement and evaluation^)., have mastery over the course
■ . ■•P- . V . . . ' i *•*... : ■ "■): v > . . -

-X . ’.content i arid -'have an understanding of student learning ̂  

behaviour;.’ ' ’ 47 .• • -

, ; illustration This aha'ly'sis' is an option .available, on ^
V :v, xequest',: from : test-Tprocessing services of mark-scoring 

/ v  microcomputer; programs or district ‘mainframes

^  The'.tijnf ormation that is-available: from item analysis
, are uS-ed a# several formal and inf ormal leveis; of test' item ‘
_ maintenance. Jlost of. .the. interviewed teachers indicated... •

• • / they had ,f o b u s se«d“oH^speci f i c,te s t questions - When they 
;v; worked on large-rscale ’.School, di'strict, pr provincial test -.;
\ development--, committees. , A- teacher who is considering .v*

/ •' *revision • of „ test questionis,• at a ''class'r.Q|m level should be
V.; '; . ? 'aware, .of thev relationship between-the rhliafcility of • /
: statistics and the, size of; the pd|>ulation Surveyed.:■ : ^ v

k* ." , £omnu?n 1 y , o ne> d is t r i c t recommends* a minimum of . 100 students-
■ •- for^a' d'epeHEidable'interpretation* Thus, at <a school ievel, -a v. ::

' . . ■ ■, r ’i  -• * - '■
> h  i 's.et ;cf statist ids . would he useful'1 when . revising'' f i:
. ... . or . common, exartis • . . ...,
p;: W i j i - ' h r i ' /

■■■■!". • ■ ... - i  ■ V " ' .  " . ' I ; "  -y

" ' : r  '. ' . ■i. ': . 0 '  ' ^  ■ ..
. J  / •; • . /• ̂ Because': of "the looted limitation' ofvreliah^ifcy; of -

’: ' i i inartoWfbased statistics, test-.marking systems at either theV ■: ...* V. 'S:- ̂  ^ ■■■ " ':
mucrbc'omputer' -pr mainframe level W a y  offer _ an, intermediate ‘. ;;

- . level of analysis of tests;, identifying only the proportion ;
" > ' * , ■: r\ ' •'■. ■ iji ■ ' . . -■ :V  ,i:’

■;vs - of jail* studefits to pass ..eadS' 'qhes t ibn.V,, This identification ;'
V\ ' ["ft til'd
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/ of:t h ^  ;;,,hard'r ' cmd the .subjective evaluation by 
: ' studefats during, claas discussion may, as noted g  preygous

section. :ori Test' ScOring, enable the classroom teacher t,o 
r’evise or retain test items or to' re-.teach the concepts on 

: which the test waS based*. v The experience of .the *ipacher is 
also •signif icant when interpreting test . results according to .

; A an observation by ai, teacher in. the study that, ..although the,
• -„•.- 'computer program kneW that the students .were having :
' °  . •, 'difficulties tfith' concepts ,’ the teacher., f requent ly' knew why.
! // /' ‘the students were having difficulties.; . y • /

Correlation, of Marks and Analysis o.f Trends ■ . .• ’
1 ;e -.; ■ . . .  : y . /. y  • ■ ■ v .  •. ■ ■■$'

N’ > Definition1 .In this use, cpmp^tet./systetos are used.'for, 
tracking course achievement by students> individually and ■ y 

/ collectively, over time. /'■•■/■,.•'■ •, '■■-.? y’ '

■

■ >V<'V
■ ^

• •
' ! * • -

(■
■hrRationale •The. purpose , of :this: longitudinal collection 

bf data, is to g^ve a . basis for instructi^nal decisions
• regarding school’ programs.; ^.Primarily administrative in its 
scope' for monitoring achievement in .the classroom and

• school, this use. holds promise,//■"•' .
firstly, for:those school personnel whose ..interests

¥

ehbpmpassy:~~and'.‘-go beyond,' those of the classroom teachers '
concern for the progress of*.individual .studbnts and, ,

- secondly, for teachers: who intend.to monitor the progress 
of their students for the purpose,-of instituting changes 
in the : curriculum':as . it is practiced in the’ classroom.
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' ""''■•I .  G O T ?'■ft . • vS

■ /-*•....••j ,*•.;■,, 
-* ■. .Impifeipehtatloh • The.• requirements . fbr this use b £ . at 

computer program, labdr for data entry/ memory allocation, . 
and' time f or analysis; require mean beyond those that ; C|.h'; ;
currentiy be mustered by, individual te jjgher s . • A11 of s tsjriese: ■
factors are, however, capable' of beinb overcome by. -
allocation of resources. . For example,. t he‘data dn':which 
generalizations of the adequacy of 'the program,’Of .studies is j -  

based are increasingly derived • from, testing programs ‘that 
maintain this information in a data base. The process of ‘ ‘ • •
initiating analysis of trends by schobl-level personnel • 
must, then, .for reduction of clerical staff for data en-tryy y

be .preceded by the release of this, information, in its 
electronic form, to responsible local personnel..; - _ : -

... II lust ration. As an example of the analysis of trends ■ ■ 
using a computer, statistics.for the diploma exams^fof the ■" . .
high school science coursbs^at"the grade XII level' are 1 .
regularly released to the schools and teachers: in.;printed ■.'■ 1 
"form within> two months of the date .of writing. ;-These \ 
results -show individual' student perf ormance • specif ic ■ ;■ V' ' . V

questions, • as, well as on the'
, v- v >  . ..... . , . j f  i- ■,

content and cognitive level of
whole test.*'

■ y .

: . V . .With the full einpibyment, of the computer in this area, 
these results could be. downloaded;. in .. a file to.^tfieA school br

■ ‘ . dis'trict’' compute^' for local''*̂ pf bcjgS§ing.''4- Once ■ the-data is "S.,'

■ -A-' , *  v : -yvAA.■■
A.;' available, analysis, of . results'from a Variety of;
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/ V;/."' / 288.'
% r / :  perspect'ives' laecioihes- possible. • A teacher may, forexample* '
* V . wish* to determine the effect on the level, of ̂ specific skills
•. . or•concepts developed by'a group jpf students that received a

treatment, of ".'a .series of activities designed *to increase . ;
■ V 7 , ' 7;. :: :7' .' '* V‘ \ " ' '

their, ability in-’that area. ..‘By selecting' the redevant data,
• j-. ' ~T.7 ■ .■» ' •« • V. .: ■ „ i ;. a Va’ comparison between this .group and a control group ii* the .

large population *bf students gould be made and from thi^s <
... " ■; comparison, plans'_coul<^ be made relating'.,to this the next
• « • year 's students1' program., « > 77.■. ./'7 -7.

'• : ;’7.'7'7.: : v
'7 v •' V SunSmary .

■ \ •• -A..-'".":, . ,
; - Several learning‘requirements.emerged .as being
fundamental knowledge about?* computers that were common to- 
. several uses *and included / .* - . ' . ' 7 ̂
- an orientation to the. control-and care of the program ’

' r i  . :•$; ' ' '' J' :disks and equipment, - ■' . -
t  recognitioii 'of the' signs and appropriate treatment of

malfunctioning cpiftponents, V  •*’
- knowledge of the overall structure and flow of the.

• , computer programs, ' :: ' >, ■■■■■■• ■ > 5 ;
/ . ' - re-immersion by the teacher aa»an active learner of the ,.

: - processes of education.
Sp'eoifjic knowledge was also needed by . teachers in the 

separate uses,of computers•including the
- evaluation of the benefits and costs associated with each 
. use-, . .

‘-'*A
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- clarificationl/of the objectives to be..ac?hi4yed by Using 
• the computer -, ? and 7, ■ ■ V7V
- operation of the'.specialized programs , '. W  ■ ' i -

v employment of specialized peripherals f or various • -x '
: applications, . / '* ■ 7 4 -
- ..unique' requirements of students who aife using the computer 

programs, ' ' :7 ..7 .7 . ' ' >7 7 . '.77 ■' V ’. \-'.’ 7-'

- appropriateness of the Uses of the computer for partlpu^ar 
educational-conditions. ■■ ; 77'\7' 7
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Summary of the Study • 1

■ -'v.-j ' '* ■ " ■ B '
This study has ’attempted to identify what a teacher

should' know .who intends ‘using computers effectively in
■ teaching* spience. The information on cofffjputer use in .
- science was •obtained from relevant . liter^atuie, from teachers
of .science •with , some’ experience in computer use, and the
researcher's own'background; and experience in the area*

-The study.began with a Survey of current, literature, as 
a result, of which eighteen Uses of, computers for teaching 
‘’Science-were . identified. They were categorized-under three 

. phases of 'teacher' activity: preparation' for teaching,, the>. * , ’ it'"
teaching/learning act,, and'testing and evaluation. This was 

'■ followed by the collection of. data f't'om' teachers, who had 
■ some experience with computer use 'in science. '. During . the 

; ' pilot' Stfage -of this data gathering:, eight teachers tfere .

‘ • interviewed to v, ■ ' .. .•••; ' ’ . ..
-‘. revise, the description of the ' uses of ., the computer by-

science ‘ teacher's,
■v'V-' 'I

- evaluate the' usefulness of using two methodologies , . . .
•’."v i ; ■ ■■>■■ ; ■,;/ ■ ■

- (questionnaire ‘and interviews) for collecting data.in the
, main stage,. and ■ -

1 \  • refine the interview procedure..
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"A, questionnaire ( Appendix A) was' constructed for the 
purpose of gathering information on the nature and extent of 
the teachers1 activities in using computers in teaching . ,
science and' the -issues in the uses, of computers in teaching’ 
Science th^t' should be a \f ocus for later discussion. The 

1.information from the questionnaire' was also used to identify 
the teachers, to be interviewed in the main stage.

Seventy-five teachers of science were selected for 
inclusion in ;the study by ■'/ •*.
- self-nomination by colleagues of the researcher,

• - referral by,the teachers1 employing school district,, and
*V.  ,

. - -nomination of other interested teachers by participants.
 ̂ * . • 'A: : „■ - v -  v  ;. ■ v  ' ' -■■■■ ^  ■A c.opy of the; questionnaire w.as sent to these teachers. 

Fifty questionnaires were returned. The response 
information was tabulated (Appendix B)- to .indicate the 
extent to which each Of the eighteen uses was prevalent in 
the-professional activity of the teachers*,, as well :as their 

-perceived feasibility of each use. . The•following were found
to be the most prevalent uses: test records-, test

* ’ • ' ^ .•+ * ' *

production, curriculum planning and materials preparation,.
\  ■ - ■ . ■' . .

•^instructional management applications, simulation,^ *
drill-.and-practice, .and tutorial. Teachers'were also asked 
■ to write in information relevant t° computer uses. This was 
combined for analysis with the interview data obtained from
the pilot and main stages. - —-

' . - '  ■ ' : :  . \  ' .
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On the basis of their questionnaire responses, thirty:'’ 
teachers were interviewed during which' th^y, described>their \
experiences and projections for the learning needs of

■ : ■ • ■' '.v- ; V  *v:science teabhers. AuSiotapes: of these interviews we.re / "
transcribed'and comments were ^sorted according to. the type
of use of- the computer and the categories of .knowledge *
underlying the use. v” ^  ' *

-v\;. " ■ .  J " . :> , ■ • • • • . ' / ■ ■, ■ ]

Much valuable information was obtained 'from Che teacher
interviews on most of the eighteen u^ela iden'&.f ied' in the
uestionnaire. In addition, a number 6f categdries of :• . •

4

knowledge for computer use were identified. -

V :  : ■ ’
, The study culminated in an framewbrk for what a teacher 

should know to use computer's effectively *in , science 
instruction. This is presented i« Chapter V". Data fron^ the 
three sources mentioned above were collated 'and Integrated 

„ to give as comprehensive a description', as possible on „the 
following uses: %
Phrase • I: The Preparation for Teaching: curriculum planning " *'  ̂ ‘ ."**r ’ • *

■ and materials preparationhxprofese ion al.v 
, vV development, communication between .teachers'
■ and/oij schools, information retrieval, 

instructional, management. . • , ^
i ' 'Phase II: The Teaching/Learning; Act: problem_ s . o l v i n g : 

simulations, tutorial', •''ihsttucbioftal gaming,
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t) .
t,(y drill-and-practice, electronic .

' . ' ' . . -. . .

chaLkboard/calculator, laboratory
instrumentation, experimental analysis. . '

Phase -The Testing and Evaluation: test production, test
scoring', test records and determination of course

. marks;^ test Item analysis, correlation of marks
rfand analysis of trends.

The following categories of general background
. • ■ ; .r . .

.knowledge were identified because each one.applied to more
than one use: operating. and programming, hardware and

■ ■■ ' :Y ;  v  ■' ■ ' ‘ '■ • ■

peripherals, software and courseware, word processing,
ihter-c°thputer communication, implementation of application,
and impa^t^;bin the ijteacher .'

v • ■ V
' ' Implications jjO£ the\Study

A highly significant finding in this study is the lapw 
level of oise of computers by teachers' of science at all 
grade'leVels. The seriousness of this situation is 
heighte^d by the fact^ that this finding is for a sample of 

- teacher5 who were considered to-be the most advanced in the
, ‘ ■. k . .

Province in using computers for’ instructional purposes.- A*
a * • • * ' * - > »  ' '•
reasonable conjecture is that the majority of teachers of 
science have, made very litt-le or, more likely,, no use of 
this‘'nev/ and powerful technological device.

This study also reveals that the teachers in' the Sample 
'entered Into .computer 'use in a somewhat trial-and-error,

" . • «v ; : , . ;.... v ■
- < - - • V  •'
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c.

■ 2 9 4

random manner. Many motivations underpinned this process, 
such as, an innate interest in electronics, a desire to be
at the frontier of professional innovation, the influence of

* . * ■ •peers, who were■ using computers, and other personal factors.:
This study also f.ound some deficiencies in the

articulation between the innovative teacher^-jattempting to
implement computers in the science instruction and other
staff in the school and the district. This isolation
4 resulted in an increased workload.fox the subject teacher
and some fragmentation of the learning activities of the .
students with the resultant diminishment of the contribution
of' the computer, in the learning enterprise. •

/

The significance of. this study is that fit presents a 
coherent and comprehensive framework for tme knowledge 
needed for computer use by teachers of science. This 
framework which is elaborated in Chapter W  can be used as a . %  -

nucleusfcfor a curriculum for teachers to become competent,,
*■' r p■ 4 ' v .userf of: computers.- It is relevant to those who are already

. ■ • ■ • ’ . *
using • computers to- some ■ extent as well -aS to tho'se who are

•t ■embarking on this avenue,'of professional development.
Obviously, the framework can, be used as a basis for the>- , •* 
pre-service and in-service education in computer use of ^
teachers of science! Becapse the fjstudy has-uncovered many 
of the determinants underlying the'implementation of 
computer use, its framework can be used to guide- School i 
^boards $.nd administrators "in the provision of hardware,
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 ̂ peripherals, and software of the kind and amount that will 
\ enable teachers to use computers effectively in science 
'^instruction. . . • *. •■../’ . .

There are three, restrictions to be p l a ^ d  on the worth 
of this.study. The first one is regarding.the efficacy of

' . » ° - - ' . ■ 7 V  • ' c».
computers for students learning science. In this- sfudy, the
assumption was made .that, indeed, computers do facilitate'

' ’"science learning. To -some e*tent-, this assumption is
.... ■; ;. '.. \  .. justified since .the teachers in the sample ;were highly ..

dedicated .professional^ to whom the ultimate worth of
y * ' ....• - ' " ■ '

anything in teaching-was . judged on the. basis of its impact
on student learning.

"Thd\ second-^restriction is in regard'to the -application
• of the view'of "state-of the art" to the framework for

' . computer use in science as elaborated in.Chapter V.
_ «**» . *

' • Obviously, this view can be applied, only in a. ^Limited sense.
Only the experiences of some of the most dedicated users of . 
computers iif Alberta science classrooms were* gathered in

- * • • [ j o ■

. this study. -In addition, time would allow,, getting’ only. some
' • " \ • . . 

p of these experiences on tape during the interviews. The
literature as well as^the experiences, of teachers on
computer use are growing, both in quantity and in quality.

- The 'literature, .unfortunately, i£ long on '
i>: ’theoretical/conceptual ideas but short on. concrete,', 

practical experiences of teachers. The latter are certainly 
a more important source qf'̂ ’info.rmation for teachers who are
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. #

' i

*attempting to 'implement computers "but; ^as this study has 
indicated, it .is no easy task to keep* tagdping the 
experiences of teachers sip as to broaden 'and deepen the 
framework for computer use /in science instruction.

A third restriction relates to the presumption that ■*
■' - ... •<.■ ■ -■ : ‘ ■ 

knowledge alone, as identified in-this study, is sufficient
- for'the successful^implementation of computers into the 
science activities of the teacher and student.. There may be 
other dimensions to the implementation process and to theV 
functional paradigm of the teacher whp i,ises computers in.. 
science instruction .that, have-not been identified in,this 

■ -study. \ . * . .

Suggestions.for Further Research and Development ;
- • \

1. There is a.-need for considerable research on the impact 
on student- learning, accruing**^rom the use of computers i'n 
s£i'bnce instruction. 'Obviously, a compilation and' : 
elaboration of uses of computers and the determinant's of

~ t v . ;  •- implementation underlying these uSes must 'rest on their
measured effectiveness in promoting student learning.v

2.. A process should be set into motion for the continuous 
gathering-of experiences from teachers on. their use of,■  ̂

computers in s c i e n c e . T h i s  would be best done on a 
provincial basis involving a clearinghouse conneeted*tp 
teachers through a network of electronic mail and' 
bulletin boaa^s. This procdss. should be coupled with a. 

■'continuous 'revision of the body of knowledge, -including
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• * c m \ . ' • . V • •' ■ ,* that relating’ to recent hardware and^ software
• developments-/ that a teacher i^jjf^science should have so 

; *  that (s)he may use computers effectively.
- 3. Professional %evelopment musrt>-£egreatly increased in the •

use of computers in science instruction. Many avenues >*
' for this.professional development must, be devised. .One 
: avenue that stems directly from this study is the ' 
development of a . high quality .independent study module 'on 
ea.ch of the eighteen uses discus sdfe in Chapter V .  These ' \  

modules 'could also be. used for the. pre-service education 
of jteache’r>ei of science . ' _
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The Questionnaire for a Survey of' 

Teachers Using Computers in Teaching Science 
(Foj* the Main Stage bf̂  the Study)
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Qu.e.dlp.i onnair e ^

•w.

. f w -  S k j t - v*e-a o-f*
Tescher s iJLJ-s ± r* <3 . p.onp'utehs '

± r» ''Science TeschinQ ••,' .• ■
•This survey attenpts to identify your unique experiences 

and interests in the uses of cofiputers -in science teaching.

The attached questionnaire includes g brief, sunwary of 
eighteen possible- uses of conputers, according ’to s recent 
review of the;;,'£^^ature.«. These general descriptions- of 
uses of conputers^are provided to assist you in conpieting 
the questionnaire^-*''’* Space is a'vai lable in the questionnaire 
for your ..description of your other possible uses.

The eighteen possible areSs of use of conputers have been 
grouped yit'hin a franework of thfee phases of teaching , 
activities that will be faniliar to all teachers! preparing 
for teaching, teaching, and testingaand evaluating.

Following -each of these descriptions of uses, you are 
asked to identify your interests and activities in that 
use. The Guidelines for Responses on the next page is 
provided for your assistance in conpleting this section',
• -Wherr you have identified yourself at the botton of. this 

page and have conpleted sour responses on p a g e s .4 through 
15, return this questionnaire ,in the enclosed envelope,

. If you are aware of other teachers who could contribute 
to this survey, please write their nanes and addresses on* 
the reverse side of this sheet. * _

Thank, you f or# participating in this survey!

A. Allan PEET 
5 6 0 V -  94 Ave

^ Edwonton, AB
^ T6E: 0X6

(403)469-3320
— — ;— :—      < __________

Participating-Teacher Infornation!
Teacher's NSrte! ;_______ .._.._______________ ____ ;_____ _____________
Subjects, T a u g h t !  __ ______ ._____ !__________________ _______
School N a n e !  ________________________ (Elen/JrHi/SrHd )
School. Address!.    ________________ 1_____ ._____-__  !____ _
School Telephone Nr-, ! ___ ______ ___________ _____ ________ ____
School District ! _ _ _ 4_______;____________ ___ ____ _  

■ -v ■. ...*
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Guestionnair 
\ Rage

G u i d e l i n e s  -for R e s p o n s e s
Following the description of each of the possible uses 

?dr. conputers in science teaching, a response section is 
provided to assist sou in indicating y o u r 'interests and 
activities in these areas. Use the interpretations below -* 
-while completing sour responses.
a) Indicate sour degree of involvenent with each area of use 

of conputers bs circl-ing a numeral, 0 through where-
’ 0 neans none, 1 Means-a little, 2 Means Moderate,

3 means considerable, V  means %)ith a consuming passion!
b) For each area of use? of conputers where sou rated sour 

degree of activity or experience as 1 through 4, ciTcle 
the letter (or letters if nore than one applies) to 
indicate the txpe(s) of current or. past, participation bs 
Sou in sour , science teaching activities. Use^the list 
below when indicating sour tspe(s) of participation!
U = User i -(of purchased or authored programs.)
D = Designer -(defining objectives and branches,

' formatting screen '-displays.-) 
v P = Programmer - (coding or revising prograns...) .
. ,/C - Consultant -(offering inservices or informal support

to other teachers.)
0 =• Other -(not included in the-four types above.)

C) Circle the ;hu«ber/letters that best indicates*the
potential that use has for sou in sour teaching ^
activities, i.e., the- feasibil its » for m o m , of future 
implementation of that use. Use.the interpretations 
below for the numbers in the scale J .v
+3 I 3m vers interested in and will be persona 1,1s

attempting to implement this use of. conputers.
+2 I will try this use if the right conditions (e.g., 9

tine off, budget assistance, etc.) are available.
+1 I will probably employ computers in this area of use 

in m s t e a c M n g  on onls e superficial basis.
0 I definitels^ob NOT anticipate incorporating this use 

of computers; in ms teaching activities.
NR I am uncertain and unable to indicate, at this tiMe, 

m s  reaction t o .this use of computers in teaching.'
-a d) Write the name of any relevant computer program(s) or

briefly describe the software that sou have used or have 
considered using. J

e) Add ans comments sou think will be helpful in describing 
the computer use or sour type(s) of activities or 
-experiences; If the length of sour response to ans aoea 
.of use exceeds .the spaces provided, please use the 
reverse, side of the sheet to complete sour comments.

f> For uses Of computers with which sou hay© an interest or 
experience that are not included in the typical uses 
described, use the 'Other•Uses or Activities' section at 
the end of that Phase of teaching.
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-■ • ■■-■.■■■■■ . • Questionnaire
,v Y V ^ - ' P -  V :P- < ,  ' P P ; :-P P',: ̂ :::;P.'. : . Page 3 .

