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ABSTRACT

This dissertation presents a paradigm by which specific computsr progran-
ming concepts can be conveyed to begimning students in a game-like environ=-
ment. This model emphasizes student-computer interaction, rather than
student-taacher interaction. The model integrates four instructional modss
which have been effective ssparately in other systems: a tutorial mode,
which is used in conventiomal CAI, an interactive graphic nodel, which has
been the key to popular video games and newer CAI progra®s; and program ex-
ecution mode, which has been the cormerstons for programming laboratory
work; and a reductionistic (incremental) structure, which is the accepted
structure for texts in computer science. To cover all programming concepts
in a beginning course, mumerous topic learning modules would bhave to be
developed. (They are not all covered in this work.) To illustrate the
paradigm, three specific modules are developed: a Puzzle Module covering
sequence and iteration, a Busimess Module covering procedures and procedure
concepts, and a Grade Point Average Calculator Module covering array nota-
tion. 1Two of the modules (The Puzzle Module, and The Business Module) have
been implemented to run on wmicro-computers and one of them (The Puzzle
Module) has been evaluated in a classroca enviromment. Finally, guidelines

are included for implementing further modules.
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Chapter 1 - Introduction
1.1 The Problem: the msed for CAI in teaching programming

Decreasing costs and immedfate feedback have combined toc make elec-
tronic games increasingly popular in recent years. More and more educators
have come to the conclusion that teachers in a variety of disciplines can
capitalize on the popularity of electronic games when conveying new con-

cepts to less than interested students [Harr 81].

It is recognized that learning computer programming genmsrally requires
strong supervision. This supervision is referred to as the 'hidden lab'
(Tuts 81]. Unfortunately, the academic community is unable to give ade-
quate individual supervision because of the huge enrcllments in many com=-

puter science classes,

The large class sizes in computer science can be attributed to the

following causes:

a) The increase in the number of computer science majors over the
past several years. Dennings article is dated but the following trend
still remains. The number of undergraduate majors in computer science dou-
bled during the period 1975 to 1981 [Denm 81] and a similar rate of in-

crease is expected in the future.

b) The increase in other disciplines requiring introductory computer
science as a core course. More and more educators (from schools and
departments other than computer science) are recognizing the nsed for their

majors to have an increasing amount of computer literacy as it relates to
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their disciplins [Pres 83].

e) Not many graduate PhD's in Computer Science select teaching as a
career. The half life of the material that is to be taught (with respect to
other disciplinss like math or physics) combinmed with the fhidden lab' as-
sociated with lower level programming courses has made teaching computer
science unattractive. During the period 1975-1979, there was virtually no
increase in the mmber of new PhD's taking academic positions at PhD grant-
ing institutions, whereas the undergraduate enrollment increased from 15 to
20 percent, annually., This has resulted in some universities cutting en-
rollments and limiting class sizes [Denn 81], while other universities al-
low the number of students par class to grow without bound. The resultant
increase in the teaching workload has caused many to retire from acadeaic
life [Tuts 81]. Denning has described the manpower shortage in the comput-

ing field as severe [Denn 81b].

The above factors have resulted in large, nearly un-manageable comput-
er science classes with a concomitant increase in the teacher workload.
These factors, along with the reluctance of some university administrators
to allocate scarce resources in an area as new and volatile as computer
science, create a serious problem in Computer Science education. The solu=
tion to this problem requires a shift to computer aided instruction of in-
troductory computer science concepts.

1.2 The Requirements: Necessary Characteristics for CAI for programming

The question of this research then is: What is nmseded for CAI for

teaching computer science concepts? My answer to this question was found
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by an examipation of the hardware (and software) in current use, along with
an examination of the literature in the areas of computer science and edu-
cation, specifically computer aided instruction., Four ideas stand out as
essential features for CAI packages: a reductionistic organization, an.in-
teractive graphics model, an instructional mode, and an execution mode. It
is my conclusion that not all systems have these four modes. They became
evident after studying the literature and searching for instructional pat-

terns.

A brief description of the four modes follows:

- Reductionism is used as the basis of most textbooks that teach comput-
er science and is the gensrally accepted approach. A reductionmistic
approach is one that introduces key concepts one concept at a time, in
isolation and then uses these concepts to build on, as the student is
exposed to more advanced and difficult material.

- Computer Graphics offer a high bandwidth for transfer of information.
This is evident from the literature and from the emerging technology
of instructional packages on micro-computers.

- An Instructional mode is necessary with any package used as a supple-
ment to classroom instruction.

= An Executable mode is a requirement due to the nmature of the discip-
line. A student cannot do any useful work without a programmable syse
tem, and exscution of programs forms the cornerstone of computer sci-

ence.

The foundation of these four requirements and the background 1litera-

ture supporting them is given in Chapter 2 of this dissertation.
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1.3 Contribution: A model which integrates these CAI features

This disssrtation pressnts a model which integrates reductionism, in-
struction, graphics and execution into ons coherent packsge, an approach
not currently being utilized in the instructional programs in the computer

science curriculum.
Important characteristics of the model are the following:

(1) The model is designed to provide motor-learning experiences util-
izing immediate feedback that encourages adaptation and imita=

tion.

(2) Capitalizing upon the appeal of the interactive mature of comput=-
ers, the model uses a 'friendly' enviromment in which concepts
familiar to the student are translated, automatically, into more
formal programming statements and then these formal statements

are, subsequently, displayed on a student terminal.

(3) The model is designed around the idea that beginning programmers
should learn their craft by example rather than by trial and er-
ror. A problem is presented and the student solves the problem
using simple or already familiar concepts. While the student is
solving the problem, in familiar terms, a ‘program' is intro-
duced, automatically, which shows an equivalent solution using a
more formal notation. In this way, program syntax, and some se-
mantic rules, can be conveyed on a real-time basis without an

inordinate amount of student-teacher interaction.
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(4) This model consists of several levels. Each level (consisting of
a sequence of nins phases) is designed to convey more advanced
concepts than the previous level, The student will work through
the phases of a given level until the completion of that level.
The phases are designed so that the student progresses (in a
reductionistic manner) by building on previcusly learmed materi-
al. Egch phase has been designed to ‘walk' the student through a
solution of a problem using a computer, beginning i-lith the stu-
dents own primitive solution and finishing up with a formal algo-
rithmic text, Within the design is a 'backing up' feature that
allows the student to see previously covered material at a

lowered numbered level for review or for reinforcement.

This model is not what is commonly referred to as CAI (Computer Aided
Instruction). CAI generally has two altermating phases: a tutorial phase
followed by a question/answer phass. The package described in this paper
presents a computer directed motor learning experience that fguides’ the
user through several phases (at various levels) culminating in the develop=-
ment (by the user ) of syntactically and semantically correct computer al-

gorithms,

It is recognized that several modules are required to build the pack-
age described in the previous paragraph. This dissertation describes the
implementation of a subset of the modules necessary to coover the entire

spectrum of computer science concepts taught at the introductory level.

There are two modules implemented according to the model, a Puzzle
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module and a Businsss module (involving a data base). These modules will be
used to convey different computer science concepts. The model can be suc-

cessfully used in the design of a variety of interactive modules.
The following interactive modules have been designed:

The Puzzle Module - a jig-saw puzzle (with square corners and 4
pieces) appears on the screea. The student is shown the use of
saveral keys on the keyboard (and/or other items of bardware that
is avallable - a joystick, for example) and directed to move the
pieces about the screen using the ksys (or joystick) until the
puzzle has been assembled. This exercise is used to relate puz-
zle manipulations to algorithmic processes, and to introduce
looping, decision and input/output programming constructs. The
Puzzle module is implemented on an ATARI micro-computer and was
used by am instructor of CS=200 in a classrocm enviromment. in
analysis of the responses of the studsats, regarding the suita-
bility of the package appears in a final chapter of this paper.

The Business Module - the computer displays a hypothetical and quite
primitive office, with an input, a database manager, an inventory
and a mail box. The student is directed to move sheets of paper
(records) from the input to the database manager and then on to
the inventory manager or to the mail box. These 'foffice opera=
tions' have counterparts in many programming languages and are
considered to be useful programming concepts., This module intro=-
duces procedures and parameter passing, and was fully implemented

but was not tested in a classroom enviromment.
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The Grade Point Average Module - the student is directed to key in (on
a keyboard) ‘the number of bours' and 'letter grade raceived'’
(using a four point system). The program will display (upon com=
mand) total grade points received and a total GPA for the stu-
dent. This approach is widely used in conventional (programming
classes and is used to convey to the student the following con-
cepts: 'assignment statements’, arrays, input/output, formatting
and editing. The design for this module appears in Chapter 3 of
this dissertation, but the module was neither implemented nor

tested in a classrocm enviroment.

Walker [Walk 76] states that classrocm instruction is highly ego
satisfying. The classroom instructor will not be willing to step down as
the central authority figure (and the undisputed source of knowledge in a
classrocm) to the role of class monitor. Therefore, the package described

in this paper in intended to be used as a supplement to classroam instruce

tion.
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1.4 Organization of this paper

This paper is organized in the following mannsr. Tke introduction es=
tablishes that thers exists a problem of educating increasing numbers of
students in computer science with an (almost) non=-changing number of facul-
ty. Also, appearing in the introduction are the requirements of designing
a CAI package to be used by a computer scieneg instructor. Chapter 2 is a
review of related work invalviag Computer Aided Instruction, especially as
it relates to game-playing. Chapter 3 gives a detailed description of the
model, followed by a description of the modules built according to the
model. In Chapter 4, there is a detaiied evaluation of the Puzzle module
to determins the effectiveness of the software package. Cuidelines for an

implementation are then given followed by a conclusions chapter and a bi-

bliography.
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Chapter 2 - Literature Review and Foundation Coaocepts

2.1 Introduction

Initially, the literature was examined to find existing work in CAI
for teaching about computer science, particularly programing, and to find
gulidance and principles for the model pressated in Chapter 3. PFour priaci-
ples were identified for the model. In order to show how the current
literature relates to the model described in this dissertation, this

chapter is organized following the four principle goals of the model:

Zensral concepts of CAI

CAI for teaching programming
CAI graphics

CAI reductionistic structure

Each section concludes with the principles that are used for the model in

chapter 3.

2.2 General Concepts of CAI
2.2.1 Introduction

CAI (Computer Assisted Instruction) is a matural electronic extension
of PSI, a Personalized System of Instruction developed by Fred Keller
(Kell 68]. PSI involves the following concepts: 1) the student uses, pri-
marily, written materials, 2) the student masters one level of material be-
fore contimuing on to the next level, 3) the text is self-paced, in the

sense that the student is allowed to proceed at his or her own rate, and
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4) there are proctors available to provide someone help. With the intro=-

duction of computers, Keller:!s ideas became even more widespread and are

used extensively in many CAI packages.

CAI is definsd to be "a teaching process directly invelving the com~
puter in the presentation of instructional materials in an interactive mode
to provide and control the individualized learning enviromment for each in-
dividual student® [Spli 79]. Belt, et.al., adds that the studest is online
to a computer, and that a "stimulus is presented, responses are accspted
and processed, feedback is provided to the student, and the computer main-
tains various degrees of control over the sequencing of material®

(Belt 76].

In contrast, (MI (Computer Mamaged Instruction) is defined to be: ™Man
instructional management system utilizing the computer to direct the entire
instructional process, including perhaps CAI as well as traditional forms
of instruction.... CMI has some or all of the following characteristics:
organizing curricula and student data, monitoring student progress, diag-
nosing and prescribing, evaluating learning outcomes, and providing plane

ning information for teachers® [Spli T79].

Initially, the advocates of CAI borrowed an idea from individualized
instruction. This idea was that the process be self-paced, i.e. the
learner proceeds at his or her own rate and according to his or her own
ability, and usually under the guidance of a teacher [Blak 69]. This idea
is still predominant in the packages available at this time, and the pack-

age proposed in this dissertation reflects this same approach.
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Van Hees [VanH 76] identifies six types of CAI that are in current
use. These six types are shown below. The types of CAI that are of in-
terest and are incorporated into the design of tkbe model in chapter 3 have

been mariked with an asterisk.

1 drill and practice
¢ 2 tutorial instruction

R R e S pr————

3 imuiry

* } problem-solving
S simulation

& § gaming

Six Types of CAI

Drill and practice sessions have questions and answers similar to:
Press the correct letter to signify which answer is the capital of Texas?

a. Dallas b, Austin c. San Antonio d. Houston

Drill and practice is one of the earliest applications for teaching
with computers. This approach does not appear in the model described in

chapter 3 of this dissertation.

Wwith tutorial instruction, a block of material is displayed on the
screen, with the explanation of some feature of, say, a software package.
A given command is displayed, then the results of the command appears on
the screen as if the user had pressed the command. The tutorial approach
is not interactive and therefore was not used in the model appearing in

chapter 3.

Inquiry systems are simple question and answer systems. The user can

key in some keyword (Kansas, for example) and the capital (or some other
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information) will be displayed.

Early problem solving systems were used to teach math students funda-
mentals of algebra. 4 typical question is: x + 7 =9. What isx? 1If
the student keys in the correct answer, he/she will progress to more ad-
vanced material, if not then previcus material will be reviewed.

Simulation systems for a variety of discipiinss are wide-spread. An
example system allows the user to enter the topology of a given elsctronic
circuit, and the properties of the circuit are displayed. Changes can then

be entered allowing the user to experiment with different designs.

Gaming includes any type of program that pits the student against an
adversary, whether it be the machins or another human. In order to win the
game, the user is required to apply a prescribed strategy, preferably one

that relates to the course of material.

All of the above types may include an authoring mode, a program or a
set of programs which allow an individual teacher to enter new lessons into
the system at their own discretion without programming [Stol 68]. The
package described in this dissertation does not include amn authoring mode.

2.2.2 Advantages of CAI

Chambers lists several advantages of CAI over other conventional

learning methods ([Cham 80]:

- It involves the individual actively in the learming process.

- It is self-paced.
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- Reinforcement is immediate and automatic.

-~ It allows investigation into problems which would be costly or not
possible without the use of computers.

- CAI frees the faculty from redundancies (such as bookkeeping) and
allows them more time to devote to personmal human considerations of
the students.

~ CAI helps in remedial training of bilingual and other disadvantaged
students.

- CAI can be cost saving, in scme cases{see also Hart 71 & Sclo 74].

= CAI reduces learning time when compared to the regular claasroca.

Riedesel lists eight additional advantages of CAI, particularly in
comparison with other programmed devices [Ried 67]. In summary, the eight

advantages are:

~ The computer carefully controls the learning sequence of each stu=
dent and requires the student to comprehend each frame.

- The computer can judge coanstructed responses for accuracy.

~ The computer may offer a more stimulating learning situation than
is sometimes provided by programmed texts.

- The computer can utilize background information on each student for
constructing learning sequences and judging responses.

= The computer is more versatile than the programmed text., It can
teach a wider variety of tasks and employ a wider range of auxili-
ary stimulus-pressentation equipment.

- There is a great deal of interest in the use of a guided discovery

approach to teaching in today's schools. The author of a CAI se-
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quence is able to use the same type of guided questioning that is
typical of guided discovery patterns. In fact, it has an advantage
over a guided discovery discussion, since eachk learnsr must respond
to each question, experiencing discovery himself,

- The computer offers data on the entire learning session as well as
summary information., These data can be useful in revision of a
prograummed sequence as well as for school records and research pur-
poses. Students can use their 'type-outs’ for study. Also, studeat
records can be very useful in analyzing the thinking patteras of
students.

- The computer is a long=-term investment that may be used for a
variety of purposes, such as data processing., It may be less ex-

pensive and less space-consuming than programmed texts.

2.2.3 Disadvantages of CAI

The CAI approach is not the panacea the educational community antici-
pated. The spectrum of CAI materials is incomplete. Thers is no standard,
high-level, complex CAI language which is machine independent, and which
combipes authoring aids with graphics capabilities [Chen 80]. Sharing of
quality CAI materials is virtually non-existent, and the resources needed
to develop an appropriate CAI paciage exceeds the budget of many potential
users. Much more applied research at the interface between cognitive sci-
ence and computer science is meeded for the creation of CAI tools

{(Dunec 81].

Finally, it is not clear that widespread acceptance of radical teach-
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ing practices will be forthcoming., It appears that instructional paradigms
vill evolve, meeting the educational needs of the population and adjusting
to changes in the demographics as they occur. Experience with PLATO and

TICCIT confirms this belief [Alde 78].

The following paragraphs describe two example CAI systems currently in use

by the academic community.

PLATO (Programmed Logic for Automatic Teaching Operations) has been
deseribed as "a large educational computing network" [Alde 78], although it
is not a metwork in the conventional sense. A centralized computer, locat-
ed at the University of Illinois in Urbana, ssrvices nearly a thousand ter-

minals that are attached directly (or with a common carrier) to a CDC Cyber

T3=-Th.

