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I. INTRODUCTION

The Computer—Asmsted Instruction Center at Florida State University
has been pursuing a broad range of resear ch top1cs derived from the appli-
cation of computers and related media technology to instructional processes.
This general research focué has led to a major study of the developmental
requirements and benefits from an autonomous course in undergraduate
physms Within this CAI physics project, we have been studying the nature of =
learning problems, facilitating teaching strateg1es and the role ‘of media for
the fostermg of opt1ma’ end-of-course performance. In a related vein, we
have been utilizing the systems model and CAI in the deriving of newer forms
of evaluative techmques that are operationally benehcxal to curriculum authors.
In pursumg these broad goals dealmg with instructional and evaluative techniques
based on CAI, we have performed a senes of learning and personahty related
experimental studies. Most of thése short-term experimenfal studies are
originated in ;nd coordinated with a graduafe tré.ining program in educational
technology. Thus, the éAI Center i{as been stﬁving to coordinate and manége
these multiple research and developmental 'ac;ti\.rities in order to contribute toa
better understandiné of the role of computers and media té:'hnolc.}é'y within a wide
variety of instmc;tional systeﬁs.

This Semiannual Progresé Report has been organizetgi- intc three nﬁjor
sections. The first section represents the plans and phased objectives for the

1
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major projects withia our Center. In addition to continuing plans for a
collegiate physics course, the mterme&iate Science Curriculum Study course,
and the CAI course in social welfare, we have inaugurated aciivities relating
to teacher recruitment and platement, the use of systems concepts within
education , and accompanying data management and analysis programs required
to faciiit:;té' our rescarch efforis. As can be viewed in the Table of Contexnts,

there is a substantive report on each of these projects.

As a representative sample oi some of the more Gelimited experimental -,

studies,-:th'e_ second section presents three stidies which are-now in progress. -
These raiigé from the uée of CAT in collegiate counseling proeesses to the use of
the CAI system to study discrimination processes under‘varying attitudinal/
reihfo'lfgé‘nie'nt éonditions. © - SRR

e The rffajéf bulk of this Semiannual Progress Report is a series.of
rese::li'ch repc).f-ts representing our empiriéal findings during the past academic
year. These reports rangé"fi'oih redults ‘derived from the first field testing of
the céﬁégé pﬁ&sicé, multi-media CAI course through a series of specific
exper'iiﬂéﬁ'fai';s'tudiés: focusing ofi learning and adapfive variables open to
manipuizféic;:ri within CAI. Kach of these reports is self-contained and can be
reviewad in the Table of Contents. In cssence, these reports represent the

substantive research progress achieved by the CAT Center.i:r " i - .

{ e
LEN




II. MAJCR CAI PROJECTS--PLANS

AND DEVELOPMENTS

A. Computer-Assisted Instruction in Introductory Physics

The first field test of the'eomputer-based introductory phy;sics course
was completed in December of 1967. A description of the preparatiori éf this
first version of the CAI course as well as the field test learning resdlte can be
found in Section IV. This progress report re‘}te,ws in cieteil all of the learning
results as well as consideration of operational logistics and attitude reactions on
the part of the students. In regards to future piens fof the p;eject, the staff has
been pursuing appropriate course revisione haseci oh the item pe;formance and
error analysis results from this first field test. ’

Authors have heeh analyzing specific le’a.fr-xing difficult'ies-.'il:l e;der to
improve the program. All of the concept film pllesentations have heen
reanalyzed and more appropnate accompa nvmg audio and printed matenals a.re
bemg prepared., In addition, the breadth and depth of the audio lectures are
being both extended and elaborated. A wider rahge of questions deehhg W1th
concept mastery are also being included in order‘ te allow for even greater )
individualization. "

In the spring of the 1967-68 academic year, we plan to '1;1'°<-)vide a more
rigorous evaluation of a second version of this multi-media computer-based
physies course. We will carefully select 40 participants. These will be selected

according to sex (i.e., 20 males and 20 females) and prior physics instruction in

3
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high school. For cross-group comparisca,.a comnarable selection procedure
will be followed for the partial CAl group which receives review and practice
prior to the mid-term and final exams, and a conventional group that will have
no exposure to CAL. These groups will bz.-ihatcﬁed.acc-br'ding to Verbal:%%d* '
quantitative scores on the Florida Twelft';'l Grade Entrance Examination:, as
weil us age.

In addition, we plan to investigate lesson content by medi-a‘ by
aptitude interact_i_c_)ps. In order to facilitate éhis overall analysis, we plan to

measure all participants on (1) a quantitative reasoning test; (2) a Hstening
PR R '.;‘.

test; (3) a reading test, and (4) a problem-solving test. In regax:ds to the affect
! - ""f-"' .

domain, we plan to embed anxiety measures within each tesson in order to gain
. i

an anxiety/sta us report on each student. In addition, we will cecilect measures

1evys

Hig

on impulsivity in order to detect whether learning rates are determined from
this personality facior. The attitude measures towards this technological
- '.; ." ? ’ ',: ’ « 7 < - *

appruach to instruction have been both extended in regards to man-machine

characteristics. We trust that the spring field te-t will provide us with definitive

results by v_vhich to confirm Lhypotheses rclated to the appropriatene.ss of

. ‘ x

coraputer-controlled media types for students with given learning and personality

characteristics.

.l!'.."*"(:{ e " ':L. ..

-
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B. The Intermediate Science Curriculum Studv--Future Planning

During 1968-69, the Intermediate Science Curricul_u_m Study will
continue to use the CAI system as a vehicle for evaluating the science materials
which are being designed for regular classroom usage. (See pape;‘s by Snyder
and Dick in Section IV of this report.) The major purpose of the current CAI
instruction of seventh grade students is to gather specific response Qata in order
to provide the course authors with empirical data on the stude;;s' 1e;rmng
performance. The detailed computerized data analysis system whicil is required
for this task has been under development during the current apademic year.
Symmarized data from this system is currently being providt,;d to the ISQé staff
for their use in the preparation for the revision process. | |

In addition to continuing the CAI evaluation o_f: :thg revised seventh grade
curriculum, current plans are to have a select,sainple. ,91' gighth grade student;::"
who will also receive their instruétion via CAI during 1968-69. The purpose and
procedures for instructing this new group of students will be similar to those of
the seventh grade: to gather resp~nse data for revising th'e'_ ipstrg?:tional
materials. Plans have not yet teen made for the '_t_-axl_raluation of ninth émde
materials using CAI; however, it is possible that. sq‘_c::},l: an evaluatior} ma-y' t;e
conducted beginning in the fall'cf 1969. -.

Planning is also underway to embed _carefu_:l:ly designed test' .items into
the seventh grade CAI instruction in the coming year. 'Phese te_s't itéms'wi'll: be
based upon the behavioral cbjectives which are being establish'e'c-l by thé coursé

authors. ZTach objective will be evaluated either through CAI-administered
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verbal items >r, on occasion, through the manipulation of laboratory equipment.
This critericn performance data will provide additional data for the succeeding

revisions of the seventh grade materials.

C. ‘CAI Behavioral Science Course For. Sacial Welfare Students

Recent advances in the field .of media ard computer-assisted instruction

have of)ened oppbrtunities for professional education never before axfailable.
This new techaical approach has particular significance for the sog‘i_al: and
behavioral sciences since reséarc. in these areas is resulting in ggﬂaq.ti_t_ies of
data and facts that could-be more effectively disseminated, mastered, and
utilized by students via computer-assisted instruction.

'In the sprfng of 1966, preliminary work was begun with graguate
students in social work to determine the feasibiiity of programminy; behavioral
science knowledge considered prerequisite in advanced social work education.
The findings in a pilot prototype study in which 15 graduate students were given
four different programs provided a pesitive indication of the feasibi_lit_y of this
appro-a:;ch." For the feasibility study, CAI programs were written in socjology,
psychology, child development, and Freudian analytic concepts. Faculty
members of appropriaté departments in the University (Psychology, Sociology,
Home and Family Life) were asked to review these programs. The changes, or
correctioris, and new directions that were recommended were incorpcrgted into

the programs that were used in the pilot prototype.
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In September, 1967, the four CAI programs were further tested on 113
students who entered the graduate school of sociul work. The results of this
further evaluative effort have encouraged the researchers to expand the effort
into media simulation games and professional decision-making taslis. | At'this
point, ‘only the feasibility of daveloping curricula in the indicated af;aé -';)'f
behavioral science has been established. The pilot prototype progran;s .have wot
been tested for effectiveness with control groups. Further developméntal -
research on these programs will help us produce a CAI behavioral s:c.iencé .
curriculum that may be generally useful to social work and othef mental health
disciplines.

The general goals of the proposed project are: To dew}elol; -curricula in
the human bzhavior and social environment sequence of social work, utilizing
behavioral science Emowj,edge to design a series of computer-based simulaticns
to teach problem-solving and deci_sio;l—making strategies. More 'speciﬁcally,
the following objectives for curriculum development are to be met:

1. To construct a series of computer simulations using socizl work and
mental health clinic situations.

2. To write a series of computer programs integrating computer
programmed learning with video tape, continuzous loop films, single
concept films, or other visual aids. '

3. To constrict and test a series of computer simulations of clinical
examinations, situations, and models to determine the usefulpess of

such simulations for students entering field placement in mental health

clinics and hospitals.

4. To evaluate the effectiveness of the curricula designed by randomly
assigning students to an experimental group using CAI and a control

o e s et it — g
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group‘ not using CAI. Apgropriate research techniques would be
employed to evaluate tiic placebo effect.

This project is quite armbitious in nawre, given the requirement for
social welfare situaiional <imalatica programs. We corcider the need to
evaluate and documait the value an? limiis of computer-simulated professional

..... T K

decision--making anRA POCDLCIA--SCIVInS O 22 a4 4 ir the prioritics of needed CAI
e 4 -

-~
-

—

-
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research. Given the range of wecadomie becoroands and individual differences
in academic proficiencies ci the social wellare grdduste students, we anticipate

that 2 hierarchically orsanized set oi sinmIation iasks will add si ificantly to
b ]

the terminal competencies of the studeats.

D. Computer-—Augmen%ed Teacher Recruitment and-Placement

All ageﬁéies of the educational enterprise have committed themselves

to the fostering of excellence in the educational process via enlightened teacher

recruitment and placement services. This is a proposed extension of the,

computer-based teacher placement project developed by Dr. William L. Maloy

and‘ j]:émes R. Swanson. (Sce ths report 'in the results section.) The conc-:epticns
and plans for further developing this wozl: form fhe substance of this report.
'fﬂrée primary dimensions of {achaological apbroaches to improved
teacher selection and pirccmanc can b cloarly identified. Thé .ﬁrst of these
relates to the‘ brea.dta and type of commqnjcation. In essence, an office of

v

teacher recruitment and placement not only plays a broker's role of bringing
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tez-rer candidates and local school district administrators together hut, more
importantly, providing the prerequisite and subsequent information by which
these contacts can be maximized into effective job placements. The

utilization of irformational processing techniques should focus on the'topic of

providing relevant and personalized information in order to achieve the goal of 1
appropriate teacher plaéement.

‘The -secorhxd major dimension of needed develbpment relates to the range
and timing of t-he informational services. Via the use of informational processing
techniques ,‘ one can anticip;ate a gradation of informational services that ranges

from hourly requests to satisfy emergency teacher openings to semiannual

requests to cover anticipatéd teacher positions. Perhaps mo:- irilportantly, the
nature of this informational s:éxiﬁce should be his aly flexible in order ‘to
accommodate both the ease wit-h. which informaﬁon about new positioﬁé comes
into the general system and the a.l-)propri'atene‘ss with which it is suppliéd to the
candidate. The use of inform;itional brocessing technique‘s“ is absolu'ely required
in terms of the growing volume that currenfly has been identified.

-The third major dimension of developmehtal need relates to the

coordination of various educational agencies. A major first step would be

coordination of our teacher-training institutions within the State of Florida in
ordér to facilitate and f:)ster the ;)iaéemént of highly qualified professionals into
the 1<;ca1 schoois of the State. -This coordination requirement will lead to an
operational solution of the prc;l;iém of compatibility of roles and information by

the various school districts and agencies.
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This communicatior. chould eventuate in the early identification and
initiation of a dialogue between future teacher candidates and the petential
teaching roles in the State of Florida. Thus, one objective is to develop th;a
gereral information system in such a way as to provide appropriate, easf, and
continuing contact with future teacher candidates. |
Given the initiation of contacts from future as well as currentlj

available teaching candidates, the general information system should be capable ;

of providing appropriate teaching positions complete with accompanying infor-
mation. As placements are made, appropriate reassignment of th:e; candidate
information should be accom:.tished in order to provide for eventual ldngimdinal
studies regarding teacher effectiveness apd _stability.

The effecti_vgngss of an improved communication process sh;)uld
eventuate in more appropriate matches between teacher candidateé and the
demographic and educational climate characteristics of given sc'hool situations.
The intent of the informational system 1s to imﬁrove the de_acis.ion-making

process, both on the part of the teacher candidate as well as that of the school

system. Consequently, a major objective will be the development of 2ppropriate

and relevant information to improve this decision-making process in teacher
selection.

In order to effect this better communication, the informational system
will have to 4de!1{)end on third-generation computler equipment that allows for real-
time service‘:‘_.By ;ea}-—time service, we explicitly mean the availability of

near-instantaneous inquiries in order to satisfy emergency and unusual demands.
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In additioa, an appl:o’qpriate gradation of inquiry and functions over time intervals
that span all the way to projection studies appropriaté for semiannual estimates
of job openings. Thus, one objective will be to develop the inférmation system
so that queries cz;.ﬁ be made as to the availability of teaching candidates for
specific job opportunitiés with appropriaté characteristics. These requests-can
be made on a moment-by-moment basis. Seccidly, a monthly service by which
future candidates, currently available candicates, and schooi district personnel -
can be more adequz;.tely informed as to the developing job openings and human
Tresource pools will be ;iéx}eloped. Lastiy, a coroilary of this objective is the
development of projééiigh studies, with sufficient lead time, in order to estimate
the availability of pefsoﬁixél to initiate the educational pr’océsé in the fall and to
continue it during the middle of the year. Thus, the speed of the communication
process will be vastly improved.

As indicated above, the coordination of the efforts of teacher-training
institutions and _"local school districts in effecting more adequate teacher place-
ment is one of the major objectives of this projept. This wﬂl r-\:cil‘%ir.e th;
investigﬁtion of mechanisms by which compatible and relevant inforrn‘éféion ca;l
both be received and dissem@uatedv to these various insi:ituti'onsf Gve_r: and above
this, there is a need by which feedback can be supplied to the teacher—éducation
institutions in order to more effectively adapt their progr‘ams with su;ﬁ;ient‘
time,-so as to meet the problems of education today and within the next few
years. In this regard, a related objective will be the dévelopment of high utili.ty

information that would supply appropriate information to both the teacher-training
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institutions as well as local school districts as to such outcomes as the
performance characteristics and ratings of teachers placed in local school
districts. Secondly, studies will be periormed as fo the process by which
teachers and local school districts go through the choice-making process.
Moreover, school districts will want to analyze teacher mobility in order to
more effectively stabilize their teaching ponulation. In this regard, information
dealing with candidates' qualifications, over znd above that required for
certification, will provide a useful source of information fo school districts in
regard tc necessary in-service train‘ag. In turn, the teacher-training institutions
will have a source of information for estimating future offerings. Thus, there is
a whole host of evaluative studies which should eventuate out of an information
system, specifically directed towards teacher recruitment and placement.

In summary, the following objectives for this project have been -
identified:

1. To develop the general information system in such a way as to provide
appropriate, easy, and continuing contact with future teacher candidates.

2. To provide appropriate continuing communication between teaching
candidates, the State Department of Education, and local school districts.

3. To develop appropriate and relevant information to improve this
decision-making process in teacher seiection.

4, To develop the information system so that queries can be made on
-(a) emergency moment's notice basis, (b) 2 monthly summary, and
(c) a projection basis for preaicting future personnel needs.

5. To expand the range and depth of information in oxder to improve the
-~ effectiveness of the recruitiment process.
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6. To study the utilization of this information to coordinate State agencies
and institutions as well as to provide information to improve the
in-service training and follow-up services for teachers.

This project will be initiated during the coming year. The techniques

of project planning and mgma_l_gement (PERT, etc.) will be employed.

E. Understanding and Utilizing the Concepts of "A Systems Approach" to

. .Education Via_ComputerfAssisted Instruction: A Prerequisite to

Implementing a Systems Model for In-Service Education

The "systems approach' to education has recently been proposed as an

Te
LS TN
P T R F N

appropriate theoretical and methodological solution to many of the current
challenges and problems in Florida education. While understanding that the

ngystems approach'' has grown up within the context of the development of highly

complex weaponry systems for the Department of Defense and has been utilized
in the management of industri_al and business concerns, its proposed application
in education has led to both confusion and an array of negative reactions. In

essence, the educator in many cases fails to see how systems concepts relate to

his understanding of curriculum and instruction in a school setting or to see how

_ systems analysis can facilitate supervision and improvement of the educational

process. We propose to develop a set of learning materials which will allew
administrators and leaders of education to better understand the nature and
conception of systems analysis and modeling as they have applicability in the

educational domain.
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The immediacy of the need for understanding the "systems approach"
to education is reflectfed in the"Litto'n Repért; on a Systems Modél for In—Sérvice
Education. For the administrator and supeﬁisor in Florida, the suggested use
of PERT, task analysis, and functional flow diagrams requires both a clear
understandiﬁg of these conceptual tools as well as a degree of sophistication as
to their potential utility. 1t is the contention of this proposal that prerequisite
understanding of these concepts and related techniques in systems analysis will
be required before the Litton-Report can be implemented. Thus ., we propose to
develop a -multi-purposéie’émputEr-assisted_instruction course which would allow
for a belter understanding: of how. these systems management techniques can be
usefully applied in Florida education,

The Litton Report and other related documents clearly demonstrate that
educators in Florida are concerned about both methods and media applications,
but have little personal acquaintanceship with some of their newer forms. ' The
Litton Report indicates that less than three percent of the teachers in Florida
have had any pérsonal acquaintanceship with computer -assisted instruction.
Moreover, the problem of individualization of ihstruction is seen only in terms
of rate of progress, and rarely in terms of appropriate selection of content
depending on individual levels of performance. Thus, we propose to present the
coursé on systems concepts via computer-assisted instruction (CAI) so that each
of thé participant educators can gain personal experience about this new form of

media and judge its relative merit as it might relate to the larger questions of

appropriaté media selection for the goals of education.
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In the final analysis, the usage of systems concepts will t_ll_timately
come rom their application in an educational, problematic context;, It has been
found that the use of simulated problems provides for operational éxperience
with none cf the consequent costs of mistaken judgments or lack of familiarity
with the technique. We plan to utilize examples from prob}ems dealing with
media purchases and applications in Florida schools in order to teach analysis
and problem-solving techniques to our participant educators. Thus, the CAl
program will offer operational experience and competency to those ‘_“_’hf). wish to

o .
SRS

Description of the Course. This CAI program will clearly indicate to
the participating educator the flexibility and _ipdi_vidual selectivity of CAIL.

Focusing on the topics of systems analysis and systems models, three levels of

-t

inquiry are prcposed. The first can be _tkggght of as a_generaljn}rq_iqctiog}o .

. :and review of the major conceptions .i_n the _,sys_tg;ES approach__to e@ucgﬁon. )
Given a person who wishes to only be acqugintgd_ with the mggj'o.r conceptit;x;s and
techniques; Level One offers a good systen__qati-cil;)_resentation‘?jnd review,

Knowing that learners relate best to a meani_r_lg_ful c_:ioﬁt_ext_, we would

propose a second level which would present many ope;atiopal exgmples and

. specific utilizations of these concepts in the areas pf elementary eduqation.
secondary education, and administration. Thgs , 4 person w_ishing grgater

insight could pursue any given topic in Level Two within his own appropriate

professional area. In this manner, the partié;i:ﬁ:ant ‘educator will have a chance
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to see how.the systems management concepts relate to probiems with :which he
is 1mmed1ate1y acquamted

| The third level of inquiry relates to operatlonal problem-solving. We
propose to irnplement a series of simulated tasks that allows for the direct
apphcat;on'of the systems concepts. Thus 'for that educator who ;wan;ts to
become an actual practitioner of the ""systems approach, ' he will have a chance
to exercise h1s new ~found knowledge in a series of tasks that ane hopefully
completely anatogons to cllrrent problems in Florida education. For exampie,

an administrator might be required to analyze the purchasing and in-service
I SR L . - . :
training problem for a newer media deV1ce such as a concept film. Thus, Level

Three offens a ohance‘ to consohdate the learning and apply the systems
:teohmques hy ut111amng CAI, each educator will be able to pursue the range of
topmos' .te his own self determ1ned depth Thus, CAI allows for ﬂe*{1b111ty in
course ob]ectwes and the opportumty to experience an 1nstruct1ona1 system while

learmng about instructional systems

4T

Obiectives. In essence, th1s project will develop a CAI course that

individualizes the approach to systems analysis and systems models in education.

PR T

Specific objectives are as follows.

First, the essential concept of systems anal'y'sis and systems models to

L "w -
. A

be acqu1red can be divided into the followmg eight subconceptuai areas:
1. Management planning (analysis of management goals, manpower require-
ments and PERT charting)

2. TFunctional analysis (determination of context constraints, feasibility,
and functional flow diagramming)
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3. Behavioral goals (determination of levels of behavioral performance
and relations to tagk performance)

- v

4. Instructional strategies (determination of appropriate instructional
learning pathways to accomplish the projected goals)

5. Media seleetion (selection of appropriate instructional media in order
to implement the instructional strategies)

6. Activity analysis (consideration of the overall activity in order to
determine operational procedures) ’ '

7. Systems specification (determination of appropriate manpower and
equipment requirements) -

8. Evaluation and final design synthesis (determination of revision cycle
and 'po’centi_al growth for an edizcational project).

PR I

The primarif objective will be to effectively teach.these concepts.

Each of these concepts will be prepared in order to.allow for three

ke e

levels of'iniluiry, namely: - (a) a general understanding; (b) specifiq y.-ationships
to a specialized area of education; and (c) operational problem-solving. ‘There
will be & heavy stress on the- relationship of the ''systems approach' to ultimate
development of new programs for in-service education.

A1 additional cbjective will-be the determination of the effectiveness of
this CAI approach to teaching systems concepts as well as its concr.rent effect

on positive and negative attitudes towards technological techniques of instruction.
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F. CAI Systems Programming

The delivery of a new CAT hardware _and software system, like the IBM
1500 system, requires consi&éréble exterision of the manufacturer’s programming
package-ir;;rder to acconiblish research goals as well as to provide an efficient,
flexible operation. As described in our July, 1967 ngiannual .ﬁeport, we
contend that a generalized data management system'is required for even -
prelimil-xar;r data analysis".‘ '

The major goal oi our developing data management system (which is a
series of flexible, interlinﬁéd data manipulation and statistical analyses
programs) is to provide the researcher with_ his specified data analyses reports
that will foster ;extensions, course revisions, and hypothesis testing derived from

~his CAI program.. Inessence, the data n_lanagement system should provide
complete internal rianipulation of data {i.e. ,ir_l? required oﬁtput/ input of data
such as by cards) while efficiently handling the logistics of multiple research
endeavors and the oper_l-ended growth of the response history file structure.

Instead of reviewing the archit_ectu;*e Qf our data management s&stem,

_we include a concise description of current _cgmpuber programs. The status of
‘ each pyogram is either (1) completed (i'_ e., operative without an-y .l'(nown
errors), (2) testing (i.e., coded but requiring more error checkin,g:), or
(3) designed (i.e., planned and specified via flow diagrams and functional
requirements).

In the section under data management, the programs relating to the

condensing, editing, and manipulation of the learners' history files are
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presente@, The section on CAI computer programs and special functions
enumerates the programs that provide for extensions o-f the COURSEWBITER I
operating system. The third section on utility programs presents the necessary
input/output routines for efficient use of the computing equipment. The fourth

section presents 2 list of miscellaneous programs found mecessary in order to

further our development of both the CAI operating system as well as the data

management system,

. A, DATA MANAGEMENT: These data analyses preparation programs

convert CAI response records produced by students into a
workable file structure.

1, Conversion and Edit. -~-This program converts variable length

TR raw records to fixed length history file }écords. (Status:
completed) |
2, Merge, -~This program merges sorted updated CAI response
tapes to histqrx ‘f~i_1:e master reels, (Status: completed)
3, Sort,--This program sorts condensed CAI responses by

course name by student. (Status: complei-;ec'l)~

4, Delete/Select, --This program deletes or selects specified CAl

responses from master history file, (Status: testing)

5. 1/R Monitor, --This monitor system controls and schedules

all of the data management programs, (Status: completed)
6, Curpa,--This program pulls specified CAI responses from

history file and builds an output tape, (Status: completed)

ERIC

Full Tt Provided by ERIC.
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7. 1130 Statistical Package. —-This program package (multi-

variate analyses, regression models, and correlation
techniques) is adapted tc the 1800 system. Siatistical
programs are fo operate on master response file data.

(Status: completed)

B. CAI CONTRCL PROGRAMS AND SPECIAL FUNCTIONS: These

programs are writien to be used in CAI mode.
i1 §odation. ——This command is used in proctor mode fo locate ‘
* specific labels and to give thesr relative disk addresses.
(Status: completed)’ e
9. lj_tibﬁf——'Thiis‘. backgreund application is uSed to move a CAI
TUE U Rl from oné pack to another. It also updates all linkages.

1

(Status: completed)
- 3. 'jg'ﬁélp'-:."-'—'rli"i's COmmalnd"'is uée'd in student ﬁbde. It will allow a

studetit to go from ore label to another. (Status: testing)

¢! UTILITIES PROGRAMS: Thésé are gerieral utility programs that

S His for more efficient System operation and data management.
i Tape to cards
(e 159 dpase o printer
5" Tape to cards and priﬁter '
S=FT T4 Tape to tape
w8 Tape to disk

PP Cards to tape




10.

11.

12,

13.

14,

21
Disk to cards
Disk to printer
Disk to cards and printer
Disk to disk
Cards to disk
Disk to tape
80/80 reproduce

80/80 list.

{Status: completed)

e

MISCTLLANEOUS PROGRAMS: Below is a list of these programs

-

and what they do:

1,

MAGTI. --This program allows buﬂdmg and ﬁxaniphaltion of
unlimited array sizes in FGRTﬁAN and Assen:lbler language.
(Status: completed)

MAGT, --This program allows end of reel to be recognized.
This is a modification of IBM-supplied 1/0 routine. (Status:

completed)

=BIN, -—~This program converts EBCDIC to binary. (Status:

completed)

BINE, --This program converts binary to EBCDIC. (Status:
completed)

LCAL, ~-~This program calls programs from TSX pack by

program number and loads it into core, (Statuse completed)
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TAPE TEST.--This program reads {ape and dumps records

with errors. (Status: completed)

SPLIT TAPE. --This program splits an input reel into two

output reels. (Status: completed)

PRHEX.--This program prints tape in he;;. (Statu;ls: completed)
SEQ~-This program punches sequence numbers in cards

(cc. 73-80). (Status: completed)

MCVE. --This program meves one area.of. core to another.
(Status: completed)

VDMTP. —-This program dumps variable leng!:h tape records.
(Status: completed) o N

ABSTRACT. —-This program aids in program documentation.

ek i (Status: designing) .

»
-
%

..,
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III. PLANNED STUDIES OF COMPUTER APPLICATIONS IN

INSTRUCTIONAL AND ADMINISTRATIVE PROCESSES

A. A Comparison of the Effects of Computer-Assisted Instruction and

Lecture-Discussion Methods of Presentation in a General Curriculum

Class

William Lee Proctor

This study involved the comparison of three modes of instruction:
1) iééture-d1sdhss1on, (i) computer assiStedffﬁstruction--linéarly;._’}-
sequenced, and (3) computer ;ssiéted instruction--student sequénced. The
sequence of the linear progfiﬁ fS'piedetermiﬁed,iin that the student exerts
no control over the sequence in which-the-varipus concepts are presented.
The Ftuden; sequgnced CAI program is designed to permit the student to
select hi; own péth through thé m;te;i;i;~ In addition, this latter
Presengation‘will allow the student to recycle throﬁgh the various
sﬁbSQCtions bf the course. - ; R ' -

The sdbjgct matte? taugﬁt-huring the experiﬁedt'wéS'Selected from
~an education course pertaining tgﬁéuéficulum developmenf in elemeritary and-
secondary schools. The CAI programS'were taught via the IBM 1500 system.
The investigator served as instructor for the lecture-discussion group, and
ali class sessions were tape-recorded - S b
. -Variabygs iFYestigated included learning acquisition, réiention,
instructional éime, attitude,'and egééy test'beffoidince. Student response

records also permit an analysis of the extent to vhich students -in the

self-selection of sequence treatment deviate from thé ‘linear format.:

23
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Preliminary_analysis cf results indicates that the CAI-student
sequenced group performed best on both the post and retention tests. This
group also'reflected the highest positive attitude toward the methdd of.
instruét%oh;émploéed};-At this -point, the statistical significance of :the

results has not been ascertained. o

-
- v, e - =

B. An Investrg)tlon of the Appllcatlon of Computer ASS1sted Incstruction

. and Information Retrieval Systems to Academic
—— - =

_Advising in a Junior College

T e . T - T . eace - s Lty iwes
- . * - « Zellas,sTi.

o Harry V. Smith = -~ 777 St lemlane o

* e - -
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.This 1s a study of the appllcatlon of Computer-As51sted Instruct1on

2z ~- - T T

-.--- - \ -

merged with a process ot 1nformat10n retr1eval to the problem of academlc

- - - - _._..
- I -

advising of junior college students. The study W1ll 1nvest1gate four areas:

- i~ -

(1) information sultable for 1nc1us10n in an automated adV1sory program

!- .

w1ll be determlned by 1nterv1ewxng both students and faculty advisors,

(2)..a. program er the automat1on of certain aspects of the adv151ng function

will be deslgned and implemented (3) the effLC1ency of the studentamachlne
A M e 1 R

‘2 -#2

jnteraction will be studied, and (4) the adequacy of the automated system

w1ll be evaluated.

- " - N * --."

The evaluatlon wlll be on the bas1s of the following operatlonally

-J... .
. . .;,.. cma &

IR
:
?

defined critefia:
, ¢ 3 ‘- .

1.. Acceptablllty.r-The students attitude toward the automated

process is not S1gn1f1cantly less than their attitude toward

the human advisor.
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2. Hbrthwhlleness.--The attltude of a faculty Jury toward the
automated process is not s1gn1f1cant1y less fﬁan their attitude

toward a human advisor. ‘ IR :

3. Systems adequacy.--The number of faculty jury'requests'fdf rele-
vant information which cannot be incorporated in the systems 7 ¢ -

program, will not be significant. RS

4. Systems efficiency.--The number of trouble signals on’ the “part
of the student and/or the namber of sign-offs due to edﬁipment'f

failure will not be significant. a o - e T T
The primary aim of this study is to'pfavide’a method of information

retrieval from a student record and course description data base, and to '

merge it with a CAI program.wh1ch prov1des a log1ca1 dialogue, in ‘6rder to

automate and srmulate certain aspects of the human advising functlon, znd -

to demonstrate that such a system is worthwhile, as defined’ herein, in an”"
operational sense and acceptable, as defined herein, in a human factors ~%°
sense.

The developmental sample will consist of ten students and ten

.‘,.v’ l

faculty advisors fiom.TaIlahasse“‘Juuior College (selected-by;the:chief

counselor) and will be questioned in tape-recorded interviews to determine

- -

the information to-be placed in the automated system. After tpe interviews

are completed,: the information on the tapes will be 11sted and tabulated.
) ’ 1LTTINL LY

-

An attempt wil}: ke made to include in the automated system a11_in£prmat}on

.o o
i} D S

which is requested by two or -ore students or advisqrsﬁ o

- "
‘3

A record which includes 1n£ormat1on such as students I D. and

- --.._-a

.

. m——

grades for completed college courses will be stored on the systems disk and
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will be the key for the log1c flow and retr1eva1. Codes rerieved from

the student record will be usad to branch the sLudent to that pertion of

the CAI program related to his academic goal.

After the systexzc program is complete and operational, the author,

a faculty advisor, and a student will trace all branches of the program

in order to debug it.

R T

_,A_ngected sample of 50 ctudents will be chosen to participate

in the study. All responses by the students during the dialogue will be

_academic advisors will interact with the system as though taey were students,

and, along with the student populatlon will omplete an attitude question-

k
|
|
g
i written on disk and will be available for later analysis. A jury of six
| s .
i
{
i ’
| naire designed to assess the adequacy and acceptablllty of the system. A

deta11ed ana1y31s w111 also be made of the nature and quallty of the

-

students' questions which are not satisfactorily answered by the automated

system.

| C: The Interaction of Examiner Attitude with Praise and Blame.
L T

E

|

B

E; e - e Ted M. Wilson
|

'"z“;“fraise'and blame have beern found to be :stable and effective
réinforcers in the'vauisition'of'motor skills (Kennedy & Willcutt, 1964).
T AR T )

ft has alSo been found thdt -the“effect of tliese variables. may be greatly

altered by the examin-r's characteristics such as race and attitude (Allen,

et al., 1966; Kénnedy & Vegd) ¥965; Kirschenbaum, 1962).

b . -
Al A R A M LA RS 4
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In the presént study, an IBM 1500 Computer-Agﬁiﬁged Ingtruction
(CAI) system was employed to standardize the. administration, of praise.and
blame and to control the examiner's attitude as conveyed to ;he ép.

One hundred and twenty-eight udiﬁersity sophomore and junior
psychology students were subdivided intozlq groups gf 8 §§Heagb. Two
sets of 16 oddity discrimination prcblems were utilized to asses§_€£é -
effectiveness of four levels of verbal'iqcentive (praise, blame, ég;;rgl

L -

statement, nothing), .and four CAI examiner attitudes (positive, negative,

e N -

neutral, nothing).. All combinations of incentive and attituge were employed.

An attitude statem¢nt randomly accompanied 8 of the initial 16 problems. A

verbal incentive statement was.then displayed to the student. This was

followed by. the representation of the 16 oddity problems. Response latencies,

errors, and posttest attitudes toward CAI functioned ag dgpendgnt Yarigbles.
Although the data analysis for this study pgﬁincggple;;_aé’thé

present time, it is hypothesizgd that positive examiner aétitudes will |

enhance the effect of praise, and that negative attitudes will retarq.;ﬁém.

The converse is predicted for the influence of blame.