• The- ^  ot* Conp uter S• ’ - in * c  ience Teselni *~»<3
The stages in the .teaching process, namely, goal ' /

identification* objectives development, lesson design,
■ lesson iMpie^errt^tidn, lesson evaluation,; and lesson 
Modification, are grouped, for. this study,- under three' ; 
phases* you are getting ready to teach, you are. teaching, or 
<ydu are evaluating the results of your teaching for. each 
group of students for which you are responsible. .

The uses of conputers which forM ^he basis.for this 
survey are thus classified within these phases of teachingt

Phase It The Preparation for Teaching, . ‘
Curriculum Planning and Materials Preparation,

? Professional Deve.TopMent^ ' Library Applications,
Conmunication between' Schools and/or ̂ Teachers,,

. Instructional Management
■ Phase I I : The T eachi.rig/L.ea r n i n q A c t } " „ f

P -  . Laboratory InstruMentation,’ Simulations, '
Dr iil-and-Practice, Prdbiem-’Solving, Tutorial-,
Electronic Chalkboard/Calculator, 'Ganing 

Pha-se III! Testing chid Evaluation? •
Test Production, Test Scoring, ‘ ' '

.. Test Records and Determination of CourseMarks, .
#ry P- Test Item Analysis, ^  Career Guidance,

Correlation of Marks and Mnalysis of Trendy.
These applications o f .conputers, as described on the 

following pages, appear as Mutually exclusive although, in 
any specif ic applicet'ion'', , the combined contribution of 

• ' .sevecal features is- possible. For example,- a simulation, . •
with graphics,' nay appear as part.of a tutorial with' records 
of the student's responses retained in internal files or, 
perhaps, the use of a computer, controlled 'intelligent' 
videodisc showing slide's or mdving sequences as visual 
prompts- for, or as responses to, 3 student's’ coHrtents in a 
.dri1l-and-practice sequence.

F" h  3  -s- e- I  t y
T h e  F'r e p !e r  3 -t i o n  f o r  T e e o h i  rig

■ » ■ • • 0 'Prior to Meeting with the students ih the class, most 
teachers, whether utilizing conputers or not, Make decisions 
relating to
• - the -selection of course content and sequence, ,- 
- the choice of an appropriate teaching methodology,
-,0the preparation or selection of suitable materials, etc. 

Here’ the conputer nay be an aid by getting info’rnation ffon 
-a'loc-al or district memory bank or available.diskette. This 
stored information nay be entered or retrieved using Word 
Pr'ocessing-Prograns or Higher Language programming.
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'■ ...... Page 1

Curr iculunr PlanninQ -and Matter iais Preparation • '
Thi3 function stores information about instructional 

wateriels.in file4 in .the memory of a large conputer or on a 
disKet’te for a snail cowput'er. Upon request by a teacher, a > 
copy of the instructional natejriais is displayed for 
selection and, if suitable, is printed for student use.
Materials available could include worksheets, student notes, 
graphics, etc. The resource file that is accessed "way also 
contain suggestions, for the teacher‘regarding relevant 
wedia, references, or activities.-. Another possibility here 
is the local -preparation of custom-tailored diagrams and 
illustrations using'commercial programs.

Rate your degree of exper ience "in this* uset 0 1 2 ' 3 1
Classify your type(s ) of experience(s )t U D P C 0
Estimate the potential for your future use! +3 +2 +1 0 NR 
Descr ibe .(or ‘ name) Software or Programs? ••
"I have personally u s e d  ._____ 4*-'̂ _r— ____
; ■" ' . ' ' 'v:- ■

. • . ^  mm mm mm im, mm Ml *

'w \y •*"I would use if available' _________   _t_'______ ____
v

Other 'comments on your activities, programs-, or this use*

Professional D eve 1 o p m e n t ,
The teacher also is a potential beneficiary of this 

collection of material in "a data . • bank. The collective 
■contfibutions of various colleagues and professional leaders 
(become available, through modems and a regional network, for. 
perusal rfhd engagement in an in-service program supplemented 
with feMinars (Or 'round-table" multi-party'conferences ■ 
using the*-telephone connections).

■* 1 .

Rate your degree of experience in this use? 0 1 * .2 3 1
Classify your type(s ) of experience(s ) I U D P 0
Estimate the potential for your ftaiure' use! +3 +2 +1 O'NR 
Describe (or name) Software or Programs! >•'
"I have personally used _______    .________________._

t

\

"I would use if available __________ _.__ _______.__
. . ■ ' ’ II

*  —  —  —  —  ~  _  _ _  —  —  —  ♦

Other coMMenti: on your activities* proQr3fisf or this uset
' - ■ ' ■ ' ' v . ■ *
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a

Connuhicetion between [Schools* and/or Teachers
Closely related to the above professional development 

of teachers is the conputer's capacity to aid in «• v; 
inter-institutioCial coMnunicatioiifr using, the 'electronic 
naii-boxes' of s Message- facility into* which'specif ic-‘ or, 
group-addressed ihforMation is inserted for retrieval bS the 
addressee(s) with their power for <£iscretionary 
hard-copying. Included in this bfoad area of institutional - 
coordination are Maintenance of student' records in 
school-district, or -divisional conputers. . ' *. : ^

Rate your degree of experience in this use* 0 1 2  3 t. * ; 1 ?1 • • • _ o
Classify your .type (s ) of exper ierrce (s V t U D' P C 0
Estinate the potential for tjdur future use*!. +3 +2 +1 0 NR
Describe (or hane) Software, or F'rogr ans I
',rI have personally, u s e d  __________    .

"I-would-use if available _
■ '■ ■ - *. 4-•* 

Other co.MMerits on your ̂ .activities. prograns. or this use;

Library -Apptj i cat ions
In addiction to,adninistrative usage for resource 

nahagenent by library staff. a seience teacher (or student) 
nay access avriata bank searching'for ( and cros%^ref erencing) 
Materials hot- included in the large curricuiuM resources 
records described above.

Rate your degree of, experience in this use! 0 . 1  2 3 ^
Classify your type (s ) of exper ience J s ) t1. D'- P C 0

' Estinate the potential for your future usel +3 +2 +1 0 NR
Describe (or- nane) Software or Prograns; ' -
"I have personally u s e d  _____    ..

“I would us^ if. available ,  ___     ’______  ,,____ ____

Other' connects’ on' your activities, prograns . or this u«fieI

T

t '
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Instruct iona'l Manageneftt Applications '
The assistance*given to school activities by a.

Conputer-Based Instructional Managenent Systen are desirable ^
if -Individualized learning is the .node of activity in a •. 
school.i The functions ^wil'able within this general at^^a . 
include several of_the elenents .described in the 'Testing 
and Evaluation' Phase of teaching'including, not only suph 
clerical- tasks' as Test Scoring, Test Records Maintenance, 
and Data Production for Analysis of Trends in a student's 
narks but also, the supportive tasks of Diagnosis and 
Prescription and Group ing'. Using,a cycle of criterion-based 
test scorinft»K diagnosis» prescription.' and'reporting, this 
application, which relies on educational
objectives-dependent procedures» nateriais. and Measuring 
instruments, seeks 'to| provide the gleans by which the teacher 
Manages the educational enterprise1 so as to offer each . 
learner an optinurt set of .educational experiences. The 
suggested .experiences nay include'nateriais or activities :
for an individual student or. for.a number of students who 
nay be tenporarily grouped in a sHtered learning situation.

Pate your degree, of ex-pi^erice inNithis use? 0 1 2 3 ^
. Classify your type(s ) of experience(s)1 U D P C 0

V . r .  • ' -

■ V
Estinate the potential for your future"Uset +3 +2 + 1*0 NR■ *r -Describe, (or nane) Software or ProgransX
"I have personally used ;_____   .____ _

’■'I would use if available

Other coMpients on your activities, prograns, or this.useJ

< o
n

Other Uses or Activities in 'Phase I' of Teaching
Rate your degfe’e of experience t 0 l' 2 3 4

^Classify your typers) of experience<s)t U D P C 0
Estinate the potential for your future use! +3 +2 + 1 0 NR

V  (ftl'i^.e describe.)
. -

. . . ■

k.
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• Phase XX t •' . ■
■ The Teaiofi i  riQv'Lesm i  ng Afc-t

. • *' The /application, in the uses below, of compiJters to the
process of teaching and learning will be present- in either V 
►of two formst Instructional Aid or Cqmp.ute.r-Assisted-r , 
Learning, the distinction between these being the *

- centrality, ip the latter node, of the conputer to the 
direct instruction of the student. / "\v ;

Problem-Sblving : -
/ Two meanings are attached to this tern. One meaning is

fe to Solve mathematical Vroblens. ‘That is included under
Dr ill and Practice below. In this study, only* the: other 
meaning%is accepted, namely, the *open-ended' use by a •
student cff a ,conputer in” science edtjeation which is not r .
•limited byythe pre-planned structure, present in. host other 
prograns. . For example, the student, using the.computer, ,
constructs a hddel of a reel-world situation dfSssysteni’ ’
e.g.# writes a simulation, and then notes the degtee of ’ 
conformity to or discrepancy Bith the rdal situatAa^V The 
construction of this environment frequently requires' 
programming skills by the studenTT or a high-level, ].%ngr 
emulating artificial intelligence.by -the computer .

Rate your degree of* experienc.e in thj.s use* 0 ,1 '.3̂  3 4
Classify sour type(s) of exper ience (s ) *' U D P C 0

>
Estimate the potential for your future use?-. +3 +2 +1 0 Nl?
De,scr ibe *< or name) Softwar e or Pr pgr ams !\ ■ ~  ~~~~ ~~~ ; ■- r \ ■ - /.
*!'I have personal ly u s e d  __ ______ ________________

A..,  ̂11 / :
' ■ c \ ■ ■ ;"-v * '"I wouldc use if*:available-  ____     ,\'
' \ _ _ _    •   L."—  '____________ . "•' "■ : •■■■ .* ' ■•■'■■■■ Other comments, on your activities, programs, or this uset,.

 _  , ______________    '________________ ‘__________________________________________________________ y - ~ '  ■

_V- ___ _1___ _ -    ■■■ ‘ '//
_  "tyf"

* -t
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Page 8
#

■?SiMulat-ions '
When presented with a conputer siMulation;a student 

an explorer searching for the rules underlying the.systen 
noting, the effect oh the systen ca8%ed by adjusting the 
prograrined pananeters Available. A science teacher could 
offer the student a .siMulat’iqn as a 'pseudo-lab' when a . 
dehonstr atior^ b'r exper‘iMent ,

/■rs..
by

take? too long <e.g., genetics experinents), m 
happens too .guickly (e»-gvt» capacitor discharge) , 
is too dangerous (e.g.;, Vbdioactive decay), 
reguires a cowplicsted set-up (e. g . ., Mil likari/ s o i l  -drop, 
deterrtinabion of charge/n'ass of an electron) t ■ ■ ■ 
reguires expensi.ve v or djff icult-to-obtain Materials or 
apparatus (e.g*» haxwey^PO’ltzMah distribution of 
velocities in a gas) >.  ̂ V ■ ... ■;

6 ,*occurs -in a hostile envir^nnentf (e . g;. , 
orbits) , or ; |  ../ . ^ ’• .v
causes undue str ess' to, the" eQvironnent

3-.
A.

3.

/ 7.
sate 1.1 ite-
(e. g .

\

o su p p i e m e n t ' n o r m a 1" 
' al?o auxiliary uses

strean .
' . ' Alaboratory

of ■ .• '. : ■
and

pollution.) ■
The usual purpose ls;| 
activities. There ar
1 ab-sinuTatione that include the possibility of
a ) pre-lab or ienta tion■ to equip Ment, procedures , 

typical results , *■ ; ' ,f • • .--v. - .• :
b) lab^e;rLehsion tb>expand t|ie ranc^e of Conditions, beyond 

those exper iericed - by' the students wheh the lab was
per for ned,' and • . '. . & ■

c ) post-lab rep 1 ication of procedures.'and . • c-̂ ’
fiUMber^crunching' to yerify, experiMehtal results.

This application May use the ability -of the screen to ; .r ■
exhibit, in addition to .static alp'hanuMeric characters, 
sketched figures which nay dep ict aiiination♦ '
: ; Rate your degree of experience in this, use. 0 1 ‘ 2 3 A

\ . Classif y sour type< s ) bf exper iencefs) f U D Pr- ,C 0
fEstinate .the potential for ycnA* future used- *3 +2 + 1 0  NF<
" Describe for nane) Software of F'Ko'graMsI 1 f.

"I have personal ly u s e d ;

,rI would'\itse if aVailable : __

Gthen Connenfs. on your activities, gf aMs, .or thi s use J

■f V f  iN ■■ A' ■V.',V.-.'T; V J‘v- a --.-':...
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<‘:W- - *v-- /; •’ '• • ■■
• '■’.••ipoe

"I would use if ayailable  __ ____ __________________

oN^her connents on your activities", prograMS, or this use!

The elenent of coMpetition, either with the qbhputer.or 
with other students, provides"Motivation for 3 lesson. The 
deter Mi nation of a 'winne^r/ (is the goal set by the. prograM.

Rate Hour degree of experience in this use! 0 '*!h^2 3 ' 4.
Cl assi-f̂ j Hour tnp,e (s ) of exper ience (s ) ! U D P C 0
EstiMate thje potential for, Hour future use.* +3 +2 +1 0 NR« j • *’Describe <or naMe) Software of F'rograns!
''I have personally used ____■ ___      r

 — “-̂-5---— --------
"I would use if available

Tutorial M /
The instructional (Socratid) dialog .betwderi tjie student 

and the* co«putfer utilizes the conpyter's ehhan.cedr ability, 
for; checking of the student/s resp'onses and; br'fnchiing for 
3Pf»nopriete renecfial discourse.3 The .student resporids to •
questions posed by the prograM? this prograM also -hds'the . ;
capacity to evaluate the student' s progress and' to adjust / !; W
the pace arid extent to which the new Material will be : v f • .
developed* 1  ̂ -v.V.:'. . \ ■■

Rate Hour degree of experience in this use? 0 1 2 3' ,4,
Classify Hour, t h p  e (s ) of exper ience (s> . |lj D, ' P C 0 . ;
EstiMate the potential for. Hour future use! +3 +2: tl 0. NR’
Des'cri&e <or naMe) ^oftware or PrograMS.!
“I have^personally.used __ _______________ __

Other wC,OMMent«S onJyour activitiesprograms, or this use:

 ___Jt___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ v _______________     ;______________ _______ _______
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y NN ,;'. "..V ' :

X:' ---V.-V''- . GuestioftPieijre
'̂ V ■ '.v;l ; ' ■! \  P8«e 16
■ " k y  v - . • : '• . 0 , ' ' '  ■'>: ' Y - :  ■■■■■Dr ill— and-PfaCtice

A Major- purpose of drill-arid-practice programs is the 
■ , Maintenance of basic skills and concepts» Matching of

responses' is required here as well as'in the tutorial ■
program. The branching for remediation and difficulty level 
is optional, as are diagnostic subroutines.• In this study, r 
practice at solving MatheMatical problems is included in . j^r;

,\7 " this- designation * S.;
\ Rate sour degree of experienee in this- uset: Q 1 2 3 . d :

Classify woiTr type ( & ■ ) ' . & ? ■  experience(s) ? U D P "C 0
Estimate the potential for sour future use? +3 + 2  +1 Q, NR
Describe (or name) Software, or Programs! -•/
"I have personally us&d ___________ L. _

'‘1 would use if available _____ _______ _____

"Other- comments on your activities;- programs, or this use!

T “V

Electronic Chalkboard/Calculator
Tĵ e presentation to a class of prepared notes and 

statj^br animated displays on a computer screen is an 
al>tfer#ative to the film loop or overhead projector * . The 
computer may also, in 'real-time' while teaching, calculate 
andvdisplay values of functions.

Rate sour degree of experience in .this- use! 0 1 2 3 3
C lass' if y your type (s) of exp er ienc'e (s > * U D P G O
Estimate the potential for' your future use* +3 +2+1  0 NR
Describe (or'name) Software or Programst - .
"I have personally used *_;_J_________________ ___________

I I
—  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  ~ ♦* ""I would use if available _______ ______________ _

• . I I  r  — - I g - --- ;-------------   -—
Other comments ori your activities, programs, or this use!
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a

X ..* • .’.''• • . « 1 iTY • " •’ * 1. »,. 4 , > '* -l ■ ' - 1 1 • • •«. )■ '»'■( #-i •• ... ;• - • i V •*;/, • .. • HlN , .• ’ , • .'c y •.     v< ..
■ . ' . 1  \ * :V  ^ : - - Y " .  /•••’ Y Y . , ; .  '"v?-

. V-:- "-V:<y .. y . .; yy ;V y f.-y : , ■ / : >  K  Y y .  Y-i515Questi onn air a-' 
■ Page 11

Laboratory
Witlv the addd‘3 

hay be attached- sen 
r conputer' Key. re cor 
; e . g* > the, accejLetat
oxygen dF. a sdl^aign#: the 
electrochj“Mic^i! rfdl 1 etc?, 
recor.der of tfflkse* jia.t̂  or 
and disp 1 ay .ithe-SaBt/a- I-n a 
ooMpyter,» 4§elijl\ji'thr oughtf. i 
.also corit.ro 1 <3gvices ;irf' .SSĵs 
vvalve oh a .buret* ah e,^Vtt 
ap.payetb.sV ,^:.heater irjpdfc
■ s'... ’•.'"..." f̂y- ■. ° *'■Rattv your rtpprefe" of- e:<p

’interfaces to whicb v 
).. pr switches> the : 
ty of experiMehts» 
ject.the4»dissolyed X  

ijcJi tewp erasure; of an- :lg ' ;• 
î fter • May., act as: '.a aet . V" 
"4»rografiMed: to arialyze' 
graphic forw. The,.

output por£s» nay • g »j tbe relQasey' 
i ‘ o n a kinenatics

Classify -type<s ) bf oexper ience
Est i M3 tie tbj^ip'ot ehti a 1 for yobr- futij•• ' ' V ’ *’ •"* J ~ J-LU ■Describe tor**rrfen&)hSoftware'or FToJb*OTi<4 * ■ ■ ■ ;V>: '■ 'T.r ■ ■ — :-“— J l n p — ?;w. ■ ... v, 1
"I have pe^^^M^i^va-ed '■ .'wtofc . ■•;»■ ■■'*■

u£et 0 1 2 '3
U - D C 0

. ‘+3 +2 +1- 0- bIR

"I wouId use

Other QOMMente ori your activit ies >• progr sMs, or th^s use t
* . • • ■ . ' ■  °

    ; 1_ _1__ '®'', ____

- 'V .

« ' r .

Other Uses or Activities in 'Phase II7 of Teaching o.,.̂ V,
Rate yoi.ir degree of experience. 0 1 2 3 4
Classif y sourNtype( si of exper ience<s) *. U' D P C O ^

'^stiMate the potential for y<3ur future use*. +3 +2 +1 0 NR
(Please describe.) * ' .

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ;
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>, ■ ' Questionnaire
s.. page 12

• ■■ V1, \ ■. ■ ' 7.V; ; \ 7 ' ■ 7-7;. y. 7
' P h 3 . ^ e  X X X  5 

Xfe-s •fc.-.3t»“r-*Q '•‘yve-'rvtdSEEC* s* X  o r »
. . , ?he after-l edrning-tcontehi uses of cpnputers center on 
the utility of*the conpu^er to assist the teacher in the 
..ass'esS«ent of the s^dent and of ’the educational progrart and 
the guidance offered to,4the student Making a decision in 

...carder counsel 1 i ngvV ■"

7;: 7; ••'"'Y *y.^vV ■■■■ ■Test’ Production ■ , ;{ . . '
•- The ^o,ss i b i 1 it i as 'avai l'aVle her e are •

. "a) for the 'co.nputer att). s€o.re and retr ieve test water ials
’ (u-sir/g ' Word, Processing.. Progran or Higher Language

pr ogr awn in.g) or , ., ".>■
b) for the -cowputer to generate unique/questions using
- -'qUestioh ^^ewpjgtes' ihtq whibh appropriate randoM
■ values are' inserted, resulting in a liwitless nuwber of

• parallel -test ^.teMS^lT of’Swhich follow general and
expected- fo.rrta.ts. •• V- ■ '■ Tive /rtater ials scored in a )• abdv̂ e' May be whole, unit test s

' <:whioh way be rePised asy ̂ e c e ^ s r y  for the current usage), or
individual test g ye s ti bn s H a-^nla i n e d in an itert bank.
Selection options for the tjeacher using the testing progran
ar:<̂ '7f r.equently
i) visual' test-b.9-te.st p> iten.-by-ite.M search- and revision 

by the teacher or? V  •, -
*i*i) strustified rahdgM'.seiection of iterts by the cowputer 

with specified cjriteria constraints such as level of 
-.difficultyy weigifti.riQ' by subject fatter objective,

. cognitive level, or type of response required. A,

. - .Rate Mbur degree of -experience in this use? 0 1 w2 3. t
Classify woiit typ.e(W)- of . eXper ience(s) 1 U D P 0
Estiw^te the potential .fd^HOur future use? +3 ,+2 +1 0̂  NR
Describe’ (or nane) Software or Prog)- aws I '
"5 iisve personally used____________ _'  ______ ___________

\

"I would use if available __1______    y_____ ______
r j-.■ ; r. ■ •* h

Other cortnents on your activities-, prograws, or this use!
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‘‘̂ ’v ,V; >\- 317 ..
:h -* . Questionnaire

. . p 3 >  i3
Test Scor i ng

i f  the, response^ to the test itens are. Mult ij^^Lchoide 
dr true/false or if ^he test is given on the c o m p J v H L  
Con-line) and Matching,routines are available for sirort 
answers, then the answers May be scanned for scoring of • . ; ;
responses. ■

Rate your degree of experience in tjhis use? 0 i *2 ■ 3 4
Classify sour type(s) of experience(s): U D P C O

. 1 / . 6 ■ 1 ■ i ' ' ^Estinate the potential for your ffltOre Lise! +3 +2 +1 0 NR
Describe (or nane) Software or Pfogfansi .
"I have personally used: ■.ZLiL'j.Ll ___ ^

" I  would use if av3ilahle:
■ Ik .v . ... • . , •• ' '

Other.connents on your activities, prograMS,' or this use!