The designers of Plato decided to present the material in amall units
called lessons (or modules), Several lessons constitute a course -and sets
of courses make up a curricula. The central ideas behind PLATO is one of
providing 1) courseware for helping students learn a variety of topics (ace
counting, biology, chemistry, English, math, etc) and 2) a means whereby
individual teaciners can enter new lessons intc the system at their own dis-
cretion, using an authoring system called TUTOR. The majority of the in-
structors judged the lessons to be adequats for their students. 4s might
be expected, the PLATO system did not completely replace the teachers in
the classrooa. The lessons were either integrated into the study plan or
were used as supplementary teaching aids. In Alderman’s study, less than

one-third of the material was initially covered using CAI mode. [Alde 78].
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As a result, Plato is moderately but not overwhelmingly successful.
One of the problems, as perceived by this author, is one of distribution of
information. As Ullmer argues, whenever a learning activity requires cen-
tralization (as typified by a library system or a centralized computing
system) then the student is hindered from exposure to the material. "Thess
diverse and disconnscted types of activities, having little room for parti-
cipation and control by students, simply do not constitute a desirable and

effisient form for an instructional system.®™ [Ullm 69]

Communication with the centralized computer requires, in many cases, a
long-distance phone call (to Illinois), an expense many schools find une

desirable.

with the proliferation of low=cost micro-computers, obviating the nsed
for a centralized computer, the acceptance of PLATO and like services are

becoming more widespread.

Davidson [Davi 81] describes Pilot as "the most widespread small com~
puter CAI language® that has a calculation mode, graphics capabilities and
that is completely machine independent. 1In the latter regard, Pilot has
been implemented on many micro=computers. According to the author, Common
Pilot is easy to learn and there are courses in Pilot that teach Pilot, a

desirable attribute.

2.2.4 Conclusion

The following list contains those ideas from the various sources that

relate to CAI that have influenced or have been incorporated into the
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design of the software package described in chapter 3 of this dissertation.

aicro~-computers are used,

there is some tutorial instruction,

thers is some problea-solving involved,

there is some gaming involved,

the uat_ex'ial is self=paced,

the teaching process directly involves the computer in the presentation
of instructionzl materials in an onlins, interactive mode,

stimuli are pressntaed, responses are accepted and processed,

feedback is provided to the student, reinforcement is immediate and au-
tomatic,

the computer carefully controls the learning sequence of eachk student
and requires the student to comprehend each frame,

the individual is actively involved in the learning process,

the student masters ons level of material before continuing on to the
next level,

The computer judges coastructed responses for aceuracy,

the program is written in Pascal and Basic making the software somewhat

machine independent.

2.3 CAI as an Instructiomal or Tutorial Mode for Teaching Programming.

2.3.1 Tools for Software BEducation

Donovan [Dono 76] describes some of the tools that have been developed

that relate specifically to software education. The tools include such

packages as simulators, graders, compilers and monitors. The article is
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dated, and there has been significant progress since 1976, but the instruc-

tional goals and problems mentioned are basically the same.

(a) Simulators - Donovan'’s group developed a simulator for IBM/360 As-
sembler that would mimic not only user-level 360 imstructions but also
privileged instructions and detailed imput/output and timing. The goal was
to teach problem solving in assembly language, using primarily, a digital
computer and staying within the bo!mdz of reasonable costs. According to
their report, their efforts were successful. This approach has not been

used in this dissertation.

(b) Graders -~ Corresponding to each problem given to the students,
there exists a grading program. This program handles all I/0 for the stu-
dent, furnishes all the sample input (test data), and compares the output
with known answers, to be used for grading, Actually, Donovan's group
developed a 'meta’ grading program "with which an instructor can generate
his own grading program...for a large spectrum of student problems® [Dono

76, p. 431]. This approach has not been used in this dissertation.

(¢) A language compiler, not nscessarily friendly, is the programmers
basic tool, without which very 1little computing would be accomplished.
Some of the early compilers produced very little useful diagnostic help.
On the IBM 1130, for example, some I/0 errors were indicated by: 1) the
program in a stopped state, and 2) the error displayed in the console
lights on the CPU. Some of the compilers developed during the last few

years are somewhat more helpful to the student.

(d) Donovan's group developed program monitors which allow the batch-
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ing of student compilations and executions as a single job step, thereby
avoiding some step overhead associated with each student run, reducing
costs. The monitors also were able to recover from most programming errors

30 as to continue on with the batch rum.

2.3.2 Interactive Enviromsents

In the last few years, development of packages for software Iinstruc-
tion has taken quite a different turn, The packages are more interactive,
rather than batch oriented, and they tend to offer graphic displays. and
the enviromments are becoming more structured in a reductionistic fashiom.
Parenthetically, these nswer packages are not CAI systems as described ear-

lier, but, rather, are special language systems.

This section surveys special computer aided systems for teaching pro-

gramming,

Simple interactive enviromments with graphics displays are widespread.
Two of the more popular packages (Logo, and Karel the Robot) are described

below.

2.3.2.1 Logo

Seymour Papert headed a group at MIT that developed a user-friendly
problem solving language they called LOGO. (Abel 82b]. Logo was designed
to be simple, to give psople control over powerful computing resources,
and, concurrently, to teach fadvanced' programming concepts to novice pro-

grammers, These concepts include the following -~ procedures, recursion,
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list processing (specifically, hierarchy of objects), and language extensi-
bility. Logo has been implemented on a variety of micro-computers includ-
ing the TI99/4A, the TRS=80 and the Apple II, and features Turtle Graphics,

a tarm coinsd by the authors that refers to the computer simulation of a

robot [Nels 81].

The turtle is a triangular shaped icon appearing on the screen that
can be manipulated by the user. The turtle is an abstraction of a ‘real’
turtle, a hemispherical shaped mechanical device (with three wheels) that

can be made to move arcund on the floor.

A basic set of primitive commands that are used to control the turtle
are listed below. For a more complets list of Logo commands, refer to the
August 1982 issus of Byte Magazine (p.282).

- forward n

- left d

- right d

- back n

= penup

- pendown

- hide turtle

- repeat n [ commands ]
- if condition then command
- output

- print

- request
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= readwaord
Given the basic commands provided, the ability to extend the set of recog-
nizeable commands with user definmsd procedures has alsc been provided.
to square

repeat 4 [ forward 45 right 90 ]

end

Procadure invocation would be accomplished by entering the ocommand

! square’,

Input parameters can be specified
to square : size

repeat 4 [ forward:size right 90 ]
end

For this example, procedure invocation would be akin to:
'square 100°.

Output parameters can be specified:

to sum :a :b

output :a + :b

end

A syntactically correct statement that invokes the sum is:

sum 4 §

Logo is a dialect of LISP, and therefore shares some of the list pro-

cessing features of LISP. Given the following list: [a[b(ec d]]] the com=
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mands on the left would give the results shown on the right.

command result
first a

but first (ble dI]

fput [y z] [ble d]] (Ly 2] ble d]]

sentence [y z] [bfe d]] {y z ble d]]

make 'x [alb c¢]] x := [afb e]]
first but first x b
make 'x : X + 1 X :zx+1

The strong point in faver of Logo is the modularization that can be
achieved with the procedural approach to problem solving, This feature,
combined with recursion, makes Logo a reasonably powverful programming

language.

Abelson [Abel 82b, p.112] writes: ®If we can dispel the delusion that
learning about computers should be an activity of fiddling with array
indexes and worrying about whether x is an integer or a real mmber, we can
begin to focus on programming as a sourcs of ideas, For prograsming is an

activity of describing things.®

Criticisms of Logo: It appears that Papert's group has gone full cire
cle, Logo was designed for teaching a subset of programming concepts,
which is a fins motivation, but the designers were sidetracked; and, as a
result, Logo does not offer strong type checking. I believe that they are
wrong. Pollowing several years of ressarch to determine those principles

that make a programming language worthwhile the computing community intro-
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duced several, rather strongly typed, languages (PL/I, Pascal, Ada, etc).
Although, at first blush, Logo appears to be in the same category as Pas-
cal, it is evident that the design philosophy is not consistent with modern

principles of software counstruction,

Mismatching types is an all too common source of errors (both at com=
pile time and at run time) and, therefore, should be detected by the com=
piler as early as possible. Also the student should realize, as soon as
possible, the difference between different data types (such as integer and
boolean) in a given programming language. Therefore, the above concepts
have been included in the software psckage described in this dissertation.

Logo allows the creation of a special purpose sub-language not provid-
ed in the original definition. The existence of a multitude of widely dise
tributed user sublanguages is detrimental to the advzacement of a standard
language (and a standard set of teaching tools) in the academic eaviron-

ment. Sometimes, one despairs.

2.3.2.2 Karel the Robot

Rarel is an abstract robot that inhabits a flat land (the TV screen)
consisting of horizontal streets (running North, Bast, South and West) and
two impenetrable walls running along the X and Y axes of the first quadrant
of Karel's world. These two walls retain Karel within the bounds of the

first quadrant.

There are five primitive commands which can be used to cause Karel to

react: move, turnleft, pick beeper, put beeper, and turnoff.
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The five commands are combined in various ways (by the student) to
perform many complex operations (not mecessarily related to, nor limited
to, Earei's simple world). The programming constructs (and concepts) that

are introduced to the users (via Karel the Robot) are:
begin...end bkocks
if...then
if,...then,...else
nested if's
iterate n times

while C do ...

define new instruction ... as
libraries
invariants and preconditions
procedures

Not covered are the fcllowing concepts which are usually covered in a (S

200 course:

variables
arrays
files

input/output
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case statement
assignment
type statements

paramster passing

Criticisms of Karel: There is no 'immediate mode’ feature that allows
experimentation. An entire syntactically correct program must be keyed in
before it can be ru. The user is required to have mastered the rules of
syntax (especially the rule concerning the ssmi-colon), the rules concern-
ing keywords and program structure before the first program can be run

(Patt 81] (Krau 82].

The concepts not covered by Karel can be covered with a packages fol-
lowing the design contained herein, Provision has been made to cover all

of the concepts listed above within the design.

The above packages (Logo and Karel) have been well received and the
student responses have been positive, Pattis reports that Karel the Robot
has been used extensively in classes at Stanford OUniversity and at the
University of California at Berkley [Patt 81]. Accordingly, when the stu=
dents at the United States Air Force Academy were required to switch from
the interactive package to traditicoal programming in a Batch mcde, they

requested that the interactive system be reinstated. ([Krau 82]

2.3.3 Structured Enviromments

The structured enviromments described in these paragraphs, are

software packages that are used for teaching, but also they constrain the
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user in some ways that Logo and Karel do not. The enviromments are becom-
ing more structured in a reductionistic fashion. Among other things, they
all have a syntax checker. Parenthetically, these oewer packages are not
CAI systems as described earlier, tut, rather, are special language sys-

tems,

2.3.3.1 Programming Made Simple

This packaso consists of a series of programs (i.e. Pascal
compiler/simulators) that support larger and larger subsets of Pascal. As
the student progresses through the course, advanced compilers are used and
more of the features of the language are made available, The advantage of
this scheme is that the user will not be exposed to error messages refer-
ring to features of the language with which he/she is unfamiliar, a common

problem with PL/C and like packages.

2.3.3.2 Cornell Program Synthesizer

Ope form of CAI developed at Cornell University is the Cornell Program
Synthesizer (CPS) [Teit 81]. This pmckage is an integrated system that al-
lows the creation, editing, execution and debugging of programs by the stue
dent. The synthesizer is syntax directed: both the editor and the execu-

tion module are guided by the syntactic structure of the programming

language.,

The grammar is embodied in a collection of templates of the statements
so that entering typographical errors is impossible. When the user wishes

to key in a specific statement, a shart code is keyed (like wusing the .i
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for the IF statement) and the statement is then displayed, with proper in-
dentation. The user has to key in only the conditioz and tis aingle state-

ment,

2.3.3.3 MacPascal

MacIntosh Pascal was developed by Think Technologies for the Apple
Corporation. This package has a data entry mode, with a built in syntax
checker, and a run mode that has a single step feature that displays the

changing variables in a program.

2.3.3.4 A Programming Enviromment vs A Structured Eaviromment

Logo and Karel offer 3 programming enviromment to the student. With
this enviromment, the language is available to the student, usually in a
batch mode, and errors are revealed at the end of the run. MacPascal, CPS,
and and PMS offer a more interactive error checking mode, whereby errors
are detected immediately (in MacPascal) or not allowed to be entered at all

(ces).

2.3.3.5 Conclusion

The above sections describe ssveral packages that exhibit many excel-
lencies in design: structured programming enviromments, an interactive
mode, and an execution mode. Those same ideas have been incorporated inte
the design of the software package described in Chapter 3 of this disserta-
tion. In addition, the model also provides a syntax checker that will ace-

cept certain prograaming statements, and none others., Keying errors are
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detected, and the user informed, as soon as the return button is pressed.

2.4 CAIX Graphics

The ksy to understanding and mastering coding (in any language) is ooe
of knowing how to convert the solution to a real world problem into a form
that consists of abstract 'primitivest whose meanings can be replicated by

a computing machins.

This conversion can be repressnted by an isomorphic mapping from the
real world to an imaginary world of a computer model. A given task is ac-
complished within the bounds and limits of the computer and then the result
is mapped back into the real world. The model usually given in typical
computer science courses is the box model. The memcry cells of the com-
puter are represented as little boxes, pigeonholes, and as the program is
simulated (by the instructor) the contents of the boxes are changed. This
model has been used in various forms since the early days of teaching com=
puting and certainly stands the test of time. It helps to sse a model, and
a picture as an abstract model helps psople to understand programming,
When graphics facilities were made available in the ocomputing laboratory,
some of the same models (with boxes) made their way into the programs that
were used to teach computer science. MacPascal, described earlier, shows a

run time computer that shows boxes for variables.

2.4.1 Graphics as a teaching tool

This section reviews the issus of the use of graphics, and, in partic-

ular, using graphics when teaching computer programming concepts.
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Glimert lists ssveral advantages that graphical displays bave over
written text [Glin 84].

1) There is usually a small ‘translation distance’ (from image to
comprehension,

2) Images are usually recslled as single units of information, which
is due to the powerful parallel processaing capabili}:y of the human
mind, This results in a high bandwidth for man-machine communica-
tion, -

3) Images (such as intermational road signs) are more universal than
written text, and can span mational, as well as cultural, borders.

4) The cost of graphics hardware is dropping, dramatically, along with
an increase in performance. These factors maks visual communica-

tion economically feasible.

2.4.2 Categories of Graphics Packages

Several models using graphic aids designed specifically for the pur-
pose of teaching computer science concepts have been developed. There are
essentially 3 kinds of graphics models used: the two dimensional boards,
the Lox mode displaying the contents of individual memory locations, and
the pew graphics models. In Chapter 5, the various packages are compared

with the design proposed in this dissertation.

An example of an early graphics system using a two-dimensional display
of memory is CARDIAC. A package developed at Bell Labs and distributed by
the local phone company primarily to highe-schools unable to purchase a com~

puter, CARDIAC (a Cardboard Illustrative Aid to Computation) is a machine
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language based cardboard computer designed to illustrate the operations of
a computer and to serve as an introduction to machine language/assembler
language programming [Bduc 69]. CARDIAC has an accumulater, inmstruction
register, 100 memory cells, an input/output system and a repertoire of ten
instructions(read, write, lcad, store, add, subtract, goto, branch to sub-
routins, ete). Cardiac is a cardboard computer, but it is very graphic,
the student can see the machins (and its memory) and get hands on experi-
ence, However, CARDIAC suffers from the fact that all operations are done
by band, therefore, program exscution becomes quite tedious. Aside from

manual exscution, CARDIAC serves the student well,

The sscond category of graphics packages available are systems that
display the contents of some of the key variables in a program while the
program is in execution. MacPascal is an example of that type of systeam.
The user can display not only the variables, but also the lins of code that
is currently being exscuted is highlighted, giving the user a visual

display of program operation.

The third category of graphics packages available are systems trying
to move into the ‘area of graphic languages. An example of these nswer

graphics models is PICT.

Glinert and Tanimoto describe an interactive graphical programming en=-
viromment they call PICT that permits users to learn programming concepts
without the burden of learning the syntax of a conventional programming
language [Glin 83]., They describe a system that takes advantage of 1) the
increased availability of graphics displays on persomal computers, and 2)

the high bandwidth of information tranafer when in a graphic form (as op-
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posed to text). Programming in PICT involves selecting and/or composing
icons, moving them on a screen, and connecting the icons to demonstrate the
flow of control. Additional festures include 1) a menu driven editoer, a
simulator with animation, help messages, a syntax checker and recursion.
The programs are in a form similar to a conventional flowchart where dif-
ferent icons in the flowchart represent different conceptual entities
(type, var, if, while, etec). In the conclusion, the authors outline a
method for extending the PICT system to generate Pascal code for novices,

an idea expanded upon in this work.