3 -
........

i
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1v. INDIVIDUAL.AND:GROUP_DIFFERENCES IN LEARNING UNDER IWO

.DIFFERENT: MODES OF-CQMQU?ERrASSISTED INSTRHCT;CN

.:Aa;bnuﬁéﬁldree

H - P
- . N r .
LA

‘‘‘‘‘‘

adaptive instructional strategies.would. produce differential mean achievement

and (b) to investigate possible lqigner-variable by instructional strategy

interactions which might.occur for two different macro-adaptive approaches.
o AT ; Lon et

The first strategy consisted primarily of a series of multiple choice test

questions related to the class text. The second macro-adaptiyg"approqch

consisted of:a series of lecture-like presentations.

Fifteen Guilford-type ability factors thought to be relevant to success

, in either-one:or.both of the instructional strateg§g§Lye;e:rank ordered by
KE twenty-six pre-trained judges according to theigh£g¥gx§nc%nfor predicting

: success in-each of the instructional strategies%uhﬁgyen factors were rated
é in the top five categories for one or both instrug;}onal strategies.. A
battery of eight tests measuring the seven factpxrs was administered tquinety-

five Florida State University students who were enrolled in courses in which

the instructional materials utilized in the investigation could be made a

regular part of the instructional process.
Students were randomly assigned to treatment groups. Each student was
given the equivalent of three class periods of instruction; that is, each

student was given the regular textbook reading assignment and then, rather

than reporting to the classroom for the customary lecture, he reporked to the

CAI Center for individual presentation of the learning mateg#ials. After the

28
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three periodg of instruction by CAIL, all students returned to the classroom for

a posttest designed to measure acheivement in the CAIL sessionms.

TABLE I " - « | £

" THE 8 FACTOR ABILITY TEST ‘AND THEIR
.. RESPECTIVE CODES AND FACTORS

|

Tests ' - Factors

1. Seﬁteﬁééudfder (o3b) Convergent Production-Semantic
- Systems (NMS)

2. Memory for Word C}as§es (obh) Mémory-Symbollc Classes (MsC)

3. Addition Test (N-1) L MEmory-Sym0011c~Impllcatlons (MSI)
4. Division;Test (N-2) Memory-Symbollc-Impllcatlons (MST)
5. Wide; Range Vocabulary Test (V-3) _Cogn1t10n-Semant1c~Un1ts (CMU) "
6. ObjectrNumbg;ugggt“£M§:2) __MEmory-Symbollc—Relatlon; (MSR)

7. Necessary Arithmetic Operations (R-%4) Cognltlon-Semantlc Systems (CMS)

8. Hidden Patterns Test (cf-2) Convergent Productlon-Flgural-
Transformations (NFT)

Mean differences for the two macro-adaptive instructional.strategy groups
were determined for (1) each of the eight ability factor tests, (2).achievement.
at cach of three different stages of learning, (3) time spent reading textbook
assignments and (4) time spent on CAI. MNo significant group differences were, Lo
obtained for any of these variables. Thus, one could conclude that different
instructional strategies lead to the samé level of group performance on criterion
measures., Thé situation with respect to Individual- performance and the aptitude-

treatment interactionis more difficult to intersret.
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Differences between individual simple regression coefficients. for eath
instructional str.tegy group relative to each ability factor were computed. The
results show that six of the seven ability factors used in the study produced
significaut interactions at some point during the learning period. The six

factors which produced interactions are Cognition-Semantic-Units (CMU), Cogniticn-

‘. R @K W SeEme C mm K 8. e me— e o
cmenea -

-

Semant1c-Systems (CHS), Hemory-Symbol1c Relatlons (MSR),'Mbmory-Symbollc-Imp11cat1ons

——— S e+

(MSI), Convergent Product1on-3emant1c Systems (NMS), and Convergent Production-

| Figural-Transformations (NET). Mowever, factor CMU was the only factor that
produced consistent results tﬁroughout the entire experivent. The failure of
the other factors to produte consistent results might be attributed to a change

- ® -c\

in the ab111ty fa Ztor pattern that could be used to predict success at different

stages of;ieerniné as'reoortéa"by Fleishman (1957). If this is the case, guide-

lines for édepting instruction to individual differences can be established only
by studies that extend over thie entire period of instruction for whica achievement
is to be predicted. P e

Correlations between amount of time spend reading textbook assignments and
achievement were negative and signrficantffor Group I. For Group II, the
correlaticns_tended to be negative ont_vere not significant.

Correlations between_anount of:time spent on CAL for Group I were close to

.‘ KT SR

zero, not significant and tended to be negative. For Group II, the correlations

-

were negative and significant.

Thus, it appears that low achieving students in Group I spent more time

with textbooks than d1d h1gh ach1ev1ng students. In Group II the high achieving

" mowe wl

studernts spent less time on CAI than did the low ach1ev1ng students. Both of

these conclusions are due in part to the actual instructional strategies involved.
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In summary, the following findings resulted from the experiment:

1.

The mean differences for achievement of the two groups were not
significantly different.

Six of the seven factors produced sigrificant interations at some
point during the learning period.

-

The only factor which pfd&uced consistent results throughout the
entire learning period was the Cognition-Semantic Units (CMyU) factor.

Correlations between time speut reading textbook assignments and
achievement and time spent on CAI and achievement indicated that the
diagnostic practice instructional strategy stimulated more textbook
reading among low achieving students than did the programmed lecture

strategy.




“:CURRICULUM EVALUATION VIA CAI FOR THE
INTERMEDTATE SCIENGE

.CURKICULUM STUDY!

cL s * Walter Dick o T

- -

. { S . -
-J : Florida Siste University

ama

1SCS, the Intermediate Science Curriculum Study, is a project
devoted to the development of z seli-paced, process-oriented set of
science curriculum materials for use in seventh, eighth, and ninth
grade classrooms. The project is directed by Dr. Ernest Burkman, and
is staffed primarily by fzculty members from the Department of Science
Education at Florida Stzte University. This resident staff is joined
annually by a summer writing team of subject matter specialists. The
jmmediate goals of the project are to develop a rationale and a set
of specific objectives for science instruction, to write the instructional
materials, and to study the impact of these materials on a naticnal
sample of junior high school students. An additional goal of the project
team is to use these instructionzl maverials in long-term research
studies which will be conducted in classroom settings.

Iuring the summer of 1966, the materials for the seventh grade
were written and, subscquently, evaluated during the following winter.
During this past summer, the seventh grade materials were revised, and

the initial set of eighth grade materials was developed. Next summer,

1Paper presented at the American Educational Research Association
meeting, Chicago, Illinois, February, 1968.
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materials will be prepared for the ninth grade. Two methods have been,
and are being, employed to evaluate these materials:. laxge-scale_
field testing and computer-assisted instrnction. Approximately 5,000
students and 50 teackers used the materials in various schools around
the country last year, while over 11,000 students and 100 teachers are
usifig them this year. The CAIL evaluation has been conducted with 16

students during both years. . T

‘What is the rationale for the use of CAI as a curriculum evaluation

"tool? “‘Perhaps the outcomes of both CAI and large-scale field test

evaluations can vest be described in terms of two, somewhat overlapping
circIes.” Both types of evaluation provide general measures of the
effectiveness of instruction and an indication of the more noticeable
rough-spots in the materials. Field studies provide, in addition,
infoirmation on the logistics of implementing new materials ard
managément prcblems emcountered by -a large number of teachers. In
‘addition, they provide demonstration centers in which other teachers
and admidistrators may view the materials in use in the classroom.
The unique coatribution which CAI is now making to. curriculum evaluation
is that, for the first: time, fine-grained data can be obtained during
the formative development of a curriculum; data which can be utilized
to improve the instructional materials. It provides information on
the learning difficulties of the individual student as he is sequenced
through the learning materials. This data can also be sorted in such
@ way that group performance on particular concepts can be investigated.
Therefore, because of the ISCS interest in the evaluation of their

instructional! materials via CAI, a joint project wac established with
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the CAI Center. We, in the Center have three major interests in

this project dh1ch.may best be stated 1n-the form of quest1ons°_

(1) What are the procedural requirements for successfully
implementing an entire year's curriculum in a g1ven

area’

s 2
- - -

f (2) Will a generalized data.management system provide data
wh}eh can be effectively used by curr1cu1um'wr1ters?

(3)  What is the actual cost of this type of evaluation?

- . -~
! - 2" "
[ -~ - it a ]

q—.-
: ;A.‘.q

-

Ihe rema1nder of this paper w111 be adoressed to these three quest1ons.

In order *o obtain the evaluat;on data, the seventh grade text

vh1ch is be1ng used 1n the c1assroom, has been prepared by the ISCS

_ataff:for CAL prgsentation follqwing essent1a11y a programmed

1nstruct1on, linear format Thc course also 1nc1udes numerous

excurs1ons to wh1ch students are branched for both remedial and

enr1chment 1nstruct1on. Every effort has been made to simnlnte

CAL learning cxperiences srmllar to those which other atudents are
expericnclng 1n the classroom, and therefore feedback is prov1ded to
the CAI studen* on1y when similar feedback would have been provided
if he were studylng the regular 1nstruct1ona1 mater1a13.

The students ﬁho are serv1ng as subJects in th1s pro;ect have been

__earefully_seleeted‘from the seventh grade of the Florida State
_____ University School inJWhich the_ISCS'materials are concurrently in
;lse. These students represent 1n terms of a.measure such as I Q .s

-a range of _abilities which is 11ke1y to be found in most seventh grade

science classrooms._ The I Q. range of this year's students is 85 to

135.
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Rather than receIV1ng the ISCS moterials in their regular
classroom, these selected students come each mornirg to the CAI
Center and progress at their own rate through the ‘learning materials.
Since laboratory experrments form an integral part of ‘the ISCS
approach, the students arewdirected, by their progra&;ﬁfo ‘go to the
laboratorf area nithin the CAI Center, to carry out these activities.
When they return to.their terminals, they are asked questions about
the experiment, and are required to submit the data which they have
obtainedi o

There is a graduate instructor with the students at all times

when they are in the Center. 1t is his'function, as he simulates the

role of the c1assroom teacher, to encourage the students to arrive

" - .

....a. WO e Rt

at their own solut1ons to the 1nev1tab1e questlons wh1ch arise. Only

,\‘_._.. e I -
e QtAA w - A" - l

as a last resort does he lend direct ass1stance. The documentat1on of

van N | -:!"".“-r--

student problems by the 1nstructor and how these problems are solved

are a valuable supplement to the response data. The proctor comments

-
- -

are now entered 1mmed1ate1y and d1rect1y into the computer system and

-
'l

are available for retrieval 1ater.

- -

Although the major purpose of’this CAI activity:is'to gather data
for the rev1s1on of the rnstructional materials, it is obvious that

some comparative analys1s of the performance of CAI versus ISCS class-

rocm students was requ1red Several times dur1ng the past academic
T Iel I e . -
year and continu1ng this year, s1m11ar tests haﬁe been given to all

3 L2l ats -

the ISCS stu&ants in the Unlversity School and in the CAI Center.

There has been no s1gn1f1cant difference in  the performance of the

g ot vl ee LT T e el e,

- e rat

two groups. In addition, none of the students have requested to be
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transferred from the CAI group back to their classroom. In fact,

~

following approximately 120 hours. of }pstrugt:i_on la_st year, the students
.. were still .quite enthusiastic about their experiences. Their _r:es_.ponses
to a questionnaire. further reflect. this very p031t1ve z_attl_tude; ‘
= : We at the-CAIL Center, the_revf_ore, feel th_et che answer:_to ‘our first

- iquestian is, "Yes, we_.have evolyed an unc_l_ersta_nding of the 1.>roc-edura1

‘- requiremepts. for implementing an already existing set of materials on

--our-CA} system.® .- -

Our second question dealt with the feasibility and acceptability of
..a generalized;data management system., One of__ the major pro jects over the
-+, past, twp. years. in our Center has been the development of a ser1es of

-programs which;would form a system for reducmg and analyzlng the

-. .

-i;,. thousands of: student responses which are recorded on magnetic tape.

ISP LI I

~ It is one thing to develop programs whlch satlsfy the needs of one or

*n

M

two in-house. projects, and.quite anothet to develop a system whlch will

.-produce satisfactory data_formats for all users.

.::.v: The basic record which is.written each time the student responds

i - .
: . . ~ % - - - L IY . -
R . . O )

to a question on our 1500 systeg;_=f1_gc1udes 5 among other things, student

_and-course: identification, - date, p_rggrqg.m'er-generated 1dentif1ers of

:..the:-question which:is.. asked and. ,t::h_e_‘;es_ponse which is made by the student,
. ERRCNP I e e I 51 §

-+ =,z respons latency,-and the numerical values of all the counters and

Ly RE 3¢ L0

.i-awitches.. Very briefly, our data management programming system first

reduces and compacts these recordings. It then sorts out the responses

)

. by each student within each course. . This 1s done on a da11y b'?sis.

, -Periodically, these sorted tapes are merged int_o_ a stt_xdent history file.

: This file, therefore, .contains .the responses of all students to all
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items to that date. At this point, the file cgq_eithgr be priqted,
which would indicate.the-path of each student through thg m§F¢ria1,
or it can be sorted further by item. Our print-out of this-i;em_§ort is
in the form of a summary table which includes,the number aﬁd.péi;en;.of

“the students who match each response option for.each item. It also

. n.

indicates the median latency. for- each group of responses and the
standard deviation. This is the type of information vwhich was provided

to the ISCS staff. . An additional program produced a matrix of student-

by-question responses which indicated the general pattern of answers.

Student-generated, schematic diagrams and data tables, as well as
A PSR “5ia -

proctor comments, were also provided. All of this information was

» M

R

- integrated by the ISCS staff and, sqbsequently, pgovéég@l;o the
summer writing team..;:-- ; N |
/ This information was used to a certain.extent Qy the summer :
writing team, but..their general comments iqdica;ed_phatlyhgye was too
much information, that it should be more highly summarized. _They

further indicated the desire to be able to easily locate and cross-

reference data on concepts that appear in a number of locations in

the materials.

Ont the basis of this experience, we went back to the drawing

board this past fall. The system which we had developed was necessary,

but not sufficient for the specific needs of ISCS. Two major changes

have been made to date. The first has been to add a select-and-delete
capability to our data mansgement system for clustering item information.
This can best.be understood in terms of the item or question identifi-

' .o T

cation procedures. The programmer can label these items in any way he

S W1 S .
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sees fit, within certain restrictions. The ISCS staff has coded all of

their items.with respect to their content; tor_examp}e, work, speed, light-
efiergy, etc., and with respect ta the process involved in the item; for
example, operations with decimal numbers, hypothesis formation, making
observations, etc. With these 1§kgligdeggif@ers, it is.npw pos;?ble %o use the

select funétion in order to extract the summarized item data covering

-8

*~ gpecific topics or processes which occur in a variety of locations in the

. instructional materials. Using this same technique, it is also possible

to select out those items which had median response latencies of greater
than some-number of seconds or those .items which were correctly answered
by less "than some given percentage..

x g%
SRS XN

The second major change has been the decision that the data reduction

FIE A

and- summarizatisn. beyond.that already described, will be carried out by

PP

the resident staff of the ISCS.project and not the members of the summer
writing team. On the.basis of this.and other,projects, it seems unlikely

that -sub ject-matter; specialists will ever be willing, or have the in-

x %
S

cYindtion, to scan-wast amounts .of data and. then rewrite their materials

T e
HURE I

on the basis of this information. Therefcre, the ISCS staff will now
; RE2 Iote

be responsibie for the task of converting the selected item and student

. "gata into sound recomtmendations for material revision. If the need arises,

the-data will be.available to back up such recommendations but it will
not simply’ sit uvhused-on the writer's desk.
" Out! answer to the second guestion which related to ;pg_v%gkility of
- "h-géhefalized dats management system must be ggg_oi_resg:aineqwgptimism.
‘The development of..such a system is obviously aq_ggolug}pqary process

which should become more and more refined with each succeeding interaction

between the data and user.

 Cgiim oo
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Our final question relates. to the costs of this type of CAI

- L

L

evaluation. Everyone is conscious of the current, rather iight fiscéal

situation. No one is more aware of this condition than the users of

stand-alone CAI systeﬁsl3 We have been required, by our Univéréity,

I .

to establish the rates for the use of our CAI equipment based ﬁpon

the.same‘type“of procedures which are recommended by the Federal |

- - - ey .
.- - F

Government for usage by convantional, batch-processing compdtér" = 5

LR NP

Imvn g . - |
centers. o i
In order to generate the costs for implementing the ISCSypipject

materials, we have not:simply.multiplied our systems rental cost by
- NPT oo . .-

the percentage of usage time chargesbie to ISCS, but have included’

- . .
- - -

such items as uait reford equippment rental charges, iaboratory re-

| modeling costs for accommodating.our new equipment, wnainfenance” and
janitors -1 services, certain portions of faculty and sta’f salaries,
general office expenses, and compuier supplies.

[ The total costs for the ISCS project, therefore, reflect all of

these items as they enter into our charges for both the central

processing unit and terminal usage. In additionm, the costs of
the three graduate assistants, a coder who enters the materials into
the system, and one-fifth of a faculty member's time have also been

added.

The sum of these charges for the current nine-month phase of the
project, using the 1500 system, is $34,865. It is of interest to
note that this figure of approximately $35,000 represents a cost of
about $12 per instructional hour. However, only $2.13 of that $12

goes for student terminal time usage. The remainder covers the cost of
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material preparation, proctoring, and data reduction.” These figures

should, in no wa&, be construed as an argument for the-economic
feasibility of placing CAI terminals in all our schools. The field-
is:é long way from the $;40 per classroom hour that we purportedly now
spenq’qp our children. The eests are intended to show that CAI does
proviqe“g"tather economical and feasible approach to the gathering of
fine-grain evaluation data. The term "economical' is used to refer to
the fact that only a small percentage of the furds usually required |
for a large field study could be diverted in order to provide a
CAI-based evaluation. One can also expect that, after two or three
cycles through this ptocess, there will exist not only a much evaluated
and rev1sed set of dhssroom instruct10na1 materials, but also, as a

by-product a quite reasonable CAI instructional program.
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COMPUTER ASSISTED INSTRUCIION

IN SOCIAL WORK:

Walter H. Ehlers, D.S.W.
“"Professor of ‘Social Work -
. -. .. Florida State University

COMPUTER ASSTSTED INSTRUCTION, TECHNOLOGY AND VALUE -

-, = a

. =

Thg‘dlé cliche = "there is nothing new under the sun" - needs revision.
There is ;odetﬁing"néw called computer assisted instruction and educators,
ready or not,ﬂﬁiliiﬁédé"fb learn this new technology and its terminology.
Compute; ;géisted insérﬂéfion is also known as computer based_inéfruggigg:
and computer ;hgmenieéﬂléiiﬁing. Whether vou use the letters CAI, CBI or
CAL you are ﬁéikiﬁg ;fEJE"essenfially the same thing, the use of'a computer
to handle éome'gf the éiementb'&f teaching. The word some is used, because
most speciali;ts in this area do not see the computer as ever. replacing the
teaéher either at the gfa&é school, undergraduate or graduate levels of
education. Instead, it seems to be generally agreed that centginfgpqcsiggg
may be safely assigned to a cémputer, e.g. it may serve as an excellent way
to instrﬁct in terminolbg§, to give extensive practice in basic skills,. and

FE : 1
to teach problem solving.

lDuncan N. Hansen. CompéterfAssisted Instfdctioﬂ at Florida Stadte
University, Tallahassee, 1967, p. 5. (Mimeographed)

*Prepared for presentation ot the Annual Program Meeting, Council
on Social Work Education, Minneapolis, January 24, 1968
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Technically what we have in the.ccmputer‘i§ a mechanized tutor
capable of con.ronting the student on a one to one basis, a goal that may
have been achieved in the case pf-M?rklnqpkinsfon one ené of a log and
the student on the other. The tutoriaJ;relétibnship’is rather rare in
modern education; instead we find ourselves teaching iarger and larger

classes. In some of our universities'clééses of 1,000 students meeting

in a large auditorism for a lecture in elementary psychology or sociology

are not unknown. In graduate education we have the expectation, if not .- ~

always the reality, that we will have some sma2ll seminars tut a goal of - ..

tutériné students is outside our reach. The computer changes 211 that
and offers the possibility of endless and tireless tutoring. Using CAI, a:-
question may be a;ké&rof:éﬁe student, and “a variety of possible respcnses ..
may be programed. i%ﬁa:i.nstrur.:tor allows ‘for the correct:response or

the sought after response; but allows for interaction also-with the student

- L
-~ - e o= - .
i . . -

giving partial or incorrect responses. R ..

- - .

The infinite patience of thé maEﬁiﬁé;then may be utilized by-the:. = i.
instructor éo é; fhe chore work of endless repetition and discussion. - .~
untif the‘desirédnlearning has taken place. Instruction in terminology is,.
as previously stated, an excellent use of the computer, but what about . .

practice in basic skills and problem-solving? Here the creative possi-

- ———
e+ —— ——

bilities of using the éomputer to simulate sityations needs description.

- o
- . R I

[P

The capacity of the computer to store in its ﬁagnetic.méﬁory'ﬁillibﬁE:’

- - —
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of characters, groups of which may be uszd to form programs, permits
us to—devise simulaticns of actual situations while allowing for a wide
variety of exceptions to Pe posed for the student. These exceptions
can be incorporated into 2 problem-solving and decision-making matrix.
As in the games strategyhaqd_gaming tgchniques the student is confronted
with facts and with choices. His selection of the right or wrong answar
is immediately confirmed making the learning process a dynamic c;rrenf
experience. Kfthﬁdgh.much more could be said relative to CAIL capabilities
from the technical standpoint, two more advantages ought to be mentioned.

One, that CAI is basically programed jnstruction with the added capabilities

{ of a CAI system'to jngediately evaluate student responses automatically,
something ot possible‘ﬁitﬁ a textbook or teaching machine. Two, the-
student may be branched into learning progr ams instantaneousty byra -i
computer deciéion based on the cumulative records being kept on the
student's progress. In the latter case it is possible for the instructor
or author of a program to set up a series of counters which check
student's failure rate, and at some previously decided critical point
branch the student to additional learning material or recommend that

the student review certain readinzs or even come back at & later time

and take a prescribed learning program.

From the instructor's point of view rhen the computer may be seen

as a tool, just as 2 book is a tool, which he may use as a willing slave.

-
- = =
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The instrt;cf:or may then bte available to students for the 1nte11ectaa1
joust;n\g which is so much more important but often 1is neglected because
time is s.impl'y not available. ‘We may also pose the question of whethex
the eéﬁcater using‘ ﬁﬁejcompﬁter instruction capabilities might then be .-
released te do the thinking and writing se.imi)ortant to the academic-

community.

COMPUTER ASSISTED INSTRUCTION AT FLORIDA STATE UNIVERSITY

Research and development o:f: computer based_ 1nstruct10n was begun
at Florida State University in }964 by the In'st;‘:i.tute o.f Human -L_earnmg. The
research led to the.establishing of 2 computer ‘assisted 'instruction cenrer
on the FSU .campus which went into operat;ron April of 1965 'doing research
on the prospects. of CAI and developrng programed materrals: for instruc-
tional purpqses..z_' " An introductory course in collegrate-physrcs, auphed
statistics, computer languages, chemistry, basic reading and mathel;xa‘t.ncs
for adults .are .examples of some of rhe CAI coairses offered in additron to
the social work basic concepts course to be descr1bed in detail 1ater,

In opexration at the center are two computer systems s :the IBM 1440
and the -IBM .1500. The IBM 1440 system comporents are, & procesomg

control unit, three disk memory units, a magnetic tape unit, a console,

2
Dunrcn N. Hsnce™, -bid. p. 1.
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a card read/pvach device, a pr:mter and a data communications system.

The last item provides input and output by means of the 1050 wh1ch resembles
and works like a typewriter. This system also allows for random access sl1de
projection and random access tare record1ng equ1pment. Students and authors
enter and receive information within the Central Processlng ‘Jn1t by

using -the 1050 terminal.

In September 1967 the CAI Center added a new computer the IBM 1500
which essentially is the same as the IBM 1440 but with a v1deo screen
similar to a te1ev1s1on screen aad w1th a light pencil attached. Students
see an entire quest1on and the choices of poSCible answers. Usiné the light
pencil attached to the terminal, the .student marks his answer and immediately
is adviced as to the correctness of h1s oh01ce. The IBM 1500 therefore is

e

a much faster machine than the IBM ,.44“ wh1ch types “out all instructions

and responses. Both machxnes, however have their advantages “and dis-

advantages and should be used se1ect1ve1y according to the need.

RATIONALE FOR CAI PROGRAMS IN SCCIAL WORK
In the spring of 1966 preliminary work was begun with fiftee_n_
graduate social work students at FSU to.detexmine the feasibility_ of
computer presentations of behavioxal -science knowledge considered pre-

requisite to advanced social work education. For the feas1b1lity study,

prograrns were written iiv.sociology, psycholegy, child development,
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and Freudian analytic concepts. Faculty members of the University,
(Psychology, Sociology, and Home and Family Life) were asked to
review the programs, to suggest changes or corrections, and to
recommend new directions if necessary. The resulting programs were
the ones used in -the feasibility study.

The interest and enthusiasm of the first fifteen students for the
CAI programs was enough to suggest further exploration. The. fact
that the students were volunteers in the pilot program and therefore
were singled out for special attention was considered to have had a
possible '"Hawthorne Effect" in respect.’to the expressed interest and
enthusiasm. However evidence of learming was strong enough to
warrant a larger evaluative effort which was .undertaken in September
1967 with 113 members of the first year: class.

Feasibility having been tentatively established, the second
evaluative effort had as its objective tﬁe use of the four programs as
screening oOr diagno;tic devices for the deveioPment of student profiles.
A second part of the ;bjéctive was to leaé students weak in anf of the
four progréms through a learning program or learning loop especially
designed to_strengthen their basic kggwledge. Material for thé four
programs in psychology, sociolagy, child development and Freu&iaﬁ |
ccncepts was selected on the basis that (1) social work requires a basic

background in the behavioral sciences, and (2) that although no consensus
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exists regarding specific content prerequisite to professional training

yet there is enough agreement in what we assume students should bring

with them in the way of academic background so that we can at least

select the areas of knowledge to be tested.. At this point in the research
the test questions have not been validated with control groups since this
is projected for the next step, but.they-do seem to offer a reasonable

approach to the question' hat do students need to know upon entrance

- - - T -

into a graduate“school of social work?

The fact that students‘come from a wide variety of academic

i

backgrounds makes 1t even more rmperatlve that we do not assume that
students have had adequate preparat1on enab11ng them to understand

basic concepts and terninologyfof'our first year graduate social work

courses. This fact presents us with a challenge which might be met’
with pencil and paper tests. However such tests lack the kind of
immediate feedback for student and teacher"possible in computer

assisted instruction. But, even more important'than testing the

student is the necessity to institute immediate remedial work in his
area of weakness. This of course can he done instantaneously in CAI

and offered the f1na1 compe111ng reason for exper1ment1ng with CAI

programlng. Add1t1ona11y, ‘this reason satisfied the question of

'"Why one more test1ng program for students already accepted into

graduate social work?“ with the answer that °tudents using CAI can be

-4 - . . - - " -
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assisted im a meaningful way to an underst inding of curriculum content

- f.

necessary'fbt rapid advancement during the first eight weeks of graduate

-

school.

.....

RESEARCH DESIGN AND DISCUSSION OF FINDINGS - oaut

This second evaluative effort {(labeled Phase II) involved 113 first

year gradoate studénts entering social work in September 1967. Taking

-— e .

the CAI program was made mandatory for every member and only one
blind student’ with’ a ninety per cent visual handicap was excused. The

rationale'fbr’thiﬁ action was to determine- total student reaction to

i f

computer assisted-instruction. -’ Phase III which, will begin September of
1968 will ‘involve a- fifty=-fifty: split of that .first year class into |
exPetimentéiﬁgnd-cﬁﬂttof groups. Assignments to either group w%il be
made using a table of random numbers. A post test of the twgﬁgF?%?%_
will then be conddeted to-ascertain possible digggrences betqgﬁgxstgdgnts

taking or not taking computer assisted instruction.

The'prbcédureb For- the September 1967‘§esting‘yere rathef simple.
A list of all Efrst year students with their student numbers was given to
the CAI centéf.- Students phoned the center and made their own appoint-
ments based ont their-available time and_alsgiaxgilabiligy of termié#ls t§
the computér. _— T

- fach of the programs in thgrfour,grgas;of_kggwledge“mggtioned was

designed to be between one Lo one-and-a half hours long. The intent here

- .
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not to t1re the student wmch m1ght be reflected then in poor responses.

i
-

If time. was avallable and the student worked fast it was thought that some

was

L) et H -
HE

students m1ght go on to a second program. This in fact was exactly vhat

. e -
- - - l - -
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did happen.

h of the four programs was de31gned w1th a test section which ~

2,

rac

was given first. If the student did poorly in any ‘area he was expected to i

< mesed
b4
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take the learning program, Wthh in essence went back ‘over the same

-~ . = -

material but th:ls time gave tbe student 1nformat1on vdﬁch made 1t'possiﬁle.:“
"2

for him to learn the necessary facts abour the subJect and to answer the -

questions correctly. The 1ntent here was to des1gn tests wh1ch ‘would
- - U T ) s et
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reveal student weaknesses i.n the four selected areas, and then allow ‘for °

- ® xe - -
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remedial work using CAI 1n order to br1ng the student up to a level pre—

-
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sumed necessary. to understand beg1nn1ng soC1al work temmology and
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concepts.

The programs, although designed lo be g1ven to all students, al low £5¢

e
ax

both privacy and 1nd1v1d.1al di fferences.. "Each student works at a typewrlter- '

‘3 x
- % - - ', PR

like termi.nal which in appearance and operatlon is s1milar to an electrié

-,
'--\- - Pl

typewriter, and in a separate cublcle hou31ng the term1nal a desk and a"

"'"‘"‘-ﬂ~:._,1
i) D . Seer -

chair. Each room is also equipped with a buzzer system to call the’ proctor -

who is. always present to offer assistance in the operat1on of the terminal ot

az it ol
R "v

to handle techn1cal problems. In order to av01d a complet'Ply 1mpersonal

—s‘ -

uch of humor and at

. Y] t ";r.: ;__.

. ey -

atmosphere the programs were written wi.th a to

-~ -. m-r‘

strategic places the computer asks the student to, "'l‘hi.nk of me as Ceorge.
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The first time this remark shows up on the printed page students are a
little surprised but they do 1ike the idea of the human touch and often, in
later class discussions will preface a statement with "George said..."

This is usually good for a laugh from the rest of the class. In fact, since
the eatire CAI program in social work is called CONSOWEL (short for
Concepts in Social Welfare) the name George Consowel has been suggested

and is under serious consideration for Mr. George Computer! Students

can also rid themselves of some hostility at times when they can persona=
lize the computer.

The feeling of individual instruction is made possible by thes nature
of the typewriter terminal 2nd the computerized programing. The student
has the statements and questions printed automatically by the typewriter.
Likewise, his own resgonses as they are typed become a part of the record.
A question answered incorractly or with an unfamiliar response can later be
examined by the instructor, who, on the basis of a review of the question
may want tc add the student’s answer as an acceptable one, or it may even
cause the instructor.to revise the question. The student's copy of the
material, called a "Print Out" is his to take with him and review at some
later date.

In order to further individualize the instruction the research design
called for "counters" to be inserted after each question so that students

would know at the end of each program how well they had done. For those

—-A—L“
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receiving high scores the statement on the pr@npqup_said, “Great, your
responses indicate a good background in the area of psychology (or
whatever subject) and you should not have any difficulty wi;h this a{ga_of
your social work -studies.”" Other students whose count of incorrect answers
was high, received.a statement directing them to take a learning pre-
gram in psychology -{(or whatever) and to make an appointgent at the front
desk for this additional CAI material. It should be noted here that in
using computer assisted instruction -strictly in the instructional mode (not
testing) it is possible to branch a student to a review of mq;eriai or
further .explanation of concepts immediately, without negQing to makg
appointments to take fénther instruction. Howevegt_since Phase IEAwgs
designed as diagnostic; -a different approach had to be used. ‘

The final component in this design was to request fzoq_the_camputgg‘“
a response report on each student so that a detailed examlnatlon could .
be made of every response of the 113 students. From thisgseF,Pf ggg}y§@s
sheets, one could theoretically profileugyudenti:requnseg_individgallyﬂgr
coliectively against any known mean. derived from the questlons in thgsg

-

programs.

FINDINGS

The results of the second evaluatxve study have produced a number

b T '--.
-

of observations which are 11sted below. The nature of’ thp évaluation to "~ ~

date has been dbservatlonal and although no numerlcal count was attempte&;-

. S .
in general, students reported that they "enjoyed," "were intérested,"” or
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"intrigue'r:l"‘?hy ‘CHe CAT ::ﬁrdgrmns. Most claimed that they 'learned a lot,"
or that "thetrev{eﬁiﬁgg-ﬁgr§'he1p£u1." Many claimed that the review
factor aione"uas woith -the“time it took to.complete the- programs. AQther
facuit}umemhersnreported‘that students would quote from the CONSOWEL
programs o{ting-ﬁbﬁSOWEL 4s their réferehce on a particular point. . Stu-.
dents re;orteszthat’they'seemed“to'remember facts that were reinforced .
in the ;rograms.

Perhahs orediotahfi, the better studernts seemed more enthusiastic,
completed the programs early and were anxious to -discuss various ques-
tions which:had'occurred to'tﬁem.-fTheAéeaker students were more fear-.

- ’;

ful, resisted maklng appointménts” and’ found éxcuses for delaying completlon._

One surprise was to find that-womeén students’ were much slower in
getting started on the prograns, claimed they were "busy" or ‘ot used.fo

E e S e
machinery" or whatever. At any rate the women .students responded, slowly

out of some fear of failure or discomfort. After completion however most
of the women “admitted ‘that their fears had been groundless .and that in fact
they enjoyed taking tie programs. - Unly ome woman. student was willing to

admit that she "hated machinery," "didn't know how to type' and felt

uncomfortable throughout.

In general, the f1nd1ngs showed that (1) the programs were well

K !

e

rzceived, (2) the students were 1nterested enough to raise questions, 3)

« %
] ..

they remembered rtems in the programs we11 enough to cite them in class,

vy Yo

and. (4) the students. reported hav1ng learned
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The first part of the. objective for Phase.II--to use the CAL programs
for screening or diagnosisiﬁwaé successful. Students were enabled to see
their‘%trengths or ‘weaknesses as--a result of taking the .programs. The
student profile component of the objective, hcwever, was not includedAthig
time dué to programing problems and the fact that "counters' were not
inserted so that~d quick profile could- be -established immediately upon
program completiénfijﬂowever, this. lack did not invalidate theﬁp;ofi}e
concept.hﬂﬁbspbnse print-éuts on each student were made, -but. these are not
immediétely available either to the student or the instructor. These ppint-
outs are cumbersome and analysis is slow because of the sheer amount of data.
Print-outs,“for example, for the 113 students resulted in a pile of paper
three feet high. The answer-to this problem is to insert counters and
ask only for the number right or wrong and the percentages in each 2rea.