Test Records end Determination of Course4QrtafksAfter scoring, the results May be written to internal 
records and/or' returned to the. test user 5 a coMputer Managed systen May also offer recoMnendations for units to be. covered or reviewed hased ,on iteM and test results'. ,

, Following entry of weight ihg “factors » inter in or final. :
’ grades May be calculated.
. f Rate your degree of experience in this use.? 0 1 2  3 ^

Classify your type(s) of experience(s)t U . D P C 0
EstiMate the potential for your fut.ure use!.. +3 +2 +1 0: NR
Describe (or nane) Software- or Pfograds?
"I Hth/e personally used  __{.________________________

"I would use,.,if available    __________________
’ ■* ’ ♦ 11 

Other connents on your activities, prograMS, or this use!

V
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X

■ ' v " " . 318■ A  V Questionnaire
N Page 1^

■ - . * %Test Iten Analysis
The records of results in the tests nay be subject to 

the analysis of students' perfornar'ce by software 
statistical analysis packages to deter nine . the. level of 
..'difficulty# quality of discrininatidn, etc. > enabling the 5
revision or substantiation of the itens in th«? test bank.

Rate Mour degree of experience in this use? 0 1 2 3 ^
Classify, your type(s) of exper ience (s) I U D P C 0
Estinate the potential for your future use? +3 +2 +1 0 NR
Describe (or nane) Software or Frograns; .
"I have personally u s e d _________ :_;__________________ ____, ’ : ■ - .a- , „ ■ ■■ .______ __ _  _  —  —  —  _  —  —  _          —  —  —  —  —  —

^  -'I. would use if available_______ _ _  

Other cbnnentsi on your acti vities, prograns >: Dr̂  this ysej

- vCorrelation of * Harks and Analysis of Trends; > ^  ■
- : Records of performance results on tests allow far. the

l.bngi'tudi>i3l tr.ec-king of in-dividual student's ach'ie.vfenents 
and the conpsrison between groups which nay forn a s for
instructional decisions•regarding school 'prograns. \

Rale your degree of experience in this use I 0 1 2 3 ^
. Classify your typers) of experience(s )J U D P C .0

Estinate the potential for your future use? +3 + 2 + 1  0 NR
, Descr ibe (or nane) Software or Progranst

"I have personally u s e d ______________ ____ ___________ _____

"I m o uI ®  use if avai l a b l e __________ '_____________________
<v ..•  ---- ,----t--— ■---------------   -+---------- *

Other connents on your activities, prograns, dr this use!

\ ■

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Career Guidance ' .
Although career counselling of students does not 

nornaTly fell within the done in of s c t M t i e s  of classrooM 
teachersr. the science objectives' frequently include 
referenced to. occupations 'snd^b'dus.tri.esfiM^'re a Knowledge 
of science-'is' e prerequisite* /The CHOICES pre-enp loynent. 
and training ihfornation servide^is the- wost connon pr.ogra/y 
used by schools offering this resource. - -. /

Rate your degree of experience in this use! 0 1 2
F:

3
C  '' 0Classify your type(s) of experience<s)J U D

Estinate the potential for your future use? +3 +2 +1 0 NR 
Describe-^or nahe).Software or F'rogvahst
"I hac/e: personally used ______  :____[.__________________

"I would use if available

Other connents ori. ypur activities# prograns# or this use!

Other Uses or Activities in xF‘hase III/ of Teaching
Rate your degree of experience!" 0 1 2 )  4
Classify your type(s) of exper ience (s ) ! U D P C O

^  Estinate the potential for, your futfire use! +3 +2 +1 0 NR
(Please describe.) 
' /

-f—

"€T a
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Appendix B ’

Tabulation of Questionnaire Responses 
Reported by "Use. of Computers

V - \
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Curriculum Planning and. Materials Preparation; . ..
Teacher Identifier:

- - ... 00000000011111111112222222222333333333344444444445
‘12345678901234567890123456789012345678901234567890 -

‘ • Degree of experience: x X x x
1310 2 0 0 3 210 0 2 4 2 6 4 310 2 3 2 0 0113 313 01412 2 0 3 31111L3 0 3 01 0 1 2 3 4

... . '■ 1315 811 -3
a Type of experience: ' - *■

.. .u u .. .  .u .u. .u .u .u .u*yuu ..u .uquuuu, . uuuu.'uutruuu.u.
 ̂ ■ • • • • . . D . . . . DDD. . » . .... D . . .D. ••* . • . D , D . . .DDD. • • . .D.
P . . . . . . P . . . . ,PP. . . P  ... . PP. P . .•. . ; P . . . . . P . ... . . . .
■•'■CC . «̂» . C .... CCC ».'.... . c C  ..... O'. .- .-t-....... c ...

. ...*. O ...... 0.. ̂ . ... 0 ........  ,....... 0 .
Potential for future: use: . x X

4- 233’. 2323 323 233. 233. 2. 3 32.12. 312333 3213 33 32132 3 . 322 0 1 2 3
. ' V  ' * ' ■ . ' . •, 0 41524

, - ' Open Responses: . ;•••,.
I have personally used: ' - : •
02-i APPLE WRITER, BANK STREET• WRITER . ■ v-.A \
05: CRIB.
08:Word Processor, DBMS, Self authored worksheet 

preparation. . ' ■
v 09:MECC materials for test generation.
' 10 : a* computerized list' of materials in our school library.
13: "PLATO-based" courseware, i.e.,,. Elem. Physic's, Fraction 

Tutorial, Estimation Program. '
"15:My own'-materials and G'AS LAWS and K;M.T.

' 17:"SUPER TEXT" word processor to prepare labs, tests, 
outlines, etc.'

18:Various of my own (and others) worksheets and- . . •
, 'experiments, nothing commercial - locally produced.

■ 19:TEACHER UTILITY, Michigan Educatibn Consultants
■ Consortium (1982). * ' '

21:EPSD item banks. Some stuff from Ainlay - Alchem 
22:Data base programs' for A-V materials (File Cabinet); Word 

Processors - Scre.fen Writer + Gctenberg.
23:APPLE WRITER, SCREEN) WRITER II « ./■
2.6 :my own data files. .

' \ .27 :Text files created by me. or VISICA^C.
• J28:APPLE WRITER^TIi^), .IBIS.

30:Material wpi)ffl have to be. 
would, only y®e"'^science.

« 31 -.Test - Word .Processir^j Files - Apple, IBM, & Commodore,,
(APPLE WRITER.)

• 33:Ele^ctric eitcuit problems.
•34 : Super-Teak".-and Gutenberg.
35:Word Prb^ssing package. .

collected oh a narrow bas^s -
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V 0  '■ ■ ■ ■ ' ■ ' 322*

36: the Merlin Commodore *Set'ie£. - • ' t •
37: I.E. P. MANAGER ■ , -'l.
3 9,-MAGIC WINDOW II,-CLAS AUTHORING SYSTEM,•PFS WRITE, , .

WORDSTAR, APPLEPLQT. : _ * ' / -
40:Word Pro as'at. basis for design of work fori students Labs, '.
..Exams.- ’ ''•.»/

42': JUGGLER H e  with■LEXICHECK. -
4 3rmedia references. , „ v  . -
44: Paperclip. ■' • .. .
45:Word processed assignment.sheets (my own) - easy to..

modify ’& change. ; . " • . . :
46:PFS File ,and .Report. Applewriter. •
48 iAppleWrite'r, ■'Visicalc, SuperText, \ C-peat e T e s t . ‘ • ;•
50: and have been involved in a University., program where o.ur. y  . 

•computers linked°up to their -Mainframe. • ’
'■ . ■ v ' I . '"I'I would use if available: ' *

05:The regional council had discussed application: • "I*have 
: a'lso . Contacted [ Systems Personnel ] about, this Idea .

08:programs. ’ .■•. .
09 :Chemistry program if ’it could handle capitals - and 
•: subscripts. 1  «. y y
10: lists of all school material readily available ;
15:Good quality programs tailored teethe objectives.
16:Any suitable program. '
18;Ahy : others I ;could find. • :
2i:materials -on Floppy discs like graphics,- worksheets.
.24:Lists' of A-V correlated, with, curry * ' . I '
26 :'suitable materials. 'I . ’ .
27; IBIS. : • .- . : y i f
33 :Supplemental prOblemsyfor students; student handouts .
3ji:Apollo Series I : ■ .
38 : any programs - I cou.ld find’ - .1 haven.' p -.found iny yet . ' • * v
48 :Data base ; or f ile.Vprdgram.;- Apple • Works*.

comments: . .. • ■ ■ ; : > .
rteSt.developrhent-refeEences-activi.ties.

'urrentiy writing a* .ufiit for EPSB on contract - on. I' • 'V 
'energy.' ’ I ■ ■-. I .. y. . . iy ’ ' , :'-y

03:PLATO Chemistry Lessons offer some ideas, for own lessons,.
. Materials' preparation .( worksheets, etc) using a word 
processor (GUTENBERG. ) ■ '•: .. .\. ..

04:This possibility of computer use is- futuristic and down 
the r/oad in EPSB system or province. ’• I .do <fiot .for see * 
programs developed; which would be-, curriculum •compatible 
unless one replaces•current'AV materials with computer ... 
assisted presentation or selection.'. The cost is 
astronomical and long time in coming. Who,-.wl 11 prepare _ 
this curriculum information? Consider how sloWl'y the 

. . Chem Item. Bank emerged and *how much adreycould be done .,

.08:A major area, of my use. . - I- .. ■ y v .- y .•
09:1-; have completed Physics> 20 worksheets ahd'-test^..

Diagrams are most difficult, to- handle. ' . -
13: I have a'"vectors" routine including tutorial.and -

r  .
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• . 0 practice which ...I wrote and used 5/6 years ago.. -
f 1.4;My Physics; IQ:and 20* course is completely on disk. , I am 
. ‘ revising it.llrid it will be published as it has beeh 

• * approved “for use A n  Manitoba.
17:TJiis: is a very satisfying use of. the computer. It 

,enables’* me to accumulate- an ’interesting Irepetoire of 
-x materials and to update them on a continuous basis. (I

4 - ■* spend*about 2 h/day working with the^ wbtd-'procesor 4
. d/week) j. ^

20;.I have'.-just acquired a Gutenberg' Jr. and in the process ■ 
i , of learning to. use if. '.

. 22: There .are lots of possibilities here and I am,'constantly 
'-expanding, my use of this area. ‘ ■

/ 26e:Not e majpr computer use r print materials are. fine here.
' '*■ 28 :¥he word processor program has a full range ocf easy to

use commands plus on screen help pages. IBIg allows
. • nonprogrammers to*.write tutorial or. drill and practice

: *■ . lessons. . v /. /, . v .'Vv . ' v ■'
29 :1 uSe'word, processors to prep worksheets &.notes.

0 3.4:This application has the greatest potential for —
: * , increasingtthe’Quality of edueatign of any other computer

'. >• . , application - no question. .. '
35 ;I just .got myii.printer & wold pro, <^o I'm only starting

•; the process of organizing & using the capabilities of the 
: J ' |J computer in this area. •

36 :.I am designing my own software right now .simulations of
.■A'' experiments. . ■  ̂ . _ ...
_ x 37 : Useful for^ Individual Curricular Objectives Setting.

;;38: 1/w©uld even be interested in developing these as the
'. . ortes I have seen on the market are poor. . ■ ' ■
4.1: ftome-made ; . • ’ . -•

,42:Bio, teachers in our department ard using a locally ^  _ 
^developed "individualized" Biology program.

50:This program allowed me and students to communicate with 
a professo'r (expert) '.there using a storage .file back. My 

■ ’ questions stored there,.'and answered for the next day.
It was very time consuming as it was set up.
« . .
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Professional Development: ' .
'T69ch6r Icldit
0 6 0 0 0 00 0 011 H i  111 ll 2 2 2222 2 22 2 3 3 3 3 3 3 3 3 2! 3 44 4 4 4 4 4 4 4 4 5 
1234567 8 9tfl234567890123456789012345&78901234567890
Degree of> experience: '■ X '
•..100000000000003000000000000010031200210000002000^0 1 2  3 4
■ . y.:.y\ . 39 ,4. 3 2 0 •
Type of experience: •
. . U . . . f., . . . . . ,1 . U . . v .... ... > . UUU . . ULJ. UUU ... .. ■
4 • « • - « • «• • « • • m • *D • • • • », • • $ p • D

/  P  P  ' - ¥'• • • • • . • • • • • •  • •  • • • • • •  • • • •  • • • £ • •  • • • • • £  • • • •  • • • •  • • •  • • • •

.' • i C ••••if **••*■• •*••••••••**•**•*•' »'CC ̂ ••••••••'’•• c * * *’t • • * •.« « • 0 • • 0 ■••••*• * * * * 0 • ■ • • • • • ■ • • • •.• • ■ • ,• • • • • • • • Q *
■v  »  !Potential for future use:' . . x X x
1.1.132222312232.31...22..232..32332.3122.0.1..122 0 1 2 3

’ ' . ' ' 1' 817 9Ojfen^ Responses.1: ‘ ^
■ *?%": ■- """■K. 1 have persbhally used : .  ̂ y .
15 :VTSITERM and modem for use .on Al tel. Data 'is ENVOY i.•■. 
i7{-Sam4 as above* and. "home brew", software primarily for^i';

simSlation purposes.', .y- y ■ fe'l
19:TEAC1%R UTILITY,>M.E:-C.C. ,(-.1982) . ; . ■ "W'i
27: None. ‘ * . ;>
■•28.:Nil. ■ . ly ■ 1 I-,
•30*: I took an education course several years ago where- the 

course Was centered a'rourid-a . telephone . connection; <
31:ASCII EXPRESS;. Novation Corn-Ware a y ; (

’ 33:budget fi suitable jcbmputer. ' , ;j .
34 : our" school data bank extensive!y.

■ 35:IBIS, test-generator 'programs,. Tutorials for computing
science. . ' .. 1 : ./ . ■ ■' ■ ,

. 40: Data on Main Frame for-exams i"n Math.
47 : Class Manager , .Viisicalc/n^ord Pro 64 , Word Pro 4 j'

!' >'y:-"; "y;.,v . ■■ ' -
•••v.;*.... I would use if available -v !■ .

■ 16: Any suitable program./ ' ■':■.•(! ; * .: •» ..
• : 17: A go.o,d filing or ̂d|i'ts. base program for bibliographies' and 

indexing journals .•?;*• *■ V;'. ^i ■' ;■.
18:Anything.' . y 1' • r : ■ i
'24:as indicated'Pbo.vd;I (-Currie-Planning .& Materials Prep'n.)
27 :Q.n a reasonable -cost. : “ ; ;
31: SOFTTERM ’ v‘: * . ; ■ I .
34:a. modem. •• .- j: . '
35:any of the above. , • *: ; ■/ :
38: anything. / • 1 if' ' y|
40: Data for Science'. . ' | ; . ■ • .

. 47.: Paper .Clip, Delphi. Oracle. : • - ;, i; ,
. . - 48:Test banks - L.esson Plans .(CRIB: Style. ) '
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)

; ■ :--,r >.'■■■■ -V:v. ‘.325 .• • ■ • . ■ ' •• • • t.’ •; •
Other comments: ’ . •' *
02:Activity, - 2 if this includes using a computer to develop 4 

personal programming skills. 4 •
• • 03:PLATO System Demonstrations in Science Lessons.

04:School not connected to dtentral data bank via modern 
, except for radministrative records- but not professional 
*use... will* the costs, justify or improve existing methods? .

09:We have no hookup at present but are examining use of ■'
modelns for transfer of marks to Dept of Ed. The use you 
have mentioned would seem highly desireable.

A 15:An excellent possibility but needs government support,
^ e.g. , Telicipn. * , ' . .

17 : Essential!yllfehe *s.ame as above.
20:Gutenberg and foAnating using Gutenberg is being used and < 

will be use*d: f or ALCHEM revisions. I am not personnally 
,^inyoJ.ved in this aspect of printing of ALCHEM as yet.

- v^2Yt^,m‘'hot sure what you mean here - do you mean ATA 
services + information via modem? . ; '

<• . 24:1 like the idea of sharing ideas. - ~ - ,
- 28:This area has a lot of potential.

29:I know of no data banks except the EPSB Phy & Chem & Bio * 
test bank (avail in booklet form).

34:Our ALCHEM "data bank" will.eventually be.published. Our 
- school data bank is used by the majority of teachers in 

our 12 teacher department. ■“ • /
”35:The main problem is that the material that is ‘available 

hasn't been organized by the school boards or Dept. of 
Ed. yet. . ’ '

4Q:What is a Professional Leader?. • ' t
SOhThis might relate to the ar*ea just above. I 'm not sure; 

th,e way it is specifically worded, it seems it isn't.
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1 K ■' --vv. • .■' V : - . : ■ : c  \ " ;V:: r ; ■ V ;

Communication, between Schools and/or Teachers;
Teacher Identifier: -' - . ■ .

L 2 222 2 2222 2 33 3 33 3 33 3 3.4 444444 4 445 , v:

r,*.. • • ^Degree of expedience: •' . v ' X ’
b > .0000000000'0100dol010b0000200300010 2002'30100000000 0 1 2 3 .4

;  ̂V ■ ■ ; ;■ ■' 39 5 ‘3 2 0
Type of experience: • / V
• • . • • • • • • .U«U.>..»,..U. • • • U • DtJU • UU «.U.*.....*
...... «■«'•• J •• • * • • •••• • • • *• • . ..^D. * .........

*■ V ' P -/• • ••• • • • • • • • • • • • • • • * • • • • • • -fc • • •  • •i • * • • . • • « • « • • • • • •

« • • . • 4 • j 0  • . 0 0  • • • • • • • * • ■ 0  t » « • • » • •  « . . . . . . .  0  t

8ft
Potential for future use: x X x
.22.1322103.2.32311. .2.2. .3311.12-2.3.323220.0. . .12 0 1 2 3

/. . . - •.. /V . . 3- 814 9 . /
Open Responses;

. . ■ • •« ' * ' '' ' < i * ' v
I have personally used:
?0: CLASS'•‘RECORDS (Alphatel) ;
. 2 7:CLASS RECORD
.30 :Mail Box services on the U of C computer, Keep records ^
"/y . of.‘students marks. V "

: 34:.Gute^iberg to communicate, with a phototypesetting machine.
• 39:Calgary . Separate System Electronic Mail. System.-

; '42 j''§AIT"-.Records Program. ..- ■*? ■
•* r

., I wOifld use i‘f available: ■ . . ‘
/18:Accessed data on student records from- EPS®, records on 

, students .
22:an inter-school or'system exchange.
24:As indicated above.' f
' 26:prep time allowed it.
27:A program .on attendance or some other, software.
33:budge“t & suitable -computer.  ̂ . V-
34:a modem compatible with Gutenberg. t ^

.’.38:Anything. . \
48 .•'CRIB type resources. ' . V.
Other cohoments:

. 0 3 : Modem needed, useful for teachers af their homes.
04:Probabiy^tsed to some extent by administration re.

student" records. This aspect will probably be developed ...
.I /in the next few decades more than any othef via computer 

application but remains to be seen'and developed by IBM ,
• telephone companies, and, others before one can react to 
' its possible use. . -
09:Only one high School in district. However., any data that 

could be transferred to central office would be most 
helpful I'm sure. -.■ "

o
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IS: I us-e electrpnic mail for my business bu-y I am unaware of 
' ' -a data base shared by teachers. . . • ' «
16:This net-working idea' is inevitable; if. the distributed 

systems' pilot project is successful.
17:1 would be very interested int exploring-Mdais "untapped"

. resource. ■
2p:Above program used for maintenance of class marjs records 
■-■.-'only.'- 'v : \
24:Help to standardize courses. Reference far Standards.
28:Our district currently uses the "D.B.Master" for student 

records and they are produced in hard copy and mailed in. 
34:Teachers who have similar interests can share materials 

in this way and grow professionally"when intra-school 
interests are not compatible. .

35:Our school has used the school-board's main frame for \ 
attendance & mark records. _ ‘'1

36:About half of our staff is in process'of transferring 
marks records to diskette.

40:Developing objectives for Bio 10/20/30 for Calgary Public 
for Main Frame. Also writing of items for Bank.

45:PetroCanada has this system. I see it as a long way off 
for us . ’
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Library/Applications:
Teaofter Identifier: .
0000000001111111111222222222233333 333 3344 44 4 444445 
12345678901234567 8901234567 89012345678901234567890

328

Degree of experience: X
.0000000020000012000 0 0 0 0 0.0 0 0 00 2Q01OO1QOOOOOOQ2O.OO 0 1 2  3 4

* \ 41 3 4 0 0
Type of experience: ... s . .
  . . . .U. ... .UU. ....... .U. .UUU.U. .UU. . .'. . . .U. . ‘

,o. .Q. \
Potential for fliture use: - X
32^2132222312.32331.22.2. .2113 2 22013132 2 222222. 23 2' 0 1 2 3

‘1 82510
Open Responses.):
I have personally used:
04.;Replacing existing card catalogues. by computer cataloging 

program^. Not aware of any titles^ \ ;
10:Library data banks. '
17:1 have used SUPER TEXT for this and.PPS FILER."'
18:1 am looking at some PLATO' courseware.
26:microfiche.
27 :None. ■ ‘ «r
31:DATA FACTORY, MULTIPLAN . :
37:University research searches and data banks in medicine, 

physiology, etc. .
4 2: ERIC- e .
46:PFS File. .
I would use if available:
lSviA Cameron Library Data Base. \
2£iListing of periodicals articles .from back issues.

presently available at the school. -I
-26 :pre£> time. ".;V
27: In the school of county/level. . -• , '
31: LOTUS 123 * ( ” ' V; : > '
33: budget & suitable, computer . v- ■
38:Anything. •

■' ■

.Other comments': ' ■ : - ^
01:Possibilities are unlimited.
03 : If an altei^iat'e to the Car’dex System. <
04:Library uses computer for resource management but data, 

bank access by myself is zilch as-.vis the library's on my 
-behalf. Computer cataloging is about 1 year down the 
road. This aspect should speed up manual search,,-.; 
considerably and space but terminal and productipn-'costs
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Of. I.'."-.- ■■ ‘ ' .
I''1' 'V v : ; ■■r- -.^:UvV^'V 329;

. . may present widespread use .' f ̂  ' .. " : :
\  0 9:Presently in process of acquiring hardware which may J 

\^prove<:Beneficial to librarian. Am not sure which program ,
Wqulfl aid in information retrieval. ;

17:1 ne^SvthisJ . I. have, a-nvirSfcier of journals dating b^ck to ;
■ the e M y : 1960s Scientific American, American Journal

. Physics ̂ ^.tc. ) I cojtld use an * index 1 . u ;. ; . ;
22 jGbod irQba will probably require implementatloih on a 

scale to^access dat^f banks ’on minis' and mainframes.
: For inventory. of^fciQokS, yes. At a^ .elementary school •
. levelf I would pcefe^the students, io use a. card c,|*|5alog.