Gilbert described PICT as fallows: "Icons denoting the various opera=
tions needed to perform the calculations must be selected and placed in the
module; these icons must then be connected by paths to indicate the desired

flow of control®”,

In some respects, PICT is similar in mature to the package described
in this paper. Both schemes display a graphic problem and require the stu-
dent to solve it. But in terms of depth of understanding and learning
curve, PICT requires the student to be more advanced in terms of problem
solving, The Business module (described in this dissertation) is similar
to a 'real world! situation. The software guides the user from that situa-
tion to Pascal-like code. On the other hand, PICT abstracts a solution to
an external problem, and the user immediately begins manipulating the
flowcharting symbols. With the introduction of connecting paths, the si-
tuation is ripe for the inclusion of gote's, a coding feature that runs

counter to current trends in programming methodology.
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2.4.,3 Conclusion

With the advantages of graphic displays known, the decision was made
to use what graphics facilities were available in the pressatation of the

material for the model described in Chapter 3 of this dissertation.

2.5 Reductionism vs Structuralism

This section reviews the concepts of reductionisz and structuralism
and demonstrates how reductionism can be used by instructors when teaching

computer science concepts in a clasaroom enviromsent.

2.5.1 A reductionistic approach

This ssction reviews the concept of reductionism as manifest ina la=

boratory enviromment for teaching computing.

What is reductionism? The reductionistic method is, specifically, the
method of dividing and conquering. Within the context of a classroam, it
involves breaking a large subject down into small well defined modules, and
then studying each module. For example, all (or most) text bocoks in com=
puter science follow a reductionistic format. “Traditiomally, ... struce
ture has been used as an analytical concepts to break down sets into their
constituent elements, an essentially atomistic exercise." (Lane 70] Text-
books, therefore, are reductionistic. A single concept is presented, then

questions are included to ensure mastery of the subject.

Structured programming is reductionistic (Crow 80]. Most modern pro-

gramming languages (that include Begin-Bnd blocks, If..Then..Else and Case
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statements) are modular in mature in that they encourage the division of
the programming task into ssveral simple procedures, such that eack pro-
cedure can be completed, in turn, until the entire problem has teen solved.
The interlocking relationships between these procedures can then be cons-

ciocusly minimized.

Implementors of software packages that teach oomputer Languages are
beginning to use this approach in the transmission of computer scieance con-
cepts. Pascal Made Simple (see above) is modular. The writers broke the
subject matter down into small, easy to digest, pieces each of which is in-

troduced in a laboratory enviromment with a different interpretor.

2.5.2 Wholisu (or Structuralism )

In contrast, there is the concept of wholism, Wholism initially was
concerned with the structure of languages, but is used by many as a method
of amalysis, M"As such, its many facets and different uses make it a sub-
Ject of various interpretations. No simple or single definition applies to
it except in very general terms, One could say a structure is a combina-
tion and relation of formal elements which reveal their logical coherence
within given objects of amalysis., ... "Thus, structuralism attempts to un-
cover the internmal relationships which give different languages their form

and funetion." ([Ehrm 70]

"The most distinctive feature of the structuralist method is the em-
phasis it gives to wholes, to totalities., a new importance has been given
to the logical priocrity of the whole over its parts. They insist that the

whole and the parts can be properly explained only in terms of the rela-
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tions that exist between the parts. The essential quality of the structur-
alist method...lies in its attempt to study not the elaments of a whole,
but the complex network of relationships that link and unite those ele-
ments. Hence ... we are given ... an account of the relations of myths to

one another, and the relations of episodes to wholes.® [Lane 70]

The wholistic approach is located at the opposite end of the spectrum
from the reductionistic approach. Wholism aids in the understanding of a
system but not necesssarily in isolation. The wholistic view is appropriate
as an overview and can be used to introduce nsw material only if ons can
relate the naw material to something with which the student is familiar.
To use the wholistic method effectively 1) a readily understood concept is
introduced and then generalized to cover the entire model, or 2) the over-
view is explained using terms with which the student is already familiar.
In the first method, an example can be given (say in the context of a pro=-
gramming assignment) and then the example can then be used as a basis when

covering new concepts.

For the most part, laboratory work in computer science has been
wholistic, a problem noted by Donovan (Dono 76]. When this term is used in
a programming context, the use implies that a novice programmer has to know

pany things before he/she can do any one thing.

A typical student's program consists of ssveral programming statements
in a subset of some programming language. The student will be using a
language where different features relate to one another. If the student
uses a production compiler, it is hard for the instructor to restrict the

student's enviromment to just a small subset of the language. As an exam=-
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ple, in most laboratory eaviromments, the students will get error messages
about advanced features of the language, features they do not know anything
about. PL/C is particularly bad about this, Therefare, the enviroment
provided in lab work is wholistic in nmature; and, as a result, the studeats
have probiems debugging their programs. They either follow the (sometimes)
mislexding corrective statement blindly, or maks random changss and resub-

mit the program.

Many students are unable to reconcile the fact that most computer sci-
ence texts are reductionistic while the programming labs are structuralis-

tic.

Many of the manuals provided by any given vendor are wholistic. It is
a common occurrence that in ssarching a manual for clues to the operation
of a given statement, cross-references are encountered to features of a
language that have not been covered in class or are not relevant to the
problem at hand. Many concepts are explainsd in terms of other more ad-
vanced ideas, and the student is forced to try to learn everying in crder

to do one thing.

This dissertation describes a package that provides an instructional

laboratory enviromment that is reductionistic in mature,

2.6 Coneclusions

After a review of literature, the decision was made to incorporate the
following features in the design of the model:

= it will offer graphic displays with icons representing the entities,
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- it is to be inmstructional, i.e. there will be a tutorial mode,
~ the interpreter will enforce a structured programming discipline,

« and it will pressnt the material in a reductionistic manner.
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Chapter 3 - The Model

3.1 Introduction

This paper describes the design of a model by which mmercus programs
can be written for the expressed purposs of teaching computer science con-
cepts to students at the introductory level. Flake identifies four com=

ponents of a a:umlatedvmo [Plak 75]1. Thess four componsnts are:

1 an abstraction of an enviromment - this is the model, perbaps con-

sisting of a system of models;

2 a saries of rules for how the model behaves, or, models interact -

this is simulation;

3 the freedom for the intern to interact with the simulation to

develop strategies - this is the game; and
4 ‘'reality' feedback - this is what makes it come 'alive!

These four components have been expanded to produce a oine phase model

for teaching Computer Science concepts.

The model is divided into several levels and each level consists of
nine phases (zero through eight, sse Figure 3.a.), each phase, of which,

serves a useful and progressive purpose [Fox 75].

The higher the mumber of a level the more advanced concepts that is
covered. The student is required to successfully complete all nine phases

of a given level before progressing onto the next level [Ried 67] [Gibb6Tl,
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Phase

fusber Levels — 4 2 3

Proficiency Test
Tutorial

Trial Qgeration
Direct Task Solution /
Task Solution with Program Display /
Replication

Trial Program Steps
Prograaming

Post Test

W 4 O W a W N -

Lavel {, Phase 3

% qverview (of the levels and the pheses vithin esch [evel)
of the sodei

Figure 3.a.
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where the same nine phases are repeated with more advanced concepts. Eack
level, then, consists of the same nine phases, with only the coutent chang-

ing from one level to the mext.

Within the design, there is a provision (that may or may not be 1in=
cluded) which allows the student to siip phases if he/she feels that the
material is too easy, or to back up and repeat phases that are difficult to
understand. These features allow the student to progress at his or her own

rate,

Mozeico lists five stages of development among users of an interactive

fackage [Moze 82]. They are:

1) using the system to obtain desired results with minimal pre-

requisite knowledge
2) learning the basics of the graphic system
3) progressing to more independent use of the system
4) probing intc the more subtle or difficult features

5) producing quality results within known system constraints

Following Mozeico's guide, the design of the package introduced in
this paper is one of guiding the student through progressively more ad-
vanced ideas in such a way that each phase is a logical extension of the

immediately preceding phases.

All of the packages proposed (the Puzzle module, the Business module,
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etc) utilize the idea of multiple levels consisting of nine phases per leve

d.

The nine phases are .as faollows:
Phase 0) -« Review Test

A proficiency review/test is takex-z withia 24 hours after the first ex-
posure to (or if nsed be, the review of) the concepts pressnted at the pre-
vious level. The student should pass this proficiency exam before he/see
can proceed with the current level. This approsch ensures a certain level
of proficiency with the material and guarantees that progress is being
made, If the student fails the review/text, then an earlier phass should

be repeated until mastery has been achieved.

Phase 1) Tutorial

The student is tutored in the use of the various keys available (on
the keyboard) far use at this level and what each key accomplishes, For an
implementation using other equipment (akin to a joystick) then appropriate

instructions on the use of the equipment is given.

The purpose of the keys may be unfamiliar to many of the beginning
students, For example many introductory level students fail to realize
that every lins entered must be followed by a l1ine termimation character
(usually a carriage return). A short tutorial on the use of the keys to be
used for succesaful completion of the assignment is then considered ap-

propriate.
Phase 2) Trial Operations
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The student tries out the keys, one at a time, and the keys pressed
are immediately executed. This phase has been included for reinforcement.
Phass 1 explains the use of the various keys, and Phase 2 allows the stu-
dent to practice with the keys to gain confidence (with a motor-learning

experience) before proceeding with the exsrciss,

There need be no meaning to the sequence of experiments with the keys.
Given the avallability of a joystick, the first two phaszss introduce the
joystick and allow the user enough time to become familiar with the physi-

cal properties.
Phase 3) Direct Task Solution

During this phase, the student accomplishes a simple task using the
keys (or Joystick). At this point, a conceptually simple game is intro=-
duced along with the keys on the keyboard that can be used to fplay* the
game, The games proposed are quite simple in mature, and can be described
in a short paragraph of text, i.e. Jig-Saw Puzzle, Grade Poiat Average,
etc. The student is already familiar with a solution to the game and play-
ing the game involves learning the functions of the keys on the ksyboard
and using these keys to play the game, i.e. accomplish an already familiar
task, In this phase, the student accomplishes some predefined and easy to
understand task using the concepts covered in Phases 1 and 2 to manipulate

the cursor.
Phase 4) Task solution with program display

This phase is the previous phase combined with a program display. As
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the student manipulates the cursor, a 'program', reflecting the actions,
appears at the bottom of the screen. The program is written and displayed

by the computer.

At this stage, two events should occur. 1) The student should begin to
see the relationship between the actions and the code that is appearing on
the screen, Ausebel refers to this technique as 'the incorporation of a
new learning task into existing cognitive structure so that a meaningful
relationship is established® [Ause 63]. Mayer dsscribes this step in the
learning process as crucial for novices [Maye 79], especially for creative
tasks, a category in which Computer Science falls. Wiaston [Wins 80] ar-
gues that this method is referred to as learning by analogy, i.e. when the
student gensrates a constraint description in ope domain, givem a con-

straint description in another.

The second event that should occur is 2) the formal syntactic struce
ture of the object language statements are shown to the student. Whea an
individual is involved with learning a new language, bhe/she forms rules
concerning the semantics of the various syntactic constructs (Crai 80]. If
the rules the person forms are wrong, then when exceptions to the rules are
encountered, either modifications to the rules must be made in order to al-
low for the exception, or the rule must be discarded. Research evidence
supports the hypothesis that it is much harder for a person to relearn
something he/she has learmed incorrectly the first time [Alle §9]. There-
fore, in order to minimize the time it takes to learn programming rules,
the proper syntax and proper syntactic and semantic rules should be part of

the learning experience, early on.
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It is not as if the package was designed to force the student iato a
particular way of thinking, it's just that the rules of programming in any
glven language are preciss and the sooper the student has exposure to

'correct! syntax, the better.

It is for this reason that proper syntactic structure is introduced in

Phase 4.

One of the early decisions was one of determining the introductory
programming language to be used. The Kansas State University Computer Sci-
ence Department has the responsibility of teaching Pascal, Fortran and PL/I
to approximately 700 students per ssmester, and any one of the above
languages could have been chosen for inclusion into the software paciage.
Holt, et.al., advisss ones to resist adopting YATL (Yet Another Teaching
Language) for teaching programming concepts [Holt 77]. They argue that the
following criteria should be met when sslecting a language to be used for
pedagogical purposes:

(1) It should be (part of) a 'real'’ programming language used in business,
science, and govermment and should be appropriate for intrcducing pro-
gramming concepts used in those areas,

(2) it should encourage systematic problem solving and structured program-
ning,

(3) it should be a small, convenient, easy to master language, and

{4) it should bhe easy to support by economical, diagnostic language proces=

sors on a variety of machines including minicomputers.,

With the above criteria in mind, there is a dilemma, If Pascal had
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been chosen, then the package would be uorfhless to Fortran and PL/I stu=~
dents. If several packages that would be fall things for all programmers’®
were designed, then much duplication of effort would have resulted. The
decision was made to teach YATL, and in doing so, three of the fowr cori-

teria were met,

The difference between Phases 3 and 4 are subtle, but iamportant.
Phase 3 displays ‘primitivef commands, one at a time, reflecting the ac-
tions of the user., Phass 4§ combinss multiple instances of each primitive

command into a single statement.

For example, in the Jig-saw Puzzle module, if the user [pressss the
up-arrow key six times (or pressss up on the ! joystick’), at phass 3 the
student's actions would be represented by:up up up up up up. At phase 4,
when more formal programming concepts are introduced, the students actions

would be represented by the following code:

REPEAT 6 TIMES MOVE OP.

The difference is that six commands have been combined forming one
command, but more importantly, the student has been introduced (albeit

slowly and carefully) to a more formal and useful syntactic structure.
Phase S5) Replicatiom

During this phase, not only is code generated, but the student is re-
quired to key in the program statements before he/she can change commands

and contimue to make progress. The responses are also judged for accuracy,
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and an indicatiom of a syntactic error is displayed if an incorrect

response is given [RIED 6T].
Phase §) Immediate exscution

The student keys in program statements which are exscuted immediately.
This step is similar to step 2), but the idea, in this phase, is to show
the student, by example, exactly how to write the code to a problem for
which he/she is intuitively familiar. At this point in time, actual pro=-
gramming commands are being replicated by the user, a motor-learning ex-

perience not be be under-rated.

At this point in time, more formal programming statements are now be~
ing used by the student. The primitive commands (of phase 2) have been

abandoned in favor of more sophisticated and formal language constructs.

The basic idea behind 1levels 4,5 and 6 is one of automatically
transl ating student actions into several lipss of code and showing that the
code 0 gererated translates back into the original actions. Once the idea
that programs control computers has been absorbed, 2 milestone in learning

about computer operation has been reached.

The option is left open , at this point, to allow phases 3,4,5 & 6§ to
be combined together in 2 or 3 phases (at the discretion of the implemen=
tor) as the situation warrants. If an implementor <feels that the
material/concepts to be covered lend themsslves toward a more advanced and
accelerated pace, then phase 3, for example, can be amitted. This allows

for a more flexible format.
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Phase 7) Programming

Several statements are keyed in and then the word ‘run* is keyed to
get program exscution. Al1s0, each statement is displayed (at the bottom of
the screen) before it is actually ‘executed®, reinforcing the student’s
understanding of the concepts involved. This type of reinforcement is more
stimulating to the student than running a program in ‘batch wmode* [Redid
671.

Phase ssven corresponds to the usual programming mode as exists on
many current micro-computers. The advantage inherent within this scheme is
that two or more statements can be entered and then 'run' entered, resulte
ing in _program exscution. The relationships between the statements are
displayed and the 'program' concept is reinforced, i.e. several commands

can be used, collectively and in sequence, to accomplish a given task.
Phase 8) Post Test

A few questions are directed to the student to ensure that key pro-
gramming concepts bhave been absorbed., Also, a hard copy of the pertinent
material is distributed for review at a later date., The nine phases are
used to introduce a few (usually less than 5) programming concepts and must
be repeated if other concepts are to be mastered by the student. It is to
this end that the concepts of several levels of learning is introduced.
The package is designed so that a typical student ‘passes through' all
nine phases of Level 1 (which will result in the mastery of a few identifi-
able skills), then proceed to level 2, say, a week later. The studeant then

'passes through' all nine phases of level 2, and proceeds to level 3. This
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process is repeated for n levels, where n is sufficiently large for most

important computer science concepts to be mastered.

Once a student has successfully completed all nine phases of this leve
el and (presumably) mastered two to four programming concepts, he/she is
then ready to proceed to a more advanced level. The model allows for
several levels of semantic information toc be covered utilizing the same
game., At the second level, the student ensures his/her preparedness,
first, by successfully completing the proficiency test. Once this has been
done, the student receives a tutorial on the various ieys used at the
second level, After that, this level is essentially the same as Level !
except for the different programming concepts covered. Bxtrapolating,
there can be as many levels (semantic units) as is deemed necessary by an

implementor to cover all important programming concepts.

Suggested Schedule of Levels

Within the normal sequence of events, the student progresses from one
phase to the onext and from one level to the next as shown in Figure 3.b.
However, provision has been made for the student to backup a phase (or a
level, 1if necessary) if review of previously covered material is found to

be necessary. This backing up is at the discretion of the student.