The response print-out does serve an important fumction in another
area; that is, the testing of the curriculum content. Statements misunder-
stood, or questions answered incorrectly two and three times by a suffi-
ciently large number of students, indicates ambiguity, poor wording or
other problems needing instructor (or another) solution. Fortunateuiy,
such changes or corrections may be made quickly and easily by going to the
typewriter terminal and typing the revisioms. The fact that such changes
can be made relatively easily, means that programs can be kept up-dated

and dynamic. Materials found to be inadequate or in need of further
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of the main problems with programed texts.

The second part of the objective for this evaluative study was to

i
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development need not be kept in while waiting for the next edition, one
lead students weak in any specific area through a specially designed
learning program. Here again, the original design.called for stcpping
after the testﬁprogram and telling the studert whether or not he was to

gc on to a learning program. Mechanical problems and lack of time to make

\gorrectioﬁs for this group of students led t9o a decision to have everyone

i

; take both the test and the learning loop. Analysis of the studeat print-
| outs and discussions with’a sample of forty students was selected as an

E alternative method of assessing-student reactions to the testing and

learning locp combin2tion. Subseguent analysis of the print-outs showed

| that weak students did in fact iiprove their scores in most cases by as

much as 100 per cent. This was not unexpected since the 1@3;ning programs
were wriﬁten so that students shculd have been able to 2uswer the questions
if they had properly understood the preceding material. qe may conclude,
therefore,.that'this objective was met; that student§1weaknesse$ in certain

knowledge areas could be profiled using CAI and that the learning programs

-
-

-
.
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did assist them in being able to respord with the correct answers.
SOCIAL WORK CURRICUIA USING CAI -
Recent advances in the field of computer and media technology have

o CONSIDERATIONS FOR THE DEVELOPMENT OF
opened opportunities for the social work educator never before available.
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This new technical knowledge comes at a propitious time, siuce it coincides
with significant'deveiopnents in the behavioral sciences. Research ia this
area, much of it "overnment funded is resultxn“ in quantities of data and
resultent theoretic conceptions rich in 1mp11cat10ns for social work cur-
ricula. Computer based instruotion and computer.simulations in decision
making provide ideal pedagogical vehicles.for implementing new'dynemic
curricula. The flexibility of CAI'is such that other media (fiiﬁs; audio

tapes, slides) may be 1ntegrated into the programs resulting in ‘a highly

I,

effective appyoach to the student. Results of a program in Phy51c e. -

b4
et
LA

being conducted at Florlda State Unlver81ty u31ng this typa of 1ntegrated
medla is producing some significant data. In tests ngen to exoermmental
and control groups, the CAI-participating students performed approx1mate1y

3
ten per cent better on all four, cne-hour exams . How well students perform

after CAI is still under 1nvest1gat10n.. The CAI Center preseatly has e1ght

.l‘ DA -

cur=iculum prOJects in various stages cf development* analysis and evaluation

- -

of these pro]ects is designed 1nto lhe esearch. At FSU the question

whether soC1al work curricula may fe331bly be de31gned for CAI is st111
being tLested and will await more sophisticated research being contemplated .

in the months ah=ad. y -

-----

3Duncan N. Hansen and Walter Dick, Semiannual Progrees Regort

January 1, 1967 through June 30, 1967, ‘Tallahassee, Florida Compute*-
Assisted Instruction Center, Florida State University, p.Ll
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In order tc properly design the programs or software that conctitute

the téaching materials of CAI, social work educators may begin now to thiak
of the following: (1) What subject matter is basic to t_:l_le field; (2) What
skills are basic to problem-solving, diagnosis.,,_ interviewing, therapy; and -
what-attitudes, values, understandings, emot:?.o_nal sets are basic to the |
profession. After establishing these components, the next process would
naturally-involve testing for validity. |

* The necessity to move forward. r_ayj.dly jn the developmert of CAI in
social work education is related to manpower needs. sasufficient supply of
teachers, length of time needed in the _M.S.W. progrkn. Educators are
saying that "programed learning is here to stay,"4 and that educators
would do well to accept that fact at_ld'_vrit‘e the kind of instructional
materials required ,5 ‘Social work ecucators may be presumed to Ye included
in this summons to action. P. _Kgnngtk_;_.l(omoski, president. of the Center foAr-
Programed Imstruction, New York C-ity,.rem_inds us that,"...with program;ad
., instruction-we have a t?_o_l_ w‘u.ch makes possible a rigorous, objective

analysis of what happens when.we. instruct.”, and better yet, it helps us

-----
L -

identify. the obsolete by showing us, objective evidence of something better.

4Lawx'ta:nce M. Stolurow, "Lets be Informed on Programed Instructioan,’
Phi Delta Kappan, March 1963, p. 257.

5 e
Ibid. I ]

-
6 Cw E—— e

P. Kenneth Kouic?&:ki, "i’rograined_lnstﬂ:;ction - A ?rbiioé!ie' §5~-ﬁgd;?.f )
Phi Delta Kappan, March 1963, p. 232 G L. .
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Komoski relates that when he first started in programed instruction

s - .
42, -

. : .‘--_"c .- ._ :_-,_-.“.-5:' L ."‘,{ L."r' ..'.-. ..‘: -m - :_‘:: - .
an¢ teaching machines, he queried psychologists who wete pioneéring in -

-
D o) - =a

the field: "ihat are the things that can and cdnnot be programed ‘for“a -
Lo .- .:. "y = -t . - - = '.: wx " e e ‘.'.-- R .=

teaching machine?" "It wasn't long before I learnéd Cthe stock Yéply of -~

my psychologist friends: "This is a question that can only be answered

experimentally; experimentation and time will tell what can and carnot

be programed."7

But, there is no denying the fact that anything sccial work educators
do at this point wili be very much in the nature of pioneering and they
will frequently find themselves in dark forests in which dwell the

ubiquitous, "I told you so'si"

PROBLEMS

What are the problems? A few of the major ones include: (1) Identi-
fication of the significant: concepts which must be taught in the theory
and practice courses; (2) Submitting the concepts to the scrutiny of
colleagues; (3) Writing curricula suitable for programed learning; (4)
Adapting the curricula to computer based imstruction and allowing for the
use of additional media along with the computer; (5) Selecting learning
situations which may be simulated and which can be taught via CAI and
related media instruction; (6) Adequcte research funds--because the
development of new curricula will take a lot of time and cost a great deal

of money. Not mentioned before is the need for access to a CAI system.

7Ibid.
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At the time of this writing, only eight universities have operating CAIL
programs; 5ﬁ£ this sﬁculd not deter anyone from moving forward. Hardware

is not the problem{'but the programs themselves, the software, are.

N\
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AN INVISTIGATICN CF CCHPUTIR-ZASTED

SCIENCE TECSTING

“r. Duncan N. kansen

Tlorica State Uriversity

Introduction. The sequential model of testing as opposed to the;
conventional cumulative tes* model directs the e:teminee to subsequent items
on the basis of his prior responses. 'n operational terms, as the examinee
completes a test item, the outcome is immediately evaluated, and this infor-
mation becomes part of the test his‘_zory file upon which a decision rule is
applied in order to determine the next test event. Obviously, no examinee
attempts all the 1t°ms m the sequential test, but rcther responds to iany of a
var1ety of combmatlons of ~tems. This paper W111 concern itself with the |
empirical findings of sequent1a1 testing as it affects test rehablhty, validity,
scoring procedu1es and the pragmatlcs of test administration. ;

The avaﬂablllty of en interactive computer c.vstem and its capablhty
for response analysis, record-keepmg, and contmgent branchmg is an mtecrral
component within our aoproach to sequential testmg - Whlle interactive computer
systems resolve the logistic problems of adxmmstratxon, they raise new consu‘-
erations relating to examinee's adaptation and attitude towards the electronic
equipment, the type of testing, etc. Moreover, new test construction techniques
and preparation factors like oomputer cotlmg, operational costs, etc., have to

be considered if a reasonable documentation of the feasibility and cost effective-

ness of computer-based testing is to occur.

o9
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We turn now to a more specific background review of the psychometric
cuestions we investigated. In principle, the capability of computer-based testing
to branch examinees to easier or more difficult test items, depending upon ihe
preceding performance, should increase measuremént discrimination.
Moreover, one would e.xpect conventional me;asures of reliability to improve for
at least ‘the following +wo reascus. First, score variances should be gi‘eater due
to the spread created by branching érocedures. Patterson (1962) found this
outcome of increasing ;raria:ce to be especially beneficial at higher and lower
ends of the s.core distribution in a computer simrvlation study of sequential
testing. As {Vaters (19564) aemonstmted in a similar simulation study, sequential
testing leads to a more rectangular score distribution and potentially a greater
dispersion of scores. We planned, therefore, to attempt to empirically replicate
inis finding.

As a second ébntribution to improved reliability, the effect of sequential
branching should more optimally match examinees' performance levels with test
item difficulty levels and, consequently, reduce the amount of guessing behavior.
Shuford and Massengill (1966) demonstrated theoretically the attenuating effect
of guessing on test reliability. Thus, we planned tc provide for an empirical
comparison of reliability of a conventional cumulative test and a computer-
based sequential test in a natural academic setting.

Since all of the iteins in a sequential test are not attempted by all
examinees, conventionai techniques for estimating reliability are nonapplicable.

To circumvent this obstacle, we created and investigated scoring schemes that
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atilized the hierarchical item difficulty structure of the sequential test and
allowed for an assignment of all item scores by all examinees. This procedure
will be more thoroughbly covered in our subsequent section on scoring methoq—
ology for sequential tests. The important question is whether we can create a
reasonable and valid procedure for estimating reliability so that practitioners
can derive reliability ccefficients for sequential tests, especially those under
construction,

The implications of 'sequential testing for test validity can best be
viewed within the context of the "attenuation paradcx." As Gulliksen (1945)
first pointed out, validity and reliability are rot monotonically related, and
undue increases in item precision will lower the validity of the test. Cr, as
Tucker (1946) demonstrated, medium-ranged item intercorrelations yield the
better relationship to an ability criterion under conventional scoring procedures.
Scoring procedures (Gulliksen, 1945), the score distribation (Humphreys, _1959),
a curvilinear relationship of test scores to ability criterion scores (Brogden,
1946), and the effects of strata of abilities in the criterion distribution (Lord,
1955) have been offered as explanations for the "attenuation paradox.” For
sequential testing, the problem of cumulative correct/incorrect scoring is
easily avoided. Using varicus scoring schemes, we hoped to demonstra_tg' that
a sequentially organized achievement test will have 3 higher relation_ship to a
criterion ability measure than a conventional achievement test. This predication
is based on more optimal branching of examinee's performance status to levels

of item difficulty in sequential testing, plus the use of scoring procedures that
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assign differential ‘amounts to item difficulty ievels. . ,Wg a}s:o investigated a
number of ability measures in order to assess empiriqa}ly‘ the full range of
possible relationships. -

In cegards to computer-based sequential testing, the validity of the
measure may be improved by the utilization of multiple dependent; measures;,
such as confiderce rating or response latencies, in addition to correct/inccrrect
responding. In the second experiment to be reported, we investigated f:he_ ;'ole
of corfidence ratings as an additional performance indicato;.: _

Since computer-based testing is still novel in a univc_ax_'sity sett;ipg,
obvious situational and procedural variables are _\yorthy of investigation, Prior
experience interacting with the computer-assisted ‘instru‘ctional system employed
in these studies may provide a facilitating adaptive effect. We, therefore,
selected for the first experiment half of the examinees who had at lga.s_t one
hour or more of experience interacting with revi_ew.and pr’obl_em mz}terials
appropriate to an introduclory collegiate physics course. Moreover, we were
interested in determining whether these CAI-experienced examinees wm;ld have
shorter work times as contrasted with the naive e:'r(zl'n}ineos. Ir} addition, we
wished to compare the work time in the computer-testiag situation with

N KRR A

conventional testing work times. Krathwohl (1959) reported that noncomputer-
: - TR LU R

I

based sequential testing is approximately 2 to 2.5 times as long as conventional

B

cumulative testing. Undoubtedly, this increased test time may be at;t‘ributed to

the complex directions and procedures of finding coded sequences in a

14

bulky

4
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test booklet. As a related variable , we were interested in the attitudes of the
cxaminees towards computer-based testing.

Scoring Procedures. We turn now to a discussion of-the scoring

schemes that we investigated in order to both understand their empirical impli-
cations as well as their im»act on the psychometric characteristics of the
sequential test. We utilized the content of a within-term examination in physics
that covered the topics of mass, force, momentum, energy, and work. For
each of these concepts , we constructed an item tree network that allo-ved an
examix;éc; to :.be routed to difficult or easy iilems, depending upon his performance.
Test ite:ms; accoi";d‘i'ng to difficulty were assigned to each of numbered node
positions. The initial item had an expected difficulty level of .50, and each
subsequent level differed by approximately .10 of itein difficulty. For scoring
purposes, each termli:nal node item had two hypothetical nodes added in order to
indicate success or failure on the last item in the sequence. (Sce items five
through fifteen in Figﬂr'e 1.) The performance of each examinee cn'a’ congcept

resulted, then, in an ordered array of node numbers. The 16 possible node

number arrays will be referred to as pathways.

- S = VD o T S e G Gup WD S S, S S S . S ) . = W - =

In most sequential test studies, the final node position is assigned a
rank that becomes the ‘éxaminee's score. In terms of Figure 1, there are five

final rank scores. We refer to these as Final Node Scores.
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As there are various pathway3 that lead to rank final node nositions
two, three, and four, different examinees.can attempt differing item difficulties
and still receive the same final score. We therefore assigned 15 rank scores to
the possible pathways, giving the better rank positions according to difficulty

levels of the attempted items. V/e refer to these scores as Pathway Indices.

. For purposes of calculating a reliability coefficient, it would be
desirable to have a score for each of the node positions and associated test item.
Given that the test items are hierarchically arranged by difficulty levels and
representative samples: for that difficulty strata, “ve investigated thé following
scheme that makes an assumption about the _examinee's perfornuxr;ce if he had
attempted all items. If an examinee was successful on an item, ve gave a score
of two for that item and for all other items below m the vertical array. at tﬁat )
ncde point in the tree structure. We also assigned a score of one to the item
directly above on the basis that there was a probability of .50 of succ':essfully
completing it if it had been attempted. If the item was failed, the item score was
zero for it and all items above in the tree position array. A score of one was
assigned to the next items below, and a score of two to all other verticaI. items
below. In this scoring procedure, the hypothetical te;minal nodes were not
considered. To illustrate, if an examinée failed node item eight, 2 score of
zero was ascigned to node items four and eight, a score of one to nude item
eleven, and a score of two to node item th_irteen. If the examinee had passed
node item eight, then he would be given.a score of two on node items eight,

eleven, and thirteen, and a score of one on item four. This scoring procedure
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makes a strong assumption about the monotonic relationships of item difficulty

and performance. We refer to this scheme as the All-Item Score.

For purposes of comparison, we also considered a:conventional
cumulative score ior attéﬁig)ied itcms. This is referred to as the Sum Score.
Thus, we considered four scoring schemes for each of the five subtests. A
tots] test score for each scheme was'a sum of the five subtests.

Materials. The computer-based sequential tgst was designed to be a
parallel measure of achievement found in a one-hour classroom examination
that covered the topics of mass, force, momentum, energy, and work. Items
for the sequential test were selected from a large pool of items collected from
exams given by the same professor in previous years. The item difficulty
statistics were somewhat ambiguous in that they represented many different
student pdpulations and were found in both within-term and final examinations.
To better insure the item difficulty levels, a panel composed of the professor,
two physici:?.t.;, and two phj.;:.ics curriculum ‘writers rated all the potential items
into seven levels of difficulty. For the selected items, all of the panel agreed as
to the level of difficulty. “For the topics of mass, momentum, and work, our
inability to éomplete the seven levels of difficulty led us to restrict the size of
the item tree to three arrays or six itemns representing five levels of difficulty.
We were able tc achieve t'}Txe' seven levels of difficulty for the topics of force and
energy.

Since an examinee attempted only a subset of items due to the pass/fail

decision rule that directed the student to the next higher or lower node item, the
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total test consisted of 17 items from a total cf 38 available items. All of the
test items as well as the 20-1tem classroom test were in a multiple-—chqice
format. TFigure 2 illustrates a typical item plus the confidence ratmg ferr_n.at
utilized in Experi_ment Two. The directions for the conﬁdenee rating were part
of the general introduction to the testing situation and required the examinee to

indicate his confidence over a nine-point scale.

Insert Fi;;dre 2 about here

Lias " =

General Procedurss. Since some students were unfamiliar with our

R R

CAI system, we briefly explained to all participants the procedures for activating
the compuier program, how to enter an answer, how to make eorr_ections, and
how to sign off or terminate. This introduction took less than five minutes due
to the simplicity of the procedures; no additional help was requi-ed. Scratch
paper was provided for calculations, and_ answers typi_cally consisted of the
numbers 1" through "'5" plus an entering response. The CAI system response
typically was two seconds before the next item was presented. |
The test was controlled by an IBM 1440 CAI system, and the actual
presentation was given via IBM 1050 terminals. There are seven of these
typewriter. terminals at tke FSU-CAL Center; each terminal is located ina
separate, isolated room. X Each student proceeded sndividually, and total work
times were vollected. The computer-based test was administered approximate-ly
one week after the regular class examination. It required three days to sc-h-edule

b V

and process all of the participants.
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Experiment I. The first experiment, in essence, was an initial stady

in the emgirical feasibility of computer-based testing. ’filé quéstions relating

to reliability, validity, and procedural factors were of pr‘1mzt1‘y interest. Fifty-
six fres1men (25 men and 31 women) were randomly selectéd from appréximately
480 students enrolled in the Fundamentals of Physics course in the winter term
of 1967 at Florids. State University. Half of the ‘selected participants had prior
experience with the computer terminal at the CAI Center. This prior experience
consisted of review physics problems for the preceding class examihzttion. Fach
had taken a 20-item class examination the previousl week.

Results. In or;ie; to :evaluate the appropriatteness of the item difficulty
assignment, the fact that é.li examinees attempted the first item on each of the
five subtests' offers-é:vidence ss to the accuracy of the test construc-:t‘ i)rocedures.
Aas indicate;lgi-rt Table -1, the empirical difficulty levcl approximates the ‘de.éired

level of . 50.

Insert Table 1 about here

In regards to the interrelationship among the various scoring methods,
it can be shown that there is a monotonic constraint as to the overall scot‘e for
the four methods; that is, a simple.sum- of the correct iten.xs will be dire;:tly
related to the final node position.::As indicated in Table 2, -the intercorrelations
of total scores among the'se'variéus scoring metttods are sul;étarttially h1gh it
is worth noting in Tabie 2 that the hierarchical All-Iteﬁt ‘S:(;oritlg schen;e has the

lowest relationship to the other procedures. Still though, the relationships are -
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close enough so as o encourage the use of the All-Ttem Scoring procedure for
the calculation of reliability estxmates Given these high relationships, and
for the purposes of simplicity presentation, we shall use the Fmal Node score
and the hierarchical All-Item score for the determination of other psychometric

characteristics of the sequential test.

insert Table 2 about here

— — — S — ——

_Since one of the objectives of the sequential test is to achxeve a uniform
score distribution, we tested the Fmal Node scores and the Inerarclncal All-Ttem
scores using the Kolmogorov-Smirnov cumulative dlstnbut;on goodness-of-fit
test. In both cases, there was no 51gmf1cant difference from the uniform
distribution (P> .30} We agaln ;nterpret this outcome as év1dence that the
empirical outcome for thg All-Ttem scoring procedures is maximizing the spread
in the score distribution.

Reliability. As has been noted above, only the hierarchical All-Ttem
scoring procedure allows for the use of conventional reliability estimation
techniques. As can be noted in Table 3. an analysis of variance technique
(Rabinowitz & Eikeland, 1964) Qpp"oach to estimating a Kuder—Iii;:hardson 20
for stratified tests indicated that the overall reliability for the sequenhal
physics test yielded a coefficient of .885. Perhaps even mo;e encouraging was
the high subscale reliability poefficients. The higher estimé.t;ad coefficients for
force ana energy can be attribgted to the fact that these had more items present

in the testing sequence.
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Insert Table 3 about here

In cemparing the sequential test with the conventioiial test, it was
found that the 20-item: classroom test yielded an cverall K-R 20 coecfficient of
.515 The subscale clusters tended to range from . 141 through .398. 1n order
to provide a fairer comparison due to differential length, one can utilize the
Spearmen-—Brown formula to increase the 20-item conventional classroom test
to a similar 38-item pool employed in the sequential test; this yields an estimated
reliability of .668. In botn cases, the reliability coeffieient‘ for the sequeriiiel
test is S1gn1ficantly greater than that for the 20-item classroom test. Mereover,
the rehability for the sequential test eompares quite favorably with that found for
most smpdard achievement tests currently avaﬂabie We also feel that the
evidence from the relationship of the hierarchical Ali-Item scoring procedure to
the other scoring procedures oifers some sustaining evidence that this approach
for estimating reliability for a sequential test is viable and sound We would

- %

coniend that a procedure to calculate convcrtional reliamuty s will be

invaluable to mvestwators who are constantly rewokag tests for investigatory

reasons.

Vahditv. The method which was chosen for validating the computer— "

based sequential testmg approach and the accompanying scoring schemes was

PAE D

the correlation of these scores with the score on the oonventional class test plus
. .

the score on the final classroom examination. These are presented in Table 4.

¥ - .




Insert Table 3 about here
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Although all of ‘the resulding correlation coefficients are statistically significant,

s sufficiently low enough

the overall relatioﬁsﬁip to the classroom test scores 1

‘difference pbetween these two methodological approaches.

tc indicate some
elations may be due to the low

Perhaps the m:ljor reason for thzse low corr
ointed 2bove, the conventional test had 2a K-R

reliability of the class test. As rep

5. Moreover, the mean score for the 20-item

20 reliability estimate of only .51
classrooin test was 15.5, -with a standard deviation of 2.3. This skewed
ed the correlation coefficients due to 2 restriction

distributio:n may have reduc
the relationship between the

;= range in the scores. It is also worth noting that
classroom test and the final grade jn the course iS sub_stantially lower than that

-based sequential test; that is, the correlation coefficient

found for the computer
as .19, while the All-item sequential

of the classroom test with the final grade W
t of .49 with the final grade. (See Table &.)

score yielded a correlation coefficien

— S e — —— —————-——————————

——————————————a———?———a—

t was a better predictor of the final achievement of the

Thus, the sequential tes

students.
s the most persuasive substantiation of the worth of the sequentiai

stantial correlat_ion between the

’ Péi:ixap
roach is indicated in the more sub

tesfiné ‘zipp
and that of the participants‘

chical All-Ttem scoring outcomes score on the

Florida Twelith Grade College Ixamination. The Tlorida Twelfth Gr

hierar
ade College
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Txamination is 2 sum of a verbal and mathematical aptitude score. As is
indicated in Table 5, the hierarchical All-Item correlation coefficient with this
ability measure is .43. The relationship to the conventional class test is
substantially lower or is statistically nousignificant from zero. As indicated

in Table 5, the sequ"en‘tial"test scoring procedures yielded moderately better
relationships to the ability measure than did the final course grade. We feel
that this first séiiuential testing experiment has documented the potentizl efficﬁcy
of this approach to improving the rclationship of collegiate achievement to ability
selection criteria.

Testing Time and Administrative Factors. An issue of prime importance

is the administration and adaptation factors required by computer-based testing.
As indicated in the design, there were two groups which varied as to prior
experience with computer interactions. In terms of their test performance,
there were o significant differences between the group means (P >.15)." There-’
fore, the familiarity with the computer terminal and its operation appears to
have no discernible effect on the examinees' scores. As noted in the pfoce&ures
section, the introduction to the computer tethinal operation is brief and simple
in nature. Computer reSpohse time also allows for a smooth flow of questioﬁs.
Thus, each examinee has opportunity for self-pacing through the test materials.
The time used by the students in this study was carefully recorded under
both testing conditions. Utilizing a two-way anailysis of variance with prior
computer experience and wérk time as the factors, we found a significant

difference in favor of computer-based testing in terms of werk time (P <. 05).
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The mear time for the 17 items on the computer system was 25.04 minutes as
compared to 30.73 minutes on the 20-item classroom test. These mean times
average out to 1.47 minutes per item under computer control in comparison
with 1. 54 minutes for the classroom test items. Again, there was no significant
difference with regards to prior computer-interactive experience nor a significant
interactive effect. The correlation between the time required for the two test-
situations was T = .21. We interpret this low relationship as indicating consid-
arable individual differences in work strategies in these two testing situations.
Further investigations should explore the cognitive and/or personality variables
that would predict work time in varying testing situations.
It should be noted that the computer-based sequential test was more

Gifficult in nature and, consequently, in principle should have slowed the
examinees' work rate. Moreover, each of the questions was typed out at the rate
of 13 characters per second. This type-out rate also reduces the amount of time
in comparison to a conventionally presented test. As noted in the introduction,
the computer-based work times are exceedingly favorable in comparison to the
times for conventional sequential testing (at least three to four times longer) as
reported by Xrathwohl (1959). Thus, the improvements in computer technology
have decreased the overall test-taking time for the examinees in. sequential
testing situations.

. We view the outcomes of Experiment One as establishing the feasibility
of computer-based sequential testing. Moreover, we find the investigation as te

various scoring procedures cf value 1n that we were able to generate a seemingly

7 e
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appropriate scheme by which one can provide for conventional item reliability
estimation procedures. . Moreover, both the reliability and validity character-
istics of the sequential test were superior to that of the conventional classroom
test. Perhaps the most noteworthy result was the better, but I_noderate,
relationship between the scquential test and the ability criterion measure, This
finding direcily relates to the discussion on the -"attenuation paradpx"( and indicates
that sequerntial testing may provide a viable way of increasing item precision

without mtroducing a ceiling effect on validity relationships.

Experiment II. The second experiment focused on the relationship of
examinee's confidence ratings on completed te:st wems to the other variables
relating to reliability and validity. More explicitty, we wonde_red_if the prediction
of concurrent achievement such as the class test, the final course grade, and the
ability criterion measuze can be substantially improved if confidence rating scores
are combined with the sequential test score. In addition, we g_athe,red attitu@e
reactions on the part of the participants towards the computer testing sitg?_ tion in
order to assess any negative reactions. Obviously, we also wished o replicate
the findings of the first exper‘imentin that the All-Item scoring procedure led to
4mproved reliability and validity relationships.

Thirty freshmen were randomly selected for this study from approxi-
mately 300 students enrolled in the physics course at FSU during the spring term
of 1967. All of the subjects were naive in terms. of their exposure to computer
interaction. Each examinee had taken a newly constructed 20-item :clas_s:t.e‘st

approximately one week priox to the computer-based sequential test.
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In :oi'der to effectively gain confidence ratings on test items, introduc-
torir directions were presented as portrayed in Figure 3. In addition to the
exﬁlanafio‘r;; one saniple probler: with an opportunity to rating one's confidence
was included in the pretest int".oduction. Thus, each examinee had an oppor-
tuﬁity to solve a ve'rSr simple physics problem and give a confidence rating.
This éimple infroduc:ion to confidence rating was pretested with college students
here at FSU and has prov:n to lengihe='the introduction by approximately three
minutes.

Results. A¥&'in the prior examination, the mean correct proportions on
the initial item of the fivé subtests were bounded between .43 and .57. This lends
further evidence that thé it difficulty levels of the sequential test were
appropriately' 'désigned. THe interrelationships between the four scoring methods

and thé confidence scores are presented in Table 6.

Insert Table § about here

——— ——— — —— — ——— -— B PR

The interrelationships among the scoring methods are almost equivalent to those
found in Experiment Cne, in that the high intercorrelations among the scoring
procédixres are still present. The relationships with the confidence ratings, on
the other rand, were considerably lower although comparable to similar results

found in learning studies for confidence ratings.
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Y Terms' of féhability,' the hierarchical All-Item scoring approach
yielded a more substantial Kuder-Richardson 20 coefficient of . 904; the subscale
reliabilities were bounded between .53 and .88. In comparison, the classroom
test yielded a K-R 20 reliability of . 697, Again, the computer-based sequential
test appears to have better reliability characteristics. The K-S goodiiéss-of-fit
test for a uniform distribution inficated no sighifici#t differences. These' results
further substantiate the reliability outcomes of Experiment One. =

As can be seen in Table 7, the validity relatithhips tend to replicate

th6sé found in Experiment One. The class test has improved as a predictor of
the final erade 'pérformance. “The confidende ratings are moderately related to’
the valiéiity measures. An analyéis of variancé approach to miltiple regression*’
was performed in order t6 determine the conibined relationship' of the sequential
test scor-e-s plus the confidence rating. Reg'ré’szsjihg‘o'ﬁ the 'paréll':‘él; class test, the
combined measures of the All-Item score plus the confidence score yielded a

multiple R of .258. The ir':fultiﬁle R improved for the final Course grade to . 739.

An irilbfovéd 'f)'red:ic.:tion of the Florida Twelfth Grade ability measure vielded a
multiple R of .618. In all cases, the beta weights of the hierarchiddi All-Item
sequential score pius ihe confidence score were sighificant, althdugh' thé All-Item
score had substantially higher beta, weigPt%li}ﬂf_e};iﬁgbf this experiment, the

availability of a confidence rating score ‘does improve the prediction of both
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concurrent achievement and ability criterion measures. Cbviously, computer-
based testing allows for the gaining of these multiple dependent measures with
relative ease.
‘Turning now to the analysis of work times for the class test and _
computer test there was no Stat1st1ea1 dlfference The mean time was just
over 30 mmutes for total presentatlon, the 1tem time for tl;e 17 ACAI 1te;1;s -pl‘.ls

confidence ratir;g wes 1.79 eeconas, and that for the consentional class was 1.71
seconds. Thus, the t1me fector- was equivalent for both testing sifuations.

At the termmatlon the examinees ﬁllea out an '~*tr;uinal scale a@agted
from a CAI Attitudinal Scaie pr_epamd by Brown and Gilman (1967). Tabie 8
presents the ten -i.tem statements that were .::ated on a five-point scaie that‘.:
typically ranged fr’c-)'m ustrongly disagree" tnrough "uncertain® to "strongly!

-"\( -

agree.” In Table 8, the mean value aird nearest associated word from the scale
are also presented. Balancing for positively and negatively worded .statements ,
tpe examinees reacted to the computer—baseci test.in_g situation with favorable
ratings. Item 4 is especially interesting m that the vast majority of examinees
reported that they never guessed at anéx:vers. We 'ihietpret this report as
indicating sequential testing minimizes g_ues_sin.g since” item difficuliy is being
adjusted to prior performance. These positive attitudina1 results are similar to

those found for+a well-prepared CAI course presentation.

- —— —— - -

Insert Table 8 about here’

—
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Cost Factors. The current and future costs of computer-based testing

will vary considerably due to a number of factors as follows: (1) the kind and
cost of the ncomputer 'térinihal, (2) the size of the computer system, (3) th_e use
and cost of teletransmission, ard (4) the amount ¢f real-time analysis required
to utili;e multipie dependent measures. Cur current hourly cost at FSU.for;
II§M 1440 terminal time is $2.56. This is obviously m2ny orders of magnitude
higher tixan the costs for conventicnal testing.

Two additional factors may also increase these cost estimates. First,
sequéﬁtial testing requires two to three times the number of test items, depending
on the size of the item tree structures. Consequently, sequential testing has a
higher cost where new item construction is required. Secondly, the tgs;xi_}_gemg_. .
mlist‘b; encoded for the co iputer system. This typically costs approximately

$.50 per item.

- - There are many possible savings that accrue to computer-based testing.

Obviously, the costs of printing, handling, etc., are included in the costs of t._hfef
terminai chafge. " The ;Sbéts of scoring and processing answer sheets at a test
center are also included in our charge for terminal time. Thus, many of the
hidden logistidcosts of conventional testing are minimized within tt;x_e;_com_pl_lter _
approach. in the future, one can anticipate further cost reductions in ¢omputer
applications, ;vhereas it is difficult to anticipate any cost savings via ggnventional
approaches. Ultimatély, any improved reliability and validity characteristics of
computér—based sequential testing will have to be compared in a cost/utility

sense against the increased fiscal costs of this technological approach.
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. Summary. Our empirical study o.f ‘compu'cer—based sequential testing
substantiates for us the feasibility and potential worth of this methodological
approach. Cur mvestlcratlon of various scoring schemes indicates the close
empirical s_imilal:it:y of the‘various procedures. Moreover the technique for
assigning values to a11 1teme via the h1erarchlca1 All-Item ecoring ﬁrocedure
appears to resoive the problem of estlmatmrr rehablhty W1thm sequential testing.
The replicated evidence on the high relationship among the scoring procedures,
the performaooe on the common initial item in each of the five subtests, and the
score distribution anelysis supporf ou11 -view that the Ali-Item's'o;)i‘ing procedure
can be ot_ilizeq without undue jeopa-rdy by an investigation in esfiﬁ{eting test
reliability for tests under developmeot

) Mo‘re.imgortantly, !;he relatlonshlp between' conhdence ratings and item
scores plus the consequent improvement in multipie ;» predlctlon of concurrent
_a_chievex_nent or related ability measures represent the strongest empirical
evidence, from our viewpoint, as to the potential r\;'-ol‘th of computer-based
sequential testing. Future investig'atofs may wieh to explore the use of
confidence ratings or other related dependent measuree in their techniques for
assigning item scores in order to generate better reliability estimates. The
improvement in j:_he relationship between computer-bhased sequential achievement
. testing and vahdlty has direct 1mp11oat10ns for collerre selection procedures. If
the relationship between the college selection tests and college academic
achievement can be improved via sequential achievement testing, then many

obvious cost and human savings can be effected.
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The results on work time indicate to us the desirability of utilizing a
computer technological approach to sequential tesiing. While the costs of student
testing time can be assigned a variety of values, _wewould contend that shortening
test time allows for a more broadly based approach to academic assessment. |
While the zttitudinal findings are of a very preliminary nature, we do take
encouragement in that no negative factors were encountered in our studies.