'31:Pilm classification oh î he basis of $ f i e 1 ds (Titie7 7
1 .. number, topic, sub ject r week of ' instructjPn-r^'^^ f.- "
* 48 :Our librarian is pre.sently; setting ;.this'1up.. . y ^ .
: 50:I know our librarian uses the computer to assist her

record keeping of" books on loan". "
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Instructional Management Applications:
; ■■T6dch6r Idsntii f 16 r • v

0 00 0 0 &P 001111111 111222222222233333333334444 44 44445 
1234567890123 45678 90123 4567890123456 7 8^1234567 890. . .
Degree of experience: X X' x
.0110000 302100012120.1.11.2002310333 20 302212311201 0 1(2 3 4

. .■ > ■ ■; ■■■*■• ,v.V' 1 6 1 3 1 0 7 0
Type.1 of experience: 'w.
. .u  ..u .u .. .  .uuuu.u. .uu.u\..uuu.ypu.uuu.'uu.uyuu'u.
.  .  a .  .  .  .  .  a  a .  .  .  .  .  .  .  .  .  .  .  a .  .  a .  .  .  .  .  .  .  a a D  D  a a a a a a .  t  ^ . D  a ■

a a, a a .  a . . a  a ' a  a a ' a  . a  a a a a • '  a a a a P a a a " ,  a a , a ' a . a  a.  .a, P a a.  a a . a . ,  a'  a IP a - a a a .,a a

a a C  a a a a a a a a  a -a a a a a a C  a a ♦  a a .a a a' a a,  a -a C , a  a 'a > a a ..a . . .  a -a' a a .a ' a a a

i * «  a ' a O  a a a a a a a a  O  a O  a a - a  a ' a  f  a a a a a a a a ^ a  a a a a a  . .  •  * a 1 a .a ■■ 'a a . a . a  O  a.

Potential for future use: . .. x x
122323203 . 322.32223;. . 233. .22 . 233^3332322322323231. 0 1 2 3 .

, • .■ ■' 1 2211-8 .:
Open Responses: , '  ./
1 have personally used: ' '. -I
03:PLATO PLM Series (Teachers learning SASIC.)"
09 :MajksHeet,, Alta Ed-jSeporting System and local program.
11:Apple GRADE BOOK and Alphatel MARKS MANAGER.
17:CLASS Ma s t e r  - Enable Software of Red Deer.
18 : Some PLATO materials .. .
19 : "Gas ^ w s  and Kinetic Molecular Theory” Apple tl Plus

D.C.Heath Canada. ‘ » . ; ' ' f  ^
21: CLASS RECORDS .-. .Alphatel '(Falk + van Kessel/)
23.J "GRADES PROGRAM" which I have revised to su^t -my ineeas.
24:a . marks program. '.■■ ■■ V, ■
26:.Some £oCo math'programs,. , , i . . ’ .
27:None. CLASS RECORDS, to some extent or VISICALC.

• ,31: COMPU-MARK, CLASSROOM MANAGER.' ' - '
... 3.4.:Falk1 5. and van Kessel' s Grades Program marketted . by. '
35.:The APPLE Matk Sheet program, as well as one 'developed by 

. One* of our* Students for the P E T • • . . . . - '< ■
. ^6:Commodore---programs \from Merlin : and Student-produced 

programmed in PSSC courses. ;
. • 37 tChat-sworth Card Reader. Test . Scoring Program). •. Super'.Pilot 

. records'. . ,  I,-' .
~ 3’9 :CML System^. Calgary 'Bou^d :of E d u c . a t i o n . ' 
41:Q4Lr'Syste.m. (Calgary Board,' ' S ' - f l ^ a n a g e m e n t .  System..) •

" , 42:COM£tF,MARK £lbdally developed .-'Peters' Soft Products)
• . '44*. Pap.er'ciip.•/-■■■■

. ;4-5 :.C.ON0?tj'J4ARK - ;Peteps Software. . ..

1 ’ 46 ̂ Commercial 1 nstrdctional programs ; ' CELL DIVISION, . and 
. MENDELIAN INHERITANCE J. '-V » ./V 1 -

.. 47 : LQTtJŜ  lit. - . ,, ; y.': ; .'V"' ''s'. . . V
48:Visicalc. ■■■/■■ 'v;:.-:.v.'

: V
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50:Milliken. . a  _ '■■£> .
W' ■ i. ''*<*:

f**

\
I would use if available:

... 09:HARTS Jhrstem 3.
18 jAiiythi^r pertinent.
24:as indicated above. . » . ^
26-j.Apple/MECC, .etc. , stuff. ' ” ; v
27:in the school. 1 . : " \
33:for individualization of instruction. ...,.
38:Anything. ' ■ ,
48:A good marks - data program. ... ' r ' ©
Other comments: • ' '! '
04: Currently evaluating some biological systems ..disks for.
, possible use irl "Science 11 classes. perhaps computers 

are the answer tao individualized learning mpdes but 
Sub-ject areas add cbncept areas will require development, 
of compatible curriculum software. Maybe this should be1 
the function of the correspondence branch in our 
province. Nothing;: will individualize instruction better 
than computers. #

09: A‘s far as diagnosis and prescription goes ̂ ’tl|is process 
takes considerable time to incorporatfe into subroutines... 
Availability of hardware-presents problems also at 
present-. ; ’ ■ -.4 . ;.

11:An excellent way to provide up-to-date reports of student 
achievement to students and parents bn short notice! v 

V 4: individualized learning , is a nice ideal, but . it seems too 
difficult a goal to accomplish at the present time. The 

'’■. spoken word, the'actions accompanying the spoken word is 
shmore'efficient transmitter of information than reading 

j -off ©f:print or conputer material. I think that there 
are advantages to having classes together. Each student 
doing their own thing at their own time creates more 
problems than it solves. '

15:1_am using a ̂ computer-controlled Laserdisc containing 
materials on ecology and.it has a tremendous potential
f.or students on individual study.

-17: We have used this'' type • o!f system, f or several years 
• .primarily for clerical application* - it -has not been used 

to further iryj^tidualized teaching.
21:1 see- this "administrative" aspect as' a logical "in" for;

computer use by teachdrsv 
22:Very few materials available here and hardware 

limitations don't help.. This arep has excellent 
potential for a significant group of students. .

'.28 : This area , certainly has potential as longras it does not 
become the total focus of education. ' A glpod education- 
must .cater to student interests and needs lind not'' always 

. force them into a mold. ■ A .
29 : [' ? 1 bracketed beside description, of ijse.}.
30:1 evaluated math software.through the Dept of Education 
31: Have used MULTIPLAN & VlsicALC for marks programs. ', '
• 34 :The immediate feedback to students* provides-motiygition 

■ ♦' i. ■' ■: .1 '■'■%**
■■ ■ ' \  :  ̂ \ ,
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. . .. ‘ • ■ v- ' ■ , • ; . 332: "■
, * ■ • . . • ; and interest in marks. y .

.> 35: X ‘often program- a mark v‘o81culator for specific use' if I'm J:
* •- giving vatious percentages fdr different activities."

. %yAQjWbuld be nice, o , f
- ^v ' .-44iDeveloped a mark-book program which is :.being used by 
■• s myself and 3* -teachers - others are planning to use it
’ - . next report'term. ,v ■
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333

Other Phase- I •fcctivities/Comments;
•jjf.Teacher Identifier: e y

000000Op011111111112222222222333333333344444444445 ' *
^234S87890123456 78901234567lb90i2345678901234567890v
Degree of experience: ■ 's - ' x£&) * x.2. .... .4.0. . .:. .2001.320. . .J. .. . .400. .2, . . ... .Wo,. 0 T  2 3 4
Type of experiences

• '7 1 4  2 2

. D . . . . ....... ...D ..........D .. . . .D.

.P ........... ,...P.....P....... J L  \ . -
,C.. ........ . . .C.

Potential' for future use: X x 
0 1 2  3

• ^ . ' 1 1 4  4
. Comments: ’ ■ ’
02:WrIting Lab Chemical Inventory program.
04:1 don'11 disagree with, the above categories but they are 

futuristic. I would be interested in knowing which 
science teachers in the Edmonton System are in fact 

» involved in/these areas, using computers. Computers are 
not yet a basic part of science labs or resource centres 
where this type of use is common practice.

09:Will use in scheduling, marks, attendance, etc., in 
administration extensively the HARTS III system. At 
present using Chatauqua Systems which is* cumbersome and 
time consuming besides does not do all funtions required. 

ll:If C.R.I.B. material could be available in a' Data Bank, 
it would provide a .valuable resource which could be 
tapped almost at will. 0

IQ:i will prepare specific programs to Simulate or calculate 
*' a specific quantity for a math or physics class. Most of 

‘•■my vio^k is, done using the computer as a simulator. 
20:Dimited use in maintaining.class marks records.
22:1 have been doing considerable work for the Computer 

Technology Group of Alta Ed. r also have . accreditation 
from CEIMA for both software and text-analysis•. With the 
need for analysis and the large amount of information + 
products coming out, we needvstreamlined methods of 

.making uses +'" products available to classroom teachers.
..-'. Information retrieval via .modems will be important.- 
2-3; Personally' authored programs to test student lab 

calculations, an analysis. . *
28:1 have used the “"D.B.Master" program to keep’track of and 

re-order the.elementary science supplies for the school 
district., \

34:Publishing; of school textbooks.
45:[/'?" placed beside this sub-section.]
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Phase'-II:
Problem-Solving:

= feacher Identifier:
0 0 0 0 0 0 0 011111111112 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 

12 3 456 7 8 9 012 3 4 56 7 8 9 012 3 4 5 6 7 8 9 012 3 4 5 67 8 9 012 3 4 5 6 7 8 9 0
Degre? of experience: ■ X
0200001002003000200000000320030002021040111.00.001 0 

' ■ ; *. ' 32Type of experience:
. U . . U . . U . .,. LJ. . . . . UU’. , . ..U . . iuuuu. U U U .......
. . . . . .  .D. . . D . .D... . v-. . . D ;  V . . . D ................................
......... p .. ;p'. ...... .p.. .p.-,-;..... .p. . .p .

... C1. . . . . . . . . . .
. 0. .O.-. ... . .     . .0. .........  .0.

"a

f*

Potential for future use: X X
. 2122321 . 2333232331. .1.2 .. 2302.13322233132230 ..22 . 0 1 2 3 ,

.. .2 .61714
Open Responses:
I have personally used:
02:Computer Science Assignments.
10:Odessa Lake - a local hunter training program.
13:My own ;(generated) programs.
17:"home ,brew" programs and some material from MECC. 
26:Variou.s CoCo programs.
27:Optics, solubility product disks available from ACCESS on 

vScience. ' , x -
28:None on the market at elementary ylevel. * ■ . ■
34:ENER-CALC (prepared to my students.) ,

LAB ANALYZER (prepared to my students.)
CONSERVATION OF ENERGY (prepared by Gordon Knight)

36:Student-produced^programs. TRG 80 programmes.
37:MECC - Odell simulations, Volcanoes.
39 : Software, developed by me or students.
4_2:Chem Nomenclature, Mole concept, Periodic Tafcle ‘Review. 
50:LOGO*, Rocky's Boots, The Factory,. Bank Street. Writer . ? •
I would use if available: • - v  ̂.
12 : Yes . ■ ■ * .. " ■
17j;iAny good program. ^
18: Anything, and everythihg.
33:computer & software. “
38:Anything. ;
49:'SchoolMasters1 Michigan:^"ECOLOGY, AST. & ARITH." and 

"EARTH & LIFE SC." ,
- . .

* . * ■
Other comments:

:Limiting factor.is knowledge of BASIC programming. 
04:Useful possible mode but some ways to go to achieve. 

Probably a futuristic application.
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05:Most 'students^gain some sort- of problem-solving "sense" • 
when using computers. This seems to be in the area of 
learning how to program. ; v .

07:MilMken Math Sequences - - ,
13:The vast majority of what-I have seen in this area is not 

very interesting. ‘ .
14:There is; good potential in this area if computers would 

be•more available in class. .
15:My sons used a software program called ROBOT WARS. With 

this software package, they had to design their own robot 
and compete with others to see who could design the best 
robot.

17:This is used most in my Physics and Math' 31 classes. 
Students have studied shapes' of graphs - projectile 
motion, orbital motion, scattering, etc. My Math 31 
class uses computers the most frequently, ca. 1 hour/week 
and I have incorporated the use of the computer into the 
curriculum.

18:These types of things are extremely difficult to program 
so that a wide variety of input to the computer will- be 
accepted. For instance interaction between computer 
and student is not often allowed on an open-ended basis; 
he is forced to choose one ,of sey&ral given answers.

^ 24:1 have seen several programs of this type and feel they
have some use, although limited. Mastery is quick and ;- 
often pkpgrams do not extend far enough.

28:(of your model) This area should be the fir£t real thrust 
of computers into the world of science.

30:1 teach Computing Sciences and rry to get students to use 
other subject areas for their interest. Because it is <a 

'• 1st year course students have difficulty doing this. I 
may look at it again next year.

31:Not sufficient computer availability or quality software.
34:My students have prepared a program to mathematically 

model {simulate) low-energy, passive-solar homes and to 
check student calculation when checking the validity of 
the assumptions of conservation of mechanical energy and
of linear momentum on an air table..

35:This could be used by the chemistry students I have- in
computing science. I feel this is extremely useful as

*- the student must understand the concepts, restrictions, 
variables, etc., before s/he could program a simulation.

37:This. use has the "Best potential application. Teachers'- 
need to input more of their needs in this, area to 
producers.'

3 9 ̂ Students do fchis for Special Projects Credit.-
41:A# students become more computer literate I believe they 

will be using and designing as they'^firrently use fancy 
calculators and we in our day used only slide-rules.

44:Us£9S an on-line system with paper printout to .teacher 
sor- ideas of Physics 10 - basically dealing with - - 
pi ., jectiles . . '. ■ ■ ■ -...
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Simulations";

J'.

Teacher Identifier: ‘ ’
0 0 0.0 0 d 0 0 011111111 i 12 2 2 2 2 2 22 22333 333 33334 444 444 44 45 >:-
12345678901234567'89,£123‘456 78901234567890123456 7890-
Degree of experience: , x X x
122100022000222121000200012100101304 20'4 2000102300. 0 1 '2 3 4

, . •; .. 23 913 2 2
Type of^xperience: ‘
U.UU.1 .UU.. ...UUUUUU. . .U. . . UUU. UUUUUUUUUUU. . . . ; .U. . . v 
. D . .  . . D . . . . DD. . . . .. D . ... . . . . . . .‘D . D .- ._D . ..... D . D. . .:.
.P .....P ... . PP..P ....P ............P ...P ....P ..... .
.CC. ...... . . . .C......   . . . .     .C. . . .C . . ... , . .' '
.. . .'. . . . .' . . . . . . . • . ... . . . . • . . . ... .« . . . . 0 .

* ■ ' ..

Potential for future use: X x
13132 3 2220 33 2 33 2230 . 23322'133231033232332322323223. 0 1 2■ 3

3 41922
Open Responses:
I have perpenally -used: ■ > - / . * ■ : ■ ■

' 01: EARTHQUAKE /  -
02:Created programs for earthquake simulation, falling 
•; bodies , etc.
03:Nuclear Power Plant, PLATO. -
04:TITRATION Science Demo .
08:VISICALC and progxams.written by self.
09:MECC programs on;'%il dVop, heat loss, titration, etc.

_ 14:Interference of waves, Vector addition, Rutherford 
scattering,.orbit of a planet.

17:Projectile motion simulation, sound wave synthesis --all 
have been home made. *  ̂ .« ■

18:A program written by a student '(’and guided by F. Jenkins 
on cons, of momenteum.

22:MECC "COLLIDE" +' various simulations designed by myself’ - 
. others. • ■

26:Odell Lake. ,
27:Millikan1s oil drop,JTitration, Radioactivity. . .
28:A few simplistic programs.
31:ACCESS materials - most is garbage. -
33:Inclined Plane, "A" Machine, Light Waves, Thinking and 
. Learning; from-Educational .Materials & Equipment Co., 
Pelham N.Y., USA. •

3'4:1),;MECC Collisions in 1-D Simulation;.
2) ENER-CALC (created-by my students.) (

Lab Analysis (Checking.) V
3) Conservation of Energy- $ ™ / . • y -
4 ) • Conservation 'of -Momentum .

■ ' 35:a program for Experiment. 19 on equilibrium, for 5 i * j.
" crunching. ■' ■ i :36 :My own software- -and Conmurabre programs by- -Merlin .,.,: j J ‘i 
.■■■ 3 7 : A - number of sophisticasSajcomputer-controIldd :,f lignt'-V-' *

' ■ * ' ■ ■ . - V ' < V j
♦
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337
simulators, -

•; 39:Bison1, Rats, Population, Whale, Bighorn sheep', Odell 
Lake, etc. / h •

40:GENETICS (mine)-, Air Table Simulations, .Titration.
46:ECOLOGY (Simulations,) TRIBBLES.
47:Millikan's Exp, MECC disk, Heat.Lost.
1 would use if available:
09:any meaningful lab.
18 : Anything and everything.

. 21:? lab + demo situations (micro).particle animations -
circuits

22,:Chemistry - collision theory + various reactions; Physics 
almost anything. . •

24:programs as' mentioned above. 'Many- possible applications.
• . 27:suitable programs. ' /.
■ 31:More PLATO software if enough were available.

33:budget, computer,, software.
34 :Collisions, in 2-D simulation.
35:any good commercial package for situations as the above.
38: Anything..; ̂ _ . .’
40 : Any'othbr^ reasonable Simulation - Limits' time, $,
- hardware, software, . t

: 49:Both of these [a ) pre-lab orientation and b)
lab-extension.1 4

" Other comments:
02 :Useful in teaching the concept of ' a 'million' ..( usingr-a

counting loop.) ; * .
03: Students work at own pace for enrichment. . i': . \

• .. * 04:Have demonstrated "titration simulation to indicate '
endpoint or equivalence but program used inormal solutions 
so no.; longer used. Totally agr,ee with the 7 examples '

' used in explanatory notes as to what a, computer could .
7̂ . illustrate ^quickly and better than I could, .̂ .g. , sine •

" wa.v̂ es. 'Better than films where only a portion is usef.ul 
and“where access to film (booking) is better.. Depiction 

• df^hotdon.is valuable characteristic, e.g., atoms 
V , bonding %
0 9 tNpthing . can; replace -"handŝ . on" labs but nevertheless, the 

cpmputer can affect the "hands on" procedures.
: 1- have-not kept elaborate recotds of titles , reviewed,'
however, I do not care very much for the Physics . ' t
simulation!:. -I., have a philosophical problem with, for 

^ '[,% example, simulating the Millikan Expt. This is probably
’ / /v’ the worst use of a computer in a Physics class.

Actually, I could go on and on about this! The bottom 
'■ line is that the. majorityjof' what I have/seen in Bio. and
’ Physics would be useless 1% me.

' 14:If the real‘experiment can be done, i.e., oil drop method
for electron charge, a simulation is not as good in 
representing the real "flavor" of the experiment. If the 
introduction of the computer will decrease the 

' experimental activities done by students with real

4
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equipment, th^re will be no i/et.improvement in scien.ce 
teaching. ‘ • ‘ ‘ - * ' ■ ' • ■V?15 :There is aif simulation iksing- a nuclear reactor as .well as.- 
some chemical-reactors. •, . '  ̂ -\̂r i ■ .17: This is an exciting area - to e.xploxe but it -.should be used 
with’discfietioiiv I Would hate, to seev-a student missy out

' 5. on tit rat a: qns: ,;j us t because the computer simulates it
better. :T.he vl^fillikan Lab 'is another* lab that should not 
be .done as'. a .-simulation! • Studpnt?-miss...muc-h- of the tacit 
dimension of science education when' the.yvdon' t* actually 
handle the apparatus of scientific;investigation. .!

s 22: In my opinion,, this is one. of the'most' benef icial areas '
;; of .computer use'. The/ ability to simulate ideas (free
* f rbm practical limitations, 'i.e.-., friction in. Physics)

and the testing + .manipulation of these -ideas is. a 
. powerful tool.