The author recommends that the student complete approximately one (se-

mantic) level of material per week (usually at one sitting).

3.2 Modules Built According to the Model
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Sequence of events for proceeding (or digressing)
from one level to another level

enter from level i - 1

/f——ﬂfha?e
Phase
Phage
Phaée
Phage
Phaés

Phase

NGO A WD~ O

Phase

proficiency exam for level i (Phase 8)
result

fail pass

L4
exit to level i + 1

Figure 3.b.
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The following is a description of three modules implemented using the
design described in the previous pages. The three modules are: A Jig-Saw

Puzzle Module, a Grade Point Average module and a Businsss Problem (Files

and Records).

The Puzzle module was implemented on an ATARI micro-computer. It was
used by an instructor for CS-200 in a classroom enviromment and evaluated.
The Business module was fully implemented but was not tested in a classrocm
enviromment not evaluated with respect to effectivensss. The design for
the Grade Point Average module appears in Chapter 3, however the module was

neither implemented nor tested in a classroos enviromment.

3.2.1 The Puzzle Module

The Jig=-Saw Puzzle module is the first example of a game designed to
teach computer science concepts following the model. This section gives a
detailed description of the ssveral levels (and the anine phases within each

level) used to convey the ideas selected.

The implementation of this (one) module consists of several BASIC pro-
grams, with graphic facilities, that allow the user to manipulate (i.e.
move up, down, left and right) the pieces of a jig-saw like puzzle. The
manipulations are translated (by the program) intc an algorithm which is
then displayed. A display of a more formal representation of the student's

actions convey algorithmic concepts and also provide an example for emula-
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tion by the student. The Puzzle Module has the following characteristics :
- It is conceptually simple
- It has immediate reinforcement with feedback
~ it is self-learning
- it enables the student to progress from the known to the unknown
- it is implemented on a micro-computer (when complete)
« it uses (and conveys) reductionistic techniques
- it differentiates between application semantics and formal
computer science vocabulary and concepts
- it has a visual aspect
The Puzzle Module - Level 1 Initially, Phase 0 checks to make sure the stu-
dent understands how to turn the machins on.

Phase 1 introduces the following keys (and equipment) with a short ex~

planation of their respective meanings (and purposes):

up arrow moves the cursor up 1 row.

down arrow moves the cursor down 1 row.

left arrow moves the cursor to the left one column.

right arrow moves the cursor to the right one column.
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hook attaches the cursor onto the piece cover which it resides.
From this point on (and until an Unhook key is pressed)
whensver the cursor is moved, the puzzle piece moves with
it. If an implementor decides not to have the hook command
available, then the cursor can be permanently attached to
one of the pieces.

unhook de-attaches the cursor from a puzzle piece. Moving the cur-

sor does not cause a puzzle piece to be moved.

right turn causes the piece hooked to the cursor to be rotated 90 de~

grees to the right. This feature is coptiomal,

combine If the piece attached to the cursor is (everywhere along one
edge) adjacent to another piece (i.e., if they fit) then
combine the two puzzle pieces into one piece by erasing the
line that signifies their edge of adjacency. From this

point on, the two pieces are considered (and are treated)

as one piece,

<return> TURN None of the other keys are 'exscuted' until <{return> is

pressed.

A 'joystick with button' can be attached to the Atari, This Joystick
is used by the student to manipulate the cursor (up,down,left, right). The

button on the joystick is used to combine the pieces together.

When assembling the puzzle, there is a display consisting of:
1) the pieces of the puzzle,

2) the cursor,
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3) the ~ode gensrated at phasss 3 through §, and

4) the status of the Hook switch.

These items are placed on the screen iz such a2 manner as to be

aesthetically pleasing, and logistically workable.
The Hook command,

If the cursor is 'over'! a puzzle piece then the Hook command reverses
the *hook switch' located in the upper left corner of the screen. (I.e, if
the switch is off then it is turned on, if it is on them it is turned off.)
If the switch is '‘on' then subsequent manipulation of the cursor results in
a piece of the puzzle (the piece under the cursor) moving also. I the
switch is off then moving the cursor causes no other actiom to ocecur, Ini=-

tially the 'hook switch! is turned off.
Phase 2

At the beginning of this phase, the student is shown (on the screen)
four puzzle pieces to manipulats., This phase has been included to allow
the student to 'play' with the keys (described in Phase 1) and to ensure

that, iandeed, they work as described.
Phase 3

At the beginning of this phase, the student is shown several (4) dise
jointed puzzle pieces and is directed to put the puzzle together using the
keys and equipment described in Phase 1. As the student manipulates the

cursor, commands reflecting his/her actions appear (across the bottam of
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the screen). This is the first appearance of an algorithm that reflects

the studsuats actions,
Phase §

At the begimning of this phase, the student is, again, shown several
puzzle pieces and instructed to put the puzzle together (in a similar
fashion as before) in as few steps as possible, However, in terms of
learning programming syntax, this phase is crucial, Several like commands
are combined into one looping statement, such as: N UP commands are

displayed at the bottom of the screen as -

LOoOP N TIMES MOVE UP

furnishing a precise, yet logically equivalent command. This command is to
be one of THE commands that correspond to one of THE programming constructs
designated to be conveyed at this semantic level. The new result is that
an important programming concept (in this case looping) has been introduced
using ideas and terminology with which the user is already familiar. This
practice of going from what is known to what is unknown is be used exten=

sively throughout this design effort.

Phase S

Fhase 5 used code generation from Phase 4 plus replication (copying).
If the user keys the UP key 4 times then the following command would appear

at the bottom of the screen:

LOOP 4 TIMES MOVE UP.
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If the student pressed the up key 1 more time then the 4§ would be changed
to a 5, btut if the student pressed any other command key (say left arrow)
then he/she would be instructed to replicate the «command :
LOOP 4 TIMES DO UP within the area on the screen designated as the program
area, In other words, the student keys in a program that solves the puzzle

with a visual display showing how to do it (what to key in).

Phase 6§

Once the student has had some exposure to statements akin to:

LOOP 4 TIMES MOVE UP

then he/she is allowed this phase to reinforce the syntax/semantic meaning
of this command and liks commands witk a motorelearning experience, Phase
6 gives the student a chance to review these mew formal [prograuming con-
structs and to fplay with' the various statements in an immediate exscution
mode. The student ksys in one statement then presses <return>. The state-

ment is immediately executed, providing immediate reinforcement.

Phase T

0f all the phasss, this one may be the most difficult for the student.
The same puzzle as given in Phase 6§ is displayed by the computer. At the
beginning of this phase, the student is directed to key in ALL of the com=
mands necessary to solve the puzzle, After ALL of the commands have been
entered he then types in 'RUN' and watches the result of his intellectual
effort appear on the screen. Each 1line, as it is being executed, is

highlighted to enable the student to relate the actions on the screen with
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the commands in the program.
Phase 8

This phase consists of a short quiz on the key programming concepts
covered at this level, i.e. Sequence (one statement at a time, in order,
top to bottam) and Looping, The student is then given a hard copy of the
primitives (up,down,etc) with a list of formal programming constructs
covered, differentiating the two, The student is told that the ’'primi-
tives'! being used will eventually be discarded, and that he/she should not
consider thess primitive operations as imy concepts within the broader area

of computer science.
Other levels

Different programming concepts can be covered at the different levels.
The following list shows the programming concepts covered at each level us~

ing the Puzzle Module.

Level Concepts
1 sequence, looping
2 variaples(numeric and boolean), if then else, assignment
3 decision (if then)
4 input/output
5 case statement
6 arrays (tables)

T files and record structures

The Puzzle Module - Level 1
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Phase 0
At this level, the coancept of the 'hook' variable (that appears as a

box in the cormer of the screen) is introduced. A4t the previocus level
(level 1) the cursor is psrmanently hooked to an arbitrary piece and the
student is unable to unhook the cursor from that piece. At the current
level, if the hook option is chosen, it is possible to move the cursor
around without actually moving a puzzle piece. When the cursor is *'booked'
onto a puzzle piece a 'yes' appears in the slot marked hook (on the
screen), else a 'no’' appears. The concepts covered, at this level, involve

the following:
- slots exist that can contain a valus (in this case a 'yes' or a 'no'

- these slots are called variables

- the student has direct control over the contents of the siots (i.e.

he can hook or unhook the cursor to a piece at will)

- the coantents of the slot has an effect on the actions appearing on the

sereen (i.e, the program)

Phase1

3. p

During the phase, the user is allowed to operate the joystick and see
the results appear on the screen. Any operations to fhook' onto a piece

will result in the variable hook displaying a value of on,

Fhase 2

The student assembles the puzzle, using the newly defined 'hook' and
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'ynhook'! commands along with the previously defired 'combine' command. The

contents of the hook variable appears in the top left corner of the screen,

Phase 3

In this phase, the student assembles the puzzle as besfore, The com=-
mands that appear at the bottoam are:
H for hook,
g for unhook,
C for combine.
Level 4
The 'high level' commands that appear at the bottom of the screen are
the following:
H hook cursor
U unhook cursor

C combine with the adjacent piece

in addition to the statements covered at the previous level, Also appear-
ing within the code are the following statements: HOOK = YES when a hook
command has been specified, HOOK = NO when an unhook command has been

specified.

Phase 5§

The student is required to key in the new command (plus all of the old

commands) that appears at the bottam of the screen,

Phase §

This phase has been provided for a practice phase. The student is
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directed to 'try out' the new statements covered at this level (plus any

statements covered at previous levels).

Phase 7

The student is directed to attempt to solve the puzzle using all of

the 'high level' commands covered by this level and previous levels.

Phase 8

A short quiz on hook and unhook can be given for reinforcement and to

ensure student confidence.

Level 3

The student is informed that in order to put the puzzle together
he/she must rotate one or more pieces clockwise for the proper sides to
match, Except for this one change, the phases of Level 3 correspond to

like phases of the previous levels,

There is a lot missing, It is difficult for one module, of this na-
ture, to convey every programming concept coversed in an introductory pro-
gramming course. The module does not lend itself, maturally, to teaching
every programming concept, therefore a variety of games will have to be im=
plemented, in order to cover the entire spectrum of ideas. Therefore, two
other modules, inherently different from the Puzzle module, are also

described in this dissertation.

The Puzzle Module is written in Basic for an ATARI=-800 micro=-computer

in BASIC-A. The mipimum configuration is 16K RAM, one S5 1/4 inch floppy
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disk drive, a color monitor and a ®joystick®*. The package is divided into

several programs that were ‘chainsd® together to form a complete module.

The following list gives the approximate nmumber of lines of BASIC code
mecessary to implement the Puzzle Module on the ATARI-800. The code in-
cludes some necessary intermal documentation, which makes up about 3 per-

cent of the text.

tutorial - tut1.1lst 250 lines
practice plat.lst 460 lines
generate code gent.lst 300 lines

replicate code repl.lst 3450 lines
immediate mode pral.lst 275 limes
run mode runt.lst 370 lines

review concepts revi.lst 47 lines

Initially, the movement of the icons on the screen was too fast for a
novice, and delay statements had to be inserted into the code 0 the users
would not run the icons off of the screen. In the later phases of the

modules, necessary calculations in the code provided the delay.

Production of instructional packages are, by their very npature, time
consuming. Unfortunately, there are no 'instructional meta packages’
available that provide a template that will allow an implementor to enter
example data and automatically oreate a learning module. All of the
modules had to be written by hand, a task hindered by the fact that BASIC-A
is not structured. Many hours were consumed debugging a relatively simple

program
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Scheduling for the only available ATARI-80C was a [problem (although
minor). The machine was made available for program development thrice
weekly for an hour or two, With this constraint, implementation of the

Puzzle Module took three to four months for completion.

There were language dependent features that made a difference in both
execution time and program development time., For example, the BASIC-A in=
terpretor on the ATARI-800 searches for line numbers in a limsar fashion
starting at the top., Therefore, a given program runs faster if program do=-
cumentation (appearing in REM statements) is placed at the bottam of the
program rather than at the top. The graphics functions used were complete-
ly machins dependent because there are no standard graphics functioans

available or micro=computers.,

3.2.2 An Overview of the GPA module

The Grade Point Average Module inveolves the use of the input command.
This command allows the user to key in information from the keyboard while
the program is running, The variocus commands (and keys) available with

this program appear below along with an explanation of their function,

Input Hours { these commands allow the user to key in a number and a
Input Grade | letter ssparated by some delimiter
? ! A ?2 in the TGP column displays the total grade point

| accumulated. A ? in the CCPA column displays the

! cumulative GPA.
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The programming concepts covered with this module include the follow-
ing: Input, Output, Sequence, Variables, Case, Tables, Assignment, and 2-D

arrays.
The screen layout for the GPA problem is very much like the following:

hours grade total total cumulative

hours grade GPA

row 1 3 A 3 12 &.00
row 2 &4 B T 24 3.42
row 3 2 c 9 28 3.11

3.2.2 The GPA module

The GPA module - Level 1

Phase 0

During this phase, the student is instructed in the use of the INFUT

and the ? instructions.
Phase 2

During this phase, the user is given the opportunity to test the func-
tions described in the previous phase. The concept of moving data from a
keyboard 'into' the computer is an important one, and this phase gives the

student the opportunity of reinforcing a particularly important idea.

Phase 3
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The user is directed to key in a set of 'hours/grade* pairs for GPA
computa tion. Within this level an phase, each column within the table is

given an explicit name,

Phass 4§

As the student keys in pairs of *thours/grade’, (anda ? in the ap=-
propriate columns) the program appears with the array elements appearing

as: Row j of column-name,
Phass 5

During tbis phase the student replicates the gensrated program.
Phase §

During this phase, the fhigh=level' statements kesyed in by the student

are immediately executed.
Phase 7

The student is required to key in an eatire program and run it, for

the completion of this phase.

Phase §

The review quiz covers the major concepts listed in a previous para=-

graph: assignment, 2-D arrays, & iaput.
The GPA module - Level 2

The second level of the GPA Module follows the form and content of the
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first level with the following exceptions.

Phass 1

The student is informed that columns can be referred to by oumber

(rather than by name, as was the case in the previous level).

Phase 4

The notation for referencing elements of a table is changed to: Row J
of column k.
The GPA Module -~ Level 3

The third level of the GPA module follows the form and content of the

second level with the following exceptions.

Phase 1

The student is informed that the entire table can be given a mame and
elements within the table are (in this level) referred to by: Table (row j,

column k)
Phase U4

The code generated by the current phase displays array element refer-

ences using the following scheme: Table(row Jj, column k).

The GPA Module -« Level 4§

Phase 0

During this phase, the following convention is adopted: the <first
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number, within the parenthesis of a Table reference, refers to the the row

and the second number refers to the column,

Phass 4§

References to table elaments have the notation: Table(d, J).

3.2.4 The Business Module

The following section of this dissertation outlines a third game which
is bassed on the model described earlier. The motivation for the approach
used is the following: a newcomer in a businsss office (the user) is
directed to hand carry a document to a data base manager and then (if also
directed) to an inventory manager. During this process, the user acquires
an understanding of the methods and mechanisms used to keep accurate
records of items in the inventory. The game was implemented for the fol-
lowing reasons: 1) it is an abstraction of a procedure performed by an of=-
fice clerk, i.e. moving papers from one desk to another., Then, as the pa-
pers are moved, the user views the actions taking place at each station; 2)
the problem is relatively simple, allowing the user to concentrate on what
has to be done rather than having to be concerned with the (sometimes)
myriad of details of a more complex system; 3) the inventorr management
problem lends itself to the understanding of RECORDS and the *dot nota-
tion', an abstraction found in many of the new programming languages (Pas~
eal, Ada, PL/I,ete); U4) at ooe level, the user 'sees’ the actions of the
icon representing the messenger, and at another level the user sees the ac-
tions of the data bass manager. This approcach allows the introduction of

main programs and procedures, reflecting the two views previously intro=
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duced; 5) although not specificaiiy designed with the psckage, the concepts
of a structure (a record having several unlike fields) will be conveyed,
albeit as a by-product. The presummption is that the user will have been
exposed to records previous to expcsure tc this level of instruction; and
6) the separate notions of office procedures and selection from a menu list

are intuitive in mature and can serve as a springboard for introducing new

concepts.

The user must have successfully completed the ssquence of modules

preceding the current one, and have a basic understanding of the concepts
that were covered. Specifically, the concept of a variable (that can hold

a value) should, at this point, be understood along with the concept of a

field within a record,

The busipess game displays several icons (as described below). The
purpose of the 'game’ is to move documents (which are also icons) from one
icon position to another or to sslect a task to be performed using a menu

selection option., The icons are:

- a document carrier (which represents a person)

a data base manager (which represents a person)

- an inventory supervisor (which represents a person)

- a mail box

At each step in the process, goals will be provided at the bottom of
the screen. Initially, the screen will display a currier icon and the
directions to move the icon to the top of the screen (see Figure 3.c.).