In terms of the future, there are obvious needs to further explore the
size and shape of the item tree structures as thes= relate to theoretical consider-
ations within test theory. While our approach has been empirical in nature, we
could claim that further exploratior as to the theoretical nature of sequences of
item structures will be required before = 1,road understanding of this approach
can be achieved. Moreover, the obvious information retained in response
jatencies has not even been explored within these experiments. There are
sufficient findings from learning experiments which indicate that response
latency may prove to have just as powerful an impact on the predictive relation-
ship to criterion measures as did the confidence ratings.

As a last note for future study, we would suggest that computer-based
approaches to testing may allow for an acceptable and feasible way of controlling
test anxiety. The conception is to adjust the item difficulty level for each
examinee in order to minimize the extreme anxiety reactions found when
examinees are warking on impossibly difficult test items. We have demonstrated
in 2 learning experiment (O'Neil, Spielberger, and Hansen, 1968) that state

anxiety ratings, blood preccure, and error rates are highly related, and that
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anxiety status can be manipulated according to the difficulty level of the learning
materials. Thé future of computer-based sequential testing, therefore, aas

masy avenues of needed investigation. We trust this rapey will provide a new

stimulus for further research in the area.

A




FIGURE 1.
CONCEPT ITEM TREE NETWORK, PATHWAY

STRUCTURE AND NODE NUMBERING

FOR SCORING METHODS

~

Final Node Position . j

Rank Index ]
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FIGURE 2

TYPICAL TEST ITEM FORMAT

A certain body is observed to be moving with a constant momentum

econd. Ten seconds later the same body with the

of 100 kilogram meters Pér S

same mass is observed to be moving with a constant momentum of 200 kilogram |
meters per second. We can conclude that |

1. a net force acted ou the body during the ten seconds we weren't

observing it.

9 no force acted on the body during the ten seconds.

3. this change in momentum is not associated with an acceleration 4

of the body.

4. the velocity of the body has not changed.

5. none of these.

(Answer) 1

Confidence
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FIGURE 3
DIRECTION AND FORMAT FOR THE

CONFIDENCE RATING

After'each question of this test you will be asked to express the

{H"

confidence you place in the correctness of your answer. This expression of

confidence will be based on a scale from 1 (which signifies no cenfidence) to 9
(which signifies extreme confidence). ]

The following scale will be helpful te you in rating your confidence: |

no confidence . . . IR 1
moderately unconfident. . . . 2
| mildly unconfident . . . . .. 3

slightly unconfident . . . .. 4

uncertain . . . . ...:... 5.

sl?ghtly confident . . . . . % 6. ~

mildly confident . ... . .. 7

moderately confident -. .‘ . ‘ g RS

extremely confident . . ... 9

Following your response to each question, ""confidence ____ ' wili be

typed at which time you are to reply with an integer from 1 to 9 in the blank
provided. When you need to refer ;o the scale at any time thereafter use the
mimeographed sheet next to the terminal.
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FIGURE 3. --Continued.

! SAMPLE

Now answer the following samiple question and, when indicated, rate

— -

your confidence in the correciness of your answer.
| Express the following number in scientific notation: 502,785,
L 502785 x 10%5
2. 5.02785 x 10%+5
3. 5.02785 x 10**6
;1. . 502785 x 10%*7

5. 502,785 x 10**¥2
. (Answer) 2

Confidence

You nave rated your confidence be_tween 6 and 9 which indicates thal

you have answered the question with some degree of certainty. The correct answer

is 2 (5.02785 x 10%*5).




TABLE 1
MZAN CORRECT PROPORTICNAL ON THE INITIAL -
ITEM FOR THE FIVE PHYSICS SEQUENTIAL -

TREE STRUCTURE

ot > w2 ww

Concepts Mass Force Momentum Energy Work
Mean Proportion S
Correct .572 .518 .554 .464 .9500

P
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TABLE 2°
PRODUCT-MOMENT CORRELA TIONS' AMONG THE

FOUR SCORING PROCEDURES ON THE

o SEQUENTIAL PHYSICS TEST -

- emeson meaamnan

1 2 3
(1) Final Node
(2) Pathway Index - - .912 -
(3) All-Item - .887* - .504
(4) Sum Score - .936 ~.906 .843

*Negative correlations are due to the ranking procedure.
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TABLE 3
CONCEPT SUBSCALE -

KUDER-RICHARDSON 20 RELIABILITY ESTIMATES _ ..,

Concepts Mass Force Mo;ngntum Energy Work Total

Reliability : - :- . ' R =

Coefficient .681 .847 7,118 - . 829 .736 1.'885
87
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TABLE 4
PRODUCT-MOMENT CORRELATION BETWEEN THE

SEQUENTIA L: SCORING PRO_CEDURES, THE

- ——

< TR SR 5T.ASSROOM TEST, AND THE

" “FINAL GRADE

Scoring Methods - . s+ Classroom Test Final Grade "~
Final Node - .32 - .41
Pathway Index - .28 - .43
All-Ttem .32 .49
Sum Scure .39 .38
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TABLE 5
INTERRELATIONSHIPS OF SEQUENTIAL TEST SCORES

AND VALIDITY CRITERION MEASURES

- 1 2 3 4
(1) Final Node
(2) All-Item - .89
(3) Class Test -.32 .32
{4y Final Grade - =.41 .49 .19
(5) Ability Measure . pee o = .37 .43 .13 .34
89
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INTERCORREIATIONS OF THE SEQUENTIAL TEST

' 1
3
'1
s
TABLE6 - .
! SCORING PROCEDURES, FOR

o “EXPERIMENT TW&= -
1 2 3 4

(1) Final Node

(2) Pathway Index .. 907

(3) All-Item - -.893 .. ~-.898

4) Sum'Score - - .923 - .904 .862 )

(5) Corfidence Score - .271 - .283 " .389 .192 )
1:‘
|
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TABLE 7
INTERCORRELATIONS OF SEQUENTIAL TEST SCORES,

" THE ACHIEVEMENT MEASURES, AND ABILITY

MEASURE FOR EXPERIMERT TWO

i 2 3
(1) All-Ttem
(2) Confidence . .39
(3) Class Test .34 .18
(4) Final Grade .56 .43 .31
(5) Ability . .49 .37 11
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TABLE 8

ATTiTUDLAL RESPONSES TOWARDS COMPUTER-BASED

SFCUENTIAL TESTING

_ Mean Nearest
' o Scale Associated
l LT LTI Loz - Value Word
| p
1. Whiletaking the computer test, I felt.
challengad to do my best. 4.1 Agree
2. I was concarned that I might not _
understand the maierial. 3.9 Agree
:
3. While takirg the computer test, I felt Some of
| isolated and alone. 2.6 the time
4. 1 guessed at the answers to questions. Very
e 1.2 Seldom
5. 1 was more involved in running the
machine than in undcrstanding the
question. 1.1 Never
6. 1 was aware of efforts to suit the
materiai specifically to me,. 2.4 Disagree
| 7. The computer situation made me
feel quite tense. 2.3 Disagree
8. Quesiions were asked which I felt
were not rclevant. 1.0 Never
9. I could have done better if I hadn't Strongly
felt pushed. 1.3 Disagree
10. I would say coraputer testing is ::
superior to class testing. 4.2 Agree
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LEARNING OUTCOMES OF A COMPUTER-BASED,

MULTIMEDIA INTRODUCTORY PHYSICS COURSE1

Duncan N. Hansen

The Florida State University

This report on FSU's computer-based course in introductory
physics, hopefully, will contribute to the growing- evidence on the
é%ficacy, limitations, and requirements for a technplgg}qal approach
to instruction. The existence of regular compute;;baged, gggredited
courses precedes Fhe_FSU Project in at least FY°,§QS§EQFQ§1 The
Stanford Project is in the second year of ggpgngmogiiicquuter—based
tutorial instruction in ;g;d;ngtand mat@gmatigﬁtﬁor primary.grade
children. The Up;versity of I}}inpis’ Projegt.hag‘gffe;ed a_cggplete,
accredited course in library science for graduate students. .While many
other partial CAI course applicqgions could be cited, the new contri-
butions éf the FSU Fhysics Project can be viewed in terms of four
salient features.

First, this introductory physics course for non-science
majors offers the Opportuniyx to ftudy‘g curriculim that has a very
rapid increase in conceptual_cogplexity and inter-relatedness. As will
be illustrated in the learn%ng results to be presented, the typical

learner in the conventional course has a steadily decreasing performance

1 Paper read at Americar. Educational Research Association,

Chicago, February, 1968. )
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. CAI'proﬁect.

curve for this curriculum. Consequently, the CAI physics course has

ample opportunity to improve learning outcomes in addition to estab-

lishing the feasibility of a technological approach to iastruction.
Focusing on a beginning collegiate level course allows

one to study=éhe feactions of the fastest growing:student populations

in the United States. If the costs of CAI courses are to be justified,

. rapily expanding student Populatién group offers an excellent crucible

in which to document the benefits of the technological approach. Thus,

the study of collegiate freshmen is a new area of exploration for a

-

- Kif ‘CAI éourses stress -the feature of ‘individualization.
The FSU physiés:éburse manifests this goal in terms of .a number of

student-controlled decisions. For example, the FSU students' controlled

* “class scheduling, the opportunity to repeat presentations, and the
" amount and Kind of review materials. Thus, these freshmen had a unique

™ opportunity to ‘control and regulate their ‘learaing experiences. This

style of individualization is unique; in degree at least, for CAI

tutorial courses, -

Finafl&, the FSU physics course utilized a wide variety- of

multi-media approaches. Rather than restricting- the informational

'presentation to the terminal devices of the 1500 computer system, we

" chose to employ'és'many media alternatives as possible. This feature of

the physics cour=e offers us an apportunity to analyze the impact of
these media types on conciirtent concept acquisition behaviors as well
as on the final exam. Thus,- the physics course may provide information

about the relative efficacy of different media approaches.

36
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This report will stress the developmental factors present
in creating this computer-based physics course as well as the empirical
outcomes of the comp;rison wvith the conventional lecture apporach. We
report our solutions to the problems of selecting the participating
,ﬁsgernts, the logistics of implementing the course, .and the preliminary
‘manpower-cost considerations so tﬁatybtﬁéf'iﬁﬁestigatorsAmay assess the
full requirements for this kind of eéuéaEiOnaliteséarch;Ls*

Research Strategies. The creationidnd evaluation of a

technologically based course of iastruction at- thie tollegiate -level
are fraught with many deQélopmental and methodologiical problems.
During the conception and early phases of this Project, a congiderable
effort was devoted to providing a reasonable ‘devélopmental design
and the aéprcpriate collection of data upon which one could answer
questions generic to the "behavioralhéngineering“ or “systems approach”
to course development. To bé ﬁofévépéﬁifiéy one must be able to
specify in precise termsnéhe.need for additional revision based upon
fruitful inferéncesﬂderived from an empirical data base as the curricu-
luy is ;ndergoiﬁg the developmental procesé. -Our stgategy Lo xesolving
this and related formétive, evaluational problems-can-be viewed.in a
serie; of.systematic procedures moving from the most general to the
most specifice.. : S SR I

At the most'molar level, professional eddcators are con-

cerned about the overall cutcomes of a course. These.outcomes are

typically judged in terms of performance on mid=term and final, examin-

nations. Commonly found in most colleges; and at Florida State University,

is the requirement for common examination proceaures for the assignment

97
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of course-grades. Ta improve the precision of this comparison, we

planned ‘on utilizing three groups. for the basis of general course

" comparisons. -~ The first group, the CAIL condition, consisted of those

ééﬁdeﬁtshﬁiking all of the autonomous, multi-media instruction at the

it

‘CAT Center. - The CAI groupn's only participatiox in conventional activities
was to take the paper-and-pencil, mid-term and final exam. Since the
CAI students were self paced in natvre, the :id-term and final were

offered on a flexible basis wnen tae student reached the appropriate
Ty

- = =7
——— " -

péinc in the course.
R ‘Since we arve aware in educational research of the confounding

4 »

influence of new instructional activities falling under the rubric of
. . ) T il
the "Hawthorne effect",-it is.difficult to make a valid cross-group

F T Y . =
3.

evaluative statement. To overcome this obstacle, o large number of

the students attending .the Physics 197.c1a§s were.éffered limited CAI
interaction ‘¢overing review, homeyogk, and test topics. We contend
that the stddents in this partial CAI group, which ﬂad two to fo hours
‘of terminal experience, provide a valid way of a§sgssiﬁg fﬁe'gézeral
“influence -of a new, exciting\apg;gach to instruc?ion; Oﬁ;i;uglf, we

" planmed for a matched group of non-CAI experienced physics students.

..
1. °

As an additional advantage at a more precise level, the
partial CAI group provides data on classes of probiems-parallel in
naturé to those found within the te:hnologically gased autonoﬁous course.
‘Out §trategy was to establish a baseline by which we could judge whether
various curticular changes were really providing for improvement. The
Yeview and problém sessions offered to physics students prior to
" " three within-term and:final examinations provided a natural setting

no
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in which to collect data in order to judge performance on the concepts

H 2

covered in the cocurse. As will be explained in the phase development

of the project, the collecticn of this data was replicated over three

= -

terms so that we feel we have stable estimates cof concept difficulty

NS T

for undergraduate students at Florida State University. Moreover, we

feel that comparing CAI students! performance to baseline data on the
P & ~ P _ A

- -

physics concepts provides a more precise evaluation of the impact and

efficacy of the technologically presented concepts. This comparison

- ———

helps estimate the need for and degree of required revision.
At the response analysis level of 2valuation, the CAI
approach to course development provides complete records of responses

and latencies as collected in the normal course on instruction. We

have devoted a.greatideal of ?ﬁfqrt to the development of a data
managemgngﬁ§xstgp.by}whigﬁaphese responses can be appropriately
§ortedj;ntgjmggnipgfg}_g;oup§_go; inference-making about the sﬁbstance
of course.reyisioms. Our curriculum writers are finding this evidence

to be exceedingly useful in the rewriting of specific presentations in

i,

order to.accomplish the behavioral objectives set for the course

» van

concepts. The judgment about the attainment of behavioral objectives

LT N TIPS -
it T, :1(1,' N

cox
»

is a difficult one at best and, we contend, best judged in terms of

f.
' LA

concurrent learning performance as opposed to the sample of behavior on

the final examination.

e 4
H

At the most detailed level of research, we are starting

to build descriptive models that would characterize the learning

- s o '“(’ :'

activities of the students. The aim of these models is to provide, first,
:. x:l .-.! ". R )

LU
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a detailed description of the students’ learnigg activ;ties_over the
. topics found in the coyrse. Hopefully, inqividudl parametggs ;an be
. - estimated within these quantitative models in qrdgF to provide empirically
4 based decisions concerning the need for additional remedial~or enrich-
_ment.instruction for the student. It is within Ehgs?_tgrmszthap we

are hoping to provide a major step forward in terms of individualizing

instruction within_ this physics course.

Developmental Plans. To implement the preject strategies

and to insure a meeting of our time table for ﬁiel@_testing, we
developed a phased set of ~ planms. As general characteristics of these
...p}ans were two organizational features, namely, the requirement for
role differentiation of faculty and projecttgtaff and the assigqment
of tasks to appropriate jevelopmental stages in order to provide for
sufficient review that allows for appropriate revisions whe;e_;pquired.
In considering a feasible, agd_pe;haps opt;gal, way to develop a
technologically based course ?;thin the stru;ture of an ongoing
University program, it was decided to develop first those parts‘of the
course which could be field tefted and evaluated as to their yalidity
and‘cog;;ibugjon.tg_tpg_gour§e objectives. Given this guiding criteria,
the following phases of dgvglopment took place.
Phase I consisted of the development_of_a gg:ailed topic

outline for the course of instruction. The involved physics professors

.. gave innumerable hours in describing the nature of their introductory

course for.non-science majors and the techniques by which they presented

. concepts such as demcnstrationms, films, etc. Tnis led to a tentative

- -
- PP TS

course content outline of a reasonable degree of specificity sufficient
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so that appropriate review and prohlem material could be written for

each of the t0p1cs. These review sections were offered on the CAI

system durlng the fall term of 1966. The material represented a

parsimonious statement of the essential conceptS'found within the

topic areas as well as an oooortnnity to work on problems and multiple-
chorce test items parallelnin content and form to those to’be found on
the oxamination. Inm nost ca;es, the students were;reqnired to identify
important definitions and relational statements, solve problems; and
apply their formed conceptions to teét items. Thus, the material

coulad be.characterized as an alalogous representation of homework
a531gnments and test content glven under -~ CAI presentation. This
activity has grown to be exceedingly pOpular at FSU. "We now process
nearly 300 students a term with this material. This phase was completed
by Christmas‘or’1966.

Phase II consisted of the detailad response analysis and

revisior of these review materials. This revision provided us with

-

cwE e we

some indication of how close we ware comlng to prov1dlng problem

material which effectively changed the students' behavior in terms

of subsequent presentations withln the program as wel1 as performance

. on concurrent class examinations. In addition, we v1deo recorded all

1]

;of the 1ecture_presentations_offered in the conventional classes.

-

- These were analyzed for content and for level of specificity. Then,

-

.- - -

a tentative statement of course behavicral objectives by concepts was
generated. The first analysis cf the assignment of media to concept
presentation was made at this stage. As an additional activity for

this phase, all of the film and demonstration materials for the
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conventional course were programmed from a problem-review point of

-

view. These were included in our review sessions offered to sfudents
from the conventional class in the winter and spring Term. '&hi;.phase
lasted approximately four.months.

In ‘Phase YIF, a final version of the course bghévioral
;Sﬁjectives was determined. Figure .l presents a typical‘example of
- ’tﬂe sheets utilizod by the project staff. These underwggt_many revisions
and a more specific level was developed ifor the detailea-bresentation
of material. The resulis from the video content ana1y31s were then
utilized in the final assignment of media presentations. The pr;mary
ac&ivity of the third phase'consisted of the construccion of the total
CAT course. -It is important for you to understand that the course 1is
giulti-meédia in nature-and only uses CAIL interactloﬁ where.deeﬁed

" t--

appropriate after sufficient analysis of the content <and behavioral

objectives. - " .. -

.Thus, the course copsisted of series of text material, film Toops,

audio preﬁentations, éonve;tien 1 fiim presentatiods, and extensive

CAl interation. Flgure 2 presents a course flow diagram for the topic
~of light and optics presented in Figure 1. As you can see, we attempted
to_puild lesson structures that would take approximately one hour in
deration. The course was completed in early September of 1967 for
studeng ptesentapion.-

——-————-—--——————-———————-—




Phase IV, being the first fyll-trial test, was completed in
December of 1367. Ve are presently'in'fhase V which is an analysis of
the field test outcomes £or the purpose of revising and extending the
materials in order to better accomplish our overall goal of individual-
izing and maximizing the learaing of freshman students in en .introductory
physics couise. The revised course will b> field tested 2gain in the
spring term of this acadertic year..

Accreditation and Student Selection Procedures. The granting

of accreditation to 2 totally new inStructional-approach is fraught
with many obstacles. Foremost, the university administrator wishes
assurance'ﬁﬁat'the.”ﬁéw course” will be equivalent: to.or better than
fhe existing course. Prior to the first field test, one must appeal -
to a host of tangential arguments knowing that empirical outcomes
might contfédict these claims. At FSU, the evidence from the develop-
mental physics CAI réview”activitiés?iﬁdiéated-a‘gain of ten to
twenty percent in conventional examination performance. This evidence
was most ﬁersuasive. Secondly, the conventiocnal course instructor,
Professor Steve Edwards, has beer an activé member of the project staff.
The positive support and recommendation of Dr. Edwards was undoubt&dly
the critical factor in gaining acceptance for the first field .trial.
Even though, the following restrictions became part of our operating
nolicy:
1. The course instructor will retain final editing control
of all the GAI physics materials.
2. If, in the judgment of the course instructor, this study
is proving to be disadvant geous to the students, he will

terminate the experiment at that point.
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3. A qualified physics proctor will be available during
all instructional sessions.

The CAI students consulted these physics proctors on
four occasions during the course. Thus, the need for off-line
physics proctors to help solve conceptual probiems seems unwarranted.
Undoubtedly, the extensive writing and editorial help of Professor
Edwards plus the content analysis of the video recording of the
copvehtional course insured that the conceptual coveraéetwas sufficient
and styled in an appropriate,.meaningful éé§. ‘

As a final factor in acceptance, the course grades for

the CAI course were to be derived from their performance on the

conventional course examinations. Since we wish to compare final

L performance among the three groups, this was a desired condition for

the field study. Presently, we are ana1y21ng w1th1n course performance

in order to find more_reliable indices that might rep1ace the ‘exam
requirement. | i

In regard to student acceptance, the administration re-
quested that all selected students voluntar11y e1ect to part1c1pate.

. Since the majority of freshmen- at FSU preregister in the summer for

the fall term, we selected a pool of 100 students enrolled in Physics 107

and not partrcipating in other freshman research projects such as

the Group Cluster Living Project. These students were contacted by
marl; ard 67% responded favorably, 6% unfavorably, and 277% failed to
respond. Thirty of the favorable respondents were randomly selected
and notified. Due to course changes and a misunderstandicg concerning

the one-credit physics laboratory course, seven of the students dropped
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from the sample. Since classes had met for two sessionms, we decided
not to replace these seven dropouts, although there were numerous

volunteers available. ¥e have no reason to belisve that our sample

of 23 students is biased or noncepiesentative of the students enrolled

S TRLE .
in Physics 107. The comparison groups were selected by matching sex

and aptitude entrance scores oa the Fiorida Twelfth Grade Examination
for each participant and randomly sampling from the pool of available

conventional course students.

Course Progress. After a brief introductory and explanatory

session on the first class day of the fall term, each self-scheduled

his progress through the couise. The mid-term exam was given after

Lesson 13 and the CAI revics. on.the 1440 CAI-typewriter system. The
review session was didentical to that offered to the partial CAI group.

Since there were two review sessions and: two examinations, the course

I

3

t ' “*  consisted of 33 sessions. Figure 3 presents the cumylative lesson
, progress curves for the fastest:and slowest student.
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Insert Figure 3 about here
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These curves are typical in that each student tended to cluste: his

. — —

instruction within certain weeks. Table 1 illustrates this cluste:ing

phenomenon in that 62% of the lessons wexre taken. .in multiple-lesson

sessions. There were marked drops in attendance during the mid-term

exam period and during certain big, extracurricuiar .events like key
football games. The students acknowledged, during their jntervieus,
that they utilized their control of the physics instructional schedule

to optimize their participation in other collegiate activities and
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academic requirements. The studen®~ considered this scheduling

flexipility to be one of the key benefits of the CAI course.

The mean data of completion was 10.9 weeks %n the eleven-
week term. When students are allowed to se1£-§chedu1e, the course
completion outcome tends to contradict the common claim that CAI courses
will dramatically reduce the length of academic terms. On the other

hand, the mean time to complete the 29 lesséns was 23.8 hours of

"instruction. This represents a 17% savings 4in instructional time.

considering the fixed durations of the films and audio presentations

-

b1US the opportunity for repetition of difficult material, this

time savings indicates a significant savings in jnstructional time.

It is worth noting that only 3% of the informational presentations

. were voluntarily repeated while apquximgtgly 457 of the CAI interactive

responses were repetitive attempts to seek a correct answer. Thus,
the prediction of an instructional time savings for CAI was sub-

stantiated in this figst field.evaluation.i

Course Procedures. In reviewing our operationql
procedures, we noted” that 95% of the §tudenps: questiqns-felated
to the location and operation of the non-computer, audio-visual
eqnipment. Without a doubi, the 16mm sound films proved to be the
biggest scheduling _and operational problem area. While equipment
failures were minimized by having extra equipment, the effectiveness

-"of operation could only be maintained by having knowledgeable

! technicians -available to set up the films. Moreover, the number of
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film failures indicates to.ue that perhaps video tapes may be a2 more
effective approach to solving equipment reliability problems.

Im regard to 8mm concept films, we discovered that our
introductory and explanatory materials were ambiguous at times.
Student comments and learning performance were both lower and more
_ variable for films in general. We are presently investigating tech-
niques to focus attendance in concept film V1ew1ng and 1ncrea31ng the
amount of 1nteract1ve questlonlng 1nterbpersed w1th the V1ew1ng.

While the operations of the course required constant

attention and service, they were successful in that no student sessions

had_to be cancelled. Improvements in computer terminzl equipment

undoubtedly will further resolve these logistic problems.

Performanoe_Results. Turning now to the leatning out-
comes,‘the final gradelassignments for the three groups indicate a
mar.:ad suoeriority for the autonomous CAI students-as illuscrated
in Table 2 Using the sum of tne m1d-term and final exam scores, a

- - -

correlated “t" test: 1nd1cated that the autonomous CAI group was

e

statlstlcally superlor whlle the difference between the partial CAIL
and conventional students”uas not signlf;eant. The h1gh proportion
of "A" grades in the autonomous CAI group tepresents one of the few
instances where the upper half of a score o;strlbutlon shifted under

¥
- v . »«-’-- -

CAI treatment. It is far more frequent for the lower half of the

-

s
. g

grade distribution to be truncated due to a CAI treatment. As other
analyses will support, we attribute this superior examination perfor-
mance to the impact of the CAI conceptual interactio sections found

within each of the lessons.
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The compéfison of performance on different categories
of lesson materials,‘with the prior baseline data collected during
the prepafation.of the course, provides some insight into the impact
“*of tﬂé:autonombus CAI lesson material. As indicated in Table 3, we
cateéoriied fhé CAIL lesson material into three types of instruction:
(1) aésessment of textbook reading, (2) assessment of film presenta-
ﬁions, and (3) conceptual assessment via problem presentationms. For
simplificééioﬁ'gurposes; we gfoubed +he lessons into the five main
T -concéét.dbmaiés;of scientific measurement, optics and light, force
:fand.eﬁéréf; eléctricity, and modern atomic physics. In the last column,
we included ihe-baseliné"pﬁiéics ﬁfbﬁlem results collected during
'jfhe &evelopmental pﬁésés of the project. As the baseline results
Endicate, thé‘convenfionai course performance is marked by a gradual
decrease in achievémeﬁt while the conceptual complexity is judged to
be increasiné: The'ﬁefformance on the film presentations also
indicates a gféduél decrement in mastery. On the other hand, the

performance on the teéxtbook assessment and the ccnceptual problem
‘exercises remains markedi&'bonstéﬁt. We interpret these stable

performance levels as indicating a clearer reflection of the performance

that resulted in the superior examination scores by:‘the autonomous

)

CAI éféup.”

-—..---——u—-—————-------——
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Using multiple regression techniques, we regressed the
category lesson scores for the first half of the course onto the
mid-term eéxamination score and scores from the second half of the
course onto the final examination score. These results are presented
in Table 4. The CAL conceptual problem 3gqxes_y}e;d significantly
higher multiple correlations with <he examination scores. We interpret
these higher associated relationships plus the gﬁable performance
levels for the CAI conceptual problems as indicative of the positive
impact of the compuier interactions on the_examination performance.
These performahcé results demenstrate for us th?t a CAL approach can

eventuate in superior conceptual mastery in physics.

» I’
J N i & 2 2duhade it

Insert Table\h about here

—————————— —‘--“.--f-——-—--.—
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Before this conclusion appears to be too sweeping, we
hasten to report that performance on some of the CAI lessons, as ior
ethﬁie'fhe‘tOPic of ‘electrical: inducation, was far from satisfactory
(the mean correct response.-proportion was close to .40). The per-
formance on the film materials indicates .to us a need for extensiwe
revisions in the couxse. But, if .viewed as a first field trial, the
‘learning performance results do support the cggception that a computer-
based multi-media course that attempts to indiyidualize instruction
can eventuate in superior concept mastery.

" Attitudinal Results. The attitudinal responses of the

students to the Brown Scale on Attitudes Toward Computer-Assisted

Instruction indicated a moderately positive reaction to the course.
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‘ Without reviewing specific items, the students indicated an awarenessS
of the comstrainted dialogue of the CAI materials, Fended to guess
a;’times, plus a desire for even more individualizgticﬁ. All of
the participants considered the CAL course to bg_greferable to their

corresponding conventional courses.

*

- The personal interviews did reveal two especially important

re N

feactions. First, all of the parficipants indicated a greater sense

x e

"of concept mastery in comparison to their peers. For example, the

participunts claimed to be hetter explainers of homework problems in

.
- .

comparison with dorm-mates who attended the conventional course.
The second reaction relates to the man-machine interface issue. All

of the participants indicated a preference for the automated type-

writer interaciion in comparison with the CRT-light pen interaction.

" While many factors may underlie this unanimcus reaction (the flexibility
" *"and meaningfulness of the Qypewriterfpresented review material, che
oppoftﬁnity to obtain-a personal problem-respons gpp;, etc.), this
‘finding should be investigated in.light of highe; costs associated

with CRT tersiinal equipm=mt. -

Manpower--Cost Factors. Cost effectiveness analysis in

© " educational technology is fraught with categorization and estimation
pfdbiéﬁs; Foremost for CAI projects, one must clearly differeuntiate,

if possible, between course developmental costs and the operational

costs of instruction. .Table 5 presents a simplistic breakdown of
our cost for the college physics project. Most category items are

self-explanatory. The most noticeable discrepancy is the modest

cost for actual course operation and the high costs for computer
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systems programs. To date, most CAIL project reports have omitted
the reporting of the high costs involved in implementing a manufac-
turer's computer system to the status. of acceptable operations.
While most of the ircurred costs for the FSU project may appear
substantial in nature, the CAI systems cost represents a one-time

jnvestment required to organize and manipulate.the ‘learning data so

- ““-that project “goals, especially those “of course revision, can be

accomplished.

Once the developmental costs are amortized, the operation of a CAI
autonomous course starts to compare favorably with that of conven-
tional courses.

The question of cost effectiveness requires our assessment
of the worth of the improved learning outcomes reported above. While
we are attempting to scale these utilizations, I leave you with the
problem of assigning value quantities to the unanticipated kigh
proportion of superior grades. Quality education has amorphous
characteristics that pose serious obstacles to definitive cost
analyses.

Summary. In considering the empirical outcomes from
this first field test, we are most encouraged by the substantial,
multiple-correlation'relationship between the CAL conceptual exercise
material and the examination scores that lead to the grade outcomes.

We are presently investigatirg a class of linear models that, hopefully,
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will provide us and each studént with realistic probability state-
ﬁents‘aﬁout course mastery. 1f the values beccme too low, we
thoubtediy will bréécribe additional practice on a‘concept.
6therwise, we plan to allow the student to self-define his level of
course proficiency. We suspect that the element of student self-

commitment may represent a more viable pathway to optimizing the

terminal outcomes for an individualized course of instruction.
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FIGURE 1
LESSON QUTLINE OF THE INTRODUC:I‘I(_)N TO
LIGHT AND OPTICS
Cbjective:
- Introduction to light and optical phenomena.
Concepts Previously Needed and Acquired:

Veciors and vector algebra--a vector is a quantity haviag both
magnitude and direction. Familiarity with vector addition.

Concepts To Be Acquired:

Light travels in straight lines.

Four ways in which light may be bent:

1. reflection--light reflected from a plane surface will have equal
angles of incidence and reflection;

2. refraction--light traveling through two transmitting media will
experience a change in the path according to
Snell's Law sin i/sinT =n_/n, ;

3. scattering--reflecting or refracting light so as to diffuse it in
many directions;
4. diffraction--modification that lighkt undergoes when passing the
. edge of an opaque body.
Properties of light and optical phenomena:
1. images--visual counterpart of an object formed by a mirror or
iens;
2. real images--light rays appear to converge at the image; image
may be detected on an opaque surface;
3. virtual image--no light rays actually pass through or originate
at the image;
4. inverted and perverted images--
perverted—-right and left sides of image
interchanged;
inverted--top and bottom of image are
interchanged.

Ability To Answer the Following Questions:

What is the relationship between the angle of incidence and the angle
of reflection for light reflected fr m a plane surface? (They are equal.)

What are the characteristics of the two basic types of images? (real
and virtual)

What are the describing characteristics of inverted and perverted

images ?
Describe four ways in which light can be "bent".
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TIGURE S
CUMULATIVE PROGRESS CURVES OF LESSON
COMPLETION DURING ELEVEN WEEKS

OF THE COURSE
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TABLE 1
DISTRIBUTION OF CbLIPLETED LESSONS BY

ATTENDANCE SESSION

Number of Completed Lessons Per Session

1 2 3 4 S 6 7

Frequency 251 114 40 10 3 1 1

Percentage of

Lessons .38 .34 .18 .06 .02 .01 .01
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TABLE 2
FREQUENCY DISTRIBUTION OF GRADES FOR THE

THREE INSTRUCTICNAL GROUPS

o - Grades
T — — — » Meah
Conditions , A B C D Grade
CAI Total 11 6 6 0 3.22
Partial CAI 6 7 10 0 2.83
Conventional 4 5 13 1 2.52

- mem—— e
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TABLE 3
MEAN CORRECT PROPORTIONS ON FIRST RESPONSES TO

DIFFERENT LESSON MATERIAL CATEGCRIES BY

LT

CONCEPTUAL TOPICS SR
Conception Base-
Concepts - ----- -..  Textbook Films Exercises line*
Scientific Measure .698 .611 .586 .591
Optics and Ligiit . 733 .675 .673 .578
Force-and Energy-.—. .. L706 .547 .666 - .483
Electricity .703 .476 .653 .391
Modern Physics .703 . 4186 . 605 .412

*PData collected on piior student groups.
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TABLE 4
MULTIPLE CORRELATIONS CF LESSON CATEGORIES

WITH EXA MINA TION OUTCOMES

Mid-Term Examination Final Examination‘ |

Textbook .605 .694

Films.,. ... . 587 .445

Conceptual Exercises .870 .901
119
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TABLE 5
COST EZSTIMATES OF DEVELOPMENTAL AND
OPERATIONAL ACTIVITIES EXPENSED

F BY THE FSU PHYSICS PROJECT

R ‘ . - Man-Years
Category . ..... ... ~ of Effort Cost
I. Physics Course Preparation
Physics Writers 2.0 $ 20,000
Physics Faculty Consulting 1.0 20,000
Films and Audio Preparation .5 4,000
CAI Coding __ 1.0 6,000
Behavioral Scientist 1.0 14,000
$ 64,000
II. Computer Systems Development
Data Management System 3.0 $ 30,000
Data Analysis Programs 2.0 16,000
Data Analysis Operations 1.0 6,000
$ 52,000
III. Administration and Services
Administrator .5 $ 7,500
Secretaries 2.0 10,000
$ 17,500
IV. CAI Course Operations
Proctors $ 2,500
Physics Tutors 1,200
Computer Operator and Technician 3,000
$ 6,700
TOTAL $ 139,200
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Definitions and Examples as Feedback in a
CAI Stimulus Centered Program
Bert Keats
The Florida State University

The requirement for correctional feedbzck to erroneous answers in order
to facilitate acquisition hés been well established in verbal learning and o
pedogogical éxperiments. .Unfortunately, the precise form and content for
these cor;gc;;o;éi méssaéeéwthat will maximize learning remaing a clouded issue.
For the claséro&m teacheé; restatirg the problem, giving analogous examples,

citing the solution rule in 2 verbal form, cr just giving the correct answer are

PSRN
commonly observed. Within the tradition of programmed instructional rgsearch,

‘the role of prompts or hints as coritectional messages has led to ambiguous

~

findings.