24 i^eems one of the more, applicable class-rooip uses ‘of- the 
Vmlcro. Some programs of . this type see.ra ' feasonsftly ,good . 

tl8:This is one bf the greatest ,p.qt.ent.ial/;.afeaa fof computer.
■ use'. ; 1 •' _ ■ - /''.I-'''-" -. \ £'.■ - ■ ■ ■

30:Good idea lots of ’’graphics but when? : I agree' (with - 
' cbmplicated,-setup'use, ' e . g .., (Milli'kan1 s oil-drop e x p t )

■ 34 :tIn my view, this .is the secpnd' most importantuse of- . '
• computers in the schools'- after word processing. „

- 35:.They ar^ ̂ .developing some excellent simulations regarding, 
the reading'’-of scales, burets, etc . /• as well as,. . . '■

- -simulations- showing hydration, acid-base reactions, .and
• dif fusion;.,&. osmOsis, .These simulations. are'..excellent" and
* provide ah' excellent ,■ lfieahs . for' the development, of process
' "skins. . >1'. ' :
39.:$ost \isqfyl Of all fc^'I^type ’fof higTl ■ school; use . ■
44:Used to simulate projectile motjLojh. - i
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Tutorial: ' . « ‘ ..
Teacher Identifier:
0000000001111111111222222222233333333 334444 44 44445 
12345678^012345678901234567$9012345678901234567890
Degree of experience: x X
132100.120000101112001100001200101110 3031112101000 . 0 1 2 3 4
': . ■ f':-' . ■ 2219 5- 3. 0Type of experience: •
UUU. . ,U.- U.UUU.. .UU UU.UUUUUU.tJUU.UUU. .U. . . . /
. • « •, . . . D • • . • ■ i > . • « . ■ * DDD ■ D • D
.-. . . . .P. . . PP. . . , . . . . .... . . ...P.PPP.P.PP. . ....
-c c &  ■ ' c, •  m •  •  • . •  •  •  •  •  •  • ,  * •  •- « « •  •  •  •  •  •  •  •  •  •  •  •  » a •  •  a a  a a a a a a .  a # a

•  ‘ •  • •  0  •  •  •  •  0  • •  •  0  •  •  • • • • • • •  • • • • •  •  * • • • • • •  0  a

' ■ ■■ '. ' Potential for future use: x X x
21232323^1323132112. 22321.32^113121232 232 3 32. .20. 0 1 2 3

1102013
Open. Responses:

. I have personally used:
0 3 :PLA,To (PLM files), BASIC programmingChemistry (Alkene, 

Alkane - 'Smith.) . ' ' <
04:HYDROCARBON NOMENCLATURE' evaluated for Systems personnel. 
07:Milliken Math 'Sequences 

VtTRrWritten own.'. This is an area I am working on.
15:Milliken Math. • \

L16:Merlan - MITOSIS f MEIOSIS; E.M.E. - OSMOSIS, CHEMISTRY,
/ LIGHT-WAVES. •'
-17:Very few - and. then only ones that I- have made up for 

Very specific application. .- 
18 : A program on'frictioriy, .
27: Non'e;, \
28:Math Series ( SRA),> . IBIS: '
■34:Stan Smith's Organic Nomenclature. •
35: programs we '*ve developed for computing s'cience.
37 sAPPLE Super Pilot to make;-own instir-ucf i.onal disks .
: 39 : Budgie 'program from Australia, Chem. -program from Addison 

Wesley.. v ■ ■ :
41:Apple Super-Pilot 'authoring language,
42:See page 7- (Chem; nomenclature,'Mole concept , Periodic 

Table review. ) ^
43 :Aerobic Respiration, Nutrition .t . 0
•46 :CELL DIVISION', 'ME.NDEL-IAN INHERITANCE. £ ■ -

■ I -would .use.'7,if available : . - . * .
,04:Organic nomenclature, mole concept*, solutions, etc..
' 18 : Anything of good. quality. ' , ' '
21: in.- all areas wfWr-e*' repetitive practice helps - balancing 

.equations',, refraction, circuits.- -.Qften wherever a 
. formula, expresses a relationship. '

. 24 : as. indicated -eboye:.., .-' Can -be î ied in' most .aneas of Science-
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teaching,.. ■//•
27:suitable programs for "remedial purposes. .
28: If suitable and. wej.i prepared. ’. • ’ % —
33:computer & software.
35:any good tutorials for chemistry, most are drills, 

practise. . ■ ... _̂_.*j
vOther comments: '
01 Especially at grade 7 level. ,
02:The process approach we use does not -lend^itself tosjrhi.s 
• - type of science instruction. . - w  •*,
04: Anticipated use for Chem 20 practice with nomenclature

but fotuid weaknesses in. that iso-., neo-, , and outdated 
usage was included. I liked the generation Of isomer̂ ,-. 
Great concept! I can‘see. myself in a different role if"
this aspect of usage catches on but I cannot envisage 30

'-or so terminals per classroom due to cost involved in 
obtaining and maintaining equipment required. ■

13:See before the references to "PLATO-type" diskettes^ -
probably the most exciting thing I've seen for micros! :

14:The programs I have Seen so far are dreadfully boring 
: because the computer‘has to go to the disk, to fetch new

problems, with larger memories in. computers in future, 
there might be some possibilities here, ‘but the micros at 
present are. too slotf.

17:At the present time 1 I don't anticipate much use .in this 
area. The software t'hat is. available is, for the most 
part., inappropriate and to write it myself takes too 
lqng. ;

18:Students seem to get impatient and bored easily - 
- although this is definitely a function of the program 

quality. To keep it interesting,/etc,, is a very 
challenging task for. the programmer.

22:In spite of the fact that some good programs are now 
coming out, the limitations of the access to computers 
greatly hinders this application,

24:Requires a sophisticated program with much branching.
Not good software available yet.

28:No suitable tutorial programs at the elementary level at 
this.time - will have limited use.

34:Too expensive - need several roots full of computers.
35:Good tutorials could be used for remedial work, absent 

students, or review purposes. Since they- are diff.icplt J 
to write, there are. few good programs available. , /

38:1 have made a small program but I have not used it as 
computers are not available for the science class.

40:Do they (Software or Prpgrams) exist?
41:Time conSumipg to develop a system satisfactory and /
. completed. . ’ ■ -

44:1 have prepared remedial work in physics topics to be., 
used by students. ■ ,/>
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341

v*

&■

#, . Teac^h^ Identifier:
■ >v

Degree of experience:
011130000. . 1.02001001000f|

■ ‘ 0, ifTypa; pf ^ p e r i e n c e : 
v .UUTr£.£$J.. . .. .U. .U. .U. .

■ £ I h I . .;....

120 2210 012004000 01000 0 0

► • C • • • P • • • * .• « • • • • • P • • * •
• 0 • • C
>•••••« 0 • • • • • • • • • • • • • • • •

..uu.uuu..uu.uu.*
• .D « •• • • • D •

• • a '• •..« P •

X x
0 1 2  3 4 

2910 5 1 1'

Potential for future u s e X  x 
’. 11123 21.232 .121020. 213112 111 21210110322010.2. .10. 0 1 2 3 
. » . • ■■ 71813 4
Open Responses: - ’
1 have ..personally used:. * **
02 :&DgNAR LANDER, ARTILLERY ‘ : s\ . .
03:PLATO - English programs such ,as HANGMAN, Nuclear

Reactor. Jr04:Assorted word games and graphics games such as BRldKOUT.* 
05:OpELL LAKE^(species of fish in a lake - fogd web chain.) 
08:Self written*.
1.0*:copied disks, sources unknown but Trajectories, 

Battleship, etc. ^  -
'1.7:None. '(I have pla^d with a few but am not very 

enthusiastic about this).
18:Trajectory program.
21:Learn to type games.
27:None. A
;*31:MECC - (Mathl -
35:A titration and naming of elements based on time.
39.:Can11 remember title.
44: Commodore user file games (§cj: Snoopy Math. )
I would use if available:
10: Chessv. ■"
11:A game on Pollution or Environmental Management.
18:Anything of good- quality.
21:Almost anything that presents this process well.
27:in 'tfre fields to motivate students.
28: It would depend on the degree of gaminj^jid the content. 
31:am not aware of eno'ugh quality materi-̂ '
36:Merlin materials.
38:Anything.
Other Comments: * V . ^
04:USed to illustrate computer possib'ili t i'e s; in. Sc^Wce 21.:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Video arcades and home computers do an -excellent job but 
it's possible that some programs may be classroom 
adaptable. ' r

13:1 dislike the notion of winning in a ;computer lesson - 
one of the worst I have seen (sorry - title is gone!) 
involved a math routine, the object of. which was to 

1 answer a V^£iety of questions and so "shoot down" the 
monster depending upon The grioup to which this^was
being demonstrated had an interesting reaction: they made 
deliberate errors 
"monster" got you!

•15:There are certain 
use this format- 

22:(See above , (tutorial).) '
24:Probably would only teach small concepts at a tim0  Good 
; nor general science classes. ^

26:1 nave 2 programs published in BASIC. ; ;
28:Most programs of this nature over emphasize the gaming a t ^  
; the expense of the contend 

. 30: Games packa^es_ have some^jflue when" introducing students 
to current software capabRities - - . . . file handling will 
be considered for student use & an introduction to them 
working & writing thieir own.

33:1 don't think t,t*is is a good use of computer given the 
limited time to cover course content.

44:Prepared several game/remedial programs to assist my son 
■ in junior high math,- spelling, and language arts.

to see what would happen when the 
typing programs like MASTER TYP.fi, which
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Drill-and-Practice; .
■ a •*< »■Teacher Identifier: -

000^00000011111111112222222222333333333344444444445

Degree of experience: ' * x X x
00203012 211110211100.00 001111211001130 43 31120 0 4002 0 1 2 3 4

/ , . 1818 7.-4" 2Type of experience: I . 1
v.O.u. uuuu... u . u'uuCj ... .yuuuSuuu.. ut

^ • ■ • « ■ • . . *<» . D • • * •’••• .
.. • . .flBjk . P r P .. . ,P.

UU.'.U.
D • • L) • • •

potential J t o r j t t p f c u r e , x X x
1T25232222. 2212; 113. .1122m R*2?23031. 33332222.310. 0 '1*2 3 

7 . 2101813 .
Open Responses: '

A. ' ■ ' •
I have personally used': • ■ ‘ „ . - • ; »
03: Iohic ngfcenclature programs, P'LA,TO«Chefnistry, organic - ■ 

Chemistry (Stan Smith.)' ‘ : ' '
05:Milliken Math.
06:MECC Teacher Utility
0,7 :Milliken Math-Sequences. ‘ . - .. > : ■
08: Self "Written , fSsRAPHTM disks-. , o ; *
09:Cannot recall programs. *'
10:Basic, programming skills to encourage students to program 

their 'own program to, solve' a variety .of. math‘ problems .t/program to. solve a variety .or. ■math• prc 
ll:Driil and Practise1 Program developed for Edlnd4 96. 
iS:Milliken Math. ,, •
16-.E.M.E. - CHEMISTRY, CHEMlCAt SYMBOLS. .
17:A number of MECC mathematics*packages (Equations, etc.)
18:Trajectory problems, constant acpel. problems.
27:Nomenclature, optiOh - locating-position of an image in ’

mirrors -lens’eS. t ■ :*
2 8 :Math programs. i
29’: A chem elements' & symbols prog that.I wrQt.e.
31:PLATO - Mechanics - ;; . . •
35:several by Paul Cauchon that students have typed in and I 

have modified. .../ s -
36:Merlin software.- . .  ̂ '■/*;/ ' . V. ' *'
37:M:j.liken, APPLE .Super Pilot. • •; ' ' •

~39:Authpr developed programs, drill on Chem Naming. (Addison 
. Wesley ..)’'; ‘ j 't* • - * .
40:Chemical Nomenclature-Organic and 'Inorganic.
41 :Home-yiade-tailored to student requirements. ; . „
42 : See .page .7'(Chem nomenclature ; Mole concept , Periodic. '

table . review. )• ' \ " '
43:Chem drill.; ‘ - ’ ;
47 : Chemical Nomenclature ( inorganic .and organic'.) . • -
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.50 : Mil liken. V','.. .. ,;l.:y './• ;*■ .. ; - V' -/f-.
•••• I would use, if ‘ available 
•S04 j Stoichiometry ; , / i ;

vi- I 7
O

ll:Milliken Mafch.>- 
,k> * 18: Anything ..*... '• . ■ *,’* * V'' Vy„'.V; "i":

■ 24 :Has • many applications especially. for1, m&teriql to be 
: V ''".memorized11. .-iV'.- ' ' '* cImm. ’ v; :;." ,27 : in the Te.’spectiYB..f - V ..;*' ■ .

■ v ■ 28 :Tf „it m a ' t b h e s curriould^; rVdul4vitse i t . :
1.33: computers’--& .’software. , / Ar *■/••'•',. -'f.

35: pf&grams. 'which -randomly /generate- questions. in.chemistry.
•'v / 38-.: Anything-. •* , ̂  7■ y

Other comments': • . y *•». '
■ '01:Periodic, Table, _ ' "* . ". - ■ .̂ i-,i(, V■ *\h, .. w

, (•" •' 04:Useful pos.s.ibility .for. stUcfeht'S requiring, .rdtoedial
1 ' ■ practise.  ̂• ”y- ■ - V-.'.'t y-v’; ; :.v 1 I
“ Q0|c questions" fob ,thf <3'ri-l-iipractice program* file- in'the' ;
• - program are entered* by, :th.^; ̂ eadher ̂ •’•'*• •' , i /; \
• •' . Q9: r , Would ' not Use df-ili .arid practise, in .nbyareaV as much as

I would like to see if. used. in Math- 1-5, . 25,: and 13
y programs.. ■' . > q *. ■’■vy7

. 11:Students who experienced some difficulty. Wj.th basic, :'.y 
1 'Operations of whole numbers showed considerable..
•tV . . improvement when placed on computers tWo' or three
y o ’. sessions * .This > was limited/' by. thb fhort -period Of time

‘ ;v ■ in'■which a." computer, was.; available . to my - clafss .
•; i3 :Again,.. the majority., I have' seen are . very poor : .: ' • ; - i:.

• 14 thing- tI have iseerv so' far in this .area has- been. . 
i supremely boring a'ncf does jit't.be the .pencil and.paper .

• ' ; do®6 not do’?more efficiently.' : .-Y y‘-yy
: 17-:T.his - has• sorfe' .definite benefits Although 1 am not aware •

; ;6f ..:(TTany' prog1 fams( thatwould : f it.- ixito . the abb jec.t/grade
’■ * ieVels*'at-which fl need, them./ ' -V:
i8:|(gaifi, ’kids seem bo be* quickly'bored With -this. \ i- •
■2i:'Sub concepb of' ' tutorial':? See\p. ̂  . This is going ' to be

; ■. eictremely valuable for .individUdlizing instruction. •. \”i
- : 22: (See comments-abovfe, {tutorial.);',, '
• '28xGood for remediation. ,

. 3d: I-car. see. the use fr-om.. my- experience in .Edmontpn at the .
■ • dlear^g House for Mkthematics i ’ f,

, 3 5 :  We've recently bought, .an ̂ Apple_ in. %ur department' and . haye
built a part.witFi a- large, screen so tha't-.it :.can be'used

. in ■ individual classrooms., v We'plan to. use' pr bgrar^u foi.j
■ the above. • ■ r':'v'■ ’ t : ■■■...'■ '■■■'• v ■

■-.'.J 44 :See cbrfiment. on previous, page . (Ttepared sever al .■ ■ ,
o : game/remedial programs, t-q assist' my son inanioff high |
■ •' ^ ., math, spelling, and language arts. • ' | .

•**■' ■ :. 4 7 : Have written-drill &,■ pr a c ti.c e > - p r og f a ms'f e m .10 ;
'• . cburse. - • ". ;; >: ■ , ;■ . : ■'-( :

' * ■’ -i ’ .' • . '■ ’’ ■' .. . j‘ ■' a : .•' ■ ■ y ' "' . • ■ ‘ - ' '' '■).
: ’ :■■■. '■ •• ■ - •' ■ ■■■ . .* < ' -•"..
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! . ,• '• ",1 * ' •' »'

.: I , I'. „<sC - ' . - •
, V ‘ '■ >»— i ■ ■• : 3 4re ,

■Electronic: Chalkboard/Calculator; \ '

Teacher Identifier: . 7

, Degree of experience,: ' - X "s .
. 000000010100125132000100 01010 30Q10101020000000100 . 0 1 2 3 ;'4'

'#7 ' : >. : , •■.■■ ■; 'K 3 3 ^  3 2 0
Type of experience: ' •
  u .. ..u..uu... .u. .'.uuu.u.uu.u.uuu. ....u ...

. . « ... . ...... 0.. 0 ... . ' . . 0.« . . .'. . . . ...' . . . ... . ' » .'. ... .'a . »• • K
• . .P . P'. . . P . P P.P• w., .. . • . . ... . . . «.P.".

■ ■ • r r NS'. ' •: £• • • 4 • • • • • • •. • • • • I • -'t ; '

• • • ' * • • 0  • « 0  • » •'* * '« • *. *. • • •'» • • • • • • * t * *'t « t »«'» , 1|‘

Potential fo£, future use: ’ x X ' 7\V J
■i2.il'2322...31.33222. .32;2112312.003031.13212: 0.1.211. 0 1. 2/ 3 *?■
.. . . -v v'-. v ■ 41214 9 ; §  *,
, Op&n. Responses: t . ‘ ' 1 ^ ,
I~:have personally used: ■ . ...

■ 08 fSel-f’Jjj^tten'.' .
.10 r ̂ OuntMB^aphics^-motion graphics to demonstrate types of 

1 : program? which students 'could design.
13:Title.s gope! ' 7:-./;■ .
14': Geometry of Refraction. . 7. ,
16 :.This method.'as; a chalkboard application - student notes 

and example. *7;.. : • r
17:Polygraph (MECC) as Well as specific home made programs.

. • 18:Home- made pgtas on plotting functions (quadratics) and 
comparing results. •'

■22 : various noncommercial pro'grams. ' ' * 7 ' ,
[21 :None-.' ■ ■" ; •■•'S/'.i-y" ".y ■ /

., 7 35 :wili use. programs that We have &"pnes that we've ordered.
37: A. mpltimedia video disk- system. , . o ' , ' ■
39:Miliken .'Oiir droplet. ■ .t . % :
47:.Graphs. ;v :.:i ■'-7: ''' ■■•■ ■■  ̂•
■ 7' '-''I!'-''. ■■irk '• ‘ ■ . . .

jr. I would use if available: • '  '■ ' ' 7’
.18: Anything of good quality. * » ^

i, 27: in.' the school. ■; - p ' .. . _ ■ . ,
■ 28:It-would have limited use at»an'elementary level. 9

,30:..'.' Plot; Graphing Package. ■ ;
33 :cornputer &. software. .. : .'... .• •

• 35:Severad commercial programs that are recently available.
. 38 : Anything. ■ • '*■/.(, ^ -7r . ■f ....
Other comments: . . .7 ̂ •'■.■.* ■ 7-..; .if # ’
01:Saves use of blackboard-better : than overhead. 4 &' ■

, 03.:Perhaps with a word-processor.' « ■ ^ >,
■ 04:Not too many mobile .computers available for classroom
• use. What, no*more overhead? This wpuld be a Xerox
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346
y  J replacement but reading the .print from a screen would not

imptove student. negative response towards printed 
.information but may force them to'rea£ before they can 

■'■proceed. .
13: Again, I-would not lik^ 'tb see a computer replace'a child 

looking through a micr&scdpe - at least at this, time*.- -
14:This area' is within $ie .potential of the present micro • 

and teachers should [organize Vto get ijjore activity 
; . . . generating programs, ■-sharing programs, ;and ideas in

design and u'sd of sub-prbgrams.
17 :For my Math 31't class, thi'S^s' an important application.

We often .explore more compiii&ted.problems because of 
this. I have f ound that "the’■'micrb has added an. important 
dimension to this GOurse- in particular.

18:Find the animated displays, and computational aids to be 
i£3no«t useful. Taking notes /frdm a fnonitor is ag&ain and .... 
generates eyestrain.

21:A "smart" overhead? • Great! But: Requires a large screen 
technology for in-class work. •

22:This is closely related to other areas in which I am both 
interested and^active in. I intend to do more■in the 
future.

24:Don VC really appreciate this use as I haven't seen 
programs and have, doubts .of its efficiency.

29:1 <$on't have a computer-, to use . in my classroom..
30: Plotting-functions in Math 31, - graphing s^cti&ns max &

« min. '4
35:Stan Smith1is the author of several chemistry programs 

available for PLATO and APPLE that are excellent .•
» 37:Really neat but far too expensive for classroom use'.
\ - 47:Used to illustrate effective of changing,variables iA

trig equations and conics. «
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Laboratory Instrumentation:.
Teacher Identifier:
0 0 0 Q 00 0 0 0.11111111112 2 2 2-2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4444444445

>> Degree of experience: • V. > X
0 000000010001000100000000110021000012000000000100. 0 1 2  3 4 

,, * ^ i- , 39 8 2 0 O'
Type of experience: . '
.........u.. .u ... .v... .lu.. .uu.. .uuu:..... ..u...
   ... . .... . . . . . . D . . . D . . . . . DD...... .". . . . . . ♦

. ...........' P ............  . ... P. ............ . ;
......... ..O................ .................. .0. *

- . ' ' ■ ' : ■ ■ ®

Potential for future use^. - x X x
to. 121213 211030'. 2tl3 3 ..222010 23130. 33 230'312. 21. 2.2.0. 0 1 2  3 
^   ̂ 7101311

Open Responses:
■*1 have personally used: > . !

, 17:Some simple graphing, or lab analysis programs (home
made). Other than that,; nothing.- ‘ '

22:(For analysis and display) - my own material plus 
colleagges1. a

. 27,:TitratiQn, Energy calculation.-, -
56-:Merlin Software,-. / , - . . ' ,
37 : APL and other jjiirect',on-line’ data input/analysis %

.i' university' uncrergrad't-eaching and’ research'programs . 1' * 1 V K *% V 1 v - ^
\ I would, ase if available: ‘ ^ . •**

17 :There' arey a good-number of timer, frequency- counter,
etc., .interfaces thht’ foould be of'very r*eal benefit in 

. the-'Physiqs.'labi ’ • ./
18 : Anything of goo’d quality. v '- 'i ^
19:THE TEACHER'S MARKSHEET*by Harvey Brown - Apple IJ or IIE

(c) by Spirit River S.D. #47. ■ '
27:in the school. . .
. 3.3:computer & software. / ’ -
34:Connection to a photometer for .checking concentrations.

Connection to a pH meter fĉ r display.
35:programs’for pH meter, spectrophotometer, if.APPLE 

compatible* *" ■
38: Anything. , '. ' /

• ’it ' '* • ' *. ' ‘a . Other comments.: .
01:Hopefully in future. - ’
04:Useful possibility if programs available for this

purpose. University and -NAIT labs will' probably get into 
this aspect before high school labs do so.
‘Instrumentation fairly limited in.high school.

'09:1, have used this type of program at university, however

-Vv.
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software for the classroom,.at least for my part, is not
available as far as I know. - V.

13:Again, in Physics I-h^ye. seen routines which allow''-' 
analysis of an experiment on an" air track ( accelerated' 
motion, say) ^ I feel the initial"hands-on lab experience 
to'be Superior to a.computer analysis.. However, I should 
like to see routine's ,in the other, sciences so that I may 
then frame an opinion.

14:This seems an exciting area but may .prove to be too
complex to come into wid^spre^d use by all teachers. -My
hobby anf interest is electronics, yet the complexity 
gives me^dif f iciilties . ■■ »

17:1 see this as a-, very impo'rtant role for the microcomputer 
and an airea .that’’I look forward to' with e x c i t e m e n t A t  • 
the present-time, such-interfacing still -seems quite 
expensive "which is a -drawback for our schbol.

18:Sounds great but expensive!. ' '
22:NB. Rate = 0 for in^lrfaces,.Rate = 3 for analysis and 

display.; Except for the remote sensing aspect, I have’ 
been using, computers for jnany years to analyze 'and 
display lab results either for my marking or for students 
checking (verification). I .'intend to do more in this, 
area in the future. .