After retrieving a purchase order, the user will be directed to move the
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fove the icon to the top of the box
to fetch and display the order

Figure 3.c.
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purchase order icon (representing a courier carrying a document) from the
point of entry to the icon representing the data base mamager (see Figure

3.d.). The contents of the purchase order document will be similar to the

following:
i ]
| item rectangle |
! amount requested 3 '
{ result —_— g
1
t

Initially, the purchase order will be displayed at full size, but when
the user moves the icon across the border, the purchase order will diminish
in size (only the envelope will be shown) so as not to cause logistic prob-
lems during the remaining sequence of events. The contents of the purchase
will be displayed on the screen and will remain there, continually, for

user reference.

During the period of time that the icon is nesar the database, the da-
tabase is updated reflecting the directives on the document. If the number
of items originally requested is less than or equal to the number of items
recorded in inventory, then the data bases manager will stamp the purchase
order with an "ok® and return it tc the courier. The user will then be
directed to move the purchase order to the inventory manager icon. Once
this has been done, several items (as reflected on the original request)

are removed from inventory (they disappear out of the bottom of the
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items rectangle

amt requested: 3
i:} Cﬁ result: reorder
FILE f purchase order (p.o.)
MENU move the icon down and to the left

to submit the invoice to the data base

update
data
base

Figure 3.d.
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screen), If the mmber of items originally requested is greater than the

pumber of items recorded in inventory then the data base manager will issue
a Recrder Form and give it to the courier (see Figure 3.e.). No trip to the
inventory manager will be nscessary; however, the user is requested to move
the order request icon to the mail box icon (see Figure 3.f.).

Although, the concepts of procedure invocation and procedure defini-
tion are introduced across two levels of instruction, in order to describe
the overall picture, the description of both levels has been included, in-

termixed, in the following discussion,

Various phases -

fhase 1 - tutorial
A mouse (a small, handheld, boxlike attachment, containing a wheel or

like device and one or two buttons) can be attached to the micro-computer
to manipulate the icons., If a mouse is not available directional keys can
be used. The game has been designed around the mouse (or the directional
keys); hence, a short tutorial on the use of the mouse (or the directiomal
keys) is provided in this phase. At the sscond level, the user accessss a
menu driven routine by pressing function keys therefore the user will be

given a tutorial on the use of the function keys during phase 1.

Phase 2 - Trial Operations

During Phase 2, the student will practice with the mouse (and the
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[ Reorder Form(r.f.)
item: rectangle
amt requested:
F—W i result: reorder
ff%E D§ purchase order (p.o.
g "J’:;
MEs 8 go move the icon down and to the right
' | update| | Update to remove the items from inventory
P inventary
data
base

Figure 3.e.
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FILE

MENU
update

mail

cﬁ . slot

<<
000

update

data
base

inventory

item:  rectangle
amt reordered: 5

reorder form (r.f.)

move the icon up and to the right to
mail the reorder form

Figure 3.f.
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function keys during the second level of instruction) in the course of
solving some simple problem. The student is directed to move icons around
the screen (using the mouse) in the following manner., The student will

move the icon to a particular area on the screen and, in the process, will

accomplish a given task,

Phase 3 - Direct Task Salution

In phase 3, the user is given the opportunity to view the complete

picture of all of the events on the screen.

The particular 'business’ problem is introduced within this phase (see
above). The reader is reminded that the game is divided into two levels.,
At the first level, the purchase order icon is moved about the screen by
the user. If the amount requested is in inventory then the purchase order
will be stamped "ok® and will be delivered to the inventory manager. If
the amount requested is greater than the amount in inventory, then the pur-
chase will be stamped "reorder®™ thereby converting the purchase order to an

order request, and will be delivered to the mail box.

At the first level of instruction the contents of the data base is

displayed in a form similar in nature to the following:
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item mumber

e R it adiate i R p—

rectangle 5
triangle T
hexagon 3

The user is reminded that these aumbers reflect the inventory, but are

not the actual inventory items,

Within this phase of the sscond level, the student views the problem
from a different perspective, i.e. from the perspective of the data base
manager rather than from the point of view of the caller, (see Figure
3.8.). The concept of procedures is introduced in this manper. In the
first level, the user will see, essentially, the procedure invocation (i.e.
from the outside-in). In the sscond level, the user will see the procedure
definition (i.e. from the inside-out), although no code will be generated.
Also in the second level, 2 menu of options that allow the user to perform
selectad operations (get a record, update a field, release the record) will
appear, and the student will be required to select the correct option (by
moving the cursor from the current location to a point near the individual
items within the menu and pressing the button on the mouse or pressing re-

turn). The menu will appear as follows:
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rectangid

triangle

hexagon

FILE

F1 get a record
F2 relesse purchase order
F3 subtract
F4 check for too few
FS release the record
F6 check for reorder
| F7 get a purchase order |
F10 stop

press return or:
F7? get a purchase order

MENU

Figure 3.g.
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f1 get a record

F2 release purchase order
F3 subtract

P4 check for too few

PS5 release the record

F6 check for reordsr

FT @get a purchase order
F10 stop

.. e ween wim v mvn emem w—en v
o pe Sv et VRO pREE e SEwn gy Fwem Serme

In the second level, and after option P1 is sslected, the user will
see the purchase crder. (see Figure 3.h.). Also, in the second level, the
user will begin to sse the actual record used within the data base to store
the information concerning the inventory. (see Figure 3.i.). This record
will be represented in the form of a structure not unlike structures in

PL/I or Pascal, and will be similar to the following:

item rectangle
count 3
reorder 5

oy - —— -

Phase 4 - Task Solution with Program Display

Within this phase, as the student moves the icons from place to place,
representative code reflecting the actions performed will be geperated and
displayed at the bottom of the screen., Since code will be generated, after

the second phase, the user is required to press the RETURN button on the
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item:  rectangle
rectangl ant ordered: 2

purchase order (po)
triangle

hexagon

FILE

F1 get a record

F2 release purchase order
F3 subtract

F4 cheek for too few

FS5 relesse the record

F6 check for reorder

' | F7 get a purchase order |
F10 stop

press return or:
F1 get a record

MENY

Figure 3.h.
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égﬁﬂt r ectanglg item:  rectangle
rectangle reorder: 5 ant ordered: 2
Inventory Record (ir) ourchase order (o)
triangle
hexagon
FILE
| FI gei a record ]
'+ release purchase order
F3 subtract

F4 check for too few
FS release the record
F§ check for reorder

F7 get a purchase order

F10 stop
press return or:
F3 subtract
MENY
Figure 3.i.
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console, This action is consistent with current operating methodologies
which dictate that every line entered is to be terminated with a carriage

return.

The software generates ope or more instructions that change individual
fields of a record (in this case, the COUNT field of the RECTANGLE record

is changed).

USING RECTANGLE DO COUNT = COUNT - 2

As the code shown above is generated, the data base record is updated,

as shown in Pigure 3.J.

When the user selects the F6 option indicating that he/she wants to
check the inventory to see if it is time to reorder, and if the mmber of
items ordered exceeds the mmber of items in inventory then a reorder form
is generated, as shown in Figure 3.k. A typical sequence of commands

geperated is as follows:

MOVE ICON TO DATA BASE MANAGER
INVOKE PROCEDURE UPDATE_DATA_BASE (IN PURCHASE ORDER, OUT RESULT)
IF RESULT = OK THEN MOVE ICON TO INVENTORY MANAGER

IF RESULT = ORDER_REQUEST THEN MOVE ICON TO MAIL BOX

IF RESULT = ERROR THEN MOVE ICON TO ENTRY

At the third level, typical commands generated are the following:
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ti:tdﬁgi: r ectangl? item:  rectangle

rectangle reorder: S| | amt ordered: 2

Inventory Record (ir) ourchase order (po)
triangle
hexagon
FILE

F1 get a record

F2 release purchase order
] F3 subtract [

F4  check for too few
FS releass the record
F6 check for reorder
F? get a purchase order

F10 stop
press return or:
F3 subtract
MENU
Figure 3.J.
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item: rectaﬂgl? items  rectangle

count:
rectangle reorder: S amt ordered: 2
Inventory Record (ir) ourchase order (o)
triangle
item: rectangle
reorder amount:
hexagon
reorder form (r.f.)
FILE

Fl get a record

F2 relesse purchase order
F3 subtract

F4 check for too few
FS_release the record

i _F6_check for reorder |
| P/ get a purchase order
F10 stop

press return or:
FE& check for reorder

HEMU

Figure 3.k.
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PROCEDURE UPDATE_DATA_BASE (IN PURCHASE-ORDER, OUT RESULT)
BEGIN
GET A REQUEST
GET RECORD FOR TRIANGLE
IF PURCHASE-ORDER, AMOUNT > INVENTORY. AMOUNT THEN RESULT = ERROR
INVENTORY. AMOUNT = INVENTORY.AMOUNT - PURCHASE~-ORDER. AMOUNT
IF INVENTORY.AMOUNT <= REORDER_LEVEL THEN STAMP REORDER

END PROCEDURE UPDATE_DATA_BASE

Phase 5 - Replication

The student is requested to solve basically the same problem as
described in the previcus phass, with one difference. Code reflecting the
student's action is generated, but within this phase, the student is re-

quired to key in the code displayed before progressing.

Phase 6 - Immediate Execution

In this phase and the following phases, the mouse is not used. The
high=-level commands to update the various fields are entered and are "exe=-
cuted" immediately, thereby reinforcing the users knowledge of record up=-

date commands. A template of the form:
USING ITEM DO STATEMENT

appears at the bottam of the screen as in:
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USING RECTANGLE DO AMOUNT = AMOUNT - 1.

Syntax errors are detected and an indication of the error is displayed.

The user is then required to re-enter any invalid statement.

Phase 7 - Programming

The entire progrsm sequence is then entered at this time, A ‘"partial
program® c¢an be run by keying in the keyword SRUN®, and the ssquesnce of
commands is displayed, at the bottom of the screen. The icons will be

moved as per the users instructions.

Details of Implementation
The Business Game is implemented on a Zenith micro=computer running

DOS with 16k of RAM, at least ome 5 1/4 inch floppy disk drive, and a color
or monochrome monitor. The program utilizes the four directional keys and
the 10 function keys available on the keyboard. The package is divided
into two programs that form a complete module, This module covers the to-
pics of procedure invocation and procedure definition. The following list
gives the approximate mumber of lines of Pascal code required to implement

the Business Module on the Zenith.,

level 1 1850 lines

level 2 1631 lines

The package is writtenm in its entirety in Turbo/Pascal, an economical Pas-
cal Editor and Compiler distributed by Borland Intermational. Among other
features, Turbo offers a convenient debugging tool usually aot available

with other Pascal Compilers. If an error occurs in compilation, the editor

page 89

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



is loaded and the lins mumber of the error detected by the Turbo Compiler
is transferred to the Turbo Editor, and the users program is displayed on
the screen with the cursor on the line containing the error. With the fa=-

cilities available, syntax errors can then be systematically located and

removed.

Pascal, as an implementation language, contains many excellencies in
design over and above thoss features offered by other programming languages
provided with micro-computers (such as BASIC). The program can be divided
up into separate procsdures, each procedure can be developed and then in-
corporated into the main program. This procsdure was followed during the

implementation phase of the Business module.

There are language dependent features appearing in the code. The
graphic functions (Plot and Draw) are Turbo/Pascal dependent. As a result,
these graphics commands were the source of most of the programming problems

that occurred during the development phass of the project.
The hardware offers the following graphics modes:

character mode 25 limes of 80 characters per line

hi res mode 200 linss of 640 pixels each

In addition to the two graphics modes, there were two other factors
that caused problems. One was the fact that characters are written to the
screen only on line boundarys. There was no convenient way to place an ine-
dividual character om a non=-line boundary. Another factor which caused
problems was that the lacation of pixels in even-numbered rows (in Hi Res

Mode) are 8192 bytes down (in memory) from the corresponding pixels in the
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odd-numbered rows. Movement of icons from one place on the screen to
another involved calculating the location of verticau_y adjacent pixels,
making sure not to erase a pixel already moved., A byte in memory is used
to store the status of eight horizontally adjacent pixels; therefore tuo
horizontally adjacent pixels (on the screen) may be in the same byte or
they may not. Calculationr, in a more or less elegant manner, of the loca-

tion and displacement of given pixels turned out to be quite a chore.

There was some discussion, early on, of using two video display
sereens to display the multitude of icons necessary for the completion of
the tasks., For practical reasons, the idea of using two screens was abap~
doned, and one screen was used throughout the sequence., With this con-
straint the icons were tightly packed onto the screen, leaving little room
for displaying text on line boundarys. This situation forced a decision of
aligning characters on non-line boundarys, hence, the problem described

above emerged.

Tmplementation of the Business module took approximately five months,

devoting two to three hours a day to the actual programming.,

2.3 Justification

Mayer writes that "the principle justification of the existence of in=
struction is that it assists an individual in learning something better
than he would have learmed it by himself [Maye 67]. It is the bturden of
instruction to demonstrate the value of its existence by demonstrating its

power to facilitate learning.® The author asserts that, with respect to
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the Jjustification of the software package described in the previous sec-
tion, a serial, reductionistic approach to learning is far more efficient

than other known methods.

The programmers tool is a set of primitives. These primitives may be
anything from machine language instructions to powerful operating systeas,
but they are primitives, at leastv in the sense that they are items that are
combined together in various combinations to accomplish some purpose. They
are also primitives in the ssnse that a group of building blocks is avail-
able and the act of combining them together into a single package provides

the power,

The key to understanding and mastering coding (in any langnage) is one
of knowing how to convert the solution to a real weorld problem into a form
that consists of abstract 'primitives’ whose meanings can be replicated by

a computing machipe.

This coaversion can be represented by an isomorphic mapping from the
real world to an imaginary world of a computer model. A given task is ac-
compl ished within the bounds and limits of the computer and then the rasult
is mapped back into the real world. (The notion of accomplishing some task

by appearing to do something else is not a new one.)

The mental process required, for the conversion from the real world to

the machine and back again, represents a quantum leap for many students of
programming.

That quantum leap is the focus of this dissertation.
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Chapter 3§ - Evaluation of One Programming Module

4.1 Introduction

This chapter presents an evaluation of the puzzle programming module
covered in Chapter 3. The organization of this chapter is as follows: Sec-
tion 4.2 contains a description of the decisions that were made during the
course of the experiment and why they were made; Section 4.3 contains the
questions, the details of the experiment, and the interpretation of the

resul ts,

4,2 Experiment Decisions

During the summer term of 1984, the Puzzle module was used to intro-
duce (CS-200 students to computer programming concepts. There were two
groups involved in the experiment, a BASIC programming class of 44 students
(the experimental group) and a PL/I programming class of 38 students (the
control group). The conmtrol group was givenm a conventional programming as-
signment, The experimental group was given the Puzzle module as a substi-
tute for the first programming assignment. Since there was oaly one
micro-computer available at the time of the experiment, a signup sheet was
distributed and each student signed up for a 50 minute slot on the machine.
The typical time for completion was approximately 20 minutes. Sometimes, a
monitor was available to answer questions in case the students had diffie-

culty with the software or the hardware.

To evaluate the Puzzle module, two measures were chosen: attitudes of

the students in both classes were determined from the drop rates of both
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eclasses and from questionmaires completed by both groups before and after
the experiment took place. The drop rate turned out to be insignificant (5
in one class, 6 in the other), therefore it is not discussed further. The
questionnaires contained attitude statements about computer scieance and
CAI. The mix of questions include 18 questions about attitudes of the stu-
dents toward computer science, 24 questions about student attitudes toward
computer aided instruction, one question concerning the student attitudes
toward the instructor of the course (in retrospect, more questions in this
category would have been appropriate), and six questions indicating the
students own percepticn of his/her ability to learn faster with a CAI pack-
age. The students were required to answer the questionnaire before expo-
sure to the Puzzle module, and them again after exposure to the module (10
days later). A statistical analysis (using a t-test on the questions and
Paired Test on the students) was performed with the results of the ques~
tionnaires to determins if there was a significant change in attitude

resulting from the use of the Puzzle module.

There were six analyses performed on the data as described in Section

4,3. A summary of the six tests follow.
T A t-test was used on the statistical means of the student responses
for each question to determine if the attitudes of the students in

both classes at the beginning of the semester were about the same,

T2a A Sign Test with a Paired Sample was performed on the responses of
the students to determins whether there was a positive reaction by
the students in the Basic class., Particular interest was placed in

the change of attitude recorded by each student far each question
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within each class.,

T2b An amalysis of the responses of the students in the Basic class was
perfarmed as in 2a, with the following change: the amalysis was

performed for each question for each student within eack class.

T3a A Sign Test with a Paired Sample was performed on the responses of
the students to determine whether there was a positive reaction by
the students in the FL/I class, As in 2a, the area of interest was
the changs of attitude recorded by each student for each question

within each class.