Progf;;;ed Instruction (PI) advocates of "Stimulus-Centeggd'Programming"
(Klaus, 1965) piﬁéé a strongei"éﬁphasis on correctional procedugésnfor erroneous
respoﬁses thén on';einfarcemént 6f correct responses. ‘More cur;ently, autho%iﬁg
within Computer Assisté&"fhstrﬁction (CAI) manifests wmany of the obvious élternates
to correctional appro;cheé;'

The preseni st&di considers the case for a specific agea-proofs in mathe-
matics. Correctional feedback alternatives in this content area are usually a
formal defirnition (symboiic statement of a rule), a‘yerbal definition (an English
language form of the formal definition), or a numericgl examplean'th; form;i
defi;i;i;n. The precise nature of the feedback tends to represegé the artfulness
and.séyie o% the c;urée author. |

The présent sfudy was designed to test the relative efficacy of the latter

two feedback modes, verbal definition and numerical example, In addition to

121




assessing the opposed conditions of definition cnd 2zample, we acvveloped a more
detailed CAI program that utilized bqth message ty-es according to the best
intuitions of an experienced mathematics instructor.' This combination treat-
men- represents jne conception of a coaventional classroom approach to mathe-
matiééninstructiun.

In compariﬁg the use of verbal Fules and excmples as aids in mathemztical
problem solsing, the present study is elated to frevious research concernctd with
"inductive vs. deductive learning', "discovery vsl expository learning", and
“"rule vs. example learning" (e.g., Belcgétro, 1961; Gagne’ & Brown, 1961; Guthrie,
1967: Frumboltz & Yabroff, 1965; Michael, 1949; Scandura, 1964; Sobel, 1954;
Woréﬁ@ﬂ;'1§67). However, tﬁis study differs froﬁatﬁéﬁ.quite markedly in that
the 'rules" and examples are used solely in CAI-feedgack as an aid in justifying
the steps in a mathematical proof and not as "the technique" for problem solving.

“Jensen (1966) invest@g§teq the effectiveness of CAI instructicnal units
invélviﬁg algebraic prcofs. ;Ss were asked to verify simple algebraic relation-
éﬁips'by providing the necessary steps and apply the appropriate axiom to justifly
each stepf' One group of Ss was presented wiéh the complefe set of axioms to be
used in the preccfs. They were then shown saﬁble proofsséeﬁonst:éffng uses of the
axioms and were then given the task of proving a collection of théorms using the
given set of axioms.. For the other group, égen;ét of axioms was partitionad
!into several subsets. For each subset, §amp1e proofé were given to illustrate
the application of.the axioms in the subset and Ss were required to prove
theoreméiusing axioms from the subset before proceding to the next subset. Mezn
differences for the two groups with respect to program performance scores, post-
test scores, and prugram times were not sigpificant. Large differences between

i

pretest and posttest scores for all Ss indicated that CAL instruction was quite
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effective in tecching some basic jdeas in deductive r=asoning. No correctioncl
feedback was used in the Jensen study and S5s wewe reguired to construct the

steps in the proofs. In the-present study, 55 were only required to select the -

arpropriate rule wiich justified cach step 1o the proof

-+ Easley, Gelder,. and olden (LQGQ) using the PMATO sys*em at the University

- -

of Illinois, developed. an icgenious- tveorem previug program mnere the student

x.. . - .
I SR

could structurehis owh preafs DY a_slying = rule wrie i would aﬂter Ihe oL Z

x _,\"_.

step, changing ‘it to ca equivalent foza. To our knC'LLOFP, 1o hypothnses have

-

been tested using this prezram.

‘i ~

In summary, this stndy was inrended to znswer tne £011ow1ng questlonS'

(2) Should verbal dei;nlttou or num:rical examp;es be uscd'
ac che form of CAIL “correctional feedback.as applied:to;
. ... steps in mathcratical nroofs?

(b) Should a CAI instructiona1 enit involving matnematlcal
proofs be structurad in much the seme way as the classroem
vnit is developed?

Y
.
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Method

Sub jects

Forty-five student volunteers were selected from the ninth grade of two
Tallahassee, Florida, junior high schools. There were 18 boys and 27 girls,
14 to 15 years of age. These students had just completed the year-long Algebra
Y course, and were familiar with the real number system and the concept of a
mathematical field for real numbers, including the terminology used in describing
the field properties (commutativity, associativity, etc.)\a No student was
familiar with the complex number concept.

Materials and Procedure

Each S was first administered the Reasoning sub-scale of tke SRA Primary
Mental. Abilities Tests--grades 9-12; ‘Next, each S was given a mimeographed
list-‘ cont;.ai.tlxing 24 brief descriptions ﬂ;)f mathematical rules with an abbreviation
for each rule. The Ss were told that they lwould use these rules in responding
to questions in their CAI programmed unit. The Ss were familiar with most of
the rules and each of these was briefly reviewed by the author of the programmed
unit using a blackboard to illustrate the rule when necessary. It was explained
to the Ss that the unfamiliar rules in the list would be made clear to them
early in their CAI programmed unit. These unfamiliar rules involved the set
of complex numbers and were subsequently ijntroduced in the programmed unit.

Using the blackboard, Ss were instructed in the use of the IBM 1050
Terminal (a typewriter-like device) so that they could "sign on' the IBM 1440
System and make responses when directed to do so. Each S was then taken to a
terminal and given assistance in "signing on" and re-instructed in the response
procedures. The CAI programmed unit was presented to Ss at the terminals. In

some cases, due to the length of the unit, it was necessary for Ss to complete
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computer
compufér

S

computer

S

computer

S

computer

GroupiII - numericaire;émﬁie. The programﬁEd unit was exactly the same

as for Group I except that correctional feedback was in the form of a numerical

example.

da

Correct.

(at(cte),bH(a+£)) = ((atc)e, (bH)+E) ©

da o |

No. Numbers are added two at a time. This rule tells us that it °
makes no difference which two are added first. Try again.

ca

- -
- o= - -
h

-.- No. Numbers are added two at a time. This rule tells us that it
makes no difference which two are added first. Try again.

aa - - ’ : = .- .

Correct.

4

- -

Using the same two steps as in the éxamﬁlé“for Group I, a typical student«

mschine interaction for a S in Group II would be as follows: D AP A

compuéef | (a,l-a)---.i-d(c-l-e,d-&)-"-"= (5i(c3é),b+(d+f§)f

S am o N
computer  No. Why does (6,8) + (3,4) = (9,12) ? Try again.

S aa . )
computex No. ﬁh& does (6,8) + (3,4) = (9;i§3 ? Try again. - -

S 1 o -
cumputer No. Why does (6,8) + (5,4) = (9,12) ? Try again.

S da -
computey Correct. S SRR
computer  (at(cte),bH(d+£)) = ((atc)te, (bHI)+E)

| S de ‘ ' AR R
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computer 12+(13414) = (12413)+14 is an example of what happened. Try again.

S ca

computer 12+(13+14) = (12413)+l4 is an example of what happened. Try again{
S aa L . } “

computer Correct.

; GfOupﬂizii}?Héfgiiéazérogfaﬁfwith coabinétian feedback. These Ss received
a lengthy introduction to ccmplex numbers which included formal definitions of a
complex ggmber and equality for corplex numbers. Both of these defimitions were
accompanied by ﬁuéétioﬁé'éﬁd éﬁéii numerical problems. There was a detailed
review of the ficld properties for real numbers and a rationale for the necessity
of complex numbers as well a2s a preview of what was to be doﬂe in the progran.
The $% ‘wére askéi;io'reépéég &Gite'éften En this intruductory section (é? times).
Following incorrect réséénées in the introduction, the problem was explained,
and the answer was given to S. Before each proof was presented, a few short
problems and questiohs ;fégépﬁed to lééd-é:to discov;r the objective of the
following prooi. When' the definitions of addition and multiplication-of complex
numbers were introduced, practice exe;éjséé were used ;5 allow S to'become quite
familiar with these operations. There were four exercises in addition and eleven
exercises in mmltiplfcation. Again, following incorrect responses, the problem
was explained ard the answer was provideé for S. The task of supplying rules
to justify steps in the 11 proofs was éhe same for Ss in this group. However,
feedback varied in form between the verbal definition and the numerical exéﬁple.
The form chosea for a.?artiéulzr step was the oﬁe expected to be more effective;
Verbal definitions accounted for the feedback on 36 of the steps and numerical
examples were used as correctional feedback on 28 steps. For a given step in a
proof, the feedback was identical to;feeaback on fhe s;me ;tep~for either Group I

or Group II.
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the unit at a later date. This was done within t;ﬁtto five days of the first
visit. After completing the CAI prograﬁed unit, each S was given a test con-
sisting of 10 True-False and 10 Multiple Choice guestions about the information
presented in the CAI p:og;_:;gxgned x_xfxi:t; Host.‘of the True-False questions tece
transfer items with a f?VlI¢9§11 iteéé;“ Fight of the ten Multiple Choice items
were taken directly from a step in éne of the proofs from the CAIL piogrammed
unit. The other two were a transfer and a recall item. This test had an
internal-consistency reliability of .38. |

CAI Programmed Unit

The unit consisted of a series of 11 matﬁematicél procfs. These procofs
establish that the set. of complex numbers und;; thé ;perations of addition and
multiplication is a mathematical field. Ag each step in a proof was presented,
S had to respond by keying in the abbreviation from his 1i$f which fépresented
the rule justifying that step. Since there were 24‘ru1e; from which to select,
the completel¥ naive S had a probability of slightly greater than .04 of keying
in the correct rule on his first trial. Following an‘incorrect response, S was
given correctional feedback and asked to try sgain; if he failed again, he was
given the same feedback and asked to try again. This process was repeated until
the correct response was entered. With the exception of a few steps where more
than one rule was an acceptable response, the naive S who kept account of his.
erroneous responses increased his probability cf success by approximately .04
after each incorrect response. It was hoped, of course, that the correctional
feedback would reduce the domain of possible correct responses so that no § -
would be playing a guessing game. The 11 complex number proofs contained 64
steps; three of the proofs had only threé steps and one proof had nine steps.

Since a complex number was defined as an ordered pair of real numbers, the rules
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used tc justify the steps in the proofs were largely concerned with the field

properties of real numbers and with algebraic opcrations on real nGmbers.

-
B

Design- *.... .

The Ss were randomly assigned to one -of three CAI instrictional treatment
groups (15 Ss per graup). The three groups differéd in method of iatroductory
iustruct_on and in the type of feedbzck following an incorfect response.

Group.I =-Verbal definition. The introductory material included formal
definitions for: (a) 2 complex number, ¢(b) equality 6f complex numbers, (c)
addition of complex nuzbers, and (d) multiplication of complex numbers. A single _.°
example illustrated each definition. :'There was also a brief review of the field
properties for real numbevs. . After the introduction, which took approximately
nine minutes. of computer time, the 11 proofs were presentad consecutively.”  No
review or preliminary information wds giveh between proofs. There were no pro-
visions. fox the S§ t6 respoac in the -inttoductory Section. Ss responded only to
steps imi‘the proofs. . S

An ‘example of two consetutive steps from one of the proofs with several
inccvrect ‘responses on the part of S follows:
computer - = (a,b) + (cte,d¥f) = (at(cte),b+{(d+f))

S ¢ -:ca

computer” ‘' No. We €ombined two complex numbers into one complex numter. What
rule allows thix?

SRS B ML b feih B . LT, o

S dc

-
= -
e . - LN S v -

- T . - I Y -

computer No. We combined two complex nuubers into one complex number. What
Yule aliows this? R T '

S dm -

computer No. We ¢émbined two complex nurbers into one complex number. What
rule allows this?

gy . - T

[ ]
N
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Results

Performance Differences-Programmed Unit

A repeated measures analysis of variance using errors per step per student
as the dependent variable indicated a highly significant group-by-proof inter-
action (Table 1). Figure 1 shows that most of this interaction can be attrib-
uted to the performa:ce of the verbal definition (Group 1), and the combination,
(Group III). Group differznces are not easily discernable in cases invelving
such lfrge interactions. Therefore, Group III was removed, and another

repeated measures analysis of variance (Table 2) indicated a significant group

difference between Groups I and II as well as significant interaction.

TABLE 1
ANALYSIS OF VARIANCE-1
Source df MS | F
Sroup (1) 2 64.33 2.91
Praof (J) 10 27.30 9.57 ¥ |
Subject within Group (K(I)) 42 22.06
IJ 20 7.71 2.80 *
JK(I) 420 2.84
* p {.05
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TABLE 2
ANALYSIS OF VARIANCZ-II _
e . S
Source d< M5 F
Group (1) 1 123.13 4.60 *
Procf (J) 10 19.10 6.37 *
Subject within Group (K(I)) 28 26.79
1J 10 11.02 3.67 *
JK(I) 280 3.01
* p (.05
N

A sign test for to*al number of successes on thz first trial for each of

the 64 steps in the proofs indicated that Group I was significantly better than
Group II (p {.001). Many of the first pass successes for Group I came in the
last two-thirds of the program. In fact, Group I was greater than or equal vo
Group II in number of first trial successes on 32 of the last 38 steps. On
each of the last six proofs, Group I correctly i’lentified approximately 107

more of the rules on the first trial than did Group II. (Figure 2).

Insert Fig. 2

Average times to complete the program were nearly identical for Groups I

and II (Table 3). Group IXI averaged one hour longer at the terminals bgcause

of the more voluminous nature of their program,
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Pre and Posttesqg

- —

Méﬁn SCEreﬁ for the Lhree grcupsh;n the pretest (Primery i‘eatal Abilities
Reasoning Scale) %ere quite‘similar (Table 3). No significant differences were
found on mean posi:_t:_e§_t_ scores for the three groups. There were significant (p( .01)
negative correlations betwe;n cotal errors on the programmed unit and posttest

scores for botﬁ.Group ITI (-.655) 2nd for all the groups combined (-.429).

Discussion

H

*
!

With respe&t +0 CAI presentations of mathematical proofs, it appears that
providing CQIIeCtional.fggdbackwin the form of a verbal definition is of more
benefit to the learner than‘us1ng a numerical example. The resu_t is compatable
with a finding by Wittrock {1963) which relaced that giving a ruie was more
effecéive than not givi‘g a rule. This result is also in accord with the belief
of Ausubel (1963)-who states:

Providing guidance to the learner in the form of verbal explanation of
the undérlying principles almost invariably facilitates learning and retention
and sometimes transfer as well. Self-discovery methods and the furnishing of
completgly;gxplcht rules, on the other hand, are relatively less effective.

(p.56)

éigﬁre 1 indicates that most oi ?he interaction between Groups I and II
occurrad early in the program- at proofs three and four. This interaction can
be expléined by an unfamiliarity with che rules- Ss were in a confused state and
were applying rules for the fifst Eimé.f As Ss progressed through the last half
of the proofs, and rules wera reapplied, differences were more pronounced. Given
that the learner is in an er%onedus state, providing c;rrectional messages in
the form of a verbal definition égems to facilitate certain associational

mechanisms so that probabilities for success on later trials involving reap-

plication of the same xule or application of a similar,rule are greater. A
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glance at Fiéure 2 will support this point as a rather constant probability of
success is observed over the last six proofs.

The performance of the group receiving a treatment designed to approximate
the classroom approach (Group III) was somewhat below expect#tiégs. TheAionéer
and more detailed treatment of mathematicéi froéfs within the CAI f;amew;ré may
be unwarranted. :

Scores on the posttest'weré quite low for all three groups (Table 3). The
CAI programmed unit was much more diflicult than ma.y other CAI programs avail-
able for the same age group. The large number of errors made by all Ss was an
indication that the unit was also more difficult than other mathematical learning

materials to which the Ss had teen previously exposed. The small number of items

and the extreme difficulty of the test contributed to its low reliability.

The very poor performance of Group II on proofs six and niue (Figure 1)

-9

might be explained by the nature of the steps involved. Proof six was the first
proof concerned with multiplication concepts. These concepts were not used in
the first five proofs. Apparently, the Group II Ss had muck more difficulty in
adjusting to the transition from the addition proofs to the multiplication proofs.
; Proof nine was the first proof involving steps where both sides of an equation
were operated upon (e.g. muitiplication and subtraction of terms on both sides

of the equation). It is suspected that the numerical examples were not very
effective in illustrating operations performed to both sides of an equation.

The results of a recent study by Scandura (1967) suggest that CAI branching

decisions consider more specific forms of response analysis and contingent feedback
rather than more general measures such as number of errors, average latency, etc.
Scandura advocates a need for determining appropriate feedback in a more efficient

manner than what has been done previously. The present study represents an attempt
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to identify appropriate feedback in a szecified ares-mathematical proofs.

" “The effezts of feedback by verb'al‘ definition sszem to vary with the on-
plexity of the lé:airuing materials. Tho resuits of this study indicate that whc.
the learner is i'ri""zai"erro-neﬁus state, providing correctionzl messages ia the form
of verbal definitions increzses his probability of being removed from that state

more thzn the usc of muia ‘ical’ examples. Furthermore, verbal definitional fecd-

back enhances the prcbchility of inmediate success on later trisls involving

re-application of the same zule ox applicaticn of a similar rulea

-y
(1

—a
x4
(]

‘ 13¢




REFERENCES

Ausubel, D. 2. Learm.no by discovery:rationale and mistique. Bulletin of the National
Association of Secondary School Princinals, 1961,45,1G-5C.

Belcastro, 2. P. Programmed learnlu;-rnlutzve effectiveness of four techniques of
programming ihe addition and siubtraction axioms of algebra. (Doctoral dissertation,
University of Pittsburg) Ann Arbor,'nich.: University Microfilms, 1961. No.62-3384.

gasley, J. A., Gelder, H. M., & Goldc“ 7. #i. A PLATO program for instruction and data
collection in mathemz.ical problem solving, CSL Report R-185, University of Illinois.

Gagne, R. M. & DBrovn, L. Y. Some factors in the programming of conceptual learning.
Journal of Zxperimental Psycholony, 1961,62,313-321. AT DL

Guthrie, J. T. Zxpository instruction vs. & discovery method. Journal of £ducational |
Psxchologz, 1967,58,45-49.

Jensen, R. S. The development and testing of a computer assisted i instructional unit
de51~n6d to teach déductive réasoninz. Unpublished decioral dissertation, florida
State Unxverglty,rIJGU.

Klaus, D. J. An analysis of programming tc chniques. In R. G1 ser (Zd.), Teaching

machines and vrogrammed learning,II. Washington: National Zducational Associdtion,

1965, Pn 118 161.

Krumboltz, J. D. and Yabrof;, W. W. The comparative effects of inductive and
deductive sequences in programming. Educaticnal Research Journal, 1965,2,223-235.

Michael, R. Z. The relative effectiveness of teaching certain topics in ninth grade
algebra by two. mcthods. Math Teacher, 1949,42,83-87.

.-._ e

1
-

Scandura, J. M. An analySLS of expository and discovery modes of Droblem solv1ng
instruction. Journal of Experimental Zducation, 1964,33,149-159.

Scandura;"j.'ﬁ. Learning verbal and symbolic statements oi mathematical rules.

Journal of gducational Psychology, 1967,55,356-364.

Sobel, M. A. A _comparison of two methods of teaching grade nine algebra. (Doctoral

dissertation, -Columbia University) Ann Arbor, Mich.: ‘University Microfilms; 1954.
No.A54-2407.

Wittrock, M.C. Vertal stimuli in concept formation:learning by discovery, Journal
of Educational Psych.logy, 1963,54,183-190. . .

Worthén, B. R. A comparison of discévery and expository sequsncing in elementary
mathematics instruction. Research in Mathematics Education, National Council of
Teachers of Mathematics,1967,44-59. :

137




The Development of an Academic Year Institute in

Computer-Assisted Instruction

Ilenry T. Lippert
Institute of Human Learnlng
Department of Educational Research
Florida State University

T . o —

Background I o . e e

In progress—at the Florida State ¥niversity in Tallahassee, Florida, is a
year~long institute for the education of graduate students in Computer-Assisted
Instruction (CAI). This program is funded through Title VI, Part B, Faculty

Devalopment Programs, of the H1gher Educatlon Act of 1965. The overall objective

" - o = o

of the institute is to prov1de an opportun1ty for present ard prospective faculty

— @
-

to develop an 1n-dep&1understand1ng of all aspects of CAI. The institute began
September 15, 1967, and wilX-end-June 15, 1968:..
As anyone who hids tried_to recruitifaculty in the area of CAI can testify,

there has been and is, still a cr1t1cal shortage of adequately trained faculty in

‘cl"

this area. It &as (and still is)“the contention of the directors of this program

that the short-course or workshop approach to learning about CAI is inadequate and

-~

insufficient The promise o;fered by the use of modern digital computing eqﬁip-

— - - :
- - - _-N

ment in education is Jeopardlzed by attempting a short-course approach to training

personnel 1n thp area of CAI.

-— .

Program Objectives

Ve afé tﬁérefore attempting to develop this in-depth understanding through

-

MY v e

a series of theoretical courses offered for graduate credit, individual projects,
hands-on experience with computer systems, and close personal interaction between

the students and the CAI faculty. The program has been guided by a series of six

L

-
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overall objectives. They are:

1.

To acquaint the participants with the field of Computer-Assisted
Instruction.  This includes a survey of existing electronic equip-
ment, computer languages that operate various CAI systeas, and
various applications of CAI at the collegiate level.

To provide the participants with an understanding of the educa-
tional and ‘learning theories that form the basis for the use of
CAI. This includes coverage of learning theories, test theory,
optimization models,;gpd dynamic programming; and in addition,
the interrelationships of learners' aptitude and characteri;tics
and the étructuring of ¢collegiate course content in order to best
reveal how CAI can individualize instruction.

To devalon 2

P 2 high degree of proficiency on the part of the partic-
ipants in the utilization of the FSU Computer-Assisted Instruction
systems. This includes an operational understanding of the hard-

ware systems, how they are run, how to ‘program each, and how to

obtain sophisticated data analyses.
To develop knowledge about the newer techniques of data analysis

such as sequential analysis, test of goodness-of-fit for instruc-

i

tional models, and dynamic decision making.

To learn how to administer a CAI installation so that the partici-

pant will understand the operational factors of cost, time schedulingi

course development, and personnel.

To author a CAI course segweni on one 6f the FSU systems and to

evaluate its efficiency. o

- B O v P
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CAl Center Facilities

At the Florida State University, the graduate college contains several

institutes which are prﬁmarily reseaarch oriented agencies within FSU wherein

faculty members are provided withi space and appointments which allow for a
maximum of research and a minimum of teaching responsibilities.

History
The Computer-Assisted Instruction Center is a part of the Institute of

i -

Human Learning at Fiorida State.

> “: 1"\

Computer-Assisted Instruction at the Florida State University started with

e

the installatiou of a single IEM 1050 typewriter terminal in September, 1964.
This terminal was connected by a long-distanc° dial telephone connection to an
IBM 7019 computer at the Thomas J Watson Research Center in Yorktown Heights,_

New York.

After a yea: of operation on this remcte basis, an IBM 1440 computer with

five terminals was'installed in the Computer-Assisted Instruction Center. Several

LI et

instructional units were developed including the topics of Test Statistics,

Chemical Concepts, Hodular Arithmetic, Scientific Notation, Prevocational Literacy

Training, Concepts of Social Welfare, and Physics.
By September,'i96o,'the operation of the Center was expanded and additional
full-time faculty, Drs. Duncan N. Hansen and Walter Dick, and additional staff was

added. A major effort was marshalled toward the development of a college level

A

course in Physics. Additional course materials were developed in the areas of
Sequential‘Testing; Applied Statistics, Computer Languages, 2nd anvther major

project in Junior High Science was init‘ ated.

A4

The faculty and staff were again expanded for the 1967-63 school year when
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Drs. Henry T. Lippert and Richard Lee joined the imnstitute, and an additional
computer system was installed. This new system, an IBM 1500 Instructional System,
provided eight terminais and the expanded capabilities for display, timing con-
trols and response recording over the 1440 typewriter system. By the winter
quarter of the 1967-68 school year. this system was éxpahded to 30 instructional
terminals. During this school year, Physics 107 was taught for credit on the
1300 system. Both systems were used by students to review and study physics in
preparation for their examinations.

Space and Personael

The Computer-Assisted Instruction Center is currently located in converted
space in the basement of thé men's gymnasium. The Center contains approximately
4,100 gross square feet. There are 4 full-time faculty members,'S full-time
professibnal staff,"12 sémiprofessional staff, 3 secretaries, 6 research assis-
“ants, 3 student assistants, and ‘19 graduate trainee fellows--a total of 52
perscns’ in the Center. In addition; there are two completé computer systems
witich include a total of 36 instructional terminals. Threé.ifeaéﬂbf space are
defined for general use, two audio-visual rooms and a duplicating and étof#gé'
area. Motion picture projectors, tape recorders, diélggééesé telepﬁ;Aégltgﬁd ’
laboratory work ‘spice are also in use. Supporting equiéﬁent for the céﬁpdéers

includes key punches and-a card sorter.

Selection and Prior Background of Trainees

-

Subsequent to the announcement of the scheduled institute, approximately"
190 inquiries were received. In response, some 109 applications and further

information were sent to the inquirers who appeared to be most promising. The

Center received 87 applications and of these, 53 wera judged to be well qualified
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for the pregram. The Center ofiered admission to 20 of these students and all 20
eccipted and ep;ollgd:‘ A total of 3¢ dependents were included, a ratio of 2
dependeg;;hpgg_gyainee. e
All of the participants had bachelor degrees and 14 held master's degrees
at the:bgginning of the institute. The remaining six will complete the academic
work necessary for a master’s degz o by the end_of the summer quarter, 1968. Five
of the partigipapts wiil be coapletirg the Pn.D. degree by the end of the summer
quarter, i963..

Course Work

During the threaz quarters of the institute, the participants will accumulate

45 quacter hours of gradvate course work. gEight courses are required for the

trainees and are as follows:

ENR ?3;; JEQHNIQUES QF ?gOQBAQM;D INSTRUCTION; An historical review of the
development of prog;g;mcd instguction §nd important research relevant to instruc-
tioral variables is covered in this_cqurset_ Programming techniques, styles, and
nathods of ;ourge development are cqvgred within the cours~. Special emphasis is

given to author techniques.

ENR 544, ORTSINS OfF INDIVIDUAL DIFFERENCES IMPORTANT IN EDUCATION; A survey

of biological, psychological, and social origins of individual differences as
they 2pply to instructionsl problems is given. The applicatipn of irdividual

differencas c¢specially pcrtineat to aptitude differences are viewed in terms of.

educational and instructional strategies. . E

ENR 565,‘§UH§N FACTORS IN TRAINING AND INSTRUCTIONAL SYSTEMS; A survey of

the systems analysis approach to applied training and instruction systems with

emphasis on the inter-relatioaship among human factors, technological résources,

. ®
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and performance goals.

ENR 535, COIfPUTEN:-ASSTISTED TIISTRUCTION; A suzvey of all existing CAI systems -

Zs provided and an intcasive introductioa te the FSU 1440 and 1500 CAI systems is
provided.as part of this course. The studeats will l2arn the operational concepts

of the systems and will write pr ogrammed materiais for the instructional teiminals. |

EFR 532, QOMEUTFR? ARALYSIS OF FWOUCATIONAL DATA; A survey of important devel- |

ProRE

opi2nts in vesearch yelevant to education which depends on computer data processing.
Instruction in the use of wultivariate procedures, anzlysis of variance, and {

regression analysis is provided znd extensive exposure tc the PSU Conitrol Data

6200 computer systea is ircluded in this. course worls - - T
ENR 367, COMIUXLT. STITZATICY 41D INFORMATION PRGCESSES OF LEARNING AND .
IFSIRUCTION; Information p - :ssing modals of azsscciative structures and complex j

symbolic behavior arz concidered ag protoiypes of future educational models, !
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‘nulation techenigves are dev reloped.

U SRR SP0CESERE; A suzvey of recent théory and research

»
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ZuR 356, HIUFRR MOLTh).

reiating to perceptual acd cofoitive yrocessas is covered. These behavioral pro-
cesses are in tvra velated to the hesi structuring of educational materiél at all
lavels of instrugtione

ENR 566, QUINTITACIVY MoDEiS CF_ INSTRUCTICN; A survey of stochastic' pro-
cesses and dynamic proframing ave preseuted as instrectional models. Optimization
techniques arc devalepoc. Applicaticns of multi~strge veal-time decision’ processes
withina Computer-Assicted Ia.t:a::_Oh ore inrastigated.

Tn additjon to *hir course vwork, frequent groun seminars have focused on

applicational probicar that are -zost appropriate to developing ccmpetencies of an

author and manager of a CAI system. ‘These semimars are run on a case~study basis

-
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and reflect the individual interests of the participants.

Individual Project

During the first quarter, each trainee defined an area of interest to him-
self, one in which he wished to develop sone materials for presentation by CAI.
From these individual projects emerged two major integrated efforts. Each trainee

will.contribute a portion of one of the.total projects.

:The first of these projects is the development of a programmed instruction

course to teach the author languagc COURSEWRITER II, used on the 1500 system. A

complete Gagné task analysis of the structure of this language was made by one of
the trainees. This enabled each trainee interested in this project to choose a
portion of the total task and to see how his part relates to the whole project.
The trainee who is working on this project is also teaching the portion of the
course in CAI.that deals with his chosen topic.

The second project deals with the systems approach to education. This
course is a multi-level introduction that will allow at the first level a one
hour, overall; broad introduction to the systems approach. At the second level
the student will be given a detailed presentation of each of the basic concepts
requiring 2bout one hour of learning for each concept. The concepts being con-
sidered are (a) specification of content, and task analysis; (b) behavioral
objectives; (c) sequencing of objectives; (d) assignment of madia to objectives;
(e) criterion measures and (f) revision procedures. The third level will deal
with specific curriculum or administrative areas such as (a) student registration,
(b) adult education, (c) in-service education, (d) math education, and similar
topics. The student in this course will be able to study systems concepts in depth,

across curriculum and administrative areas or will be able to study within these
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areas across the systems concepts.

Two examples of individual projects warrant somé coﬁment and illustrate the
kinds of projects on which the students 5re working.

The first is investigatizg a linear inﬁtructional approach to teaching the
subject of curriculum organization. The three organizations are the traditional
ones: subject matter, core and activity. The topics have been sequenced on a
logical ordering of the concepts for one group. - :The second group will be taught

in a traditional classroom manner. The other group will allow the student tc

4

select topics of his choice according to his desire. All the groups will be

given information as to how well they performed on a pre-test, This program is

being run this week and next on the 1500 system. T
T T 5 [ . - . .
The second individual project will automate the routine aspects of academic
. iy : .

counseling. The fifst taskzsé'thisxp;éﬁéégxééé to identify the types of informa-
tion exchanged begween éhe ;iudéné and his advisor; the second is to determine
what parts ;c:;ixid be programé& and the third.is to evaluate the.effectiveness of
the programiﬁy actually using it to counsel students. The resultg_ﬁill.be judged
as to its adequacy by a panel of faculty members. This_g;pgram willzbe run on the

1440 systen.

Future Plans

P R

The trainees are each working on degreec programs and will, in neafly all

IR

cases, continue through a doctoral program. These pfogfams are in Educational
Research, Higher Education, Educational Administration,'énd'in Psychology.

Application has been made for an Institute to be held during the 1963-69

school year. Word has been received that this Institute will be funded.




THE EFFECTS OF VERBAL REINFCRCEMENT ON

COMPUTER-ASSISTED LEARNING®

N Kenneth Majer

The Florida State University

: * :The notion of verbal reinforcement (RF) has been in evidence in

" psychological Titerdture for years, and now with the advent of Programmed

: éIrilstruction {PI) arid Computer-Assisted Instruction (CAI), the implicatioxfs_or_

- th1s theoretical concept have fa. -reaching practical significance. The g_nerally

posmve results of the effects of R¥ in verbal learning have led programming

: authors to the foregone conclusmn that RF in programmmg would have a
favorable influence on learning. The results to date, however, are not as
conclusive as one would expect. The ma]ontyof current investigations either
conclude or assume that feedback_ after responses does not seem to be a

significant variable in learning (Moore and Smith, 1961; McDonald and Allen,

1962; Hough and Revsin, 1962), although there is some evidence to show that

performanoe in PI is enhanced with feedback and RF (Krumboltz and Weisman,

1962; Krumboltz and Kiesler, 1964; Grace and Cantor, -1964).

Hol]and (1964) suggested that this inconsistency may be due to the

fact that mvestlgators have not looked carefully at qLestlons cencerning the

- .." M
- : -~ o ne o e

) 1P;lper presented‘ at the Ahnual Meeting of the-American Educational
Research Association, Chicago, February, 1968.
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nature of the RF. Gilbert (1962), for example, has suggested that a student
should receive feedback that is particularly reinforcing to him. My investi-
gation sa;ght to examine the effects of five separate feedback conditions in a
CAI learning sequence 'tif-{lizing the programming capabilities of the IBM 1440
instructional system to store idiosyncratic verbal feedback (i.e., specific
words) for each of the 75 subjé:cts involved. The unique capability of the

CAI system to vary specific segménts of course presentation without altering
the instructional sequence of the program allowed the five feedback conditions
to be tested with identical learning materials. The program, therefore,
allowed the émdents to receive va;i:yi'ng degrees of pleasing, personalized
feedback following correct responSé.sf.s'To keep from confounding the results
with interactive effects of‘particixtl‘af types of feedback following incorrect
responses, all fiﬁ groups received identical information after each incorrect
response given to a question. This information was in the form of 2 hint, the
correct answer, or a rule--depending on the-location of the question in the

program--and was usually preceded by the word "Incorrect. *

Method

Subjects. For this studyv, 75 students, 37 boys and 38 girls, were
selected from among volunteers in grades nine through twelve from several
Tallahassee junior and senior high schools. All students had compleied a

year-long Algebra I course, and were familiar with the real number systen.

and the concept of a mathematical field for real numbers, including the
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ter;xiinology of field properties (commutativity, associativity, etc.). No
su;der;t had studied’ complex numbers in school.

o ‘ivlaterials". *'The first task for each student was to determine his
indivi&ual preferences for pleasing words. To do this, each student ranked
the f;ve most'pleas'ihg' and the five least pleasing words from a list of 19
positively éffeeiive words. In addition, each student was given the option to
insert three words of his own if none of the words on the list were particularly
‘pkleasing to him.