24 :Very expensive. Most labs at the •high' school level do
not need the sophistication 'available with computers.
Most labs are qualitative rather thaft quantitative. ,

2,6 :Time constraints prevent my going* into this much as a 
designer; budget constraints prevent purchase.

28:This would have greater application as the grade level 
increased. - • ,

30:We have not used,any of the above in my classroom. But I
have & dp some work at the U of C or\ writing &,building
interfaces for a 8095 CPU. I like the idea but it is 
very time consuming. '

35:One of the problems we've encountered is that no’one 
seems to know anythirtg about interf'a'ces for lab 
equipment.' Eventually I hope thi,s will be rectified.
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Oth%r Phase II Activities/Comments:

349

Teacher Identifier: *
000000000111111 111 1222222 22223 333 33 3 33 344 4 4.4 4 4'4 4 4 5 
1-23456 789 0 i 234567 89012345 678 90123456789012 345 67 89 0
Degxee experience:
• • • • • 0 # • 0« **• 0 0 ̂ ( • 0 • • * • 2 • • * •. 0 • .33 . .0.'. ...0 •
Type'of. experience:

i U •'•««••••• U LJ« 
. . • D . •

• * . . p> • • • • • • • • « •  r . •• •

.c......; .. .c.. o• •• • • • • • • • • • • •  • • • • • • • • •  • * • • « •  ••• «( • • • • • • •  • • • • • « • •  V  •
■ ■ '4 . :• .Potential for future use: » x X

2.  V.1 . . . . .1. ........3.  ___ __22..0.t...1. 0 1 2 3
■ 1. 2'. -3 1  ■■

Comments: ■
01:Teaching instrument as above if available for full-time 

use in the classroom. . .
04:Graphics programming introduced in Science 21 Computer 

Literacy module as well as program development on " 
computer usage using as compute;:.

20:1 have ‘not had opportunity, to explore the potentials nor 
my involvement in this area as yet.

22 :Classroom simulation and lab applications are ttje two big 
areas for me at the present time. I really cannot 

. foresee extensive use St  the other areas in the phase in 
the near future. Other than record keeping,- these 2\ 

' a r e a s  seem to "grab" people the most. - •
28:There is very little courseware on the market for'

elementary Science. None has yet been approved by the 
provincial.ClearingHouse.

29:1 have prepared extensive notes on MAGIC WINDOW .(a word 
processing prog); - with the help^of 2 students. We (one
student & I) presented a word processing workshop to the
Eng.lis-h‘ 30 (top) class. I will be giving a workshop to
my \op Phy 10 class next week (Mar 84.)

34:The simui'ation part should be broken into .two categories;
1. modelling. j. < ■ • 0
2. checking complex calculation. . . ' : *

40:Teaching Word-Pro and ̂ Manager Data Systen^T to Small Is of
student's, in Special Pro jects (Work £xp. )
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i*38r . /:i' , . ■

w . ' ‘ 350
■

3 ' ■ v.' Phase;.III': / V*•' »■ --T ■•—--- .. 11 • . ./
- Test Production; •, ’ f 2a '.r: ' ■' '‘ V. • ' 'rl .’V  -v- $ , < ■ - .• .* .»_•<• _ * ̂

•Teacheij .Identifier: .
OOOO'OO0OOllllllllll222i^%Z2^333333^333'44444|jr^445v* '

; : ''123456t8901234567890123455^f%^34|f'7890I234m7890 # ■’ ; ,
>,i, * 7 . ”! S f ■; • ■■■ . X--’ „

■-.Degree'/'of-• experience : . ̂ r' -•■■■■■ x x X x
. 2'243lil33000002J.402023010202325<)V4-3350Jfl'22133r301 0 1 2 3 4

. ^  ■*.*' .. 14 91212 3
' Type of experience: ' , * •

UUU.UU.UU. . • . . UUU.. U • UU. U . UUU- UUU . UUUUUU . OUU.' UUUU . ̂
..... D . ̂ D ..... . DD> . ... D ............ D. DDD. D ••■« . D • . • D

: .'P. P.P..■ v* . P'- • .P. .* P ....... PP .PP. . ̂ . _y ■'
. . 0 . .̂ . . . . r.« • • • * Q\ ..... (!) . '. .-. . . f . . . . C .... C ••.•• ••••■•©••

. < * ■ • O .* • • • •• ■ pO •y-|» ■ » • • . . • * • •• • • . • • • • • • • • • • • • » 0 •
. ’ ■ .■Potential for 'future use:v ” *■ ’ x X *

3333..3330*332232313.233322.33322233.3232.3332333.1. 0 2 3
' V ■ /;• • - f i1  '2 I 2 2 8  ’ •Open Response : • -*■ . . . t 7

■ ■:®  ■ v

I have*, bersona ITyfrused: ; dflk ”
01: APPLE WAITER ^  ™  7 ■
02:MftGIC WINDOW,' BANK STREET WRITER
. 04.: All bur Chem exams are retrieved ftom EPSB item bank.
05:Have seen °and used IBIS*'at 3 workshop . Have tried very 
v sample questions.
06^MECC Teacher*Utilities*- Test Generator ^

** 07:1 have used the MECC Utilities #1 diskette to /prepare a
qpuple of tests . t'his year. ' v :
:DBMS, Word Processor, S^lf Written ^generator 1 program.

09:Teacher Utility from MECC. ' .
s ' ; 14 :SUPER-TEXT. ■ . « ' . . . . ' ■ . ,

15 :My own matterials’ Created/on a word .prd'cessoi:.. as vjpll' as a 
» Koal^ Pad or Graphics Tablet.

■ v^l.6 : i . B . I^S . - Dr. Petryk's program I 17 :^UPER TEXT . ' , " i.: .
. 19:TEACHER UTILITY, M'.E.C.C. • . . '  .

21:EPSD Item; banks.
-i': '’*-' j* 22 : various word processp«rs & my o^n programs .

24:CUE-MATH from Calgary Public. , £.;:.
’ 26 :VIP WRITER;. QUIZMASTER ( for C 0C0 ) ; my own programs.. ■

27 :None.
28: Ap p l e WRITER IKE) and the MECC - Tesf Generator.
29:a and'i (above) ‘[manual storage and retrieval of test 

material.]
31:APPLE WRITER, HOMEWORD, BANK STREET WRITER.
34 :Super-Text and Gutenberg word-processing programs^ 
35:Wprd Processing i.nd programs designed by others fot^^,: 

multiple choice and problem generators.' . ■ r
37:APPLE WRITER, BANK STREET WRITER, SUPER PILOT to prepare
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t e ^ ^ ^ B d n o t e s  .*
■ 39 :C M L ^ B H ^  CLAS, DATA FACTORY, MAGIC WINDOW , II.
40:Use of for my own. exam construction, storage,

and retir^Bk. Calgary Piiblic is working on this area 
for sciences. •

41:CML Systarted Calgary Board's)
42:CML - C^^jg^j^Bdardof Ed - Prog. Evaluation ,Dept - Test 
* item bar 
43: Word pro!
45:Olympia Word Processor and Apple Tie.- Word Juggler.
47:a) [store and retrieve] and i) [visual search and revise] 

.above, personally with PFS and Applewriter and Central 
. EPSB services. ' '['• ;

48:Apple Writer, Creat a Test. ’
I would use if available;
09:Any program whi.ch will enable the incorporation of 
: diagrams. • ^

21:anything that. I ccftlTcl. '{Trust - i.e. - well revised items 
' +/or^ templates .
22: a ^Combination data base/word .processor for 

objective-based test items. :
24:Test banks in Chem., Bio. as they become available (soon) 

from Calgary Public.
26:others of this type on disc. \
27: f easibility\is in the school system.
29:1 cotild find the time item b . •(above) [generation using 

template.] '
33 :,computer & software.
43: random selection of items. ' , . °

• 48: Data base. . ' '
Other comments-:
01:Would use frequently.' •.. 1 ' .

1 ■ 02:Can create test banks. This usage encourages
. modification of ' faulty1 test' items, with minimal effort.' 

0?:-Use. computer as a word processor for test construction.
I think this is a very important (most important?) use of 
computers'in, schools today. Would be good if a single 
school could disvelop.*a bank themselves. ' Questions are . 
better [than full tests-.-]

04:Easiest to sell and use but costly to produce.
09:In Chemistry, problem arises with use of capitals and .

subscripts. Have used computer extensively -in physics. 
14:Who will organize such a question bank?# The only

realistic way for this sort of use is a central, sourcb 
{: that puts items on disk or a large central computer and

modem arrangement to download items.
: 17:A boon! I use the Word processor a great deal to prepare

tests, quiz - to keep a bank of project topics, etc. (My 
students are starting to use word processors as well.)
It is very useful to give pretest - posttest, and retests 
- something I was less willing to do before using the 

. word processor .
\

' • .* ' ",
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18:Most of these I have seen t§nd to be. identical-questions, 
v - but different numbers. 'A drag for many students. '
20tConsider using Gutenberg in test item compilation.

■ :-M>.: (Future prospect . ) - . 0 ' / >. ■ ■ • .■ -
* ’ 26 :Really made my job easier here. 1 have, a databank .of

abopt 200 (?) questions in G8 Science.
■ 4 ^ 2 8  : This will enable banks of valid questions on topics - to ;be 
"■ developed. . „ • ' . „. ’’
' 29:Almost all my tests are stored on word processor disks.

I don't use item banks. ; '
30 :The use of CUE Math on the Deck Writer. A test barvR of 

' ; ; questions provided by the Public School Bbard.. ' V-..
31:Secretary puts all my current tests, outlines, on :

" ' Commodore & IBM files. I personally use APPLE WRITERS;
34 :We -have two years x '1/2 da.y secretary worth of tests on ' 

file for use. Many are run on .ditto stencils produced by 
. .the computer printer. Revising tests and creating 
■ parallel, forms (with new numbers in the problems] is 
importarit to> increasing the quality of evaluation.(

35-: I would like to see test banks available for ALCHEM,
biology & physics. Rigl^t now I'm doing my own input of ' 
questions but 'it is a waste of time. * School boards or 3

' the Dept, of Ed. need to collect, organize and develop
•' test banks, problem generators, etc. >

38:1 am in the process of obtaining a program tô  use as test
item bank.- maybe Quickfile lie. ... <

44;See comments on page 9 .[Tutorial and Gaming.)
, 45:A great w'ay to’̂ do tests' - can change them easily.

\ - ’. ' ' ' *■ *, v
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A  • ;■ V  ,

v  '■ „ 1 ,  • ■ , .' f .■ v.- • . 3S3

Test Scoring-: , -  ̂ 'ŷ ..
Teacher Identifier: "1 • 1 "*-j ' * ' ■ Iv.'."-

i.444.445

.. Degree of - experience: . . , ■- ,X' x ■ '
’ 0002300000000011000d0100'01020300001126ll001'2boi00. 0 1 2.3' 4

— . . ■■■' ■' : y'-'s: 3310 4 2 0
. 'Type of experiences... y

. . . .U. ... . .;,-U0'. • . : ;U. .:-.rUliU.UUU. .uuuuuu.:.uu..u .. '. : ; .
» .  a - a a a a a . a a ' a * a , a  ■t#''.. i ' *  •  " D  a • a a a a .a a . a a a a a a a a a i  a a -a a D  a . . . .  a a a a a a a ' a a a  ^

* aa a 'a a aeaaae|a'a aaaaa*a aaa aa *a..P a a .-a * ] a a. a a a a P P a a a a a a a' a a *a. a' a .f. c C P . '• • • • V • • • •V' * * * • • • ••• • • 9 • w t
O • • • • 0 * * % 0 • • • 0. • • • ̂ • t, ■ • i. • • • . • • « it • • .1 0 ■ •

v Jt; . • Potential -for future' use: " : X x - >■"

3222333031323232.232. 2022..'•'3322,.23-02 . 231231122 . 321. a Ir'2'3 '
^ ’ i :" • .. ' ' • %"■ 3 52114 ;̂/-

Open Responses: ... V* 1- ' '.v. '*
•' ' ,A  .V '

. ■ -I have personally used: ' . , *. :
04 : Periodically, our' exams a & e .  sent to EPSB̂ -.f or ■a.naiy^is . . ,
05 : (Name 'unkhown) progrnm^came on a dipk and' is used with • 

the card' reader. . . . : • • \5

y

' 16 : I a B a I a S a
' .22:EPSB services. " : * ^ ” ■ :f ■ : .

27:Nbne.' ‘
28:MECC. Test Gene'ratpr for on screen r,eview only. •’ ' ' V.

. ... .. 3.0:Marks program. ' . •" ■ . .
'35 rriavev access to■programs that .need to -fae Refined, for our 

"purposes.  ̂ ;•!. / 'I: j .’
» 37 s Chatsworth Data programSuper. Pilot. / ' '

43:Test Scoring. . I..'' ■ ' t;.;' . :'
h 44 : Calpary Brd of Ed.; .system wide” exams at, g.r-ade -12. ., .; .

i :.\I would use if available:' I. ■ : ’. . •" > : ’ •
8 Anything of good quality. 1 .. •: * •. .1

• • i . 24: in much of my testing. N ., ' . ■ /
27 : software and card: reader are available. „
.20:Yes for part of my testing.. ' /
29Va .mul choice scoring machine; ̂ pd tes-t analysis program.

• 331>computer & software. - . . '
35:Short quizzes for individualization purposes where ..'

compute.r marks the studentas he does .th^ quiz . .We’ve- , 
developed a couple for computing science on an 
experimental basis. -  ̂ ... ,

 ̂ -i' » .../. ■•., ' ■ ..
Other comment's: ■' ■

f: 01:’Save marking ti.me
04:Available through EPSB but how many'teachers .use it?. ’ ' 
09:Optical reader or student input pf responses' could bev ; 

accomplished, however if only i terminal is../.available, it
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is time, consuming.
14 :To give a test on computer would require a large :number 
' .of terminals for which we do hot-see the- budgetor 
* physical space in the near future. The organization 
problems also seem very large..

15:Due to lack of appropriate software and inadequate :
... automated system, this is not being used like it could 

^>e. v ;
20:This is something I am considering..
24:Great to have individual tests for each student. Could 

give tests- as Student finishes, concepts. Easier testing 
. of students''absent for normal test sitting. *
2.6 :1 ; hh±e . to lock my computer up with one student. Poor use 
' pf a vomited 'resource.
30 :The sSnool has an optical' market, .f or multiple choice.
. : questions

, .,31:Scoring machine is presently being installed.
38:1 am making tests Which I will use. •>
40:Only as a subject in field testing for e.xafn items that 

- , will eventually be available to all Calgary Teachers. ■
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Test Records and Determination of Course Marks:
' ■" • • -K;Teacher Identifier: ;

' 445’

Degree of experience: x X x
43443133310130410401243132233330232110143200043301 0 1 2 3 4

\ ' V  1010 616 8 •
Type of experience; 1 ; ' 4. .
uuuuuuuuuu. ; uu.u.uuu.OTUU. uuuuyupuuuuu. ...UU. . : \ ^
D .D • • • .D • ..« •- • .̂D '•.«• • •* D g- *• .,. . is ̂ «j*«* - j -. v* • »- . D • • fm D •. . ?

' P . P i P . P P , -  .  .  . „ P  .  .  *  5s . , . , .  .  P P ' .  . .  ^ P . \  > '  »  P P  . .  •  •

CGG*.G'• C • . . ■ • ̂2 • . C-• « • • • >•-* .••*..'« v* .** . 42i.- . * ■«: „• ..
‘ T  '  V -  T  . . .  • • «  .. ' A

•  •  » ' i »  ■ *  ' •  » •  »  . •  • -  - *  «  -'*» •  • '  c  *  J* - V  ■* - *  .f  * : * • * ' *  *  *  * '  *  ' f ■. . 1

Potential f or' futiir^ujse’: $  ̂$ •% V  r' '' 'r '•.. X ;: ’
3333 333331333 2 .2'. 333' 3324m. 353:333 3 > a 1 3 M 3 3 31233,; 0.;, ■'0 .1,/2 / ' 3 :; ■" ,; 
- . V  k- .1, 4 -532 .
Open.- Responses : <" .-.-V "*’%  & \ £ ** '. * V  '.•«’? *  : ̂V. <9;*, ■ ■, , >s .rf; J. ■

' I have personally used; • -i 4 ; ' ' '
• .01: MARK''MAINTENANCE ' : r: , •'”" V:.' ;
02: CLASS RECORDS (Alphatei ) - \ ‘ /
03: Author of CLASS RECORDS .(,and future versions.), : •
. 04 :ALPHATEL Marks-Records', v ' . :  ̂ - . v • c
05: Alph^tel - Marks Mas^fer :• ' ' • • * ' '
.06:ROSTER ■ • ' ■■ ; , • ‘ , ' ..  ̂ ..
•07 :a’) ’Alphatel 11 APPLE MANAGER,” .and • ‘ -.(f.

■ b) "THE CLASS :MANAGERU (Mer‘lan '.S'qiehtif ic .Ltd. ) i, . ,
08: VI SI CALC, Self authored'.: \ | ^
09.:Marksh*eet. locally and rroin ,Grand§'. Prairie, same jL * ■ «

Marksheet'. And Gov11 result' pj-ogram. •: f
10 -.GRADE BOOK. . /. i
15 : VISICALC, CLASS .RECORDS> and.'some., home made prograjns .
16 :Merlan - CLASSROOM MANAGER, • i
18 : "CLASS RECORDS" - Mike Falk. .' - ■; V ■ -
20 : CLASS RECORDS (Alphatel)- . ■ '
21: CLASS RECORDS . . - - . '22:a . "wonderful, highly-acclaimed" product - JTLASS RECORDS.i
23: personal "GRADES PROGRAM", revised "f rom Public Domain ' ' V|

-.;.■■■' Program.. — . - ; . 4
■ 24: a marks manager; :' , ;
25 : Alphatel.
26:Tptn Mix's’TDB (for C0C0 . )

. 27 :VISl£ALC, CLASS RECORD. .. • ; . : :
28:My own program. -‘ ■ ■:
29:Alphatel CLASS RECORDS. . ' ,
31 :C0MPU' MARKS, CLASS RECORDS, MULTIPLAN, VISltALC. ^
33:Name unknown or locally produced - I've used several for:

Apple & IBM. ’ '‘‘'■‘I,,'.
34:Falk/vah Kessel Grades Program. ... . -
35:Student-developed program for PET and the'APPLE program. . -

*
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: -. ' ; ■■ ■ I 'Both are adequate for my use. . ; • *.•
37:1 have tt^pLuated several programs with this feature.
38: CLASS RECORDS - MARKSHEET,, VISICALC. •
39 : SRA Math. • .;
40:Manager Data Base for CBM 8032 which we modify for tfce *

construction of student ..reports on a local basis within' 
the Science dept.

4l:CML Records System'. , G  ^
42: COMPUMARK and SAITS 1 RECORJDS
47:Class Manager. ;. * •
48:Visicalc. . '

■ ' ■■■ ■,' v •" ... ■ i
I would use if/available: .
09:any program which would be easily accessible and useable.
24:a'marks manager.
27:in this field. 1 ' *

■ V  28: Yes.' " . ’ . . ..
33:computer & software. • »
Other comments:  ̂ .
01:Record of class marks; year and term marks, using now.
04:This* program was. locally generated and available .
• Already exists, easy to use., cheap and effective.

07:1 have modified tf\e "Class Manager" to suit the needs of 
[School]1s teachers. ■

09:Implementing HARTS III to monitor marks, print Alta 
-• Results statements, and teacher's markbook.

15:This is an excellent mechanism;.fajr introducing teachers 
to the computer-. It is b.est to start with, a menh-drl.ven 

' program and then advance to more complex programs like.
VISICAL’C. '

18 : An excellent use ' for computers. Allows -many options -.v̂ gq
' . tedious when marks .were computed using pencil and pa
. ■ 21:Very desireable from classroom teacher1s point of viewl'G

22:This seems to be a popular item and I am in the process
1 :of expanding computer- use in this area.'

23:1 keep all my marks by Apple comp'uters. .
'.V .24 fork's well.

. 26:No time saving but I like -the print-oSts. I give my 
•science clases a report every 2-3 weeks - very 
motivating.

28;A computer managed system has potential so long as the 
• teacher schooses the activities and not'the computer. ,

29:[A- teacher] and I conducted a teacher workshop on the use 
of Alphatel CLASS RECORDSL(and on, word: processing) last 

‘ year. ’ I,have .conducted swch a workshop this year by
myself, (since Fred has left)..

' .30:1, have been keeping marks on a computer for the last'6
, years. I have not‘use a computer managed system.

•34:Printing of marks is my only experience - the students ■ 9
like it. ' .r

. inservice for teachers on how to use the , v̂ -
for. determining marks . V- ::

M  -:r , '■ ' '' ' ' /
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Test Ptem Analysis:̂
Teacher Identifier:
0000000001111211i‘111222222222233333333334444‘4444445.. f •’ -

f I <5
Degree of Experience: •• /■' 3̂ x ‘ •
0002300006000010.1001201000001.0000020-31001204010. 0 1-2- 3’ 4 

^  7  " / /  32 ”8 4' 2 1
-Type of experience: . "/ . V * ■, /"/■'
. .u.,. .77. .u. .uu.u. .uu.u.7'.. .luuuu. .uu..u.tf. 7'
•. » • • • • • «*/'• • * * • • * • • • • •• • • • • • D V  • •; •  • • '• •  0 •  •^  • • .*' '.•’‘‘lb '•»

/ ■ c ■ ■ j .. , ■' 1• • • • Vj» « 4 • • •■•«• •• • • • • • • • • • • • • • * * • • ,  *••••*••/• • •••«. •••'•
• • • O • • • * • 0  • • 1 • */ * •'  ̂  ̂ • • • * * • • «y# Oi •

 ̂Potential for future u'Se: " - / x
22 22 333111.3232 30. 23. 2 212113 322.1211.232 33 71.23. 21'. 0 1' 2 3

1121713
Open Responses; 7 7
, ; u 'I have personally used.: <=1
05:Program us6d with'card reader.

' 15:The mainf rame at>E. P. SiB.j 
:./ 24 : a marks manager . / /

27.:None. .. • \ ' / t
37:Chatsworth Scoring Program.
39 : C . B . E . Rrogiam I1 
44:C.BlE. system wide exi^ms.

■ 46:Edmonton3PublIc Schools test service.
48: Visicalc 7 '
I' would use if availabrpV . • .
09:any program that would accomplish this.
15:an appropriate'software program designed for. the Apple 
. lie./ ,,7// ' ,7'

'18:Some' general analyses which could be customized to my own 
' specific .needs. -/ ;
22':EP.Sb ser/ices. ■’*'

. 24:a'marks manager. . . ■/
/  :273in Ithe/'field, the requited technology. ■ ■
. 3,3: computet & software . /’ i/;. 7 .