T3b An amalysis of the responses of the students in the PL/I class was
performed as ian 3a, with the following change: the amalysis was

performed for each question for each student within each class,

4 A t-test was used on the means of the student responses for each
question to test the attitudes of the students in the Basic class
(the experimental group) had a more positive shift than the atti-

tudes of the students in the PL/I class (the control group).

This section contains a description of the decisions that were made
during the course of the experiment. Many of the decisions were comproum-
ises, due to the timing of the experiment.

(1) Why was just one module evaluated? The experiment does not validate
the entire model, but only one module within the model. Extrapolating
the time it took to develop just ome module, the complete package cov-
ering ths entire set of computer science concepts would take several

years to be completely developed. In order to demonstrate the concept
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of the model, the committee decided that two modules shouid be imple~

mented and one evaluated in a classroom enviromment.

(2) Why was the experiment done during the summer? The issue of timing was
discussed with the committee in a meeting during the Spring of 1984%.
It was the considered opinion of the committee that the experiment
should be done as early as possible for the following two reasons: 1)
the design could be evaluated before additional medels were developed,
and 2) any adverse impact of the package on the subjects (in case the
modules were found unacceptable) would be minimized. The package was
not ready for evaluation during the Spring semester of 1984, and the
completion of the Puzzle module coincided with the summer months, Cer-
tainly, the summer ¢term is not a good time to do experiments.
Nevertheless, the consensus of the committee was that an evaluation
should proceed before an additional module was developed, and that it

was accepted that the experiment be performed during the summer.

As it turned out, the four CS=200 programming classes that were offered
during the Summer term were all different languages (Pascsl, Fortran,
FL/I and Basic). I picked two classes at random and 2 class of stu-
dents learning BASIC (the experimental group) was compared with a class
learning PL/I (the control group). Also, there were two different in-

structors for the two classes.

(3) Were there differences between instructors or between the populations
of the two classes? In retrospect, a selection of two classes taught
by the same instructor over the same subject matter would have been

preferred, But during the summer semester of 1984 there were four CS-
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200 classes taught, all covering different computer languages. 4n ate-
tempt was made to wminimize instructor bias, given the fact that two
different teachers were involved. Two ocut of the four were chosen based
on the ssx (male), age (early twenties) and experience of the instruc-
tors (both were gruduate students working on a Masters Degree in Com-
puter Science). The decision was supported by the drop rate of the two
classes (about the same) and the attitudes of the students relating to
their respective instructors as indicated by the results of the

analysis of the questionnaires (see question 7).

(4) Why was student attitudes measured? Chambers, et al, [Cham 830] list

several criteria for evaluating CAI products, including:

1) the amount of learning that initially takes place,

2) the amount retained over a given time period,

3) the drop rate of the individuals,

4) the attitude changes of the learmers towards Computer Science and
towards computers as an instructional medium,

5) the transportability of the material,

6) the accept#nce of the materials by others involved in classrocm in-
struction.

Dr. Jackson Byars, a member of the committee, suggested using attitude
questionnaires early during the design. Using student attitude as a
measure of success is an acceptable metric [Gall 77] [Educ 78]. 1In
that regard, a dissertation by Bickerstaff [Bick 76] was used as a
model for the questionnaire. The questions were rephrased to center on

CAI in computer science.
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(5) Why were there just 47 questions? Initially, 92 questions were drawn
from Bickerstaff's dissertation. After some consultationm with Dr.
Corwin Bennet [Benn 84] on the suitability of the questioms, about half
of the questions were discarded. The reasoning was that the students
would tire of answering so many questions and just start checking ques-

tions at random, invalidating the results,

(6) Why have a monitor present during the evaluation? Cognizant of the
limitations of most micro=-computers and on the advice of Dr'. C.E.Bennet
(Benn 84], the decision was made to have a monitor available to help
the students if the hardware or software should malfunction. It was
decided that there would be less bias if differing amounts of help were
provided to the students. In some cases, there was no one to help, inm
others, someone was in the room and available if something sbould go
wrong, And in others, the monitor was sitting directly alongside the
student to give help when asked, in the manner of an informal conversa-
tion. The decision to make someons available to (and sitting alongside
the) students was not universally accepted, as was discerned from stu-
dent comments, In fact, some of the students expressed the desire to
work entirely alone, In retrospect, having someone in the roam (but
not opecessarily looking over the students shoulder) is the best course

of action in similar situations.

(7) What statistical tests were used? For tests T1 and T4, the class sizes
were large enough to apply a statistical test that requires an approxi-
mately normal distribution of the sample population, therefore a t-tast

was deemed appropriate, For tests T2 and T3, the evaluation included
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comparisons of attitudes of individual students before and after expo-
sure to the software package, therefore, a A Sign Test with a Paired

Sample was chosen.

4.3 Details of the Experiment

"rhe 47 questions that were given to the students are shown below. Ap-
pearing before each qusstion are three groups of characters., The first
group of characters are the digits that make up the question number. Those
items with an s’ in the sscond group signify questions that pertain to the
students attitude toward computer science; those marked witk am ‘i’ per-
tain to CAI, those marked with an 'f' indicate that the student perceives
he/she learns faster with CAI; the questions marked with a 'ec' were
ecross-check questions; and the one marked with an *n' relates the students
attitude toward the instructor. The third group consists of just one char-
acter, either a plus (+) or a minus (-). The plus indicates that the ques=
tion is phrased positively, the minus indicates that the question is

phrased in a negative manner.
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1 ..f.. + The availability of CAI helped me to learn the course

material faster.

2 S..¢ + I feel the Computer Science Department is doing an

excellent job of helping the students.

3 S.... - The Computer Science Department is not very attentive
to the student’s nseds,

4 s..oc. - The Computer Science Department shows only token
concern for the student.

5 S.... + The feeling that I have toward Computer Science is a

good feeling.

In the Computer Science Department I have had a hard

time finding someone to answer my questions.,

I feel uncomfortable about seeing my Computer Science

instructor.

ei... + If CAI were available in Computer Science I would use

it regularly to do my homework.

Each student should be required to work through at

least one CAI homework module during the ssmester.

10 .i.c. + Computer-assisted instruction is better than
traditional instruction.

11 ..f.. - MWy mind goes blank, and I am unable to think clearly
when working on computer programs.

12 ..f.. = I learn faster by doing programming problems than by
CAI.

13 .if.. = I learn best by working closely and directly with a
teacher. .

14 s.... + I really like computer science.

15 .i... + A person can concentrate better on learning the
material with CAI than in a classrocom with other
students present.

16 See.. + [ feel a definite positive reaction to computer
science; it's enjoyable.

17T .i... + Using CAI to do homework is an efficient use of
students’ time,

18 Ss..c. + I feel at ease in computer science, and I like it
very much,

19 s.c. + Computer Science is fascinating and fun.

20 ..... + I have a good memory.

21 s.... + I am much happier in computer science class than in
any other class,

22 .i... = I like the idea of a teacher standing by to give me
help whenever I feel I need it.

23 .i... + I would enroll in a recitation section that required

homework to be done by CAI.

I am not in favor of CAI because it depersomalizes

instruction.

o
a
»
.
.
.
]

®
B
'

\0
=~
+

Zu Qi."

Table 4.1.a Questionnaire
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25 .if.. + Learning by CAI is like having a private tutor.

26 .i... + If a person knowledgeable in CAI and Computer Science
were pressnt at the microcomputer I would do my home-
work via CAI.

2T s8..C. = I do not like Computer Science and it scares me to
taks it.

28 .i... = I have nsver liked computers, and it is my most
dreaded subject.

29 .i... = Even otherwiss interesting material wculd be boring
when presented by CAX.

30 s..c. = Computer Science makes me feel as though I'm lost in
a jungle of strangs terminology and can'*t find zy way
out.

31 .i... = A person becomes more involved in running the machine
than in learning the naterial (with CAI).

32 s.... = It makes me mervous to even think about having to do
a computer program.

33 .i.c. = Computer-assisted instruction does not allow a person
to learn quickly.

34 .i... + Material which is otherwiss boring can be interesting
when pressnted by CiI.

35 s.... = I approach computer science with a feeling of
hesitation, resulting from a fear of not being able
to understand how computers work.

36 .i... + The ideal learning situation fnvolves one student and
one teacher.

37 s.... + Computer Science is something I enjoy a great deal.

38 s.... + I would probably take some advanced Computer Science
courses, even if they are not required in ay
curriculum.

39 .i,.. = Not being able to ask a teacher questions is a
definite disadvantage of CAI.

40 .i... = Whenever I have to operate a machine, I become
nervous,

b1 .i... + I would recommend to other Computer Science students
that they try to do homework via CAIL.

42 s..c. = I am always under a terrible strain in a Computer
Science class,

43 .i,.. + The advantages of using CAI in Computer Science out=-
weigh the disadvantages.

44 s,.c., + Computer Science is very interesting to me and I enjoy
computer courses.

45 ,ifc, + I learn faster with CAI than with conventional
classroom instruction.

46 .i.c., = I learn slowly with CAI.

47 .i... + A person can work at his own pace with CAIL.

Table 4.1.a Questionnaire

page 101

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



A summary table of the varicus categories and the mumber of questions

per category is shown below.

+ - (4 C=
] ! ! i i
s | 6! &8 | & | &8 |
i 127 8 [ 211 21
£ 1 21 3t 1t 0|
an { O} 1t | 0 | o'l
i H } H H

A Summary Iable of Question Categories

where s indicates student attitude
where i indicates CAI

where £ indicates learns faster
where n indicates instructor

Numeric values have been assigned to the various responses as follows:

1 strongly disagree
2 disagree

3 undecided

4 agree

5 strongly agree

The following notation is used:

represents the attitudes of the PL/I class, on June 5

represents the attitudes of the PL/I class, on June 15
represents the attitudes of the Basic class, on June 5
represents the attitudes of the Basic class, on June 15

=
w
0w unau

Tests were done for each question using the normalized mean uk{i] for

question{i], where i = 1,..47, for each class data set, k = 1..4.

Using this notation, the six tests can be restated as:
T1. utl = u3 that the attitudes of the students in both classes, at
the start of the experiment, were statistically the

same., A t-test was used for the a priori test.
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T2a,

T2b.

T3a,

T3b.

™.

b.3.M

we > ut

w > ut

w > u3

Wt > u3

uk > u2

that there was a positive reaction by the students (to
the overall material) in the Basic class. 4 Peaired
Test was perfcrumed on the responses of the students for
each question in each class.

that there was a positive reaction by the students (to
the overall msterial) in the Basic class. A Paired
Test was performed on the responses of the students for
each question for each student for each class.

that there was a positive reaction by the students (to
the overall material) in the PL/I class. A Paired Test
was performed on 1) the responses of the students for
each question in each class, This assertion will be
shown to be false.

that there was a positive reaction by the students (to
the overall material) in the PL/I class. A Paired Test
was performed on the responses of the students for each
question for each student for each class.

that the reaction by the students in the class that used
the CAI package was more positive than the reaction of
the students in the control group. In fact, the test
is for: (ul=u3) > (u2-utl), Assuming that the classes
have the same initial attitudes (i.e. u3 is approxi-
mately equal to ul), then the test determines the atti-

tudes of the students posteriori. A t-test was used.

The attitudes of the two groups were the same, a priori
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Test 1 was used to determine the outcome of the following hypothesis:

HO : ut = u3

where HO is the hypothesis being tested, ui is the composite valus of the
responses given by the students in the Basic class befare the experiment
vas run, and u3 is the composite valus of the responses given by the PL/I

students before exposure to the software package.

The algorithm used for case T1 is listed, below, in pseudo=code. The
following Pascal record is indicative of the input to the algorithm used

for all of the casss.

] 4
] ]
! questions : i
! array [1..47] of !
! record H
] number : integer; i
! sign (et t=t); '
i response : array [ june5,juneiS] of !
] record !
! x : array{1..5] of integer; { PL/I } H
! y : array(1..5] of integer; { Basic } |
g end :
! end !
i !
J }

Record lavout of the inpuk data used
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for {each question} q := 1 to 47 do

with questions[q].response{day] do

begin

for L :=1 to 5 do
begin

xbar :=z xbar / nx (number of x's);
:= ybar / ny (number of y's);

variance_of_x := variance_of_x+(xbar-i)8#2 & x[i];
variance_of_y := variance_of_v+(ybar-i)%82 & y[i]

variance_of_x := variance _of_x / (ax - 1);
variance_of_y := variance_of y / (ny - 1);

z := (ybar - xbar)/sqgrt(variance_of_x/nx «+
variance_of_y/ny);

print number,
print '11°',
for £ := 1 to 5 do print x(i],
print xtotal, xbar, varx, z, xbar-ybar, conf_int
print 'basie?,
for 1 := 1 to 5 do print y{i],
print ytotal, ybar, vary;
end

T T T T e R e e e e o e e = e S e o e et . = o s - e - —— ———— -
é‘
B
B e
(]
—
n
)
T e T o i T S e e e T e e e e v v ey e e vy S ST e pmas . o vy "y o ——

Ihe Algorithm gsed for cases I1 and T8

The results of the above analysis are given in appendix E and are sume
marized in Table 4.1.a. The z value (the normalized differences of the
mean) indicates whether the corresponding =neans are significantly dif-
ferent. A test procedure is said to have level of significance aipha (in

this case .1), or to be a level alpha test if the probability of a type 1
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error <= alpha [Devo 82, p103]. A type 1 error consists of rejecting the

null hypothesis, HD, when it is true. [Devo 82, p101]

There were two ssctions with 23 and 36 students (im PL/I and Basic,
respectively) responding, The deagrees of freedom, therefore, are 22 and
35, respectively. In a t-test with an alpha of .1, any result, such that
the z value is greater than 1.65 (for the Basic class) or 1.T717 (for the
PL/I class), is considered significant. Since alpha equals the probability
of rejecting HO when it is actually true and since alpha is chosexn to be .1
or 10%, on a random basis, approximately five questions might show signifi-
cance through chance error. Test T1 compares the attitudes of the two
groups of students before the experiment took place. The test shows six

questions significant. Those questions are: 32, 33, 35, 41, 42, and 45.

The results of Question 32 and question 35 indicate that the students
in the BASIC class were more nervous than the students in the PL/I class, a
finding one would expect (if the results are not due to chance.) It is
likely, ¢that, most of the BASIC students were first time programmers,
whereas most (or many) of the PL/I students were not, hence the PL/I stu=

dents would display more confidence the first day of class.

The conclusion is, therefore, that the attitudes of the studeats in

the two classes with regards to the categories tested were about the same.

Question 7 was used to determine the existence of instructor bias. On
June 5, the measure of significance (z-valus) of the difference between the

two means of the two classes was =0.09, i.e, no significant difference.
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o ew-eJjJune 5"’""{ ceece==June S e ==
-mean- sign z=value | -meane- sign zZ-valus
pl1 Dbasic H pl1 basic

1 3.00 3.00 «+ 6.00 i 28 2.87T 2.6 -~ -1.51

2 2.716 2.95 + 1.08 i & 3.2T 3.25 + -g.20

3 2.87 2.89 - 0.11 i 26 3.15 3.30 + 1.10

y 2.92 2.89 - -0.32 ! 2T 2.85 2.355 = -1.30

5 3-26 3052 + 1-17 { 28 2.“6 2032 - '0070

6 2.95 3.02 + 0.71 [ 290 2.90 2.7TT = -0.95

7 2.67 2.68 = 0.09 | 30 2.90 2.82 =~ -0.31

8 3.36 3.36 + 0.03 I 31 2.92 2.89 =~ =0.36

9 3015 3016 -+ 0003 { 32 3028 2-70 - '20“7 b

10 2.95 3.00 + 0.28 i 33 2.95 2.715 = -2.05 &

11 2-95 2075 - -1 007 { 3“ 3013 3-02 + -1 005

12 2095 3005 - 0085 [ 35 3023 2082 - "1 -69 *

13 3.64 3.45 = =0.91 i 36 3.08 2.88 =+ -.93

14 3.15 3.23 * 0.43 } 37 2.87 3.07 * 1.11

15 3.13  3.11  + -0,10 ! 38 2.85 2.86 + 0.08

16 3.03 3.18 + 0.85 i 39 3.36 3.2T = 0,63

17 3021 3.16 + -0 038 = m 2036 2.20 - .0.83

18 2.90 3.07 + 1.02 i 81 2,87 3.11 + 2.37 ¢

19 3.23 3.30 =+ 0.36 I 32 2.95 2.68 =~ -1.76 ¢

20 3.62 3.89 + 1.36 ! 43 3.03 3.09  «+ 0.62

21 2.7 2.64 «+ -0.68 I 34 3.00 3.14 «+ 0.81

22 4,00 3.95 - -0.22 i 85 2,92 3.07T <+ 2.19 ¢

23 3.23 3.18 =+ =0.39 ! 4 3.00 2.95 =~ =3.53

Results of the Sign Test for both classes on June S5
Table 4.1.a
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----- Jun315‘----
-mean- sign zZ=-value