" Each Student then took the Mental Reasoning po?_tion of the SRA
anary Mental Abilities Tests, Grades 9-12 (PMA). ﬁs portion includes
the Letter Series’ (IS), ‘Word Grouping (WG), and mmber Senes (NS) tests.
Then all students received a unit on complex mmbers wlnch was presented
via the CAI system The unit consisted of a ﬁeld propertles review, deﬁmtlons

e

of complex number terminology and a sectlon of 11 proofs in wlnch knowledge

of field propertles and new definitions,.was requu-ed to juStlfy the steps in each
proof. i

After completing the programmed unit, each subject was given a test
of 10 true-false and 10 multiple—choice items. Most of the true-false items
were transfer guestions witl; a few recall items. Eight of the 10 multiple-
choice items were taken directly from instructional frames. The other two

test items were a transfer and a recall item. The reliability of this.posttest

was .38. (it should be noted here that the uniformly poor pérfarmance on the

posttest which contributed to its low re‘l'iabilitj"was due in part not eply to the
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small number of items but to the fact that the complex numbers materials are
considerably more difficult than most of the CAI learning materials we have
available. It was felt that differences in RF effects would show up mon; Y
clearly if the criterion performance for the sul?jects was r;ot -.mif;rmly high.)
Procedure. The students were randomly assigned into five groups
of 15 each. Each group was to complete the program described ab<'>ve.‘ During
the proof section of the unit, the student had to determine and ;anfer the correct
reason for each =tep in a proof before the next step was presente.d to hiin; The
student had a list of 24 properties of real and complex rumbers from which he
selected the correct reason for a.particular step in a proof. Therefb‘ret, it was
possible for a stud:nt to. make 23 errors before selecting the correct reason
for a given step in a proof,.and more if he entered a wrong reason more than
oncé. Following an incorrect response, the student was given i hmt and told
to try again until the correct response was entered. The program was
pfeéented at IBM 1050 terminals (a typewriter-like device; thr‘ou.gh the IBM
i440 system.
Design. The five groups differed only in the type of feedback the};
received after a correct response.
Group I - Common Reinforcement {CRF). Nineteen reinforcing
words or pairs of words were taken from existing programs written by authors

at the FSU-CAI Center. These 19 words were randomly programmed to follow

correct answers. This condition served as a control group in the sense that
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the occurrence and nature of these words are representative of those found
in a typical CAI lesson.

_Group I - High Remforcement (HRF). For each of these students
counter space was made available in the computer core area to store the
three words which he chose from the list to be most pleasing. In this way,
these 1dlosyncrat1c responses were available for personalized posmve
feedback.to correct reSponses in the program The three reSponses .were
programmed to be randomly distributed among correct responses in the
materials.

Group III - Low Remforcement (LRF). For each member of this
group, 1dmsyncrat1c feedback fo‘lowed correct responses m the same way as
descnbed above for HRF sub]ects The only dlfference is that these students
recelved words which they had rated least pleasmg from the 19-word list.

Group IV - Knowledge of Results (KOR) This group of students
recejye(i: ng:_r_einforcing feedback followmg correct answers. In place of R¥,
they received blank counter displays. At the beginning of the program, they
were mstructeu that they would know when they were correct because they

would receive either the next question or an mstructlonal statement 1f they
answered mcorrectly, as in the other groups, they would know because they
would be given the correct answer or a hmt to help them fmd the correct
. gnswer.

Group V State Remforcement (SRF). ThlS group recelved

fendback only after every fifth question. At this juncture, they were told
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hov; many of the last five questions they answered correctly on the first try.
1f they answered four or all five correctly, they received the following
statement: "You answéred 4 (or 5) of the last five questions correctly on
. the first try. Keep up the good work.™ If they answered zero or only one,
| -two or three of the five questions correctly, they received this statement:
"You a-nswered 0 (or 1, or 2, or 3) of the last five questions correctly on the

first try." Those not reaching the criterion of four or five correct did not

receive the accompanying RF staterent.

Analysis and Results

Four separate analysig_qf vanance (ANOYV) designs were applied to
" the results of the different RF gonditioﬁs. The fwr d;p.endent valiables
examined were posttest scores. (PT), totzl learning tlme (T), total errors
made in the proof section of the program (E), and eri'oi's per step per proof.
" Ability, as measured by total PMA scores from the pretest, was used as a
second factor in the first three designs; and-errors due to pro§f§ was the
second treatment effect in the fourth AﬁOV design. ‘Each.‘;iésign tested the
null hypothesis of no difference in variance due to the two treatmehl:. or
interaction effects.

ANOVI Reference to Table 1 shows that RF ;:onditions‘prod'uced
no significant differences among posttest scores. The fiveva'mean. posttest

scores for CRF, HRF, LRF, KOR and SRF were 11.8, 11-.8, 11.0, 11.6

- -and 10.7, respectively. Variance due to ability was significant (F = 7.35,
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P ¢ -01). Mean high ability score = 12.4; mean low ability score = 10.4.
Ix;t;;-actions \ve;'e not significént at 'the- .05 level.

ANlOVII ‘RF treatmeﬁt diffi;rences in time on the computer were
found to~ be s;igniﬁcant (F = 3.23, p< . 025). ‘A’ Newman-Keuls sequential
m;xée test wﬁs applied to the grbup means; Gfdup 4, KCR, took significantly
longer to complete the‘ prbgrém than any of the other groups (p < . 05).

'i'he mean time (in minutes) for the CRF, HRF, LRF, KOR and SRF were
275.1, 253.6, 262.9, 316.0 and 269.4. None of the other RF groups were
significantly different from each other with respeé:f?té time. Ability
differences were also significant (p { .025) _wi:th.high ability taking less time
than low. The mean time for high ability subje-cts was 261.7 minutes, and

for low ability 289.5 minutes. Interactions were not found to be significant.

ANOV II .RF conditions produced no significant differences among

-total errors in the proof section of the program. The mean errors were

147.6, 134.0, 166.6, 149.1, and 188.9. Signiﬁcgnt' variance was accounted
for by ability level (F =8.39, p< .01). The mean time for high ability =
129.0,. and for low ability = 185.5. Interactions were not significant.

ANOV IV Errors per step per proof were analyzed to see if an
increasing or decreasing treid in error rate might have developed due to RF.
There were no significant differences on this variable in any of the feedback
conditions. The mean errors per step per proof were 2.17, 2.01, 2.44,

2.53 and 2.91. Variance due to different proofs was significant (F = 14. 52,

p < .001). The mean errors per step on the 11 proofs were 3.67, 2.20,
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1.58, 2.57, 1.53, 1.53, 2.35, 2.04, 3.14, 3.48, and 2.43, indicating that

)
3

tliér@_iﬁeré some proofs which were more difficult for the students. However,
o ) L " : .1

_tli_eré ‘were no significant interactions between proofs and groups.

.....

o -t
-

‘.: T "In aédition to the é.nalj;Sés_ of variance, intercorrelation matrices
of the following variablés; ‘\.were&;:orxnpubed for each RF group and for the
combined test population: “Scores on the PMA LS, PMA WG, PMA NS, total
PMA scores_,_posttes_t-score-s (PT), T, and E.

These mte;cc;rrelaﬁons were computed for each group (N = 15)
- and the _éoﬁ:bimtion of all of the groups together (N = 75). For each treatment
gfoup (N = 15), correlations of .50 and . 62 are significant at the . 05 anrd .01
levels, respectively. For the total group (N = 75), correlations of .23 and

.29 are significant at the same levels of confidence. Table 2 shows the degree

to which these combinations of variables intercorrelate.

Discussion

Although time does not permit a full discussion of the implications
the author has attached to the findings in this study, it is hoped that those
interested in such a discussion will request a copy of the full report by mail.
In the time remaining, however, I should like to discuss what have been
adjudged as-some of the more pertinent results.

Analysis of Variance. The results of ANOV II (see Table 1) show

that there is a significant difference in the amount of time it took thc different

reinforcement groups to complete the program. The Newman-Keuls sequential
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ra.nge test' ehowed: that the KCR group took significantly more time to
complete thé program than the other groups. Recalling that blank counters
were displayed to KCR subjects following correct responses, rather than
RF feedback as inall other groups,it should be noted here that the amount
of time required“ by the 1440 system to search and display counters is the
sa‘m:e‘ for those with words as for those without. Hence, the difference in
time performance of the KCR group cannot be attributed to any typeout/display
time dlfferential. It can be concluded, therefore, that this difference in time
.to coinplete the program for the KCR group was due:to the peculiar nature of
that group feedback condition. And, .in fact, KOR was the _only group which
did not receive Some kind of reinforcement after a correct response. This
. 'euggests that although the reinforcement conditions did not produce
significantly better learnlng, as meastred by the posttest and error r_ate
variables, the subjects in the four RF- condltlons were more efficient m-terms
of t1me requlred to complete the procram. Th1s fmdmg lends support to the

otlon that Guthne (1940} puts forth concernmg reward His mterpretatlon of
. :reward 1s that 1t protects agamst unlearmng rather than strengthening prior
behavmr This complex number program called for repeated use of mathe-
matical definitions and field properties in orderx to complete the proof sections
therein. Students who were not remforced seemed more mclmed to forget the

apppopnate use of ‘mown deflmtlons and held propertles tha,n the students who

... were rewarded As a result they appeared to go througha longer search
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time f<-)r- the in-formation they had previously acquiied ‘¢ach time they needed
that ilﬁorr;xati:c;n. Consequently, tfxéir perforfnéxi‘ce fime is slowed; although
their acﬁal comprehension does not seem to be i"lzﬁpaired. o

Correlations. Table 2 shows that in the HRF group, LS, WG, and

PMA negatively correlai:e significantly (p <.05) with time for completion of
the program. This negati;e ébrrelation bétween ability and time suggests

that the students who had high ability scores did in fact perfot'ii more

efficiently in terms of time to criterion. Since this is the' énly group in which

this ¢rend is found, it impliés that the HRF condition tended to “spur the

students on" even though this increase in speed did not seem t6'inflience

learning significantly. This ‘further validates the iw&ifhesis that ii”ei"fi'}i'mance,

i.e., time to complete the CAI unit, can be enhanced by RF but thi€Tearning,

measured by posttest scores and errors committed in the program, is rot
affected.

The HRF group. is- also the only individua%z gr_oup ‘which showed a
significant negative relationship between WG and = ra}gliw:e}l_as between PMA
and E (p € .05). This relationship can be accountgd if_pr \y'i_th the hypothesis
that performance of high ability, verbally-oriented students is more readily
manipulated by verbal reinforcement than is the performance of those lgss
verbally-oriéented. . |

Time to complete the program and total errors were s_igl;i_ficantly

correlated in the HRF -and SRF groups (.68, p-< .0l.and .56, p < .05).

Because a question appears only after a correct answer to the previous

e i e e e
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problem and, hence, looping continues only as long as the errors are made,

it mlght be concluded that it simply takes longer to finish the program if one

is making errors. However, this correlation between. Eand T did:n_o_t appear

m the' combined group eorrelations nor any of the other. grgup conditions.
Therefore, significantipoSitive correlations between T.and E for the I{RF and
SRf groups may imply something about the nature of the behavior process which
takes place ir'a high reinforceimient situation for subjects who are not
ﬁ%éfé’sdiné well. Students who are unsure about how accurate their response
is going to be may take significantly longer time to make an attempt at being
correct in ordey to increase their probability of being reinforced. This would
seem iogical since the feedback in-the other three groups (K_QR, LRF, and CRY)
was not designed ‘to be as reinforcing as the feedback in the HRF or SRF

.. M
LT By

conditions.

Conclusion

te L%y
PR |

The resul?s of this study pomt te the significant influence of RF

over simple KOR in CAI learning. The fmdmgs demonstrate “that the use of

- - 7
“-l ’

Lteiig e

remforcmg statements following correct answers is a 51gmf1cant factor in

2 S

LN EE

reducmg the t1me students spend on the computer to learn a glven set"of;“': :

b

materials. This reduction in time, however, does not seem to ‘bé a detriment

;to learning. Smce computer scheduhnp; and costs are a sxgmhcant consideration

S NI B4 i .y

in an ongomg CAI operatlon, more research in thlS area is ]ustxfted to

substantiate th1s hkely relatlonshlp of RF to learmng time W1th othe’r learning

n';-',.

materials and types of programs.

A RIt
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(Mean Diffcrences Between Groups, Ability and Proofs)

ANCV1I

Dependent Variable: Posttest Scores (Raw)
Group | CRF HRF LRF | XOR SRF F ratio
Mean | 11.85 | 11.85 | 11.0 1157 l10.71] <1

Ebility High PMA = Low PMA ‘ " F ratio !
jean 12.4 10.4 7.35° p <.01

TABLE 1
ANALYSIS OF VARIANCE RESULTS '
ANGV II I

’ Dependent Variable: Time to complete program (minutes)
" Group CRF HRFﬂ | I_zRF KOR SRF F ratio
Niean 276.1 § 253.6° 1 262.9 | 316.0* | 269.41 3.23 p <.025

i h{bility High PMA | Low PMA l F ratio
: ean 261.7 289.4 5.36 p< .025
t ANOV III o
Dependent Variablg: Total errors in proof section of complex numbers program

. Eroup CRFE HRF,. | LRF | SRF | F ratio l
f ean ! 147.6 i "i34.0 | 166.6 149 ; 188.97 <'1 * |

Ebility . _High PMA . l Low PMA F ratio

fean _ 129 0 186 o 8.39 p<.01

‘ ANOV IV
’ i)epenﬂent Variable: Errors per step per proof

E«roup CRF - | HRF | LRF | KGR 3-SRFi F ratio
Mean | 2.7 | 201 | 244 |25 |28 .<3

A W A W WP

ean | 22 '15812571153 152 235 204 3.14 i 3.48 243'1452 p<.001

E{roof 1."2'3 | 4 |5 j6°|7 ls ‘9 10 111 ! F ratio
3.57

*A Newman-Keuls sequential range test showed that KOR differed significantly
(p< .05) from the other groups which did not differ from each other. -
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TABLE 2

INTERCCRRELATION MATRICES

Group I - Common Reinforcement (CRF)
N =15

LS WG NS PMA PT T E

Ls li.o} .11{ .26] .70**|-. 07| .47]-.L6
WG 1.0 | .17] .63**] .01]-.10 -. 47
NS 1.0 | .70*=| .391-.02|-.49. |
PMA 1.0 .16] .18]-_50%
PT 11.0 | .24)-.66%*
T . 1.0 |-,19
p— —
E 1.0

Group I - Low Reinforcement (LR™) . . |

N=15_. _

IS WG NS PMA PT T E
Ls I1.o] .57] .23| .74*+| .03| .06; .24
WG 1.0 - | .41} .88*] _12] .05| .25
NS 1.0 | .70%%| 31| .09{-.08
~WMA ' 1.0 20| .08} .18
T 1.0 | .14]-.72+4
T 1.0 {~.03
E _ _ 11.0

Group V - State Reinforcement (SRF)
N=15

IS WG NS PMA PT T E

s [L.0] .08 .54%] .75**] .28] .15|-.22
WG 1.0 | .09 | ,69%¢| .32|-.29]—13
NS .0 61| ,00) .14]-.22
PMA 1,0 " .35]-.051 -.26
PT : 1,0 |-.45!-.30
T 1.0 | -.56*
E 1.0
Note: *p <.05 *x* p <, 01.

Group II - High Reinforcement (HR¥)
N=15

IS WG Ns PMA PT T E

s ILol .12] .41] .71%+] .00}-:.50 | -.27
WG 1.0 1-.21] .66%% .49]-.54% -.61
NS "~ 11.0 | .49 |-.07| .06} -.08
PMA - 1.0 _30] .57* -.56%
PT _ 1.0 |-.08 | -.63%*
T 1.0 | .68%*
E i 1.0

Group IV - Knowledge of Resu‘lts (KOR)
N=15 -

IS WG NSs- :PMA- PT T E

s [r.o] .29] .57*| .93**| .36} .10]-.37
WG 1.0 | 17 :52% | .26]-.49]-.08
NS T1.0 | .75%%| -.06]-.11]-.51*
PMA : 1.0 .29]-.10]-.44
PT 1.0 | .09]|-.40
T 1.0 |-.08
E | B 1.0
Total-Groups
N=175

LS WG NS PMA PT T E
Ls IL.o] .19] .37+x| _78*x] .16 | .07 -
we | 11.0] .05 | .66%%| .26%|-.20] -.2
NS 1.0 .61%%] .10 | .02| -.
PMA 1.0 .26%| - 06] -.:
PT 1.0 | .02| -.
T 1.0 | -.
E 1.

LS: Primary Mental Abilities Letter Series; WG: PMA Word Grouping; NS: PMA Number
eries; PMA: Primary Mental Abilities Total; PT: Posttest Score; T: Time to complete Complex
Numbers Unit; E: Total Errors committed in program.
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COMPUTER AUGMENTED PLACEMENT SERVICE

William L. Maloy
James R. Swanson

Flprida State University

- The Prob]:an. 'Ihc; modern college placement office is charged with

a thteefold responsibility: provision of services to its registramts,

and information services to the parent 1nstitution.

semces to employers,

The ability to d1scharge these responsibilities is becoming 1ncreasingly

difficult, even in relatively small institutions. The burgeonmg nud:et of

employers seeking talent, and the heightened awareness of the -services

aveilable to an ever growing number of graduates, are seriously taxing

budget and petsonnel resources. - .
" - - - * . 59

At the same time, there is a continumg national anphasis on. the

conservation and development of human resources. This draws attention to

job selection which places increaééci emphasis on employer- -

a dimension of
conducive to productivity and

employee matching to provide work enviromments

success. Further, this emphasis suggests the long-term involvement of

placement ofﬁcials jn career development.

.- i istrants and employers grows,

As the numbet of regi the placement

: nffice_t is required to devote more tme to routine administrative matters
" and counseling with students is moved further into the background. When
loses contact with registrants, his ability to

the placement gffit_:g:j
Similarly, administrative

provide follow-up services is seriously decreased.

and clerical burdens limit time available for consultation with potential

bout their active involvesent with the placement office.

employers to bring a
The most desirablgvsituation is one in

of both empléyer sand registramt, are

which the qualificatious,

aspirations and specific needs,
ailable to interested parties without a time-consuming manual
19
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file search. Furthermore, there must be efforts made to match a registrant
to positions on the basis of criteria which would be indicative of his
success in the positions. These aré most reasonable tasks for electronic

data p;:oééssing .

Rationale for the Study. It is somewhat: surprising to note the

limited utilization of automated techniques by university placement offices.
This is.l;-?a;:ticu'larly true when one notes how well the activities of any
placement organizatioa lend themselves to machine accounting routines. The’
literature in this area, as we have seen, is scantf. Still, it spells
out explicitly and 'impiicitly the potential of such undertakings. Yet,
only a handful of placemert offices have embarked upon various kinds of
machine accounting, and even fewer have give;x any thought to computer
invoivement. Of the latter, Arizona State, Illinois, aad Wisconsin, joined
;xow by Florida State University and North Carolina State University, seem
to have generated the most inclusive thrust.

| Perhaps this condition is related to limited financzs, time and
the talent which must be diverted to accomplish such a task. Too, the
long range availability of technically skilled people and the organizational
preciseness required tends to slow the progress of even the most ambitious
plac'ement executive and his administrative hierarchy. More likely, it is
a combination of these factors, coupled with a group of worthy options -which
lessen determination to accomplish this task. Endless controversy on -
centralization versus decentralization of placement services retards devel-

opment and expansion efforts. In addition, it tends to undermine imaginative

organization and procedural patterns which, though initially expensive, hold
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proﬁise for systematic interaction between employers and employees. De-
liberation on fee versus no fee and departmental or divisional user financing
versus central administration financing keep optimal fiscal support waiting
in the wings. Long range commitments versus a "one-shot" job contact
influence the personnel and economic. posture of ghg.g}qpqunt Office. Of
course; the latter approach makes it impossible to develop service potential
as a dita bank and information retrieval center for curricular analysis and
human factors research.

Furthermore, there is an overriding uncertaiaty -as.to whether
universities, faced with a’vatieéty of institutionél?¢omﬁitmen§§§3ﬁd_nu:arOus

forces competing for finanéial support, should even be in the placement busi-

‘péss. Some argue the functions could best be performed by state employment

services and/or private agencies. Surely, this honest difference in philosophy
has tended to underminé dramatic action on the part of placement officers who
might otherwise have committed funds to prove the uses of these more sophisti-
cgﬁed tools. Perhaps they might even have blazed some trails of career
planning énd of human resource engineering.

While it is true that public and private agencies have made a most
promising start in the use of modern technology for placement functions, there
is some indication that vast numbérs of professionals will shy away from these

activities because they are fee-charging and because they have some of the

~ same_historical stigma that surrounds commercial employment agencies. In

addition, héretofdre mentioned philosophical and practical objections plague

the United States Employment Service, and it appears that they are of

7suf%icient‘magnitude to make it unlikely that this agency will advance in
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: . I
computerize¢l placement services for professional school graduates in the

fo;e§eeab1e future.i Fﬁrthefﬁof;; tﬂese groups can‘give little thought to
information needs and to potential data'banﬁ‘résehrch at the institutional
level.
Thus, it seems to the 1nvé;t1gators—that professional organizations
such as CPC, ASCUS, and NEA w111 do much to advance the state of the art and
the developmgnt of systems compat1b111ty. The employment service will fill
the void, in a ;paditional ;é;se,.in ;ﬁosé instantes where univerisities
neglect or. abandon thgir piacemenéthncfion; Yet, there remain imaginative
new roads for_placgment offiées ﬁhich are adequately financed and philosophically
.committed to the eéploration andvéé;élobment of such programs.

The Matching Conc;pt. The concept of the matching program is direct

LR

in approach”agq‘pr?gtlcal in deslgn. Ba31ca11y, it is a rapid file search to
locate individué}s-;; pééitidﬁs, ﬁaéed'on quantifiable parameters which relate
to a success environmenf.“ G

The mat;ﬁing procesé is a siﬁplification'ofithe mental processes used
in manual matchiné of persons fo positions in placement activities. When a
manual search is initiated,-placement pérsdﬁnél keep in mind certain gross
. boundar;gs whicﬁ s;rve to eliminate or to include persons or positions
depending upon yhich is éought. The présent system establishes these boundaries
on the basis of information suppliéd,‘hhd it systematically eliminates or

includes f11e records.

‘The purpose of utilizlng machlne processing for this task is to let

- the machine do the "paper-shuffliﬁg" (which it can' do rapidly and efficiently),

thus releasing staff personnel to do essential career counseling and administrative
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work. - The 1load of paperwork ghicybaspends the funstioning of a placement
center is tremendous; by placing ;hg o;gpni;ation and the fili;g of certain
positions on.established machine procedures, it becomes mostly a clerical
operation vhich may be handled by less-skilled personnel.

Philosophical Efamgwork. The system developed for this pilot study

may be ‘thought of as "inclusive! in that it makes a concerted effort to get a

maximuqngghe;.p;“potential employees and employers into contact with each

other. While. it does. accept or reject registrants on certification factors,

-. :-.geographic ltmiggggons,-teaqhing level categories and citizenship requirements,

fiezio—e it is felt.tha;:the§g,fagt9;s are essentially set by overridirg professional

considerations, system acceptance of several personal choices, previous

.-" . training. and state or local, regulations. Varieties of other items are

- - = -
= m—— .

2 .= included for priority ranking purposes and are intended to help interested
2337 -~ _parties. proceed through a systematic screening process. Thus, we have hoped
to obtain maximum contact, within discrete limitations introduced into the

‘21: ... "_job.description and/or the employee's desires. For example, we assume the

(10 - 12) biclogy teacher“inraﬂs?ecific community. Our responsibility becomes
.one of finding as many persons appropriately trained for this_level and willing

;- om0 to. accept the geographic area on a.first, second, or third choice basis, English

i
|
|
t : . integrity of an employment official's request for a senior high school
i

teachers (even those who might be willing to give biology a whirl) and jumior
high general science persons will, indeed, be excluded.
When computer "matches" have been obtained on these minimal

.*>1Z. - : requirements, other important ingredients (special curricular teaching,

extra-curricular responsibilities, cultural enviromment, and the like) become
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the prerogative of employment officials and the potential employee for

consideration and negotfation. - - gt
The system is presently limiteddtozprofeggional education employment

opportunities. This was dome.to facilitate thgsdeveIOpment.and controliof )

matching'#afiiblesf"the availability -of .a large pilotngroup and.a&;idefoariefy -?i?;w;‘

of reported employment opportunities,:_At_the same time, the study was done

with an eye towardfeasily prepared auxiliary programs for all placement ;

oftice registrants.

A word Should be safd ‘sbout the fiscal philOSOphy which undcrlines

6

the study. In the best “sensé . it is not: 1ntended to be a self-supporting,

m\}

j°b‘seekiﬁ§‘1haéhiné 'servicé. Persons.could readily be charged for entry into " Y

‘u _.1

the system. Indeed,.finding:éur stuc nts.jobs with suitable employers through

orderly amﬁ.aophisticated procedures is an;imn;diate, legitimate goal of the

system. Nevertheless, this, alome, -is below the expectation of the investigatora

-3 i e ~-

and the potential of the"€dols involved. To us, the large university placement o

2~

office of the futuré will-bééome a repository for data on the 1nst1tution s

graduates for location and”ib&lowrup-studie§,_regga£ch”1n employment patterns,

< DGl

"'-’--- -y
FSETRL e

and evalnatigh. In this 1ight;: -it becomes a unique component of research

ey . ey

activities'attacking the elusive. variables of career choice, career planning,

o . .- _x .- "u

and the&optimal utilization of huhan resources. . Allowing this possibility,

one becomes less enamored with a fee-for-the-service approach to financing.

Quite to the contrary, one begins to explore means of bringing all of our

J

—-; .- --.

graduates into the syStem afid T=inta’ning contact with them over a period of

- e .
tJ -t r“- y,

i years so that they are a readily available. source of information for continned

analysis and evaliation. D . T

It cannot be emplasized too strongly.that the machine proceos is intended
TS Ooda .- SRR

to augnent rather tha repl‘““’e’tablished“Pllcem%?E procedures. The human =
T R I I AL P

g €. S
. s

relations aspect of placement is tremendously important. Proper career

‘
-
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counseling involves a face-to-face relationship whic‘x cannot be assumed by _

- ’--4‘

)

machines, no matter how sophisticated.the prograpming. .; Nothing about t t_he

system described hexe is intended.ta be "final"; rather,. the _output from the

e

program: should be considered only ag.‘.;;sugge_s_tions.":_‘whie_h._the computer _makesi ca

- @0

the basis:iof. availgble .-~ and admittedly incomplete -- information.

The, Job - Seek ~ Person.Procedure. This procedure is followed whenever

a job has been listed, and an individual is sought who can reasonably be ex-

L
- -

pected to fill the position. The agency. listing tl’e position with the place zent

e

)

vecancy listing form....This.-data may ge_ qp_erationally__divided into two ca_t_egories:

tee

match-paxsmeters:and information. paraneters._ ]

-
- =3 L e -
- - . < -

- - aw . vevs o\l e

;nfpmatiqnmparaneters are.items of information which are supplied to

"’!iuc.. - -

-

potential candidates for. their own .use in Judging the position which is reported

. senivatu o,

~ - .

e '?IJ j;_

to.them, ;These.do not establigh boundaries for the machine, but they may cause
the candidate- to reject the position, or. to place it in a low category. How-

ever, -they may. also have ,the oppos:.te effect -~ to place 1t 1n a higher

- -
P

priority.,. In. any_event, they do not ente- the machine match but smply appec.r

-:v.ﬂ-. - -
.2

as items .on the hard GOPY., received by the candidate. Exanples of items which

e
- - ~A

may appear :as only. infpmatiqq are "Rural School " "BSCS,‘ Classes," "Tean Teachw:‘;,

= d

.- - - .. ! —iie

etc.

3 - - - T omw = -
- oo I, : LISET e s e s T .l finemre . :.,,. .
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. .Match parmters are chosen brqadly to conform to areas within the

R RN

- - N k]
,_... - PP .- “w wd -l ¥,

concept of. "success envtromnent" and to establish those boundaries around the

S (Rt !. -.’-! . AT -o) ‘ -"

position which would eixclude persons not qualified for, or not desiring positions

- -—..n

st .
o i A L S e i ':‘1

which are thus described. The definition of a success environment (in vhich

Do .
‘1.'--\' ...... Cesele (1.: : es aus

employer: and enployee are_.h_appy with each other) must include these parameters.

R T o e

-'--'---a'

Other . parameters, .not. directl}! related tq the success environment, are alao

i gy ‘.f...,.:z- NE, TR G TE,
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used in establishing';hese boundaries. The employer may specify a requirement
for a master's degree, which would eliminate all who did not hold this degree,
no matter how well qualified otherwise. The employergnmw'specify,that the
applicant be female, for example, in teaching positions in physical education,
vhich would, of course, eliminate all male candidates. -

While salary is a parameter closely associated with- the success
environment, it was decidgd that this_should remain- as an information item

on this program. Studies undertaken by the Placement Office indicate that

salary is relatively low in the priority of,rggsongﬂfor_accepting certain

positions. In addition, in education at least, sala;y“is.inglicit in the 5

- = %

stated geographic location preference.
The reagqning here also takes intq,acqgunq the.fact that.every system

has a sm_n'ew.l_xat different salary scale. The i_ncrement_s, or steps .along this

s;ale,“ygpy qopgiderpbly in agmount as well as in thqﬁge;hqqs of attainment.

It was cqpsiggyed that although salary could.easily;ygﬁpsgg.ggyagbpundary

factor, the range of preparation of teachers, as yelﬁ;asg;thqylgﬁplicity of
salary schedules, would prohibit a meaningful gvaLgatioq;pf where an individual
would fit on any given scale. Therefore, it was'd@qidedztha;ighgkminimum

salary for the position would be reported and that thg_ind;vggqglareceiving

the notification would decide whether or not to pursue the pposition further.
The operation of the program is straightforward. _The;pgsition is

brqught into the machine's memory, and the person.filg is scgnnequor an

jndividual who is (or will be) qualified in the area required. When such an

individual is located, the geographic location preference of the individual

is checked against the position location.
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" program continués ‘tothe sécond and third. If no match is found, the record

‘wishés. He may'indicite 6nly one véty specific preference, or he may wish to

" “'show three very' general’ preferences.. In the former case, he would never be

' “entered into the systei. In ‘the Latter case, for example, if the candidate

- &

" notified of a position from any county or state unless the exact location were |

s L
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‘The’ geographic.location is a coded parameter .which consists of (1) a
broad geographic region; (2) a state; .and (3) .a region within that state. The
'éfdé‘é is désigned to provide several degrees of generality of inclusiveness. 1f

a i:he' ""s'i:?a't'é"éod'e refers to Florida, the region code indicates a county or one of
nine arbitrarily assigned regions of Fioxrida. Other state codes contain a
“région code ‘only {f one-of ‘the .standard metropolitan areas, designated by the
Bin?éau of'the"'Cetisué, is specified. . (The two metropolitan -areas of Florida are
fiot included iy

" Thé individual ‘may seléct three geographic. location preferences, in

' descending order ‘of:pridrity.: The: program compares first the broad region
to the candidate's first preference. If there is a match, the program continues

" to the state preferenceé.” Tf ther& is a match, the program next compares the

c"dunty or metropolitanarea. If ‘a match occurs, the program seeks the next

-

tatch paraméter. “If no match occurs on the candidate's first preference, the |

1s discarded and ‘the -riext record in the proper certification area is sought.

" The tandidate may-bé as specific in stating his preference as he

' specified (generally) ‘the southeastern V. S.As,. he would be notified of all

“appropriate positiéns (up ‘to an arbitrary maximum) within the geographic area.

" The €final matich-parameter.is:position type--that is, elementary, inter-

mediate, junior high, etc. ‘The code.:fér:this parameter is inclusive and
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allows a great deal of genetality. - For examp}e,‘;hg_candiq§te may specify
"elementary" in which case he would be notified of app;oprian,positions in
grades 1 - 6; or he may specify grades 4 - 6, which. would g}iq;nate all
primary positions for which.the candidate may bghgtheﬁwigﬁéqualified.
1f a successful match is obtained qgugllfmagghhparamgters, the
machine prepares an output record cor“aining alllinﬁprmation items which
are utilized in preparing notifications to the persoms.

A simple computational.procedure allows:program evalugtion of the
candidate's geographkic preference and positioun~type prefeggp§?§. é
comparison of priorities on the thnree geographic locations and the two
position-type preferences produces a l-digit pgdgﬁyhigh:}slgsgq=;o assign a
value to a particular successful match. -A£terga1L.oqug§.records are prepared
for a candidate, the priority-values thus produced are used %p_degsfmining the
maximum number of notifications-to be sent.. For example, iffa.maximum of 10
notifications is to be allowed;:;the 10 records carrying ;he highest priority

values will be sent, while any remaining opesrwilljbe discarded.

The Person - Seek - Job Procedure.?hIhisfpgqcedurg is the obverse of

BRI
.2t

the Job-Seek-Person Procedure. The same matching parameters are used to

. esitablish boundaries for inclusion. Here, the person's record is entered into

———

memory, and the file of available positions is scanne@ for appropriate
positions. The geographic location and type-ofrppgigiqp_preferences are
evaluated in the way described above, and.an output rgsprd is written.

The two match procedures are not .separate programs, but are integral
parts - of one program. In addition to a pericdic run-by of all active candi-
dates, provision is made for precessing individual entries to the system.
Individual candidate or position information is punched into cards, which are

tken read on the card-reader for processing.
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The Outpu£ Progiém.' In view of the serious output-bound status of

the IBM 1430, it was decided that match program outpu* would be recorded on

-
-

disk for later preparation.
... This approach allows much information to be recorded'i;%a coded form,
with table look-up procedures to supply the appropriate literal output.

The. output from the Job-Seek-Person Procedure is in théifo;i of a
1list which can either be forwarded intact to the employing age;cy; or.edited
and revised by the Placement Office staff prior to forwarding. The list
would contain biographical information on each candidate, certification and
experience data, and'spééial-preparhtion of interests which might be of value
to the employing agency.

-". Output from the Person-Seek-Job Procedure would take the form of a
- notification to the person, stating pertinent information about the job and
giving .the name and address of the contact person at the employing agency.

... The match program contains provisions for an arbitrary maximum of
notifications. This provision elimitiates ‘further notification fo either
persone or employing agencies unlessufeeéﬁackffé‘téceived on action taken on

R

prévious notifications.