34:Standard^error of measurement (the uncertainty of a 
Report card mark) is/ what I would like.

. 381 Anything. &  ■ ^

I
' -7 - mOther .comments: ■>

0-l:Would help eliminate bad questions.
04:Available through EPSB‘*
05:Most'of these questions*are from C.R.I.B. I believe 

there was no formal t.est item analysis but most of the 
questionns have stood the J'test" of time?

09:used only on multiple choice/items so far have been done

■/
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* . hand. >v; "/ ■
.̂ 4,:'This wiil be useful1.• but it will haVe little . impact on the 

nature of ‘learning.. . It may be detrimental in . that it • 
V'Will';'' 'enc;ourag;e exclusive use-.of Multiple choice as , the 
methock'jpf evaluating s t u d e n t s •* '

j £l: Have done this with EPSD + Alberta/’Ed. •' , .
! 22 ii' wo.uld-be using this; &■ test scoring if I had the .
/• •s equipment .& the. time. ■'!. //., ,

>4:TIhte 'statistic^ obtained are very important and are not 
. >. 'usually dpne. for. ,ofdinary ' tests, without. the computer .

/; ./ 2&':ThiS;'.;Wouî ,' be very handy and certainly would enable '
■;'' ■ ’ betthr .tee.t construdtion.

: Currently. £ ait'.writing; 'written questions ' for the Public 
• . '* School Board which will all:be subjected.to stats.

*31 :..As “ro^htioned, scoring .machiSte -is' being installed.
; ^34:The facility to 'qualilatiyely analyze your test and •■

* revise it on the wor.d'processor is a far more important 
•advantage.’ . / . / ' ■ /  r . . ■■■.■■' . ■ ■

' 40 :Only ’;fr.oro. both W'ork/iir Calgary for our eventual use and -
• ■ Exam .construction in both? Calgary and Editiontoh exam 
. 'consti. ./■' / '■/■ ' '■

■ 41:CML system may at sprne future point make this information
available-. ; ' • v/;"';'.i' ‘V 

A:
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Correlation of Marks and Analysis of Trends:'  ̂ .A • ■ ■ ; ; ~ ~ • ■; 7 ..

• (rpA<,,hpt“ - T v  f i pr ' 1 ̂  .
000000000111111111122222222223333333333444444444

r
o' . *‘ .vfjj

"Degree of experience: * . " ’ X
‘.0100000001001010.00000010000000000000001000000110.. 0 1 2 3' 4

■ • v . " 40 8 0 0 0 '
Type of experience 

. . . a . U . . .' . U ...
 .P _

. . O. • ' .  0  . . . . . .

..u..u...uu.. u.u......UU.-

. .,... . . . . ... .*. .'. . . . .... ■. . . . . . D . .

Potential, for future x X
.222.3200L322130.1. . .^■-13. .2 .12.1. .3.32 .1.1.120. 0 1 2 3

_  41111 6
Open Responses:
I have personally used:
02:CLASS RECORDS (Alphatel.-) ’
10:GRADE BOOK, also a program developed by' Sj^rit River;
15:VISICALC. . . .
24:a marks manager.
27:None.
48:Visicalc. , '
I would use if available: ' .
27:technology and software are available.,
33:computer & software. q -j'
38:Anything. O .
Other comments:
22:(See above ■ (test item analysis.)
24:0btaln more statistics so a person can track students, 

tests, classes, or items.
28:Again has potential but must not become the dominant 

factor in educational decisions.
29.: [■'.?' written next to 'longitudinal'.]
•30:The program,would have to be efficient before I would use 

them because of the time available.
40:A service that was worked on in our city-wide exams.- It 

was good! But since the advent of Alb. exams, the dev. 
has been replaced by, an insidious large farce with no 

I goals or logical benefit to students or teachers.
47:Placement of marks on a division wide basis for 

statistical-purposes / Mean, S.D., etc.
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^Career Guidance:
."‘i "•1 '.V — — 11 v

' : Teacher Identifier: ' °
/ ' . 0 0 0 0 0 0 0 0 011111111112 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 v , ‘

12345678901234567 8901234567 8901234 567 8901234 567890’
* j ' ' * , i

Degree of experience: , X x
0010000010000020.100000111100010001000 31..0000120. 0 12.3 4 

‘ ,  ̂ ;; '3211 2 10.
Type•of experience: \
.VU.....U......U . . U . .... .U U U . . . U U . . U . .UUU . . .'. . iUU.-.

. c...........c....___ ...’...............     c..

. . . .  0 .    . . . . * .     0 .J *
Potential for future use: X x
.111.3003031.23..1...11...1,110.2.1..121..1.1.112. 0 1 2  3

\ . 417 4 4
Open Responses: v ^ ^

„■I have personally used:
03:PLATO offers some career counselling.
04 Counselling uses CHOICES extensively but how effectively 
■ I fion' t know.*

15:The CHOICES terminal.
18:"CHOICES".
25:CHOICES. '
26:CHOICES. ‘ -

. 27:CHOICES. '
31:CAREER FACTORY. .
39:CAREER FACTORY.
42:CHOICES - have viewed this program through our guidance 

dept.
47:CHOICES. .
48:CAREER FACTORY.
I would use if available:
15:Software packages usable on an Apple lie computer.
27:In a better format. ‘
33:computer & software.
Other comments:
04:1 may not use it in my own classes but its use may exceed 

mine in counselling area.
09:Presently, the counsellor 'in process of obtaining careers 

choices on computer. ~I do not know nameof program. 
22:This would be a good application since it is an area

generally neglected in the schools. Every school should 
have this computerized capability.

24:We have ^ ‘career factory in the guidance area. Is well 
used.

28:Not relevant to elementary.
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29:We have a "CHOICES" program in the guidance dept at -[ ouA 
school.]. , v .
35:Our guidance department regulates the use of' CHOICES In, 

our school/. > r
38:This is not my area of instruction at present..
40:We have CHOICES. .: : :
41:"Career.factory" is used in our s«hdol by the guidance 

department. ' 'K
47 :Excellent program. .
49:Tp 'b\aild an interest in Science.
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Other Phase III Activities/Comments;
Teacher Identifier.: '

■. 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4  4 4 4 4 4 4 4 4 5  
.1234!
Degree of experience: .

•- -0 0. • ■. * • 0 ■ • ■ • 0
Type of expedience: '

0 0 .  .  • ■’ i . . . .  . ' .  . , . 0 .

future Use:
. l .

r .
x X x  

0 1 2 3 -. 

0 1-0. 1
Potential for 
• . • • *» • • • • «' » • ♦.

C o m m e n t s f ' --n* °01: If- available for full time, use in%a classroom, it w&pid *
■ be used for teachjjjvj^scoring, recording, and test/ / ;!•: 
production. BeCau^etyof limited availability■“i.t ia .ynd.t' .

• being used to Its fullest potential'. Vi.l. ^  ■ i,
0 4' :This area will probably hit the schools bqfpre ...t̂ e- vi.. ' .-» 1
' previous two categories become a reality ,£n>. that mos!t . :

teachers have used the. services available'. .lde.ai.ly, item 
banks should be available and accessed via terminal in ' ' 
the schools, from which hard copies can he Obtained^ and .
• Xeroxed but eve.n this usage is not yet ajyfe&lifey, b :ttye *' ? . v 
extent that is should be. ” The Alphatel 'MaiktJ -.Recdfd is • 
extensively used by myself but I cannot imagine the same 
type of input into -curriculum software unless Alberta Ed. 
is prepared to hire a team of programmers to generate the 

I .tremendous numbers of :test questions or concept areas 
...̂ needed for. computers' to assist educators-.with ... '. v
. instruction.' Might be a reality when P'eter and;Dav^, Iy- 

recognize that education is costly and that'computers 1 
- V.eo~u.ld - improve, the end. p r o d u c t ■ in general, future uses 

are all possible but cost would prevent certain usage, 
e.g., World Book Encyclopedia already, exists but,. - at $15 
to, $2-5/h, a $350 , set would go a long way in achieving -the ■ 
same results not'counting the cost of terminals and 

-. hardware required, to “access World Book. Phones exist but 
how.many times does <\ne talk to people when long distance 
tolls-a.r£ considered? Computer use would cpst..a great 
deal more,, than long distance tolls. What bothers me 
about computer. usage' questionnaires . is the ■ 
"pie-in-the-sky" type - of 'apprftach rather than trying- to: . 
analyze current problems, applications,^or extended and, • .

, effective use from "wtyexe-we1re-at" rather than . ■ 
"where-we-might-'be": approach. , ^

05': As more people- and schools become involved in - computers
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buying and using hardware then courseware (software) - 
the cost of material and maintenance will become more of 
a factor of implementing programs and tne use.
Maintenance can be incorporated into budgets but I think 

... if there is no effort for more sort of. information- <>'
/, sharing or shared information retrieval, cost will limit 

the use of computers in most school.
08:Most of my IBM software is Self Authored.
. 11:The' possibilities for computer .use 'in.th"e classroom are 

staggering 1 However, the key to the problem is to gets 
computers ..into ctLassrooms rather than having them .

-isolated in a computer room for computer literacy 
classes., I suppose once the "computer lit" f$d dies down 
>a bit, computers may move into classroom where -.they 
.can be of real "practical" benefit!

15: In all areas Of computers? materials.could be created 
which would be an invaluable asset to teachers and '* 
educators. The biggest problem in this field is piracy 
which,.^is preventing quality programs, from be.irVg A
developed. The current monetary situation is: also,not ‘ 
conducive to expansion of these ideas, at 'this; time.

17:After reading the past 5 item’s; I can see thatrthey coul,d_̂ _.. 
be very' useful but when doep the classroom teacher, find - A 
time to do this? My only experience in this last section 
comes through the simple management of test/class grades;. .
. ©ur Marks Management System does have the statistical5 .

' packages needed to do'the above analysis but I have not 
used them. ;A >

20:Sorry hot to -be of more help; but I •hav# not yet assessed ' 
the potential of'.computers in-my teaching. In dhe 
course, circumstances permitting, I do hope to involve 

. computers in some aspects of my teaching. Prospects may - 
/ be more.conducive •and encouraging iri the future?

Available time is my shortcoming, as it must be with most • 
people contemplating some use'Of computers in their ' 
teaching.. , v 

21 :Maior .'flaw is incredible lack of "time to play.." There \
are•dozens of applications - but I can't see much■ ' .
'happening in school,* except where' you have-a , _ "
teacher-fanatic ̂ present ('.the [innovator's name] • .
syndrome. ) Any ideas?, - ' ;

29 :There seems to be many areas I' know nothing -about. * . ’ '
33 :1 will.’generally use the-response "budget & suitable *

computer" ory"computerv& software" here because computers' , •
are under.'Business Education and not. generally available ,
to Physics classes. Physics* cla§s . ha£ 5 -Sinclair ZX'S'Jb .'..,

- . with 1'6K "RAM and all programs ar& written- by me & ■■ ■ '
student^ I've t.rainei is an. extfacurr'icular project. ».

34: Evaluation of my tj.ests' and curriculum materials within 
the classroom setting and the subsequent improvement of .
these materials-^s ^IJUMBeA 1' on my list. Five Or ten , X

( year-old junk has no place', in the classroom of the 
future. This is the most important use of computers in 
education.- -a ■' • .... A..
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Old tests can, be re-neWed by adding contexts (e.g.,
Nature of Science; Science and Technology, or Science and 
Society) to otherwise sterile test questions. 0
I have not included my limited PLATO experiences** >
(learning'BASIC) in this response.

35: Here are a few comments or problem areas ̂ in £he use of 
computers in science education. y
1. The reluctance of teachers to.become literate‘and to 

use the. computer. We have 'an APPLE lie .in our 
department that is used by myself .& a few students* .’. • '

2. Most of the chemistry courseware previewed by Dept. 
of Ed. has been rejected but in the last year ,the 
publishing companies have been producing 'm(3ch better 
quality courseware ^ ' . ,

3. The cost of courseware is tcJp high for most schools : 
to inveJK: in large quantities.

4 . I see 'Unreal problem with teachers developing .
expertise to learn about interfacing lab equipment, ,
etc., as well as having the time to develop their own 
specific courseware or to change the existing "

". courseware. • r'"............... — ..—
. 5.'The use of poor, courseware: jult because it is0there. ^

For instance there are ’Several laboratory simulations 
that can be done in the laboratory .: Also there ̂ are
programs available for balancing equations on tne 

• _ computer. Many uses are not justifiable. .
6. I have not seen many tutorials, never mind quality 

tutorials’with provisional-branches for •
individualized-instruction. ’ ■ ,

38:1 use SCREENWRITER to make up all the materials £<br my 
classes - tests, information sheets., ‘etc. - 

44:Using, Pa.pe'r-clip,- I have a data bank of multiple, choice- .
questions which I will „ be.-using, in June to prepaid review . .

- Sheets'. My present involvement is • in .writing programs to ' -
deal -with problems for self interest or to be used by 
'specific teachers - I ;a$ri still, busy trying to convince my 

- colleagues.-, (
»49:For 10 years, I have, been .waiting for suitable programs' •

(software) in. Mathematics, Language, and Science*. . I do 
.'•feel 'that in tire Elementary' school, it's main 'use and , % O  

' - greatest value will be in Computer-^Assiisted-rnstructip^- 
for high', average,, and' loW-studentn. ^Its use in C.A.I.'

! should lead to .much mofe indiVidual\zed instruc.ti.on.
As you. will 'see, joy, my. answers', its use, in a good, •

■ activity . ( "hands-on" ) 'science -program in'the- elementary _ ►
. school, will b^'limited, to prov.i'ding'back-up' services - 

’ and ' extension"'-work'(ip what I teel .w'iii- be rather / '
. limited unit's of study. )  ̂  ̂ ^ • .-
But, let us get -the software and try the programs. ■' :•

-.'V- ' ' . >■/ "...

* /
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Appendix C

k • , Computer Programs Used*by Teachers’
V. “ .

Who Responded to the Questionnaire on Computer Uses
\ % v ■■ - "

. • •• ; . ■ '

3 6 5  '
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Programs Used by. Teachers in Study 
(From Responses of Teachers on Questionnaire)

(N = 50) r : ■
' ■■■■'... '■■■■/ : ■ ■' ■■■■ Program Type and Use of Computer in Science Teaching

Name, (and Source). : . Phase^ I . Phase II . , Phase, III
• .  ̂ ’ .P D G L M . P  S T G D C L . P S  R A T G
Authoring -

CLAS System .X • .X-
LOGO Language .. . .X
SuperPILOT Language . X. X . X . X X

Career Information
Career Factory / r. . .

• .CHOICES ' ' * , .
PLATO Careers . .

Communication ’ ,
ASCII Express X ,... \  ..
Electronic Mail .. X .
ENVOY (Altel Data) . X ‘ . .. -
Novation Com-.Ware . X , . .
“VisiTerm (Visicorp) X . ; .

''Data Based System
, ' D'.B.Master ’ ’X . .

Data Factory,. X . , .X
E.R.I.C. V- ' - X . .V . .
File Cabinet .X . . : ... '

; I.E.P. Manager .X ... > ..
Manager ■ . . . X

• PFS: 'File / ' .X / X .
, PFS: Report .  ̂• .X .■ .
Graphics (Utility ̂ 4. ' ■. ■ ' ,.
, AppleFlot .x * ‘ ■’ ;

Gfaphics Tablet^ . . -■. ;x -•
PolyGraph (MECC) • • ,. • <. X .”

. Instructional Man^0ftrrent _ • . ’
C . M . L . (Calgary^ • ; ■ •„ X . .. V' . v

. CHATAUQUA . X. ' - .. : ' .. ;.
■: 'a.A.R.T.s. h i  . ■x-..-.'-::; ■ -
'.MarkSheet; TAlta .Ed. )'. • ' X.  ̂ X
Thventof.y .Control *■ . ̂

D-.BvMaster .' \  ̂ ' X . ' _•< ’ *" . vV.v*/1 7
Optical, Mark Roader " 4 :  ̂ \ - *
.. Chatsworth Scoring \ ' J'' X. . ' ■ . '. X ‘X
SCAN-T.RON,-Bata • ■ '  ;■■■■'. ■;
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Program Type and ' Use of Computer in Science Teaching 
Name (and Source) . Phase I . Phase II . Phase III . . -

: ; -.P D C L M.P $ T d  D~C~L.PS R A T G.
Marks Management ■ g ■
■■ Class Manager ' . X . v - x ’ ’ ’. T •.

Classroom Manager . x. ’
Clash Master . x. \ ' V’
Class Records .‘ X X. . V X ... X
Compu-Mark (Peters) * X. ' • ' ^  ' X:.- .. i. ■
Grade Book (Apple) .. - x. • * . • X X

;■ Grades X. C .
Mark Maintenance . • , *. . • . ■ . X ; * ; ■
RECORDS (S.A.J.T.) V. , . X ; ' . : ; ‘ -v }'X :.
Roster ,.X*\

.. TDB (Totti Mix/CoCo) . ’ . . ' ( .'iX> /
Teacher';s Marksheet . . . «.X , X ... *

\  ■' ■’ V 
Spreadsheet 'C'--- 'jB

Lotus 1-2-3 - . f' X.
MultiPlan ■ .. ■ .‘ -.X• . J ,

VisiCalc , . .X X X ;•*. • X :' X  -X X • J v V
Test .Construction - ' ; ' . / ••
, CML (Calgary) . ■ • .. / '/ / .X j* X

Crfeate A  Test - .X 2 . ■" .. " . .x
CUE-Math (SAIT)|.. . ' : ' . .. U  .X \
IBIS (Petruk) , .X X ’ ' X ;X .X X :.; ^
Teacher Utility #1 .X- X ; . X . .X X
QuizMaster (CoCo) . • .x " ' J

/^TestVservices. (Edm) .X ;_.r . .x X '• X *
Word.: Processing ■ ,y. y. •• • ■. . ■ * •

Apple Writer - .X . . : * ' ’.X .
Apple Writer lie' .X -o 7... 3 . , ' .X • .
Bank- Street Writer .X - .X ■; . -.X ’
Gutenberg ■ - .X X X' ' ". . y * : : .X v,'': .C
•Gutenberg, J r . • • ' ..X « -  ̂ vv., -.

' Homeword : .X .
Juggler lie ' '' " .X . / - .; { ■'' v ;'v *''

. . LexiChek ' ‘ .X ~ ^  "
Magic Window ». .*X- ; ■ ':.1- .’; • • 'v’S X  . *> '

.Magic Window 11 > . X V  :x V-' ’
Olympia ■ . > ■ .X- ' .
Paperclip . .X ' X .  .X . .

r PFS: Write .X
Screen Writer .X - • ‘ ■' .X . •
Screenwriter II . .X ;-:;l »v. : •' . •. . ; ;
Sgper-T.ext (MuseJ '• X r. .

■ vip* Writer . ■ - C,. , • .. .x,.,: »• : C,,'
,»Word Jyggier; . x • . ' • ;

WordStar' O  .x \ C
. -WordPro : - .X
WordPro 4, ;. • • ; X-
WordPro 64 4 " • . . X. , . ,: y ■■■■ I'-: ' ■ . ^
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' • v Prpgram Source and - -Use of Computer in Silence Teaching 
Name’ (and Sou tee*) - P h a s e  I . Phase II v. Phase III* .

' : ; ; , V /.~P D C L ri.P S-T G. D C L.P S' R A T G.
'■ -‘COMPress ' ■ . : t _ v  ■■ i, '. ■. ■ '

Alkanes & Alkenes X . t-. .
Educational Materials -and Equipment 1 - •
- "A" Machine . / . X ■ ■■■ .. "■ •.
Chemical' Symbols ... * ’ - / ’X ■
Chemistry ' ̂ >, . X X * .

- Inclined Plane . : X . . • . . ..
Light Waves ...•. ‘ . .. ■ X X "  - / .
Osmosis ; ./; . ' . ■. >' X : ̂  .

. Thinking & Learning . • . X
M.E.C.C. (ACCESS) ,. , -,v‘
• Collisions.-in’ /' ,• '; : ■ .

'One Dimension . \ X t,
Hedt §oss ' J .. - / .. ; , . ’ X . • .

' Milslikdn Oil Drop .- ■; ’. -X ‘ X
' j.'.'.b'dell :: ■■./. - . X X  X .
' Optics* . . e ' .X -

iubility Product . - .X . . 'S|r -
1 v ion / ■ .'*■ X .• ...

  ioes 7 .X
Me

iiosis ' ■ . - ■ • . X
*“ Mitosis1 ’’ J x<» r' 1■ 0 ■ . 'V ;

V PLATO ; . .
L BASIC (PLM Series)’ . . X. X
Y , Chemistry ; *■*• .X . , , X
, ' • Elementary Phys\cV .X. X

Estimation .X- / ; X
. Fraction ; :-X ' . - n X

. Hangman, V'-': X
Mechanics *•' . X

' Nuc-lear Power Plant v ’ . , X X
7 Science . X . . > ■. :
Proi'ect SERAPHIM '; " : V  ̂ -

(-Unnamed' Disks) ... • . :* . ' vX- .. V ' :

WICAT Education Institute V; v . 'V
’Videodisc in Science . . - . t . ;. . .. .
* ■ Education ' .- X . . ' -f

■! ift'.

*■ ' -  • -  . ...  ̂ V■ y-. ' . - -. ' ' v:. .1

• { • 0̂ V.;v - 'V: .
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■' ;■ • • :. Vi ■.i - . .. .« $ ' ■•'•■/ *•' .
v Subject Content Use.of Computer in Science Teaching /

Program ^ame / . Phase i . Phase XI . Ph'ase III ■»
(Source unknown) . P D C  L M.P S T  G D C L.P S R A T G.

- GENERAL SCIENCE \. • ;
Earthquake

BIOLOGY ' ' 0- ':r
Aerobic Respiration . - X
Bighorn Sheep v . . . ̂  X

,-feison - . .. x
Budgie . X ■ •"‘V / •/ /.
Cell Division . , X.' X •; ; ",
Ecology , , . X
Genetics; • *  • X
Mendelian

Inheritance . X . X
Nutrition ' . )  X
O^gssa Lake .*'•[ . _ . - : -X t. • ■
Population . ' . ' X ..
■ Rats . . " ■ . X . ;
Tribbles •. X V ; . ‘ v
Whale . / X

PHYSICS
Air Table., . . X
Artillery . . X
Battleship 0 , .. . *■ X
Conservation of

Energy' . .. , .X X
Conservation of

Momenteum ’ ' , X .
. Constant ■. ,

Acceleration 
Energy Calculation ■ .. . .r
Geom.etry of ’ •• ♦
. Refraction '/
Interference of
; . WaVes 1 ■ ■ ' . X
Lab AjValySer' ; . - . . X
Lunar Lander . .. X

—  •Images - . X
y- of Planets /' ’ . X

Projectile Motion •. • ‘. ‘‘ X ^ •
■ ' ... : • x . .