-mean- sign Z=value

'
k
f
13
pl1 basic H plt basic
1 3.06 3.28 + 1.25 ! 28 2.712 2.62 - =g.62
3 2.6T 2.83 =~ 0.87 i %6 3.17T 3.50 + 1.86 ¢
4y 2.98 2.66 - =1.56 V2T 2.718 2.1T = -2.57 ¢
6 2.83 3.24 + 1.86 * ! 29 2.78 2.0 - -2.14 ¢
7 2.36 2.10 = -1.28 [ 30 3.03 2.6 - -1.39
8 3.22 3.38 + 0.9% {31 3.11 3.12 - 0.03
9 3.19 3.5 + 1.81 ! 32 3.25 2.8 = -2.10 ¢
10 2.78 2.88 «+ 0.51 i 33 2.81 2.50 = -1.98
11 2.94 2.14 = -3.86 * ! 3% 3.19 3.31 + 0.79
12 3.06 2.83 =~ -2.11 ¢ I 35 3.31 2.16 =~ -2.,23 ¢
14 3.06 3.51 =+ 1.87 ¢ P 37T 2.715 3.28 + 2.00 ¢
15 2.86 3.05 «+ 1.24 | 38 2.53 2.9¢ + 1.40
16 3.28 3.52 + 0.96 i 39 3.50 3.79 - 1.40
17 3.08 3.33 + 1073 L ; uo 2081 2.26 - -2071 L4
18 3.00 3.37 + 1.35 ! 81 3.03 3.17 =+ 0.96
19 3.22 3.45 + 0.93 ! 42 2.8 2.33 =~ -2.91 ¢
20 3.47 3.90 + 2.19 & ! 43 3.03 3.17 + 1.08
21 2.44 2.50 + .25 bous 2,92 3.40 4 2.00 ¢
22 3.81 3.71 - '0037 ‘ ns 3000 2-95 > -001‘9
23 3.06 3.02 «+ -0.19 ] ue 2.92 2.8% - -0.71
i 47 3.25 3.70 =+ 3.08 ¢

Results of the Sign Test for both classes on June 15
Table 4.1.B0
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4,3.72a Positive Reaction by the Basic Students (stu~ques-class)

This test was used to determine whether there was a positive reaction
by the students (to the coverall material) in the Basic class, Tests 2 was
apalyzed using two approaches. A Sign Test with a Paired Sample was per-
formed on the responses of the students. (The input to both is shown in
appendix F.) For this approach, the number of students was tallied who 1)
indicated a positive change in attitude (for positively phrased questions),
or 2) who indicated a negative change in attitude (for a megatively phrased
question). For this cass, particular interest was placed in the change of

attitude recorded by each student for each question within each class.
The hypothesis:

HO : u2 = utl
Ha : u2 £ ut

where HO is the hypothesis being tested, that there was no change in atti-
tude in the Basic class at the end of the experiment. Ha is the alterma-
tive hypothesis, that there was a change in the attitudes of the studeats
in the Basic class. In this case, if HO is rejected then Ha will be ac-
cepted, u2 represents the responses given by the students in the Basic
class after the experiment was run, and ul represents the responses given

by the Basic students before exposure to the software package.
For clarity, the above hypotheses is rephrased to demonstrate that

there are 47 separate hypotheses tested:
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It will be shown that there cccurred 13 rejects, therefore

is:

boCi] : wefi] = wilil, for £ = 1..47

ha: u2 > ut

conclusion

the data record and the algorithm used in Tests T2 and T3 are as follows:

]
3
]
}
1
1
'
'
1
1
!
]
1
I
1
i
]
L}
|
'
1
!
)
[}
|
b
1
'
1
]
1
!

data :

record
elass : array [basic..pl1] of
record
student : array [1..mmber_of_students] of
record
day : array [Jjunes5..Jjunei5] of
record
responses : array (1..47] of integer;
end
end
end
end

P emen o Te e . g T Fvee ST prem Peew e W Swaw

Lavout of the Record used ig Tests I2 and I3
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for {each question} q := 1..47 do
begin
with questions{q] do write(number, sign)
for {each student} s := 1 to number_of_students do
begin
t := data[basic. student(s],day( junei5].responses{s]]
- data{basic. student(s],day{ june5].responses(s]l;
if t > 0 and sign{question] = '+'
or t < 0 and sign{question] = '-'
then pcount := pecount + 1
else ncount := ncount + 1
end;
z := (poount/total - 0.5 - 0.5/total ) / sqrt(.25/total);
print pcount, ncount, total,z
end

—— TS e e St et e e e e - - e - - —on
PP S Y mew say RS TS UGS N ey TR Grwr e PVN gmem ey Tmee

Ihe Algorithm used in Ieats 123 and I3

The results of this analysis are shown in appendix G and are summar-

ized below.

basic class: number of questions
that signal a significant change

significantly positive 13
not shown significant 32
significantly negative 2
total T

Per Pt e e e T ey oo vy e

A suwmmary of Appendix ¢ (Basic Class)

For the Basic class, a statistically significant positive shift in at-
titude appears in questions 1, 7, 9, 11, 12, 16, 17, 18, 2T, 33, 34, 42 and
47, This group of questions represent a mix of attitudimal questions about

Computer Science, CAI and one question concerning the instructor. There
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was one statisticelly significant negative shift in attitude. This ques-
tion concermed teacher accessibility and did not relate to Cil.
B0 is rejected and the conclusion is that the students reactiomn to

CAI, and Computer Science in gensral, is more positive as a result of using
the CAI package.
4.,3.T2b Positive Reaction by the Basic Students (ques-stu-class)

To further check validity, the responses in the Basic class anmalyzed
by question for each student within each class, A Sign Test [Uken 78,
p.297] was used to determins the changes in attitude that took place for

each student in the Basic class.
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print 'basic’,
for each studeant do
begin
print student number,
for each question (1..37] do
begin
:= data(question #,after] - data[question §, before];
if t > 0 and sign{question] = *+!
or t < 0 and sign{question] = '=!
then pcount := peount + 1
else ncount := ncount + 1
end;
cotal := poount + acount;
= (pcount/total - 0.5 - .5/total )/ sqrt(.ZS/tctal).
prim: peount, ncount, total, peount/total, z
end

il ettt S —

Ihe Algorithm used in Iests I2b and I3b

The results are shown in appendix § and summarized below. with
respect to individual students, almost 1/2 (16/36) of the BASIC students

registered a shift.

basic class: number of students
that signal a significant change

significantly positive 16
not shown significant 18
significantly negative 2
total 36

e v v ey . e Mmor swe ew S

A Summary of Appendix H (Basic Class)

Almost half of the students in the Basic class (16 out of 36) had a

positive change in attitude at the end of the ten day period.
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4.3.73a P/I Class had a positive change in attitude (stu-ques-class)

This test was used to determine whether there was a positive reaction
by the students (to the overall material) in the PL/I class. A Signed Test
with a Paired Sample was used on the responses of the students to ameasure
the change of attitude recorded by each student for each question within
each class. (The input is shown in appendix P.) The algorithms used are the

same as in test T2a, with the exception that the class is PL/I.

The hypothesis:
HO : ult £ u3

Ha : ull £ u3

The results of this analysis are shown in appendix G and summarized

below.

PL/I class: number of quastions
that signal a significant change

significantly positive 1
not shown significant 38
significantly megative 8
total 87

VO rer e ey P gy - oy

A Sugmary of Appepdix G (FL/I Class)

For the PL/I class, there is a noticeable positive shift in attitude
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only on questior 36. Since alpha == .1, there could be up to five items
(at random) that would show a significant change., Overall there is no no-
ticeable positive shift in attitude for the PL/I class during the ten day
period, if anything, there is a noticeable megative shift in attitude (8

out of 47), posteriori. Therefore, H) is accepted.

4,3.7T3b PL/I Class had a positive change in attitude (ques=stu-class)

To ensure validity, there was an amalysis of the responses for each
question for each student within each class (see T2 above). The results

are shown in Appendix H and are summarized below.

PL/I class: number of students
that signal a significant change

significantly positive T
not shown significant 12
significantly nsgative 4
total 23

P g . - . o oy pon. T

A Sumparv of Appendix H (PL/I Class)

With respect to individual students, less than 1/3 (7/23) of the FPFL/I
students registered a noticeable positive shift in attitude, whereas almost

1/2 (16/36) of the BASIC students registered a shift; therefore, H is re-

Jected,

4,3.T% The Change For the Basic Class was greater than the PL/I Class.

This test determines that the shift in attitude of the students in the
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Basic class was greater than the shift in attitude of the students in the
PL/I class.

The conventional statistical notation used is as follows: HO is iden~
tified with the hypothesis of no change (from current opiniom), i.e. mo
departure (from current beliefs). In scientific investigations HQ is often
the *status quo' claim. The burden of proof will rest with Ha in the aﬁs
that B0 will be accepted as true unless the experimental evidence strongly

suggests otherwise,
The hypothesis for case 4:

BO : ulf = u2

Ha : ult # w2

The t=-test evaluation for case T4 is the same ope used for case TI,
with the exception that the data reflect the attitudes of the students at
the end of the testing period. The results of the analysis are given in
appendix E and are summarized in Table 4.1.b (already shown). The z value
(the normalized differences of the mean) indicates whether the correspond-

ing means are significantly different,

The results of the same quastions after the experiment took place in-
dicate that the PL/I students show more confidence than the BASIC students
(z = =2.10 and z = =-2.23). A significant change in attitude between the
two classes, at the end of the ten day period, was detected, There are a
total of 18 questions where the responses show a significant statistical
difference between the two classes. The results (on June 5) from Questions

33,41 and 45 display a positive attitude toward CAI, a priori. There are
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24 questions that relate to CAI, and for a 10% test, two to three of the
questions may show significance, due to chance. If the results are con-
clusive, then the attitude of the students (on June 15) dropped slightly
with respect to the above three questions. This is more than offset by the
results of June 15, where the responses were statistically significant (in

favor of CAI) mquatim 12, 11, 25, 29, 33, uoy and 37.

The students responss to Question 42 is significant before and ‘aftar
the questionnaire was given. The students in the BASIC class felt even
less stressful than the students in the PL/I group, after the ten day
period, A significant change in attitude between the two classes, at the
end of the ten day period, was detected. There are a total of 18 questionms
where the responses show a significant statistical difference between the
two classes, The results from Questions 33,41 and 45 display a positive
attitude toward CAI, a priori. If the results are conclusive, then the at=-
titude of the students dropped slightly with respect to the above three
questions, This is more than offset by the results of June 15, where the
responses were statistically significant (in faver of CAI) in questioms 12,

17, 25, 29, 33, 40, and 47.

The students response to Question 42 is significant before and after
the questionnaire was given, The students in the BASIC class felt less

stressful than the students in the PL/I group, especially after the ten day

period.

Question 7 was used to determines the existence of instructor bias. On
June 5, the measure of significance (z-valus) of the difference between the

two means of the two classes was -0.09, i.e, no significant difference. On
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June 15, the ze-value was 1.28, a sall, but insignificant, positive shift.
Ten of the students in the PL/I class failed to write their identifying
pumbers on their response cards on June 15, This left a sample size of 23
in the PL/I class as opposed to 36 in the BASIC class. BHad the sample size
from the PL/I group been larger, a significant result may have been ob-
tained for question 7. The responses, if any, of the students to both
teachers was positive, reducing the impact of instructor bias in the
results, The conclusion, thereforse, is that the students reacted to the

different instructors in a like mannsr.

4.4 Conclusions

A statistical test of user attitudes based on responses from a Qquese
tionnaire was performed for the Puzzle module. After some study, the con-
elusion was drawn that the change in student attitudes was significantly
positive and that the experiment could be considered a success for the fol-
lowing reasons: The attitudes of the two classes on June 5 are about the
same, The Basic class had a positive abift in attitude, the PL/I class
demonstrated a slightly nsgative shift in attitude, and the shift in atti-
tude of the Basic class was more positive than the shift in attitude of the

PL/I class.

In all experiments of this mature, there comes a moment of truth, a
time when the question must be asked, 'Was the experiment successfull'?
After a review of the results, ope concludes that there seems to bDe a
change. Now the important question, ‘What could have caused it?* Was the

change in attitude the result of the students' exposure to the Puzzle
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module, or was there some other factor? Some of the possibilities are:

>> There may have been Instructor Bias? Using the. results listed

above, Instructor Bias was ruled out.

>> The result may bave been due to the Hawthorne Effect, i.e. the
performance from individuals cognizant of their participation in an ex-

periment has been shown to be different.

>> The students may not have had the same assignments? As the ques-
tionmaires were passed (on June 5) the students were informed of their
involvement in such as way as to minimize student bias with respect ¢to
the experiment, The PL/I class was told that they did not HAVE to use
the software package, and the Basic class was told that they GET to use

the software package in lieu of a regular homework assignment.

Half of the questions related directly to CAI, and the package that
the students used was considered (at least, by them) as a CAI package, and
a statistically significant number of the questions that show significance
were CAI questions, therefore the conclusion is that the change in atti-

tudes was CAI related.

In summary, the statistical results were not due to randommess of the
data, nor to instructor bias. The Puzzle module seems to have helped with

the attitude of the students about computing.
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Chapter 5 - Conclusions of this work

5.1 HReview of the wark

This dissertation has presented a reductionistic model used for con-
veying computer science concepts to students with little or no expertise in

computer science.

Based on the initial investigations and ressarch, four principles eam-
erged for the development of this work. These four principles maks up the
minimum requirements that an instructional CAI package should have: a
reductionistic presentation, direct manipulation graphics, an instructional

mode, and an execution mode. Justification for these requirements follow.

Reductionism is the basis and the structure of most textbooks that

teach computer science and is a generally accepted approach.

- Graphics facilities offer a high bandwidth for transfer of information
as is evident from the literature and from the emerging technology of
instructional packages on micro=computers.

- An Instructional mode is necessary with any package used as a supple-
zent for instruction,

- Because of the mature of the discipline, an Executable mode is a re-
quirement, A student cannot do any useful work without a programmable
system, and execution of programs forms the cornerstone of Computer

Science.

At the time of writing, there were no completely integrated CAI pack-

ages that combine instruction, direct manipulation graphics and execution
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together into one coherent progran,

The contribution of this work then is a model that integrates instruc-
tion, direect manipulation graphics, and exscution into one pacimge, ao ap-
proach not currently used in the instructionsl programs of the Computer

Science curriculum,

Several important characteristics of the model are the following:

(1) The model is designed to provide motore-learning experiences with

immediate feedback.

(2) The model uses a 'friendly' enviromment in which familiar cone-
cepts are tranalated, autocmatically, into more formal programming

statements which are then displayed on a termimal.

(3) The model is designed around the idea that while a student is
solving a problem, a 'program’ (reflecting the students actions)
is introduced, using a more formal syntactic notation. Progranm
syntax, and some semantic rules, are conveyed on a real-time

basis.

(4) The model is made up of several levels (consisting of a sequence
of nuine phases each) where each ievel is designed to convey more
advanced concepts than the previous levels. The phases were
designed in such a way that one is able to build on previously

learned material while introducing progressively harder material.

(5) Since the object of the package is to convey Computer Scieace

concepts, it was decided to adopt a language that was not one of
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the standard programming languages. The opinion reflected in
this particular guidelips is not wmiversally accepted, EHolt, et
al, [Holt 77T] argue Cfor teaching a subset of an existing
language. They listed the following four criteria for an in-
structional language: 1) it should be (part of) a Treal'’ prograg=
ning language used in busimess, science, and govermment and
should be appropriate for imtroducing programming concepts used
in those areas, 2) it should encourage systematic probles solving
and structured programming, 3) it should be a mall, convenient,
easy to master language, and 4) it should be easy to support by
economical, diagnostic language processors on a variety of
nachines including mninicomputers. 0f thess, arguments two to
four are accepted as valid, and have been incorporated into the
design. Argument one was abandoned., There is no desire to allow
the student to fall into the trap of confusing the syntax of a
new language with the ssmantiecs of the statements, a problem
discovered by Ledgard {Ledg 80]. Exposure to two syntactically
disjoint languages in parallel (one in the classroocm and the oth-
er from the software package) would aid the student in discerning
the difference between the ssmantics of the concepts and the syne-
tax of a given statement. Hence, the "language” chosen for in-
clusion within the package is not one of the popular languages,
nor a subset of ons. The language was one developed during the

design phase of the model.

There are three modules definsd according to the model, a Puzzle

module, a Business module (involving a Data Base) and a Grade Point Average
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module, The Grade Point Average module is widely used in conventional pro=-
gramming classes and is designed to convey to the student the concepts of
' assignment statements’, arrays, input/output, formatting and editing.
There were two modules implemented according to the model, the Business
module and the Puzzle module. The Business module was used to introduce
procedure ‘'calls' and procedure declarations to the student. Although im-
plemented, this game was not tested in a classroom enviromment and there-
fore no statistical tests validating the game are available. The Puzzle
module relates puzzle manipulations to algorithmic processes, and intro-
duces looping, decision and iaput/output programming constructs. The Puz-
zle module was implemented on an ATARI micro=computer and was used by an
instructor of C(CS-200 as a supplement to 2 classroom enviromment. The
responses of the students, regarding the suitability of the package appears

in Chapter 4§ of this dissertation.