FiléfHaiﬁtenancé."Although file maintenance procedures are beyond

the: scope of this pilot project, certain provisions have been included for
ease in:later programming. Each candidate record.éontains 10 pesitions, or
"sultches;" which can be used for various identifiers., In addition, provision

is made to record the number of times each record is matched for notification.

.o
>

- Whénever a record is matched for notification, the current date is
- - -3
entered in the record. If no feedback is received and recorded via the

maintenance program for two months, the record is inactivated and will not
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be available to the match program. Deletion cutoff dates have not been

-

established, but the niainten_ance program will provide for deletion of a

[3
.

record after an ertended period of inactivity. Two types of inactivity are
recognized' "updated inactiVity" in which t’1e candidate has notified the
Placement Office that he is not seeking a position but wishes to remain
resident on the files and ''regular 1na¢t1v1tj" in vhich the candidates
supplies no information. The latter will be routinely deleted.

The file maintenance program will provide for_the addition of

candidates and positions to the respective file on a batch processing basis.

cead

Progran capabilities will provide for updating of active and inactive

wie 117 I

records to include current employment. Biographical infonnation and other

e ot W :~ r\.-_-. ’. .1.1 i

- --J-J--

items of the registrant s record also may be updated with this pro_gran.

2 et G0

The Job file will also be maintained with this progran. Jobs which
have not reCeived any references Wlll be deleted periodically, and jobs which
are reported filled will be deletable through the console (although not

physically removed from the file) . _ .

; aw® e
S

1703

The physical deletion of both candidates and positions will occur

.»N—-‘
-~ -'- -~

when additions are merged into a new disk file on a periodic basis. In

Ll rn - w2
other words a disk-to-disk transfer, Vlth margin of all records in the add
area and deletion of all tagged records, will be performed as necessary.

TAN

Conclusiouns. From the system's logic, from the program developments

and from the computer demonstrations, it may be concluded that the Florida

State University Placement Office can successfully incorporate electronic tools
into the registrant-employer assistance function. These tools can improve
and extend the capabilities of manual search and, at the same time, free the

placement officials to perform their professional functions of iuterpretations,

explanation, planning, career counseling, coordination, and so forth.
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As to tlge,‘_;eporting and analysis function for our .institution,

" the placement: officer will have access to an orderly system, including

retrieval characteristics in keeping with ex:i'sting reporting demands. In

additisn, the system is "open-ended" to allow for immediate and continuous
reevaluation of infq__xm;ati_on storage, reporting capabilities, follow-up

techniqies, and employment analysis'. ’ _

While economic considerations might be important to..some institutions

considerirg the implementation of such a system, it appears to the investigators

that, -economically, it is not feasible to consider anything less at Florida
-State”University. Clerical suppoxt‘“tm'f‘b'i:.the system (coding and key punching)

can be accomplished within the pro ject’ed secretarial workstudy manpower

available to the Placement office. Technical assistance .and computer time

should be budgeted initially by the central university administration with

the strong prospect that research activities and cooperative projects with

business, industry, and educational agencies will provide for these services

at minimal costs to this institution. )

The parameters for mechanized matching are appropriate to the pilot

study. Their expansion to jnclude all segments of placemeat activities is

well within the system's capabilities.

7l Data collection forms have been revised in keeping with the matching

format and are, at the same time, compatible with procedures for a manual

search.
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‘of the subject. The CAI:setting. would appear to be. especially

STATZ ANIISTY »ND TASKX DIFFICULTY USING CAX i-EDIA

larold F. O'Neil, Jr., Charles D. Spielberger

and Duncan &. ilansen

Florida Statée Univorsity

= wal

Studies concerning the effects of anxiety on learning have,
in the past, originated either from artificial laboratory

situations or realistic but poorly controlled naturalistic

gettings. - The Laboratory tasks which have-been used..include

paired-associate learning and concept formation studies while the
naturalesetting experiments have concentratec on such. things

as the academic performance of students. -Computer-Assisted
Instruction (CAI) systems provide a learning setting in which

it is possible to obtain a detailed analysis of ..the-learning

process with materials that:are relevant to the real-life needs

appropriate for investigating the effects of anxiety upon.the
learning process in a more: systematic manner than has been

possible to date. . : S
In studying the .effects of anxiety on learning,. there is

ambiguity in the concept of anxiety that must first be clarified.

Spielberger's (1966) State-Trait.Anxiety theory distinguishes

between anxiety as-a transitory-.state and a relatively permanent
personality trait. . State Anxiety (A-State) is cbal;gCterj.zed by
feelings of -apprehension and heightened ?utonomic nervous system
activity that varies in intensity and fluctuates over time. Trait

Anxiety (A-Trait) refers to indiyid’ual, differences in anxiety

173
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proneness, that is, differential tendencies among individuals to
respond with A-State to situations that are perceived as threatening.
This anxiety proneness or trait predisposes an individual to see
~ certain types of situations as dangerous, particularly situations
that ‘involve a threat to the individual's self-esteem.

‘To study the effects of anxiety on learning,a theory of
léamifng ‘j’s- néeded which specifies the complex relationship
between’ anxiety and learning. According to the drive-theory
propos;ad by Spence (1958) and Taylor (1956), the performance of
high ‘anxiéus - students would be inferior to that of low anxious
| students on complex-or difficult tasks in which competing responses
were stronger, and superjor to low anxious sub jects qn'tasks in

which the correéct.responses were dominant rg}ative to incc;rrect
responses. Support for this relationship is reported by Spence
(1964) in eyelid conditioning by Spielberger and Smith (1966)
using serial learning, Weitzmer(1963), using paired-associate
learning, and by Denny (1966) using a concept formation task.

The present study will investigate the effects of anxiety
on performance on a CAI learning program that is divided into
d:;fi'ficult and easy sections.

It was hypothesized that subjects would respond to difficult

"'CAI materials with imcrcases in sclf-report and
physiologicéf measures of A-State. In other words, it was

 expected that ‘A-State measures would increase during the difficult

part of the program and decrease during the easy section. With
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- respect to the effects of A-State upon performance, it was

hypothesized that sub_]ects who were high in A-State would make

more errors than subjects who were low in A-State on the difficult
task, and that the relationship would be reversed oa the easy task.
The State-Trait Anxiety .Inventoty (STAI) (Spielberger, Gorsuch, &
Lushene, 1967) was used to assess A-Trait and the phenanehological
aspects of A-State; systolic blood pressure v;as exployed to measure |
the physiological aspects of A-State. |
- Method
Subjectls. The subJects were sixteen male and thirteen female

B -~

undergraduates who were enrolled in the summer session of the

introductory psychology course at Florida State University. In
order to satisfy a balancec designed criterion of the Biomedical ‘

Computer Programs (Dixon, 1967), three male sub_]ects were dropped

~. -¢-~ -
® o s

from the data analysis, the two male subjects with the highest

A-Trait scores were dropped so as to maintain equal mean Scores
for both males and females. And, finally, another male subject

was dropped as his total errors on the easy section were five

standard deviations _from the mean.

Apparatus and Program Description. A CAI typewriter terminal

using an IBM 1440 System (IBM, 1965} presented the learning materials

and recorded _the—»subjects' responses. Blood pressure was measured

by means of a desk model Baumanometer model 300. The STAI measured
both trait and state anxiety,
Psystudy, a CAI program used in this study was written in &

i linear format using COURSEWRITER I (IBM, 1963), an author

programmer language. This program was composed of two main parts:
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the difficult sect:,on, r_equ:.nng ti.: sub Jects to prove the field

-

-: properties of complex numbers, and an easy sectlon that consisted

4

...of .problems on compound fractmns.

.- -
P

The programnng log1c requ:.red the sub Ject to solve one

- . problem correctly before he could atteppt the next one. After

the first five correct problems on each section, a short anxiety

scale was presented. In the d1ff1cu1t section, four dlfferent

items from the STAI were used; I f'he easy section four items were

FIL N I

uged, for a tota1 of eight 1tems. These items were chosen on

-- ..‘: n J__ lc '.-.'L ..
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444444

. sthe basis o_f hlghest va11d1ty coeffn.lents der' a f Tom Hodges

o7
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3(1966) . Two. representatlve examples w111 be given to demonstrate
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or mrwumgan
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-..~; .the_type c.. m..tenel that a subJect was expected to master in
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ach of the two sr-cf1ons.
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-.Difficult Hatenals Exan 1e° The computer would present to

Il
'.---v -

2w v Ken

.the .tudent a series of def1n tlons concernlng the fleld properties

- -
"--r.--t. b =

-,--.-

~lan

of complex nuuber., and the'l step 1 of Figure 1 As can be seen

in Figure 1, the problem is first presented and then', ‘as in
proofs of geometric .theorems, a statement is presented for the
proo_g (Step 2). From a sheet listing the field properties of
complex nunbers mth appropriate abbreviations, the subject
selected and typed his answer. If he typed in the correct answer

(Step 3), in this case S (substitution), the computer would

respond "cgrrect" and go on to the next problem. If the subject,

-
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however, responded incorrectly, he wouyld be given another example
of the principle (Step 4 ) and told to try again. - The subject
would continue to respond to this item until he entered a correct

mswr. e . -—a .

Easy Materials Example.. The computer would first type the

material presented in Step 1 of Figure 2. The subject was then

~ expected to answer correctly Step 2. If the subject typed the

correct answer (Step 3), the computer r_esponded "good'_' and proceeded

% to the next question. If the sub ject responded 1ncorrect1y,

——
——

" .Step & was presented. The student: continued to respond until he

emitted a correct answer.-

£ -
- -
-

Experimental Design. The exper:iment was divided _i_n_t_o four

periods: Pre-Task Per-iod two, Performance Periods (Difficult and

Easy) and Post-'Iaak Period. The procedures for these periods

.....

were the same for a11 sub jects. During t_lg_e _Ber_f_g‘rmance Periods,

“the subject first progressed through the difficult learning

" -ri:materials, and then.the easy- learning materials. The A-State

measures, SBP and. STAL A-State, were taken at the end of each
period. Measurement of SBP. always preceded the adm.nistration
of the STAI except during the Pre-'rask Period when SBP followed

the STAI. In addition, a short anxiety scale was inserted in the

L

two Performance Periods.

PO
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The experiment was conducted by two experimenters and up to
eight subjects could be run at the same time. ' The design of the
experiment minimized ‘the possibility of any systematic influence
due to experimenter since all anxiety measures were taken blind
and no experimenter took a complete series..of anxiety measures
on any single student.

: Procedure. - Subjects were seated at- a CAI terminal, each of
] which was located in--a sound-deadened, -air-conditioned room. The
subject remained in the room-for the:entire experiment. The

experimenter entered the experimental rocm only to read instructicas,

s
i

-adiiniéter the anxiety s ales;' and assess blood pressure.

.oTicwu: Pre<Tdask-Period. Each-subject was asked: to read an introductory

¢ i73n:booklet: that contained instructions for inducing mild stress as
well as directions for operating the. terminal. . The stress

;o i instructions. were: T T S
-Imoiilx®y 5: Tt has been found:sthidt. success in this program does
not require mathematical or quantitative ability. . . it
tiver orrequires instead;: thel ability to'make the same kinds of
abstractions and generahzations that you are expected
32 . to.make in many- cbllege.courses.

" kfter reading the in&tructions, the S-called z. experimenter by

means: of. a buzzer. Then the STAI A-Trait ‘scale was administered

with insttuction to indicate how "you generally feel." Following
this scale;, the subject was given the STAI A-State scale
with ~-the instructions to indicate how "you feel right now,

that is; at this moment.'~“Each of these scales required the

subject to respond in a 3TAI test booklet. To empi:.asize the
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differences between instructions, an experimenter read them aloud
to the subject. Upon completion of the STAI scales, the subjects'
blood pressure was tgken, four to eight times until it had been
Stgbil?zed ktwo readings in a row, not differﬁhg by more than
2 um. of ﬁeicuf&). After each reading, the blgddfﬁressure cuff
was rgpovgq‘so Ss could operate the terminal.

Difficult Performance Period. The subjects them started the

difficult section of Psystudy. After he had responded correctly

five times, a four item anxiety series was presented by the

computer (How did you feel when you were working on thq complex

numbers?). When the subJect had completed this anxlety scale,

--‘

he continued through the remaining items of the d1ff1cu1t section.
At the end of this section, SBP was takgn once by an experimenter
and tpe STAL was administered under retrospective state instructioas.
au experimenter read the following zstate instructions:

Fine. Now I want you to fill out this questionnaire
again. This time I want you to circle the appropriate
number to indicate how you felt while you were working on
the complex number program. Read each item carefully and
check it according to how you felt (this word was emphasized
by an experimenter) while worklng on this program.

’-!'The subj-zt responded in the STAI test booklet.

Easy Performance Period. The easy section of Psystudy was then
begun by each subject. A four item anxiety scale was again presented
by the computer after the subject had responded correctiy-five times.

These four items differed from those items presented in the

" Difficult Performance Period. The subject continued the program

until the easy section was finished. At this point, an experimenter
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13
o ‘tedk tﬁé.sﬁbjéijE'SBF once and-thé.STAT was administered again
“undér” retrospective state instrustions. .2n cxperimenter read

‘the following instructicns:

' ."Good. " Now I want 'you tc circle the appropriate

_number to indicate how you felt while working through

* the’ compound- fraction pregram. Remember, respond to .
each item according to how yo felt while you were working
on the fracticn program. ™" - :

The ‘subject again racpondedtin. the STAT .{est booklet.

I R L o .
: Post-Tasi: Pariod. koimcu_nn 2d adndrigstration: of the STAIL

i the E sy ‘Performance FTovicd,-£hc subject was asked to-wait

Y TRy =

“ three minutes it ths teriminal o1d £33 hold thst after a brief
perlod “hi's blood pr;g,a"u would £5&wm be teken. SBP was

-
- e

‘méasured and the STAI “<as’ gived under standard state instructions

ST S R : . : ot . ~ .
after this thrce minute wiiting period. The cubject wa.. then

asked for‘hls biographical Jaiz, incldding numbér of math-courses

he had ‘taken’ previously. - Afrer this information was collected,

Da L e iialle ol P 3 -
{ éach subject was debriefed.- - -

PesidlEs - -.ooched oo .

.

- . . . e 3

Sl The dependenn variables in this & udy were STAT A-State

Scores, SBP measures and ©r..0LS on the T‘,.ffu:u"t and Easy CAI

_ tasks. The effects of experimental conditicns on each of these

-

L

measures was evaluated in an analysis of variance design in which

. E '

Task Perlods gnd Sax vc*e Lho iade rendent verigbles. Errors were

further exam_ned as a fdﬂCLL(h of STAI A-State scores.

i IR PL A
) o .t

5 STAI A-State. The irezn A-SLﬂ cores for a11 sub*nﬂf< in
I SR N o 5 " ',‘ R : -

- the Pre-Task Perlod the twn porform ace periods, and the Post-
PR LG L T L D - )

- - . o R

* 3 ¢ ww
.
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Task Period -ire presented in Figure 3. It may be noted that the
- . . -.‘:l

‘3 - .
,‘6'_: Rt .\J “ ua
b -e - e WA G Gm G ap GB n GF TSGR 4n GD GD 4P 4D OGP OB WP e GB 4B OB 4p OB @0 <0
- RS 1) .
. . { .

uiteiesid e o-- o Insert Figure 3 aboyt here

- the STAL A-State scores increased from the Pre-Task. Period to the
Difficult.TaskiPeriod, decreased in the Easy lasl;_‘Pe_x'iqd, end showed
no change from the Easy Task-Period to the. Pest-Tssk_ Period. These
data were evaluated in a two-factor _ana].ysis: of yar_iance of design.
In this analysis, Tasks-Periods was the within-sub jects .\r'alri“el)le
and Sex was the between-subjects variable. Only the main effect
‘of Tasks-Periods was, significant (F =.13.448, df = 3/72 P { 001),
indicating that the STAI A-State scores differed over the fonr
periods and that. there was no, difference 1n mean A-State scores

P -

for men and women. . Differences between mean A-State scores for

s

each period wereiéevaluated by t tests. These analyses 1nd1cated

105

that mean A-State: scores in the Difficult Task Period were s1g~

ST

nificantly differentifrom all other periods (p < 95) and that

mean A-Staté scores -in ithe: Easy Period were . 31gn1ficantly

different from the Pré-Task Periogd, (p ot 051 as . well as the

-
Jl

pifficult Task Period.(p:x-.05). -No other. analyses were significant.

Systolic-Blood- Pressure. The mean SBP. values obtained in the

$120 SR

..._x(‘

‘periods corresponding to those . for which STAI. A-State measures were

"—-.I. -

- available are presented in.Figure 4. The ‘mean SBP 1ncreased

o:‘Jli

- G D OF GB ER TN GD GB an B 4B ¢ an S 4D b W 4B 4B OB 9D en 4B EF @B <0 o o
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increased‘during Difficult Task Period, decreased during“tﬁe Easy
Task Period, and shoued no change from the Easy Task Period to the
Post-Task Period. Both main effects obtained from the two-factor
an_lysis of variance-;ere significant Sex, (F =11. a4, df = 1/24,
P ( 01) and 'l'asks-l’eriods (F 8. 54 df - 3/72 P { 01) These
results indicate that SBP reliably changed over the Task8°PEr10dS

and that in addifion, males and females differed in their SBP

. response. Differences between mean SBP scores across periods

were evaiuated by t- tests. These analyses demonstrated that SBP
scores taken in the Difficult TaSk Section were 31gnificantly

difficult from all other conditions (pr <j OS) No other comparisons

-.l*..

uere significant.

lem e - -X"

. Errors'with CAL Tasks. Both performance periods were ‘divided

= Pt

into two sections. The first section of the D f ult Task Period

L __;

consisted of rhe first five items (proofs), Diff/(l-S), the

second section consisted of the ‘emainder of the items Diff/(6-17)

’

Similarly, the Easy'Task Period ‘was snbdrvided into o sections,

_."- LS

Easy/(l-S), and Easy/(6—16) The fouroitem anxiety scale followed

\ -

. the first section in each Task Period.' The mean nuilier of errors

".

r iten for the first and second sections‘of the Difficult and

_Easy i&SkS are presented in.Figure'Sl It'maywbe~noted that the

mean errors per item is the greatest for the Diff/(l-S) section,

at an intermediate level for Diff/(6-17) and that’ errors fall to

almost zero in Easy{(l-S)nand Easyl(6q16) tasks. Errors were

evaluated in a twovfactor analyais.of variance'vith Sex the




10.3

between-subjects varl..ble cnd typ.. of section as the within-

-

sutjects variable. Statxst:.cal s1gn1f1cance was obt:ame" only for

type of section (F = 20.71, df = 3/72, p (.- 001) whic-h demonstrates
that mean errors changed across the four Performance ‘periods. There
-were no signifi. ‘nt differences in mean error scores for men and

women. -

Relation .of A—State and Performance. Since there were nc

significant Sex effects in the analv rs of the effect: of experinent:al
conditions on A-State (STAI) scorcs nor for errors on CAI tasks

. the data for both sexes w3 combined in order to evaluat:e the

- “ - <
J-A~ - . A..

relationship between A-State (S]:AI) and errors. -éeparai:e; analysis
for the Difficult and Easy Tasks were run becauee the 1eve1s of
A-State (STAI) on the Difficult Task were sign:.flcant:ly f\igher
tha: on the Easy Task. Sutjects' scores on t:he STAI (A-State)
were divided at the median into two groups. Subjects above the
median were designated as High (Hi) A--State and _t:hose below the
. median as Low (Lo) A-State.

The median A-State (STAI) score for the subjects in the
Difficult Task Period was 43. S}.nce the scores of two subjects
fell on this median, both subjects were dropped from this

analysis. Figure 6 shows that the Hi A-State subjects made about

---------—‘------———----'----

1 1/2 times as many errors per item in Diff/(1-5) Task than
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I.o A-State subjects, but had fewer errors in Diff/(6-17). The

1nteract1on between state anxiety and Task-Period was significant

- .-

(g = S.:Oé, df = 1/24, p '( .05) as was the main effect of Task

. “i’e-r'iods. ' (_§ = 6.-"59, g_f =1/22, p { .05). The interaction suggests

-_Hi A4Sf5te prodz;c;?l a 1arg;: number of errors on the Diff/(1-5) task
and lead to fewer errors on Diff/(6-17). The Hi A-State and Lo

' A-State subJects were not §1gnif1cant1y different'ftm each other

- ol -

in age, number of math ccurses, aptitude or mathenaucal ability,
h as' _determined by f-tests. Howewier, the Hi A-State and Lo A-State

" aid differ on Trait Anxlety (_ = 3. 84 df = 22, .E ( .001). The

- -

mean A-Traxt scores were 39 61 for Hi "A-State subJects and 30.5

: -uL— -’~: —v-.-‘ ' *

' for Lo A-Stzie sub_]ects.

Simil‘a.r‘to the prevxous exanple, subjects' scores on the
STAI A-Sf;tg admnxstered after the Easy section were divided
(median = (32)) S1nce four sub_]ects scores fe11 on this
rn;c'lium, .the; dréli:;-ed' fromthe aﬁxalysis. The repeated measures
design showed that neither the main effects nor their interacticns
i;ere s1gnif1cant. -j‘fhesé-results '1ndicate that there were no

';significéht_éh:inéeé in errors across the Easy Task nor did A-State

effect responding in this section.

I S L

Discussion

It was F'.:ut{d, as -'l;j.l:ofl_\eéi'zed, that subjects' responded to

difficult CAI materials with a greater increase in self-report
and physiologic*:'llm -n‘:e'asures- "of A-State than was the case for Easy

CAI materials. Both STAI 'A-State-scores and SBP scores increased




235
during a Difficult CAI task fnd de;reased during the Easy CAL
task. There were no Sex eff;cts-for the SIAi?A-g%ate measures
but .the SBP scores for males were significa;tlj greafei than
“‘feitales. The most parsimonious explanatioa.cf :hiéjfétfér
difference is that SBP is dependcnt cpo; pgysi;ai characteristics
such as height, weight and body builc. Thérefore, siﬁcé;nales
are taller and heavier theaii females. it uas cxpected-that males
would respond‘with“highgr levels oF éB? thzn fexales,

The analysis of mean er:grs’a;:os;-Ta;kji;fiédé‘inhicated
that the Tasks were a2ppropriately labeled Difficult and Easy.
The mean number of errors per item ir the Difficult Task Period
- was 2.17, while the errors d;op to almost zeré:in the Easy Task

Period.  Since there were so few exrors in the Easf Task Period,

the analysis of the relationship between A-State an&aéfféfs

-y & e

focused on the Difficult-Task Period. Ther; were ;Ethélly two
levels of difficulty for this Difficult-Task Period, corresponding
to Diff/(1-5) and Diff/(6-17). The mean n:mber of errors for
pDiff/(1-5) was 2.76 and for Diff/(6-17) wac Z.53. T...s decrease In
errors would indicate that subjects wzze in:vning (M2 naterlal,

For Diff/(1-5), Hi A-State subjccts made morc errors than
subjects who were low in A-State; however., Lo A-State subjects
made more errors than Hi A-State subjects on Diff/(6-17). There
was also a significant main effect of Tasks-Period in the Difficult
Task Period indicating that Diff/(i-5) ard Diff/(6-17) were

significantly different.
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The-relationship of A<State and errors is complex. For
those aspects of the CAI tasks in which errors were high, Hi
A-Statce subjects did not do as well as Lo A-State subjects. In

those sections of the CAI tasks in which errors were rglatively

'few;‘Hi A-State subjects did as well or better than Lo A-State

- 'subjects.

The relationship between anxiety and leargingldepended
upon vhether A-State was aroused in the situation and the
rélative. strength of competing response tendencies. These

results are consistent with. Spielberger's (1966) extention of

"' - the Spence-Taylor: Drive Theory. In this State-Trait theory,
an’ index of tramsitory drive -(A-State) is available. It is this

- transitory drive that is related to levels of task difficulty

and resulting errors. .-° C e .

——rlan
. -

o




FIGURE 1

DIFFICULT MATERIALS FORMAT

Step 1: :We.will show tha;:f0f“311 pair~ of elements in c,
"+ that their sum.is also an -element of C.v:’.‘];.‘o do
this, we will select two arbitrary elements 21 =
(d,b) and 22 = (c,d) and thw_that Z1 +-Zi is
"+ an element:of C. ) |
Step 2: 21 + 22 = (a,b) + (c,d) (Type Aﬂthe abb;:eviation

to justify this step.)

.Step 3: Answery: Substitution (The subject ty es "é".).‘
“Step~4: Make.sure that you are using the abbreviation'on
page 10. IfR =38 and § = 7, then & + 7 méy be

written in place of R + S. Try again.

.-
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FIGURE 2

EASY MATERIALS FORMAT .

Step 1i:

Step 2:
Step 3:

Step-42

‘Type two thirds..

There are two ways that this computer can write
the fractional number three-four§h§. One way is
%-.. The other way is 3/4. In this program,
all fractional numbers will be written like this -

3/4. You are going to need a little practice.

(Answer) 2/3

You should ‘have typed 2/3. Try again.

N
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Tigure 3

MEAN A-STATE SCORES ACROSS TASKS-PERIODS

47
%6
45
44
43
42
41
40
39
33
37

36

Mean A-State Scores

Prec Difficult Easy Post

Task ~ Pericds
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Figure &

MEAN SYSTOLIC BLOOD PRESSURE SCORES ACROSS TASKS-PERIODS

125

123

Males
117

115

113

111

Mean fystolic Blood Pressure Scores

109

Females

107

Pre Difficult  Easy Post

Tasks-Periods
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Mean Errors Per Responsge

Figure 5

MEAN ERRORS PER: RESPONSE

ACROUSS TASK PERIODS

3.5

3.0

2.5

2.0

1.5

1.0

Diff Diff Easy Easy
(1-5) (6-17) (1-5) (6-16)

Performance Periods
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Meen Errors Per Response

Figure 6

MEAN ERRORS PER RESPONSE FOR HI A-STATE AND

LO A-STATE Ss IN 'TRE' DIFPICULT TASK PERIOD

PR
4.

4.C

3.5

3.0

2.5

2.0

1.5

.-

1.0---

Lo A-State

Hi A-State

Diff Diff
(1-5) (6-17)

Difficult Task Period
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THE ROLE OF CAIIN THE FCRMATIVE EVALUATICR
OF THE INTERMEDIATE SCIENCXE
CURRICULUM STUDY*
Dr. William R. Snyder
Florida State University
The Intermediate Science Curriculum Study of Florida Stéte
University, under the direction of Professor Ernest Burkman, was granted Ka
five-year contract in May, 1966, by the U.S. Cffice of Education to develop a
sequential science curriculum for the seventh, eighth, and ninth gradé Aieifel-s,
and to conduct research based cn this curriculum. This res;arch is designed
to yield information about instruction and learning that wiﬂ, in tlirn, be o
applicable to other subjects and grade levels. |
The strategy for instruc_tion being employed by ISC.S is a- unique one.
It takes into account whet teachers, adminisirators, md perceptive parents
have leng recognized—-the fact that youngsters ;ra.r; t;;‘-emendously both in their
capacity-to learn and in the mtg at which they are able to learn.
ISCS is woxking to build a practical program of more individualized

science instruction. Cur concept of the teaching-learning situation is one in

*-Paper presentéd at National Council Cn Measurement In Education
Annual Meeting, Chicago, February, 1968.

196




136

which much of the student's work is conducted independently, with the teacher
mo ing from individual to individual, giving ciues, asking questions, correcting
misconceptions, and extending concepts to new situations.: In this approach, the
learning pace is set by the student, and the level of instruction is automatically
adjusted to his ability.

To allow for individual differences in ability, two tvpes of student
materials are being developed. The primary sequence for each grade provides
the basic ''story ling” thai every student follows. "Excursions' are separately
bound materia_lus(th-at. providé depaitures from the primary sequence. There are

f two kinds qf gxgu}'g_ééns. ﬁnrichment eizursions are de§igned to provide greater
challenge for__thg _mox_‘e: égle s'tuden't," or for the student ir_lteljested in p irsuing a

| topic in greater depth. Remedial excursions provide the slower student, or

less well-prepared student, with special background or skills needed for
efficient progress in the main-line sequence. Through selection and judicious
use of excursicns, the ISCS teacher may design a muiti-track program

specifically geared to his own students.

Both the core sequence and the excursions are written in a semi-
programmed style which permits students tc proceed independently and at their
own pace. {Figures 1 and 2 illustrate the foxt formz{, Ty are reproduced

from the seventh grade text materials .) Note that the text serves as lab guide

and record book, as well as a source of conceptual and factual information.

Insert Figures 1 and 2 about here
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wvaluaticu cis Field Testing

Instructional resa.rel worizzrs Lave long wished ipat they could
somelow pest info e biain of cach indiviCunl il 1€ 1 2E3eS through 2 sequence
of instruction. If tais were pcs;ib!.c, sne eotld pinpoint tie exact areas of t.be
sequence that cauce difficuity for spaciiic {-pes of individuals. Inforrhation of
this sor: couid obvisusly mekn e sl cibiiidinz o 17 revising instructioﬁai
materials easier cné much mors eluiclitii

Not being apl2 *o preae divey Lio 2 sindeni's mind, ISCS is
gathering a record of siudcal resporses in a less direct fashion--by using
computer-assisted instreeticnzl teclricies. As the student text materials are
produced ard sent out o L2 tosted by cvi T 12,000 students and 100 teachers,
they are also programmesad fov onicy irto an IBM 1500 computer at the Florida
State ﬁﬁiversity Corpnier-Assicted Instruction Cawner. Sixteen seventh graders
of dif}erent abilities are vrasertly scrving &S {rial students for ISCS using CAI.
Zvery response made by every child to cach stp of the sequence is stored by
the compufer on magneic icpa. Tiis irforrnlionis Leing used to help deter-
mine which pofﬁons ot the closcrnonl s~qoeren stould be revised, eliminated,
or converted into Vercrrrions. ™

This use of cois wfev-~Tsiel i oiruciion (CAT) in the formative
evaluation of the ISC3 ceverth cracta & Weela s ~orniements the concurrent
large-scale classroom irial. Tha GA] evaination parmiis greater control of a

multitude of variables that are common to tee scicnce classroom, and that
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inevitably bring large-scale classroom avaluation into question. Suck variables
as teacher behavior and training, diiferent classroom environments, over-
crowding, lack of facilities, etc., are minimized with the CAI presentation.
The CAI e.valugj:ion can thereby focus on providing objective data related to
conceptual, se<;uential, and- mechanical problems inherent in the curricular
materials. And, sinéé complete records of each individual are obtained, a

precise measure of how a student's ability relates to his daily progress is

readily available.

The CAI Materials

- Becduse the ISCS seventh grade téxtual matérials have a semi-
prografnmed', self-pacing style, and because the:se materials contain many.
questions for the studeat to answer, they have proven to be readily adaptable to
CAT presentation. This adaptability of text to computer programming is critical
in producing the desired match of CAI program and classroom materials. If the
evaluation of the course via CAI is to be meaningful, we feel that it is essential
that students see and work with the same materials, organized in the same
order as those of the text, and have the same laboratory experiences as studeunts
taking the course in the ordinary ISCS classroom.

For the most part, the CAI program is written in linear form; that is,
the student proceeds along a single path. This matches the main-line sequence
of the text. However, branching is employed extensively in the sequence to

include the all important remedial and enrichment excursions. Entry to all
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remedial excursions is based on check-up frames such as the one shown in
Figure 2, The student, in consultation with an adult proztor, decides whether
or not to take an enrichment branch. Zach excursion is programmed to provide
an automatic reentry to the main line at the original point of departure.

Tte formative evaluaticn of ISCS materizls, using CAI, was begun in
the fall of 1966. This corresponded to the first year of the classroom trial of
the textual materials. The presentation of the ISCS program by computer has -~
been made possible through the cooperative ‘assistance of the staff of the Florida
State University CAI‘Centér.'' This first:year of CAI evaluation was an important
learning period in regard to how one best obtains and processes feedback. Much
of wrat we learned from this first year's experience is now having an important
effect on our approach to the second year of CAI evaluation.

Before describing what we have learned about the specifics of our
approach to CAI evaluation of the ISCS materidls, let me emphasize once again
the intent of ISCS in approaching formative evaluation of curriculum in this way.

First, we are intensely interested in what happens to individuals as they
proceed through the course. We think CAI provides the surest and cleanest way
of examining individual differences in the context of a science course. Using CAI
to look at individual records provides the kind of evaluation which cannot be
readily obtained in the large-snale classroom approach.

Secondly, we are attempting to provide data about how course sequence

and construction relate to student progress. Therefore, if these data collected




200

via CAI are to be meaningful in the formative e_avaluation of classroom text and
lab materials, we are committed to presenting, by CAI, a program that matches
the current text. Our immediate goal is not to produce the best/ _pgssible
computer program for science instruction, but ngthe? tg produce a sound three-
year course for ¢lassroom presentation. Eyen@ua}ly, we plan to turn more
attention to the development of multi-track CAI programs for the ISCS Ipat;erials,
but our immediate concern is with text revision. |

Now, let me describe some of the changes in approach that have
resulted from our 1966-67 experience. Hopefully? this will give you a; fairly
clear picture of our present operation. I shall limit this discussion to.tlile more
important problems we have faced, and the decision they have prompted us to
make.

First,.we have decided that an even closer match of computer program
and classroom text is suitable. During the first trial year, we sought to get the
most.precise analysis of each text section by fragmenting l_arge paragrgphs into
specific questions, In other words, we were frqugntly converting declarative
statements into interrogative ones. For example, suppose ;:.he classroom text
was as follows:.

"The blade of the force-measurer is bent by the weight halxging on it."
The computer program would have presented this statement as a question:
"What caused the blade of the force-measurer to be bent ?"

A set.of multiple-chaice responses would then be presented, or the student would

be asked to type a free respconse answer.
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In order to make sure the student knew the initiai piece of information
given in the declarative statement, he would be told by the computer whether or
not his answer was correct; or he .w;ould be told what the correct answer should -
be. In this‘ way, each correct student res~onse would be reinforced. This
programming technique se+med most appropriate, in that it followed Skinrerian
philosophy of proérammed instruction. But, this method of programming proved -
to be the basis of much cxliticism. It was arsued, and justifiably so, that we
could not be sure w};at ef_fect knowledge of results gnd reinforcement were having
on student learning. Tll.e;:efore, we could n_of: attribute progress to text design.,.
only.

Our appfoach this year is to preserve the exact wording of the text and
to provide knowledge of results and reinforcement only when they ~re found in
the corx:e-‘sponding textbook sections. For example, look at the following text
passage. Itis vreproduced wqrt_i for word in the computer program. You will
note that knowledge of resulfs is included in the text passage.