,,, r- X ' \
Soundwave Syntheses. . 'X '
m ~ - -- • , X X

Ruthe'rf ord

n Vector Addition '

i ■ ?■'
■ * * -<%r-

•ea*
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Vi/V/' '■ • r 370
• / '•;: • Sub ject: Content ' ; Use of Computer in Science Teaching

■ ’ Pr ogr am'^arae 1 / . • •. Phase I Phase II .. Phase III .
; •( Sbutce unknown) ? » VF'D'. G L M.B S T G D C L.P S R A .T G. ' 

./•VcHEMISTrV-• • ‘ . '■ : , . ; '
•'.* Chem Nami'hg;.■ V  =. r . . X • . . ’■ .!;tiu

Gas’ Lav/.6 ahd' Kinetic ,
&  Mhlecula^ ■'Theory ■- .,X X

* •> t  >. *  C h p m  N o m e p c l a ' t u l r e  * •

•• - 1 - Gas’ LaWS ahd • Kinetic
.X X X

}• uiid?-CalC' . ' ,■ .X X
- Ionic Nomenclature > . ■  X
Mole Concept.; l .X «X X
Naming of Elements.' 1 , X
Periodic Table^' ■ : . v- -*// . . .X X X
Titration : d-‘: • X  „X X. ?  •'/' ■- - . . • < J-7 . ' /■*'■ . , ■: - • „■-> • :  i :

UNCLASSIFIED « ! . ^ v :
BrLckout. ' ■/ . . ' • X .' .v ' ■/; ■
The Factory >■ ';■■•■.■ . .X-
Rocky1 s. Boots •"••••» . X .. ‘ • o:

- Master Type . . . —V* X *'• V.

.Note: . <
Phase I = Preparation, for Teaching .
: •. P / •=»' Curriculum Planndng--and Materials Preparation •

D • = 'Professional Development = .
C • = Copnuni'cation between Schools and/or Teachers

. L = Library Applications. * a
• M • = Instructional Management ■ v

Phase II = Teaching • ’ ®
■ P •= Problem Solving

/ S = Sinfulations . ’ ^ :
M ' j ' - -  M L? \ T ^ Tutorial- ’ ••-kc ■ . ■ .

■ g , = Gaming
• D = Turill’ and Practice *

»‘ • C = Electronic Chalkboard
‘ L . = Laboratory Instrumentation

' *’ ■ ■ ■ ' - ’ ' -f
ph'ase III _= ’Testing*and Evaluation 

*' P . - Test Production ’ . j
. S . = Test Scoring . . '.

; R. = Test Records and Determination of CourSe/Marks 
. A . V CTTest, item Analysis ^

.. T, .. .= Correlation 'of Marks and Analysis b£ Trends . ,
G = Career Gui-dance * '•'* ''' •

• y ■
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Potential Uses of Computers in Science Education

Dat,
(For' the Pilot Stage of 
thering from.Science Teachers)
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The Uses Of Computers in Science Education
\  -

~ Act|^.tv I; The Preparation \

- Curriculum Planning and Materials Preparation 
■ ‘ C.R.I.B. , idea bank, custom illustration

- Professional Development
pre-seminar contributions

- Institutional Coordinatiflflfc >
V #-- message facility, std|||Tt records
Library Searches r  / /

*7; "■ ,d£<?E,R.I.C. ' searches : 
i -1*ijisstiructional Management Applications

personalized'/ criterion-based, multi-functional

■ 4 Activity II: Teaching/Learning' € *

- Simulations
explorations , ..lab-substitute, lab-supplement

- Laboratory.' Instrumentation
’ data^capture, device control

- Tutorial '■
remedial discourse, fieuir'istic branching

- Drill and Practice
review, reinforcement

- Gaming •
competitive, motivating - '

-Electronic Chalkboard/Calculator;
notes;, displays, alternate to film, OH projector 

-/Problem Solving .
model building, high-level language;

■ *'• ‘ ' '
- Activity III:- Testing: and Evaluation

Testing *  .
on-line, multi-functional

- Test Production .
retrieyal/generation, manual/rande^f 

* ■ - Test Scoring
marking . •.

■ - Records: ,, ■. • \ ; '■ .*
mark maintenance,, CMI prescriptions Vtt.Vy*'•

... r ,  - Anal ySi^s V
\  . item or test revision 1
V; * •- Evaluation of' Studen'ts/Pr6gram/V!»sp ^ ^ iv4)^^^.; .
: V : '■ , longitudinal tracking, . revisipfv^ ''^ ̂ ^ *  . 1 *

- Career Guidance «•’’
■ ' CHOICES data' bank-

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



www.manaraa.com

Appendix E

The interview Questions
(For the Pilot Stage of 

Data Gathering from Science Teachers)
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■<ij> • f ■ t ' ■ 3 7 4

Interview Questions - Pilot Stage
. Warm-up

> • - What kind of computers do you have in your school?
- How long have you had these computers?
- Where are they situated in the school?

* ■ - Are they mobile or relatively fixed?.
- What classes are using the computers?
- What out-of-class uses are other teachers making of 

the computers?
■ . Current Uses . •

- What are you using the computers for?
- What programs are you using?
- How long have you/the department/the school had 
' this/these computers?
- What effect has this useage had on your

- teaching routines? x
- . ■_ - students? ’

- What did.you need to learn in order to effect this 
useage? . " ;

- Where did you learn these skills/information?
- Is private■study feasible for learning these skills?
- Do you need to be able to 'program1 a computer to 

'use' the computer?
- Is a .background in electronids required?

, 7  What- personal obstacles did you overcome, e.g.,
\ Computer Mystique?

Projected Uses *.
; : What would you like to do with the computers if you '

i D§^you have any programs in mind or know of anybody •
■ .7 , .'■■■';!t£ i+ who is doir\g this? ' , r *  >*'

What time or money would be necessary for this use?
WJiat would you need to know before ^ou co.u,ld 

v '̂'- -/recommend this use to your department head or 
7' principal? ... .' .

. -.v'1' — What would you need to- learn before you could effect 
. .,7 . this useage? '

Proposed Uses : ......
- How would the, proposed use improve your teaching, if
- at all? .

, .. - Would you implement the use primarily for your
* benefit or for your students?
- Is the proposed use feasible in terms of current

> • equipment or personnel?
: - Would you need .any-, training to implement the proposed

use, as described? ■-
.' - Would you participate-in self3iStody or group training
• .sessions to learn the requisite skills? -Which? .
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Appendix F ■

School J.urisdictions Represented by Teachers 
Who Responded to the Questionnaire on Computer Uses

, I
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School Jurisdictions Represented by 
. Teachers .Who' Responded to the Questionnaire.

Galgary RCSS District #1 ■ / .
Calgary School District #19 • ; o’
County o'f Leduc #25.
County of Ponoka #3
County of Strathcona #20
Edmonton .Christian High.School
Edmonton 'RCSS District #7
Edmonton School Distrigt #7
Grande Prairie.School District #2357
High Prairie School Division #48
Red Deer RCSS District #17 „
St Albert PSS District #6 ••
Strathcona-Tweedsrtiuir School
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Appendix G
* . ♦  •

v
Correspondence to Scierice Teachers 
for ’the Administration of tUhe Study

" . t

, V ' ' ■ ' C ' .

377
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Dear [name of teacher] ’ - :
re: The Use of Computers in 'Science Teaching. . ' t 
I am a chemistry teacher on Leave from^-yie EdmOnton. 

.Public School System and am attempting to determine 'what a 
teacher needs to know to use computers in science teaching.1 
The current phase of my program is a study of the way- 
teachers -are using computers, in, their science teaching.*

In October 1982, during the Science Council'-d Flea 
Market, you 'signed-on• to a Log .of:JScience Teachers Using 
Computers. .' (Yoi^ may recall that I later sent yo'u a’ 
.print-out of participants in' that v e n t u r e M y .  studies have . 
sinCe then progressed to the more specific goals oi: 
#ttempting . ' ■> . , ,
1 . to determine- the current uses of.computers made by ' *
. .selected science teachers' and the nature of each 

teacher's- experiences with these uses and 
'2 . to determine -other potential uses of computers envisioned, 

‘by— these—selected science teachers .
^Because ofI your expressed interest in using computers 

in science teaching, I am \inviting ypu to participate in the 
current phase, 3 questionnaire wherein' '•
.a), typical uses of computers for teachers ate described and > 
b) the responding teachers indicate their experiences with, 

and reactions to, these uses.
Normal protocol for':'Contact> for. purpose of research, 

between teachers studying at the University and practicing 
teachers requires that permission be granted by the 
teacher Is employing schooljurisdiction. If you wish to 
.participate in this study, and I nope you will, please, 
complete and. return the coupon at the bottom of this page.. .'

Of course, as part o f ’the sharing' of the • benefits 
resulting from your, involvement in the survey, a detailed'' 
summary of the results of the study will>be sent to you and 
your employing school jurisdiction Upon, completion of the 

, study.
I hope you can join in this grpject. ’ -

" A. Allan PEET
' ' • _ 5604 - - 94 Ave-
' ■ . - Edmonton, AB

v "''. ' .4' . /: ... T6B 0X6
• . . ; • ( 403 )469-3320

, .Participat.ing-.TCache'r Informatiorr:’ *
Teacher's Name:- • . . . . .
SufcgectS.. Taught 
School Name:,. _V_
School Address:
School Telephone 
School District:

—— ^
9 ? (Elem/JrHi/SrHi)

!. Nr. : • > *- >
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r e « The Use of Conputers in Science Teaching?
: ■ ~ ■■ \ Y  . . ■ '

I an a chenistry teacher on Leave .frotn~the Edmonton 
Public School Systen and an attenptifig to deternine 'what a
teacher needs t'b-V-now to use. conputers in science teaching♦'
The current phase of ny. progran is a study of the way 
teachers are using conputers in their sCidnce teaching. The 
study includes a questionnaire t'o selected teachers for the 
purpose of constructing a profile* of

- the types of experiences with various uses of- conputers. 
that are *being nad§, or have been nade. by those 
responding arid • /

. ~ the potential, for these teec?her%, of proposed uses of ;
the conputer for science teaching*

Because of your repqrted interest in this topic, X an ; 
sendihg you a copy of the questionnaire Mentioned. which I 1 
would kindly^ ask you to fil'X out in sone detail ^s part of 
ny study. >Enbedded 'd.(n the q^e s tionnsire is 3 s u W a r y  of e 
recent review of the literature describing xttfe uses of J 
conputers in science'teaching'. please use these v • 
descriptions of uses t'o guide your responses to the purvey 
questions in the questionnaire! . \

>■ Y  ' Y  Y  : \  ■:Also. I would* ask you to react to .these- uses of v
conputers by drawing on your experiences with^prograns you\ 
have used or considered using and not to.consider -tenporal- \ v 
ConstrainfS such as adequate softyere or hardware resources.'

Of course, as part of the sharing of the benefits, 
resulting fron ypur involvenent in the survey, a detailed' 
sunnary of the results of -the- study will be sent, to you and 
your enploying school jurisdiction Upon conpletipn of the 
study. - ,"Y,.;

I appreciate the thought, and tine that you give to this 
questionnaire and^thank you for your assistance' in ny study.

• >
A* Allan PEET &5604 - 94* Ave 
Ednonton, AB 

T6B 0X6 
(403)469-3320
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'• ^  I '' } ■■■: . V. , ■' .■ '

Dear [Name of Teacher ],■ “ \\ . '4̂- 'V ; '
re; Interview - What does a teachdr'-need to know

to use computers in Science Teaching?
.This 'lette^cdnfirms our agreement by teiephorfe^ '.' ,

[Day], 1984 [ month, di^te]: [ time ] ,. to ahi interview concerning 
my study referred to above. . s : ^

-V''- v V , ' ■ . “ . ,V It .is understood that-this interview is,scheduled for ;
■’ 1984 [months date]; [time] at [N^me of-School]. »

■ ■ y \ ' \vs* I would "prefer to' audio-tape the interview if - ,th;at is ' 
^.acceptable to you. You will be credited; along with the - 
,’?b*ther teacher-participants, -with having, contributed to the 
; s'tudyJa4*large and statements made by you will, o| course,
• be -pfotected'- by anonymity ’ v-:.-* w. 1 • \ . ' ' 9 4''' ‘V'\ ~ . 'I . have' attached a cop^sef the prompt sheet which I plan 
to use .during thevinterviewiv^This .list of five, major themes

• (found to recur in 'the responses,to therquestionnaire) will 
form, thq framework for the - inf ormationlgained frdgi the 
interview about yo'ur experiences with ^ limited nuitiber of 
cpmputer uses. I'have also included under each theme - 
supplementary questions that suggest specific issues that 
you may wish to address in your comments.'
. ' Thank you for agreeing to assist* in this final stagS^of
data collection for my study.. I am looking forward to.

• meeting you.. . "— v

-9

\
\

,A. Allan PEET ' 
(40 3)469-3320 .
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V * *  .V

Appendix Hr

Schedule.of Categories of Knowledge
and Ques.tio^^f or Interviews in. the.” Main S|:age 
1, of Data Collection from Science Teachers

*7<
/
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3 8 2 ;

. Learning' to Use;Computers in.Teaching - Th ernes, Questions
"To enable your activity in' {“Phase) {use} , for which you 
indicated you haves experience as a . {User/Designer/Programmer, 
/Consultant}? what did $ou need to know or learn/about:

X

A ) fundamental operating and programming knowledge? Eg.,
.; - What minimdm.knowledge about the operation of a

computer• would be needed to effect this,'computer use?
- What'programming knowledge is necessary?

* - ’in .what, manner, does the ..level or nature of operating/
programming knowledge differ for teachers and students?

'• B) hardware and peripherals that were needed? Eg., .
. - What .brand and type of equipment'have you employed in 

" ;*• this.us% of computers? r
- What.knowledge would you consider-worthwhile when .• 

purchasing equipment for this use?
-• As a user of this equipment., what maintenance skil-ls' do.’ 

you consider: sufficient? „ v
C) software or courseware tc be used? Eg.,

> - What are your sources of information about types or
specific programs that are^available?

- - What kinds of sources .do you have for the actual
programs you have used?

- What factors do you take.into account when considering 
the development of a program for this us^?

- What criteria do you employ, when evaluating a program' 
for possible use? * __

D) implementation or application in the classroom/school?
' - WHat'were the sources that suggested to you this use of 

the computer? ? r' . ' _■ "
- What actions, did" you take to begin using the computer?
- What'difficulties did, yoif experience and' how did you ' ' 

resolve therfr ~
- W h a t  support system do you uge when you need assistance 

with this.use of the computer? ; : : :
- 'What specific., assistance ha^fe you received from other 

persons or.,agencies? „ ■ */" '
- *Wha.t ar.e the limitations. to good1 science teaching

associated with this use of .computers?
E) impact on 'you as a .teachef ? Eg. , - ■

- What is your role as. a teacher, associated with this use 
, • of the computer? - . •
F) any other dimension of the computer/science teaching

interface? ; . : ■' ■ . • '.
- What are the factors •(other than those referred to 
.already) that determine the livelihood of you using the
computer for this use?. /■ -
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Appendix I

Grid of Level and Nature of Interest 
. in Using Computers in Science Teaching 
Reported by Respondents to the Questionnaire
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Nature of Usage/Feasibility by Questionnaire Respondents

. Phase, I Phase II Phase III
T# ,GM PD CT LA IM 0 PS Sm Tt Gin DP EC LI 0 TP TS TR IA MT CG
01 3; . . ... 2A 3. .. . . .  . 5A . 7A . ' .
02 6A . . .• . . 2A 4o 5A'4o 2a . . . . 5A . 6A . 3a 2a
.03 4.v 2A 3a < 3.A 4A 2a 4A 3a . 7a . 7A • . •
04'". . . 3a . . *. 4a" 4a. 2a ^ .* , . „ 6 k 4 M  7A. 4A . . ''
05 4a . . . . « • • 5A So . .• . • IA 6k.6 k 6A . ’ .

■ - 06, • i .• [■ • v .. ■ • •  • ...1 IA * • 4A • • •
07. * • » ... •  ̂ ^ • ,3o •. •. o• . 4A■ 6A •. • .•
08 6A ; . 4a 5a 2. '4A 3a . 4A 6A' 6A o .
09 5A- .. . . 6A < ".'4a . ....... 4. 2o . 6A . 6A. . ■..■:4a

. 1 0  3. . .’ 4̂ A •.« .. 4A . • . 2a 3. lo . . - . ,2A 2a-
• 11.. . • • • . 5 ̂ . . . . • lo. . . ■ . * . , • 5A • •

.,’12-' . . 3*. . mi *'.3* 3*'.' '-a. .« 4.
13 5A . 3. . . . . 6A 4A 4. c 3o lo lo ... . . 6a -. 3.1 ^

- 14 > . ‘ . . .' 7d . 5A . . 5^ . . 2a . 2. . ' ,
15 2A 3o :3o . 4> . . 5a > 4o 4o 4o ’. . 5A 4. 4A 4A 4a 5a'
16 ; . .. 3. 3. .3.' 3a . la 3a . . . - 3A 3A 3AC '. . - .
17 7A 3a . 5A 4> 4>. 5a 4A 2a . 2o 5o 4a .-Ik . 4A . . .

. 18 6A . 2̂ - 3. 3a . 3. 4a 3A 3a 2a 4o . . . ^ A  3-. . 2a
19 1.].. • . 5o -. . . • • . . « . 5A . *«' • « .
20.- v *, . . . > . . .. . . « . . • • 4A . ' ♦ .
21 2A . , . . • . . .. . 3o 3o . . . 4A .. 2A 3a . .

'. '• 22 6A . .• . • 3a ̂ o. .’ 5A-3. . . 3a 5< . 6A 3a 7A 4o .
■ 23 5A . . 1. .. ’>■" .. -3..... . . . •.• 6A . . .

24 . . . . > ; . . . . .  . . 4A 3a 3A la lo
25 .. ... . .1. .* . .. . . . . . . . . 3a . . la
26 2-. . . . ■ • . 3a 2a . 3o 2. 3.' . . 4A 1. 4a. i 1 la
27 3A > .4; . 4a 5A 4. . 4 a  . 3< .. . . 5A . .2a
2$ 3A . . . 2c 6A .4a 4A 3o 4p 2. . . 5A 5A 6A . . .
29 6A .; . • . • . . , . . . 4A. . • 5o 6a 2a.6A . .
30 2. . 4o . 4a . 5a .' . 4o 4. 3o 5o . 4av 5a 6a- 3o . :.

'. 31 5A lo 4A > . 2o 2; 3a 3A 1. .. 5A . 6A • . . la
"■''32.' . . . . ■. • . .. . 3. 3 *■ ’ . .... . . . .... . •
■ '33 4.. . . . .. .. . . 4A 4.  ̂ . 4*. . . ." . 5a . . .
34 7A 6A 3o . > 7A 5A 6A 2A . . . .' . . 7A . 6A • . .
35 4a 4a . . > . . 2a 3o 2a 4A 4A . . 3A 3o 5A . ..2a
36 4a 4a > .. . . UA lk- . 3A 2A . 4o .-6a 1. 1. . , .
37 3A . . • 2o 4A . 3A 4o 5A . 3A 2o 2o . 4A 4A 2o 4A
38 . . .■ * « . ' . . . •. . . ... 3A • 1 ...
39 6A 3. *A; . 5A 4. 7A 7A 5A 6. 7A 4A . 5. 5A 2. 2a 5A . 5A
40.6A 3. 6a. . . . . 4A 3. . 6A . . 5o 2a.3o 7a 4o 4o 2a
41 4. » . ■ 5A' . 4.,: . . 4a, ..6A . . .. 4 e ^ ■ 6A ■
42 3A . 3a 2. > . > . • 3A v 3A . . . 5A ., 5A . .
'̂43 2. . . . 3. . 3. . 5A > 3a . . 5a 2a . 2. ... ..

. 44 4A . ,. > . 3. 4a 4A la 4a , . 3. 4A .' 3A' .
45 3A . . • ^ . . . . ,. . . . .. 6A ... i . .
46 6A : . . 4A- 4A . . . 5A IA . .. .*. . 6. ,. .7. 7A . ...
47 ;; 2A . • 3a . . 5A . . 7A 3o 3. ■ . 4A 4. -6A . 2k 2k

' 48 6A . ; . . > . . .. . ; ^ ; . ' . . 3A . 3A 3a 3a 3a
49 .... ..  ̂ ...... . • .. « . • . 2o.
50. 3. . . . . IA . IA . . .'. 2o . . . 1,. . 1. .
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Notes: 1. The response sum of the ieyels' of expedience and'1 
‘ v y  feasibility ar.e indicated in each ceil' ••

’ ( except z?ero wl)ich is. coded as : , • i
2. The maxifnurrr possible^ for each use* is 7 1 ' *

(4 for .experience t *3 for feasibility, = .7) •* ,-

Users

Uses:

T# = Sequentially Assigned Number of each;'
, Teacher-Returned Questionnaire : ‘

Phase I = Preparation for Teaching . ’ \
: CM = Curriculum Planning and Materials Preparation 
PD = Professional Development - , § '
CT = Communication between. Schools and/or Teachers
LA. = Library Applications .

o IM = Instructional Management
Phase II = Teaching

I PS. .= Problem Solving ■
Sm =. Simulations -... . ■
Tt = Tu'torial . f:.

■ G m . = ‘Gaming ' „ . V • ■ - . 'V .
DP = Drill and Practice v
EC .’...= 'Electronic Chalkboard .*
LI '= Laboratory instrumentation ; --

Phase III = .Testing and Evaluation
TP* ,= Test Prpduction * /•
TS ' =• Test Scoring ' *.
TR = Test Records and Determination of- Course Marks

\ IA = Test .Item Analysis ^  ^
: ; . MT. =\'Correlation, of Marks • arid Analysis of l»Trends 

CG - Career Guidance
\

Usage;:
A; = specific-, educationa’l application, ■>';
a; = general educational application,
o = use other than in education,
<,> .=. see other listed use in direction note.d.
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