2-18. Whose battery do you think did the most work ?

One thing is pretty obvious by now--comparing work is not easy. .
Discuss the problem with others in your ‘group and with the class if your
teacher calls you together. Try to come fo some agreement as to whose

battery did the most woxk.

No matter how you tried, you ‘tould not get a completé answer to the
question. Part of your trouble can be blamed on the fact that the meaning of
work has rot been clearly stated. We have been using the word very loosely.

You did, ho.-ever, learn that the following might be impdrtant:

1) How many sinkers were lifted.
2) How far the sinkers were lifted.
3) How fast the sinkers wereé lifted.

iy,
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We have also decided that programming and testing first version

mreaterials with an eye to text revision is not an efficient use of .nanpower and
machine time. The beauty of CAI for evaluation lies in its complete and
precise record-keeping. First version text materials--at least our first
version materials--do not warr-nt such a precise evaluation. Most of the
changes that need to be made are gross, and therefore quite obvious to a person
trained in science or science education. CAI evaluation certainly identifies
these problem spots, but unless there is an abundant supply of marpower, and
unless computer time is inexpensive, data needed for first revision can be
obtained more efficiently through regular classroom trial. For these reasons,
we are presently evaluating only second version materials of the seventh grade.
Cur original plan to run a simultaneous CAI evaluation of the eighth grade
materials is being delayed until a year of classroom tesiing and subsequent
first revision are complete.

_Much to our chagrin, during the first year's evaluation, we discovered
that computers with CAI capability generally do not come with ready-made data
analysis programs. Moreover, the variety of compﬁter languages and systems
being used by CAI groups around the country varies so much that eff01;ts to
interchange.amlirsis progr::1ms‘k I;mVé been alrxiosti fruitless. The' 1590 system
has the‘l'n;lrdware capability for data a;nalysis, but n.o weil~develop§d software
system for implex'nenti.n-g the analysis. The CAI Center staff at FSJ is rapidly
developing a set of programs that serves the general needs of t|:he many groups

utilizing their equipment. Concurrently, the ISCS staff is developing programs
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that will meet onr moxe. ._spgci.fic _gpa,}ysis demands, These programs take

advaniage of an intricate and bread system of frame classification whick we

RPN

began using:this yegar. .. e

-y .—:

In the-first.year's program, coding of frames was iimited to identifi-

cation according to chronological sequence within the program. We found that

this limited classification did not facilitate the investigation of the relationships

between different science coptent and process themes. A more extensive coding
was essential: if precise judgments were to be made li‘_egarding particular

characteristics of the materials. .

The development of.a ten-character, alpha-numeric code now makes it

possible to identify each.program segment and question _ggqogging to its position

. * |

5 in the text sequence, according to the specific science content and process with

NP

which it deals, and according to its r_eyledial enrichment or diagnostic

‘ RTINS

g charaeteristies.: It is now becoming pos sible to retrieve these data in many
differentsways, ‘depending upon particular evaluative interests.
) Co T Dot aldrin et Lol gt

} For example, we may be ir}texgs,tcd in knowing if the difficulty of the
.. b A 44 . " RETTON i e

concept of kinetic energy appears to be related to the difficulty with the concept

of speed. We can use the coding scheme to single out all parts of the text

related to these two concepts, and investigate the student error rate (individual
and/or group) for these items. This potential flﬁa‘i-b-a-nk and retrieval system

make possible-any number of specific investigations, that are useful, not only in

the revision:of-materials, but in investigating which particular content sequence
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is most logical to different kinds of students. Computer programs are now
being written to make possible the full utilization of the available data.

Because of the many demands and problems of a first year's effort, we
found it- impossible to maice the most effi¢ient use of the CAI evaluation in
textual revision. The ‘data analysis provided the revision team was fairly
complete but the method of presenting it proved to be somewhat inappropriate.
We made two assumptnons which we later decided were in error.

Fxrst we assumed that the writers would have more time than they
actually did at the beginn‘ng of the revision conference to examing the data fn- -
s~me detai.i before beginning rewrites. Secondly, we assumed that we should
provide:.the writers with an unbiased presentation of the data, rather than our
own inb'erpre~t.4‘r;|‘:io'ni 5f what the analysis suggested about the materials, In this
way, they would be free to make :their own judgments.

We chose to present the various kinds of data collected on a chapter=by-
chapter basis, and to make these summaries available to each member of the-
revision team Let me describe these summaries briefly. Even though the
method of presenting the analysis is being revised, these data do exemplify the
xinds of things we feel are useful in approaching revision.

Each cliapter report includec individual and group records of every
student response,‘le , & complete 'listing (including every question) of all
correet (ea), mco;rect (wa), and all unanticipated (un) responses. These data
were summarized by the computer and tabulated so that questiors frequently.

EKC

Aruitoxt provided by Eic:
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answered incorrectly could te easily jdentified. An example of a portion of

such a listing is shown in Table 1.

TABLE 1
Question ' Student Namber
Number* -~ " T - Decreasing Ability Level
->

14.5 ca ca ca ca ca ca ca c
14.6 ca wa ¢ un ca ca ca um
1?.‘—-';:*::‘::..;:“ o Tm un un un un“ un ﬁn-::t-x
14.8 I o A ea un c€a un ca ca ca un
we  wa wa ca ca wa ca un un

-t e e m—— e - —

(Note that these data can be used to study individual or group progress
through the ‘chisipter material. From the responses shown here, it is evident :
that student #3 had more correct responses than students #7 and #8, despite his
lower- 4bility lével)- ’ .- . - :

" Letter designations have the following meanings:- ca - correct 4
respcase; wa - incorrect response; un - unanticipated response. e e n

The retord shown in‘the table includes first pass-responses only. That is, the

responses ‘are those ‘which occur the first time each of the students approaches

a specific frame.




The chapter summaries also contained a time chart (not shown) which
aliowed for an easy comparison of the students with respect to their rates of
progres: through the textual sections and laboratory activities. This year, we
will hav: latency data for every program frame. - e

Also included in the chapter summaries were data on the percentage
of corr=ct answers for each student for eiach chapter. An example is shown in
Table 2 'l‘hese data provided a rough me;sure of the diffféiilty of the chapter

for each student, and for the toial student group. L ]

TABLE 2

Student's Percent Correct Scores : Q
(Students Ranked By Decreasing 1.Q.)

8§ T 6 5 4 3 2 1
Chapter.6. . 88.9 815 86,4 Ti.8 654 71.8 66,7 G6LT
Chapter 7 85.3 76.0 840 82.7 :70.7 68.0- 60.0 58,7 ...
Chapter 8  85.7 79.6 75.5 75.5 714 7L4 67.3 59.2

LIME T

Student perfox_-mance in _the CAI program was also cor:-elated chapter

by cbggtg;,__gyith their ability levels and with their achievement on ISCS subject-

matter content tests. Table 3 gives a sample of this data.
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TABLE 3

e

Group Product Moment Correlations T : S

Pe

CEapter S Chapter 7 Chapter 8

g, Correct vs. Aptitude .85 .87 9T

%, Correct vs. Achievement
Test 7T 88 . .75

The sumﬁaries aiso inciuded a page-by-page comparison of_the CAl
information with the ISCS text. These comparisons were designed to give the
revision team an efficient means of determining which text sections were related
to specific CAI questions. With our new coding scheme, we can identify every
program frame according to its exact correspondent in the classroom text.

Finally, the chapter summaries contained proctor notes on student
discussions and otherwise unrecorded incidents related to problem areas in the
computer program, in the ISCS text, and in the laboratory _mz_;terials. These |
notes also contained the proctor's reactions to specific problems , hi%‘_;methods )
of assisting students ;n,tﬁe solution of these problems, and h.i‘s 'subjed_t"ii're “
impressions of the sb;xdent"s progress, attitudes, and underé?anding. In =
addition, all experimental data collected by the students and ;ll student-written

responses which had been entered in a mimeographed student text were

presented in condensed form.
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Even though many changes in the classroom text resulting from the

revision can be traced to the outcome of the CAI evaluation, the need for gross

Z
o —
————

changes in the matenals as mentioned earlier, overshadowed these more
specific alterations.— Time did not allow all the writers to fully digest the CAI
data. There E'iinply was too much to examine. As a result, we have decided to
change the format of analys1s presentation. It appears to us that efficient use of
the kind of CAI data we have requires a greater condensing of the records and a
fairly specific interpretation of the data analysis. In other words, we feel that
the CAI data wiil be utilized rauch more eifectively if the writer can quickiy see
its relationship to trouble spots in the textual materials and what this relation-
ship suggests about needed changes.

Pnor to thé 1968 summer revision conference we mtend to prodace -
written summaries of our interpretations of what the analysis 'means with
respect to epecific revision needs, For example, we plan for our summaries to
provide the kind of information illustrated in the following pamgmph:

We find that the cangept of kinetic energy is not‘i)eing applied correctly

hy the student in Chapter 9 as indicated by the high error rate on Questions
9-34, 9 37 and 9-41; -This appears to be related to the difficulty with the.

- concept of speed in Chapter 6, Questions 6-12, 6-15, 6-16, etc. It may be
possible to correct this by rewriting the first activity in Chapter 6, with
speclal attention being given to the relationship of time and distance of the
moving cart. It may also be necessary to write another remedial excursion
deahng thh dwlsmn of decimals.

. conerete_;s_gggesgions of this sort are provided, we feel that the writers can be

helped greatly in their revision task.
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Let me qu}ckly summarizeew‘ha_t I haw{e said, and project a bit into the
future for ISCS. I have emphasized in this report our efforts teemplo;'
computer-assisted instruction m the formatue evaluatxon of the ISCS science
course. Matching computer program to the textbook provxdes the key to
revision of the classroom materj.als Revision of these matenals in turn leads
to revision of the computer program. The alternating stepwise .improvement of
text and computer instruction should eventually produce both a carefully revised
classroom text and a refined CAI program. We envision such a computer
program as possessing intricate branches designed to provide for the needs of
different kinds of students. This is one of the ultimate outcomes of the current

CAI formative evaluation. As has been emphasized, however, our immediate
concern is with text revision.

We hope that, by the time the ISCS project is completed in August,
1971, we will be able to state with a gcod deal of confidence ‘what students, who
take either the CAI or regular ISCS seventh through ninth grade self-paced
program, can be expected to be able to do at any given point in tke sequence.

The size and comprehensiveness of the ISCS sample, the nature of the
materials being developed, and the large bank of easily retrievable data being
collected offer unique possibilities for much needed longitudinal research. As
mentioned earlier in this paper, research is to be a vital part of the project

effort. Hopefully, such research will provide knowledge about learning and

instructional sequencing that will be applicable to other subject fields and other
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levels of instruction. Some studies have already been begun but, up to this
point, much of the time of the project staff and graduate students has been
invested -in-developing materials and in organizing the infm;mation—coilecting
and retrieval system. As the need for this phase of the effort lessens, we

plan to-devote progressively more time to more systematic research.
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page 7-2 Comparing jobs that are similar is fairly easy. Carry tlis a step
farther by making the jobs even more alike. Suppose you wanted to
lift a ten-kilogram block to the top of a wall one meter high. Figure
7-1 shows three ways of doing the same job:.

191 g e g

Figure 7-1

7-3, When the boys shown in Figure 7-1 had finished their jobs,
which boy (A, B, or C) had accomplished the most?

—

7-4. Which job was the hardest to do?

7-5. Which boy did the most viork ?

Look again at the illustration, and you will see that each boy did
exactly the same job. Each lifted the block to the top cf the wall.
You may think that one way of doing the job was easier than the
others, but the work done was the same in all three cases.
As part of the activities for this chapter, you will actually lift an
object as shown in Figure 7-1. That is, you will do the same amount
of work in several ways. You will measure the variables involvec: ,
and try to find one that remains the same no matter how the work is: i
done. This will give you a measure of work. {

FIGURE 1
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numbers like 1.2 meters or 3%

] page 2-6 By this time you may have gotten
seconds. Such numbers (containing decimals or fractions) are called
mixed numbers. As you might guess, you will be using mixed

numbers, particularly.decimals, from now on. Do Checkup Frame
2-2 before going any further in this book. -3

ooooooooooooooo

Check your answers on page 1

M
L] L . L L] . . L] . . o . L] . . - - - :’. . L] ‘..

- Checkup Frame 2-2 Solve the following:
) I of Excursion 1-1.
1) 3.7x2.5= ' ]
Ci%in . .
’ . 2) 0.9x4.6= : e
| .
3) 8.46 < 0.2 = ) )
| D e e e e e ite et e e e e

Perhaps the work of lifting sinkers-is different from the work of =,
- dragging them. To find out, make the battery and motor drag the .
sinkers across the table as shown in' Figure ‘221:)Otice mOTE you
: shoifld he working with five of your.classmates, possibly the same
ones. Record the information from these trials in'Tablé 2-3.

HEE ALY T S

S TaeX e

NN
d Pl

MOTOR o

(B BATTERY _
1 e

el o g

Name of No. of | No. .of. |Distance from. _;Tc_)_ml _ Tota1:_ Time
Group Member | Sinkers | Times Hook to Pulley | Distance |for Dragging :
Dragged| Dragged | (in centimeters) .Dragged | (in sec) ’
1 T SR .
2 | 5 -
3 4 ] B ‘
4 3 " -
5 2
6 1
Table 2-3

FIGURE 2
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COMPUTER ASSISTED INSTRUCTION CENTER

FLORIDA STATE UNIVERSITY

. PROJFECT -INFORMATION FORM = e T

1440 .SYSTEM -.

Date _ July 1, 1367 ) oo et S .. Project Number 1050

-

Project Director: Harold F. 0'Neil, Jr.

Other project personnel: -Dr. Duncan N- Hansen:;jﬁﬁigﬁé'“%‘
o "~ pr. Charles Spielberger,. Advisor

-a .
- am ey
—————
e - -
-

Project Title: Anxiety and Basic Difficulty using CAL Media.

General Rature of Project: Investigate effect of anxiety upon the learning.

process. P S e e

Objectives: cE o L otasi st .
1. Manipulate lcvel of difficulty within a Jrogram.

.....

2. Diiferentially jncrease state anxiety in Ss differing in:téiit anxiety.

3. Demonstrate that this differential increase should interact vith IQ to

nroduce differential performance on the same task.
4. Produce changes in blood pressure depending upon difEFiculty level of

program.
Population: Male introductory psychology students.

Procedures:
General Design: Sece aprendix

Analysis:
1. Pre-post anxiety comparisoams
2. Pre-post blood pressure comparisons
3. Error rate of HL and LO A Ss
4. Time to comdplete program
S. Anxiety levels (state) during the program
6. Blood pressure changes during the program

pData to be collected and
method of collection:
Expected Results: See "Romarks' below
Titles of CAI courses used in Project: Psystudy
1. Complex
2. Compfrac
Auxiliary or Special materials to be used:

1. State-trait Anxiety Inventory
2. Booklet containing instructions

217
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Remarks:

Anxiety Scales
1. HIA on the difficult part should Show highest score on state

anxiety measures.
2. LOA on tha difficult part should increase
..., levels but be_less than HIA.

-
- -—..-—.-... -

3. LOA & HIA on the easy part should both decrease in state anxiety.

scores irom pratest

»

L R - .

. -
.-1_',-:34 :i Lt

Performance on tiiz program

1. It is expecied that our trials, £hdt HEA's-will do poo er than LOA's.
2. The exac: naiure of the-anxiety - IQ interaction will be determined
by the amount of anxiety engender2d and the dxcrxcalty lovel of the

= T -
-2 =

program. : S _

-: - T
- - iy
T e - -

Blcod 2re¢sur° AT - S S,

1. During the difficult sentence blood pressure should inc e Erom

pre-program level.
2. It should decrga,e during the easier section ftcn difificult .section

.2 -
- - -- - -=

- . . level. .- k : :

- -
-

s 0E 3. After .a 5 nxqut° wait followin° the 9ro~rai--1t should return to
ba ellne - ‘.. —:._’ - = - =2 2o = ": = T3 1.3 -
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< CW-ASSISTBD nlsrm:'nou CENTER
FLORIDA STATE UIIVBISITY
PROJECT IIFOHA‘I.'IGI m

1440 SYSTEM

Date __ g tesber 26;- 1967 . . Project Number 1031
Project Director: Dr. Bov..rd Stoker . SLERES SR
Other pro;ect-'pctsoand- lieil Shzu ngt-er
Project Title: Effects of Three Instructional sttategies on Achievelht -
in a Re-edial—m:i.tlnet:.c Progtﬂ. 3
General Nature -af iProject: Di._ssertation TEOTE e
(bjectim: L _ s
- Tun.. g - -3
Population- Junior mgh School ‘C1low’ achievery in- atitlgeu‘r:) ,
Leon County Schools, 60 student subjects om CAI. o TEE O tmsw o
Procedures:
General Design: Four gtdupt three experimeatal _gnd one coantrol 3
Analysis: t tests of differentials between means and proportions.
Data to be collected and TR A a
method of collection: Pretests, two posttests (paper and pencil),
performance on program. se tits (!tudent records) . LR
=2 !‘M.‘ . “ - 2‘-~
Expected Results: . " . e ’"s o :-- 2 t
Titles of CAI courses. usei {n Project. dsub: ~_“~ “' A

. -

Auxiliary or Special materials to b_e used.ﬁ None

. e T
- R
- w. e,
- -

Calendar: ) '
Project Starting Date- October 3:° - . Expected COnpletion Dnte- tobet 27

e - -

Date of First Machine Usage:™ - September, 1967 . .
- i S B ) ) » s
Type of Use: Entry zud debug. °° e T

Anticiapted Total Time per Student: Three hours

Nusber and Length of Student Sessions: Two-four, approximately
one hour each.

Remarks:

1,
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Date s;ga&: it 2] :,;fl'%"l" ST Project Nd;t: ’-ioooi L

Project Director: Harold F. O'Neil,:.Jr. . o e T
Other project personnel: Dr. Duncan Hansen, Dt Cbarles D. - 7 _
Spielherger,; Advisors -3 - Lo 1.303D - - _ ) I

< - .
- - - &

Project Title: Anxiety and Task Difficnlty Dsing CAI l(edia, II.

’
A YRS T2 TR

General Nature of Project: Iuvestigate the effect of anxiety upon
the learning process. ‘ -

Objectives: Provide r@ghc:ti:on of -hyﬂcudy, collect Iatency data on
responding. : - P TR LA e S ] -"';.‘ 5::‘5": i

Powl‘tim: .-7 ,:.;J ) -.-
Sample: z*I&tnqdnston..‘PawaLOzy;;gMen‘a ts oL cnE o T TEERS

Procedures: . = _.mITha¥, o T e SEIEL e
General Design See Appendix. ‘ - R TS

Analysis: . = _fiToEe Tt oL L 3 L. - :
(1) Pre post anxiety co-parisous T e T : 0 T
(2) Pre - post blood pressure comparisons Do
(3) Error rates of Hi and LoA Ss - e T
(¢) Latency data - descriptive , statistics S
(5) Anxiety levels (state) during-the program it . -
(6) Blood pressure changes durmg the ptogr-. S A

Expected Results: See below (Raurks)
Titles -0f:CAL courses. Jused:in- Project.,-_l’sy .2 oL LR
Auxiliary or Special materials to be used: .;

State - Trait Anxiety Inveantory
Booklet containing instructions ] S

-
s
- v
- v .
s it SRS g > - - ~
- - Ll »~
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Anxiety Scales
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1. HA on the difficult patt.should shov highest score on state -
anxiety measures. .. - - - :

e
. "Swoaty

2, I.(lon the difflculéf‘pa_gt should Aitu‘;reae scores from-pretest
levels but be less than -BLA. ;.. 5:: | .

- .
-

3. LOA and HLA on the easy part should both decrease in state anxiety.

Errora . .- .- ..

1. -‘;bt'g‘t’i__'g;,:v"ety;g_lifnﬁéult section HLA should have more errors then
lovw A's given equivalent ability. o

2. “On the euy;section HI shoul d Have fewer erfors tl.);n un "

*
-l

=3

Blood Pressure = . S
1. During the difffcult sectiom, Blood pressure ghould increase

[P
LY 3.l

Latencies

1. Bmpirically collected and analyzedg
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COMPUTER-ASSISTED INSTRUCTION CENTER

FLORIDA STATE UNIVERSITY

PROJECT INFORMATION FORM

Date Jeatember 1, 1967 Project Number 0002

Project Director: Dr. Duncan Hansen
Other Project Personnel: Mrs. Ora Kroshout, Miss Mar jorie .
Nadler, Mr. Bob Hogan--writers. - Drs. Steve Edwards, Neil
Fletcher, J. W. Nelson, G. Schwarz.

» -

*

sa

[ ]

- -

Project Title: CAIL Project.in Introductory Physics (Physics 107)

General Nature of Project: Development of paterials for a
. ~-completely autonomous.course, and testing.on a group of
students. ("Autonomous" here mesns that the student does
not attend any conventional lecture presentations; total

| TaET < instruq._t‘onal experience takes place_at the CAI Center.)

Objectives: One-quarter course, presented twice - Fall quarter, _
1967; Spring quarter, 1968. Winter quarter to be used for==-
= -: evaluation-and-improvement. Objectives.are to investigate . ;
the applicability, merits, and-costs.of:such a course. ": ~
‘ {

Population:. College-students, .mostly freshmen, primarily not i
science majors, with little mathematics training. ”
Sample: 23 volunteers from the roster of (more than 700)
registered Physics 107 students. : .

] -y - >
" Ve < [t e :.ﬁ‘f.,
e Tt Sme = T CLA K 5 B a - .

RERS - -

ol O r i et Pl RS € KBTS

Procedures: )
General Design:-"-':IBH'-llSOO-canpgter-_pged; CRT _terminals;- -

language = COURSEWRITER II.

£33 2l Lidi kL,

Analysis:

pata to be collected and
method of collection:

Expected Results:

Titles of CAI courses uszd in Project: P107, physics 1, physics 2

Auxiliary or Special materials to be used: (1) 16émm P.S.S.C.
movies (P.S.S.C. means Physical Science Study Comnittee)
(2) super-8am concept films
(3) tape-recorded lectures
(4) booklet of mimeographed supplementary sheets
(5) homework assignments and textbook used by students in
- the "conventional" sections of the class

232
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COMPUTER-ASSISTED INSTRUCTION CENTER

FLORIDA STATE UNIVERSITY

a i ia ™
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Project Nﬁmkgfgv,:060§

- oae

Date September, 1967

Project Director: Dr. Ernest Burkman .
Other project personnel: Dr. William Snyder, Coordinator, CAI-1SCS
Mr. David Dasenbrock, Programmer . . .

Mr. Paul Flood, Programmer a

Faan  »

Project Title: Intermediate Science Curriculum Study

General Nature of Project: Development of 7-9th grade curriculum in
science emphasizing individualized, self-paced learning.

Ob jectives: 7-9th grade science for all students.
Physics, Chemistry, Biology, Earth Science.
Structured to independent experimentation.

Population: 7-9th graders, ages 12-15 (all ability levels)

Procedures:
General Design: Linear with branching for remedial and earichkment.

SOt i S BME ST L i PRREALE: ILIIC Lo Sl g S i L v ST &
Y ? o oy

Analysis: To be determined.

Data to e coliected and
method of collection: Tapad responses to be analyzed for specific
content and process factors in addition to general analysis of ca

and wa and latency.

Expected Results: Revision of textual materials.

4 ne

Titles of CAI courses used in Project: ISCS

Auxiliary or special materials to be used:
Supplementary record text for written respcnses.
Audio visual - flip pad diagrams for lab instructions.

-
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Expected Completion Date: Summer,.1971
Date of First Machine Usage: October, 1966

Type of Use: Program entering

-
Y
3517 R SN

‘Anticipated Tofaliiime per Student: 180 Kout's TR S

T s ..3..:‘;.: 5.‘- <. =, zeray
Number and Length: of Student Sessions:; 1 hour (2/day). i
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COMPUTER-ASSISTED INSTRUCTION CENTER
FLORIDA STATE UNLVERSITY
PROJECT: INFORMATION FORM .

1500 SYSTEM.. . . ...
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Date November 15,.1967 Project Number * 0004 . :

S S
T -
~d

CEF
e - -

Project Director: Ted Wilson : .
Other Project Personnel: Dr. T. Smith, Committee Chairman;

W. A. Kennedy, Dr. Duncan Hansen.

Project Title: Interaction of examiner attitude with praise
and blame.

General Nature of Project: Control for examiner influences in praise
and blame studies by replacing him with a computer.

Objectives: Demonstrate the influence of examiner attitude in
verbal reinforcement experiments.

Population: 100 19-year old FSU sophomores. 50 males and 50
females from the introductory psychology ccurse.

Analysis: -4x4x2 ANOVA Lindquist Type III design

Data to be collected
and method of eollection: Response latencies, number of errors.

Expected Results: A positive attitude will enhance the influence
of praise; a negative attitude will enhance the influence of

blame.

Auxiliary or Special materials to be used: None.

Calendar:
Project Starting Date: 11/27/67 Expected Completion Date: March 68

Date of First Machine Usage: 11/28/67

Anticipated Total Time per Student: 1 hour
Number and Length of Student Sessions: One 1-hour session

Remarks:

226
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COMPUTER ASSISTED INSTRUCTION CENTER
FLORIDA STATE UNIVERSITY

PROJECT INFORMATION FORM

pate Novembor 1, 1967 L o E;-oject Number__ 0005

Project Director: Dr. T. A. Smith-and Dr.-Duncan Hansen

Other project. personnel: . Mr... John.Hedl - gfaduate, student.co-ordinator -

Project Title: Attitudes to"l'ea?:.ﬁirig. Hethgds,

General Nature of Project: To assess attitudes of students in varioﬁ;ii:fi:ypes
of instruction “(lecture, discussion, reading,..and CAT reading).. An..".
attempt will be made to-determine which of the treatments aided learning

the most. e SO '

-~

e o3

Objectives :

-t

e
S

"Populationi? “30: Ss “from the Ed. Psy. 317 glass~to-he.-used~--on_1500—system‘"'
) Sample;.mliw.tqtal.,in- the-expéeriment.

Procedures: © =-— Ll L o
GEnera']. DeSi. n: « :'.- b Z'-:‘
Analysis: ""‘Standard*sia;isﬁical Més_

—
= -
Lt TV

Data to be collected and - . s
method :gf~collection: & “*

______EXpecl:ed.xesults: More -positive---é,tt_:itudes- ﬁ&é‘apputetaasg_:}_ted.-instzuction as
T compared to-the_ traditional teaching methods (lecture, ireading, and
'; ~discussion). = N o :

o -_7:‘"‘5:::
2t

2=

e

“Titles. of CAI-coursés used-in Project: Essay’

Auxiliary-or~Special materials-to.be.used: Ne o

- Teis-"

Calendar: . ot e .
Project Starting Date:” Dec., 1967 - ‘Expected<Completion.Date? "April.l »..196%.
pate of First machinewWsags: Dec. 1, 1967 Type of Use: i 3
- .. Anticipated Total Timeper Student: 1 hour v
Number and_Length.of Student ‘Sessions: 30 students will _be - run on

-the-system 67"
Dates:

M

-
LSRR
e

. . _ . «1
: s 3 EST oy 3 . : )
Coding: (.a)E:;;z'l?ggun"}Qééf;’e@ber 1967 . AT RS
O (b) ..Completed. December- 105~ 1967. e e oy A
. Debugging: 7" (a) Begun December" 10, 1967 . ' PR (F S
- (b).¢- Cotipleted.... S

. Student-Testing:(a).--Begun "~ __ ...
(b) Completéd...
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“-.... . Date November 16, 1967 Project Number 0006

-

Project lii‘éfééto:-':f-’l')'ti‘ Thomas R. Xing, major professor
=+ .-~.-Other sproject- personnel: Mr. J: Clark Weaver, minor- professor
Mrs. Marsha Markle, author, ifr. Walt 3lomquist, CAI editor and 2dvisor

®roject Title: An Experimental Thesis Study as partial fulfillment
of a. Master of Arts Degree in Public Address, Speech Department.

- e T - = a2 -
" ,:-:5-,: % e - -

General Nature of Project; Linear program designed:to téach
beginning students the bacic steps of speech preparation.

Objectives: The course will be approximately 230 frames.” The objectives
are to develop and test the effectiveness of a CAI presentation -~
of programmed learning of basic speech preéparation .z f

Population: College students in a freshman level beginning.speech
course. ) Dol
. Sample: Groun T: Experimental, 25 college studeats enrolled :
o as in Speech.105: at ESU:during Spring:quarter; 1968 who
will receive the CAF. treatment.-rg:. .33 .

- -y Sa- i -
P c we *7m wad e

-

M
Tiav

<
-

- | Group II: Control, 25 students in Speech 105 who will ~
not be exposed to the CCAIL program.-- _.: : : . R

P Analysis: Student response analysis, pre- and posttests;on the
o information included in the program, and judges' ratings of
the speeches.

.. * . -
.

Data to be. ._,‘g_?_llééteﬂ’ and

method of collection: Students' responses to questioning. on.the -
. content..of the program and judges' ratings, of the -speeches.

-
* -

!
]
AN S L o i A Beras imi.as gl Sl n

Expected Results: It is expected that those who are exposed to the
program will score significantly higher on the content exam-:: .
ination than those who are nat- exposed- to the program. The
results of the performance examination are anticipated. : -.Iy -

fvJery o v v E
- .-y . [ P B }:
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Auxiliary or Special matet1h1 Lo be used: None.

wi 3laea

Calendat' .. ,
" Project Starting paté: - 8-67 Expected Completion Date: 3-68

Date of First Machine Usage: 3-1-68
Anticipated Total Time Per Student: 3 to & hours
Number and. Length of Student Sessions: 2 to 3 v1sits, 1 to 2

-
-.; _“
E M

- == "< hoars each’ e

Remarks: General Design - Pretest of the information’included in.
the program given to both the expettmental ‘and ccentrol™ groups.
Experimental group exposed to the program. Control group is not.
Posttest of information in program is administéted to both groups.’
In additionm, bo;h,groups vill be requ1red to take a performance
exemination to see if the sdeeﬂts c¢zn apply’™ xhat they have learned.
The control group will also give the opeeches.- The speaches will be
three minutes in length. The speeches will be videotaped. Judges,
comnosed of instructors in the Speech Department, will view these.’

speeches and rate them.

oz
-
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APPENDIX C

e

SYSTEM UTILIZATION REPORT

July 1, 1967 through December 30,
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COURSE CODE JULY
ADDSUB

ARTHIS .13
CAINT

CHEM .30
COMMA < or -t .30. -
COMNUMIT 85.53
COMNUMST 21.01
CONSOWEL ~ i 57.65
EDTEST 41.57
FORTRAN 1.50
FSUCW 89.17
FSUTEST 6.73
GAMEPROB

JHCP 1.70
LEARN

LISTGEN

TLOCKHEED .75
MISSOURI

NOMADIS .32
NSGLSI IR 43
OHMSLAW .35
PHYSDEMO

PHYSICS S1.8a 3:30
PHYTEST 32.92
FPROOF 1.58
ESYSTUDY 56.34.
TESTREF .27
TSTSTAT .82
HELCOME 102.36
TOTAL TIME USED 504.G3
DOWN TIME

AVAILABLE TIME 1078.86

PERCENT UTILIZATION 60.08
20CTOR TERM. USE  144.19
REMOTE USE 89.91

TOTAL TERMINAL
TIME USAGE

738.13

APPENDIX C (éontinued)
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COURSE CODE
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APTBNDIX C (continued)
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Appendix D
DEMONSTRATION REPORT
fo e eiupmey YOIV T IFL
July 1, 1967 through December 30, 1967

COMPUTER-ASSISTED INSTRUCTION CENTER

Number of Total Number
‘ Terminals Used Attending
; Florida State University ... . ;. -- e -
| Dr. Ernest Burkman, 511 Class o 8 20
Dr. Mildred Swearingen, Ed.Adminis.Class 6 20
Dr. Marian Black, Ed. Administration Class 6 40

; Dr. William Malloy, Supervision.Class 2 8

: Dr. Eugene Nichols, Math Education Class 4 10

f Dr. Timothy Smith, Exper. Psychology Class 4 11

5 Dr. Frances Hall, Phys. Ed. Research Class 4 13

Dr. Thomas King, Speech Class - 3 6

: Mr. Jay Knippen, Business Education Class 10 40

i Miss Valerie Chamhpr1a1n que-Ec Class 4 15

Dr. Raymond E. ‘Schultz, College Teaching 4 15
Dr. Peter Everett,. Physical Ed. Class 4 10
Dr. John Champion, University President 1 3
Dr. William Quinly, Educatxpnql.ued1a 8 18
Mr. Jim Swanson, Placement Bureau 5 22
Mr. Mike Beaudgin, Information Services 8 20
Other faculty, staff, and students 8 32
TIBM
On site 10 20
Remote
University of Tennessee
University of Ohio
National Science Foundation Institute 12 30
Social Studies Institute 12 30
Chipola Junior College - Elementary and
Secondary Teachers;- Mariamna, -Florida 6 18
Florida Department of Public Welfare 2 7
. Florida Department of Education 5 12

| L. W. Singer Company 1 4

! University of Florida, Gainesville, Fla. 10 .25

| Lillian Ruediger School, Sixth grade 16 " 713

Tallahassee, Florida .- .

3 Public School Supervisors of Charlotte, N. C. b .9
Participating in the preceding demonstrations were representatives from
the following organizations in addition to those already identified:
U.S. Office of Education
Leon County Board of Public Instruction
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Participants in the preceding demonstrations (continued)

SACS, Paris, France

University of Utah, Salt Lake City, Utah

Southeastern Regional Laboratory, Tallahassee

Florida State Department of Education

Governor's Educational Commission

Clovis, New Mexico High School Faculty

Florida State Board of Regents

Leon County Public Schools, Instructional Services Department
University of Aachen, Germany

General Electric Corporation

North Carolina State, Elizabeth City, North Carolina
Connecticut University, Storrs, Connecticut

Stanford Medical College, Stanford, California

IBM, Paris, France

Atlanta Journal, Atlanta, Georgia

Commission on College Physics

Swiss Federal Institute of Technology, Zurich, Switzerland
French National Institute of Applied Sciences, Lyon, France
Bristol University, Bristol, England

University of Texas, Austin, Texas

Milgo Electronics Corporation, Miami, Florida

Brigham Young University, Provo, Utah

University of Cincinmnati, Cincinnati, Chio

Miami Dade Junior College, Miami, Florida

W. B. Saunders Publishing Company

University of Georgia

Information Sciences, Melbourne, Florida

Carleton College, Northfield, Minnesota
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