5.2 Guidelines

In addition to the four principles for the design of the model,
several guidelines evolved during the design phase and have been identi-
fied. These guidelines were drawn from the literature and from 12 years

experience in dealing with (and observing) studemnts in an Introduction to

Programming laboratory.

1) The first guideline is that the commands available at each sartic-

ular level should be glosed, i.e. everything the student needs to know to
work at a given level has been explained and everything the student needs

to do, at that level, can be done with the available tools (commands).
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Figure 5.a. displays a hierarchy of concepts to be conveyed to the
student. At the top is the simplest material and is explained to the stu-
dent first, The concepts (at this level) are closed in the ssnse that
dropping to the next (more advanced) level is not required in order to com=-
plete the work required at the top level. As an example, in a prograaming
course, the PRINT statement (or it's semantic equivalent) should be covered
first. With that one statement the student has the ability to 'sse' the
results of a given command. Also, the student can then use the PRINT

statement to find errors in programming later on,

The above idea is related to, but differs slightly from, the idea that
statements and concepts can be understood in vacuo - the programmer nsed
not assimilate a great deal of information about the eaviroment of a
statement/command in order to understand it. Most of the information,
needed for understanding, can be derived from existing information. This
approach rmms counter to integrated systems. In many cases, where program=
ming is involved, the student is required to learn and understand the ma-
Jority of the components of a system (and their interlocking relationships)
before being able to perform the simplest task (Holt 77]. This bholistic
view, as described, delays reinforcement, in the form of correctly running
programs which leads to discouragement, and results in some dissatisfaction

with computer science.

2) Learping should proceed from the imown Lo ithe upknowp.. This
guidelire has a sound theoretical basis. Gibbs holds that 'the learning’
process involves the incorporation of a new 1learning task into existing

cognitive structure so that a meaningful relationship is established®
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asic information

More advanced information

// 2 More advanced than level 2

) =
/. =X

More advanced than level 3

The set of concepts that are taught at a given

level should be closed

Pigure S.a.
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[(Gibb 67]. Mayer views meaningful learning (of technical information) as a
process by which the learmer connscts new material with existing knowledge
(Maye 81]. He cites arguments by Ausubel [Ause 63] that lesrming may be
ephanced by using advanced organizers that provide general concepts aad
ideas prior to exposure to new material. Papert describes learning as the
process of assimilation of new facts to existing cognitive models. He

states that what one learns and how one learns it depends upon avatlable

models [Pape 80, p.vii].

Mayer & Bayman [Maye 81b] argue that beginning programmers develop a
mental model of a computer language [Baym 83]. The student who uses the
tglass box' approach (i.e. understands what each command does in terms of a
more primitive machins) achieves superior long term retention and superior
transfer to novel problems than the student who uses the black box approach

(i.e., memorizes the sequence of commands that performs a specific task).

It is for this reason that the strategy of displaying formal program-
ming text in response to actions provided by the student has been adopted.

That is to say, the student manipulates icons on a TV screen and these ac-

tions are manifest with generated code.

3) The third guideline followed is: fhe opder of doipng orogramming
(#riting 3 program from 'aqratah') is ip reverss order than learning akout
Programmingg. It is generally accspted that the most effective and least

error prone method for creating reliable software is to perform the follow=-
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ing actions in the order shown:

a) Requirements Analysis - describe the functions of the components
of the system, and their inter-relationships via an i/o amlysis

- ioeo data nw.

b) Design - decide upon the components of the system (hardware and

software).
¢) Code and Test - develop the components of the system.
4) Operate - use the system.

However, learning how to program does not fit this model. "Programmed
instruction ..., proceeds in small steps® with an active learmsr (Crai 80).
Therefore, the first thing the student should do is to do something with
his/her hands (i.e. operate the equipment). Once the student is familiar
with the various pieces available, then the components that wmake up the
pieces are described (defins the modules). After the modules have been un-
derstood then the purpose of each module is given, then the relationships

between the modules (data flow) are given.

This order is a workable one that builds from the known to the unk-

nown, and one that deserves wider acceptance within the academic community.

4) The fourth guidelines is that Interactive learning aids in retep~
tion of key copcepts. Immediate feedback flets the learmsr know... whether
or not he has mentally processed the new information correctly' [Gibb 67].
A positive response ‘'reinforces the cognitive activity, and ensures the

student that he is progressing satisfactorily' {[Gibb 67]. The package
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described in this dissertation is anmalogous to direct manipulation systems
described by Shneiderman [Shne 83]. These systems encompass screen edi-
tors, Visicale, videc games, computer aided design packages, and any other
package that gives the user exactly what is being displayed on a video

screen.

5) Learning should be by example and mot by ixial aod errer, The
concern here is with efficiency. The comncepts to be taught in a (S-200
course are known, a priori, and experimentation by the student is oot
necessary. bvery level starts with an example that gensrates code. The stu-
dent copies this code, and then later on in the ssquence entars a slight
variation, or, in some i{nstances, creates new code. At no time is the user
at a loss as to what he/she should do with the new material, a method which -
is appropriate at this level. During the design phase of the model, it was
decided that more control be used when conveying computer science concepts
to students, an approach that should be adopted in all instructiomal pack=-
ages.

This concludes the list of guidelines followed during the design phase

of this work.

5.3 Future Work

The tools in the commercial arena are moving in the direction of
software packages like the one described in this dissertation, and more and
more, this approcach is becoming accepted. However, no packages exist, yet,
that combine direct manipulation graphics and instruction with execution of

user programs.
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A complete model that covers the entire spectrum of concepts in Com=
puter Science pseds to be implemented and tested in a classroom environ-

ment.
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Appendices

The contents of the appendices are as follows:

Appendix A - The instructions given to the students (as a hardcopy) for the

operation of the micro=computer.

Appendix B - The questionnaire given to all of the students in both classes
on both dates. The sign (plus or minus) after the question mumber indicate
whether the question was phrased in a positive manner or a negative manner

with respect to Computer Science, CAI, etc.

Appendix C - 4 listing of the responses given by all of the students in
both classes. The first four digits make up the student identifying number
(we used the last four digits of the students Social Security Number), the

next three characters indicate the class and date.

p05 indicate PL/I June S
b05 indicate Basic June 5
p15 indicate PL/I June 15

b15 indicate Basic June 15
Appendix D -« A summary of the data by question. The first column of
numbers is the question number, the second column is a + or - (to indicate

3 positive or negatively phrased question). The mext five columns (see 0 1
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37 1 0 of the top row of numbers) constitute the total number of studeats
in the PL/I class on June 5 who responded 1,2,3,3, or 5, respectively. The
second group of five columns are the totals for the responses from the
Basic students on June 5. The mext 10 columns are the responses from June

15 ( five columns for PL/I, and five for Basic).

Appendix E ~ The results from the statistical analysis described in Chapter

n.

Appendix F « A listing of the raw data with the responses from students who
cmitted their Social Sacurity Number on June 15 removed. We used this data

set for the paired sample sign test.

Appendix G -~ The result from the statistical amalysis described in Chapter

u'

Appendix H ~ The result from the statistical amalysis described in Chapter

u.

Appendix I ~ This form is required for all persons performing experiments
on human subjects. Three copies were filed with the University Committee

for Research with Human Subjects as per University guidelines.

Appendix J - A table displaying the classification of the various questions
appearing in the questionnaire. The areas of interest were Computer Sci-

ence (cs), Computer Aided Instruction (cai), student learning rate, and

page 131

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



student responsss to the instructor.
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Instructions for operating the micro~computer
Open the door to the disk drive by pressing the black rectangular button
below the small handle.

Insert the disk marked PUZZLE 1 into the disk drive, face up, bottom

first.
Close the door to the disk drive.
Turn on the ON=-OFF Switch to the Power Strip.

Turn the TV om, if it is not already om, by pulling on the on/off

switch,

Turn the disk drive on if the red light on the drive is not already on.

Wait for the top busy light to go out.

If READY does not appear on the TV screen, turn on the ATARI-800
machine. The ON/OFF switch is a rocker switch located on the right
side of the keybocard. Wait for all sound effects to complete and for

READY to appear om the screen.

Type in: DOS <return> where <{return> is a single button. Wait for

SELECT ITEM OR RETURN POR MENU to appesar.
Type in: L <return> Wait for it to ask for the filename.

Type in: B <return> Wait for - all sound effacts to complete and for

READY to appear and the busy light on the disk drive to go off.
Appendix A
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Open the door to the disk drive
Remove the disk.

Insert the disk marked 1 SAV into the disk drive, bottom first.

Close the door on the disk drive.

Type RUN "D:TUT1.SAV® <return> Wait for the instructions to appear.

Appendix A
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Directions: Each of the following statements expresses a feeling which a

particular person has toward learning Computer Science. FPlesse express, on

a five-point scale, the extent of agreement between the feeling expressed

in each statement and your own personal feeling. For some of the ques~

tions, you will have mo opinion. Please mark box 3 for these questions.

(Note: CAI is an abbreviation for "Computer Aided Instruction®.)

The five points are:

ITEMS

strongly disagree

disagree

undecided

agree

strongly agree

1 + The availability of CAI helped me to learn the course material faster.

2

(VS )

(V1]

-~

I feel the Computer Science Department is doing an excellent job of

helping the students.
The Computer Science Department is not very attentive to the student's

needs.

The Computer Science Department shows only token concern for the stue
dent,

The feeling that I have toward Computer Science is a good feeling.

In the Computer Science Department I have bhad a hard time Cfinding
someore to answer my questions.

I feel uncomfortable about seeing my Computer Science instructor.
Appendix B
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0

10

1

12
13
14

15

16

17
18
19
20

21

a3

U

25

+ If CAI were available in Computer Science I would use it regularly to

do my homework.

Each student should be required to wark through at least one CAI home-
work module during the semester.

Computer-assisted instruction is better than traditiomal instruction.
My mind goes blank, and I am unable to think clearly whea working on
computer programs,

I learn faster by doing programming problems than by CAI,

I learn best by working closely and directly with a teacher,

I really like computer science.

A person can concentrate better on learning the material with CAI than
in a classroam with other students present.

I feel a definite positive reaction to computer science; it's enjoy-
able.

Using CAI to do homework is an efficient use of students' time.

I feel at ease in computer science, and I like it very much.

Computer Science is fascinating and fun.

I have a good memory.

I am much happier in computer science class than in any other class.

I like the idea of a teacher standing by to give me help whenever I
feel I need it.

I would enroll in a recitation section that required homework to be
done by CAIL.

I am not in favor of CAI because it depersonalizes instruction.

Learning by CAI is like having a private tutor.
Appendix B
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27

28

29

30

31

32

33

34

35

36

37

38

39

uo

-+

If a person knowledgeable in CAI and Computer Science were present at
the microcomputer I would do my homewcrk via CAIL.

I do not like Computer Science and it scares me to takes it.

I have naver liked computers, and it is my most dreaded subject.

Even otherwiss interesting material would be boring when pressated by
CAI.

Computer Science makes me feel as though I'm lost in a jungle of
strange terminology and can't find my way out.

A person becomes more involved in running the machine than in learning
the material (with CAI).

It makes me nervous to even think about having to do a computer pro-

gram.
Computer-assisted instruction does not allow a person to learn quick-

ly.

Material which is otherwise boring can be interesting when presented
by CAI.

I approach computer science with a feeling of hesitation, resulting
from a fear of not being able to understand how computers work.

The ideal learning situation involves one student and one teacher,.
Computer Science is something I enjoy a great deal.

I would probably take some advanced Computer Scisnce courses, even if
they are not required in my curriculum.

Not being able to ask a teacher questions is a definite disadvantage
of CAI,

¥henever I have to operate a machins, I become nervous.
Appendix B
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41 + I would recommend to other Computer Science students that they try to

do homework via CAI.
42 - I am always under a terrible strain in a2 Computer Science class.
43 + The advantages of using CAI in Computer Science outweigh the disadvan-

tages.
44 + Computer Science is very interesting to me and I enjoy computer

courses.

45 + I learn faster with CAI than with conventional classroom instruction.

46 « I learn slowly with CAI.

47 + A person can work at his own pace with CAIL.

Appendix B
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9687
7449
6875
9568
6284
8515
7506
2391
3075
0163
6291
1234
8703
3209
5681
5310
8352
9423
a456
66 17
3074
o142
0323
6445
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pas
pos
po5
P05
pos
P05

" pOS

p0sS
pos5
pos5
pas
pO5
pos
paS
pos5
posS
P05
p0s5
pos
pas
poS
poS
p05
pas

At bt
3333333333
3333432433
3333333533
3333433333
3333332333
3414524355
3333333333
3333333333
3332424333
3333432544
3333333432
3333433333
3233433433
3243231343
3333433333
3422334334
3333233333
3333433333
3423423341
3322331433
3333433333
3333432333
3334333233
3423233333

bbb A pmibbme bt
3343333334 3433333333 3233313332 3333333
3333333334 3433333333 3333433332 3333333
3333333334 3533333333 3333333343 3333333
3333333334 3333332233 3233233331 3333333
2343333344 3433332233 3223443343 3333333
1143534455 5551541111 25241513482 1354213
3323333332 3333333333 3333223332 3233333
3333333334 3433333333 3333443333 3333333
2344344334 2343232334 3244443332 4422323
3344334322 2U45454348 4334432434 2484345
3343333334 3433334433 3433333233 3333333
3344333244 3432348423 3432423242 3333333
33243433458 3433332232 3433223432 3433333
2384343444 3442841222 24233448442 3344334
3343333334 3433333233 3433423332 3333333
4353333333 4253333333 4343344313 2343333
3342323235 3533334333 3433322433 3433333
3333333334 3333333333 3433333331 3333333
5335343444 33338482122 3234244343 3234334
2323333344 2433333133 3433433233 1333333
3333333334 3433332233 3233333333 3333333
3333333334 3333332232 3233223342 3333333
4243332233 2433334332 3433322232 3332333
3353333334 3533333234 3433553333 3333333
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9141
5616
013
7540
5842
5720
9361
6408
4093
5852
1576
0671
8579
0104
2533
9254
1990
2327
9883
T6 44
5863
7133
5510
4246

7882
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po5
poS
pos
po5
P05
pO5
po5
P05
posS
P05
po5
pos
P05
p0S
b05
b05
b05
b05
b05
b05
505
b0sS
b0S
b05

b05

3333333333
3334234322
3343183434
3333433433
2424432221
3433832323
3243431441
3333132553
4422332532
3422432244
3333431333
3222223333
3333434433
3532432333
3333533333
3333233433
3333433333
3333333443
3333333333
3333333334
3422413243
3332432444
3333433333
3422432445
314434524844

3353333335 3533323333 3333453331 3333333
3352224224 2233324434 3333422243 3332333
4352314224 2533434343 2333452181 3222243
3333333334 3433383333 3333233432 3333333
1535352458 3833422131 2133115442 3235333
33284554488 3433343232 2833423442 3333334
3353134333 3548433334 3433433244 3333333
4342513121 1541434223 3524521244 3331333
3343535241 1532333338 4433432242 3423333
3243433332 3433443234 3434443243 3433333
2333333332 3433332133 3233233332 3333333
2343333334 2433332232 3233243332 3233333
3344343334 3433433223 3433244433 3234333
3343333333 2433332233 3533513132 3233333
2315353554 4233331134 3133215532 3235333
3332323234 2433334334 3433432232 3333333
3333333334 3333333333 3333333333 3333333
4344343344 3433342333 3423433142 3333333
3353333334 3533333334 3433453332 3333333
3333333334 3333333333 3333533333 3333333
1344244458 2532221132 2133124452 3134435
33442443484 2432342222 2223223442 4243334
3333333334 3433333333 3333333333 3333333
2344444852 44R1482222 3233333333 3333333
43534242348 1442484334 2423542142 3441334
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7535
7229
7769
4530
7317
5731
5812
5493
6050
2242
8992
3534
2861
9601
7624
3638
8740
1783
6648
3859
3218
3785
1371
1792
5028
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b05
b05
ba5
b05
b05
b05
b05
b05
b05
b05
ba5
b05
b05
b05
bas5
b05
b05
b05
ba5
b05
b05
b05
bas
b05

b05

3333534433
3333433443
3333233333
3422511443
3333333331
3122343441
3333532435
3423433433
3332533443
3322332323
3333433313
3243243333
3333433333
3534531333
3333532442
3333433333
3333333333
1333333333
3333432333
3223333443
3322233533
244143434
3333333333
3333532333
5333533213

3333333234 3533334233 3333243333 3333333
3353333335 3533342233 3433243442 3333333
4322323224 2u433333333 3533432138 3332333
1325354555 3551551111 3133125531 3135333
3333333335 3333333333 3133123433 3333333
2334342504 3432482222 3224228432 3244334

2334343488 3542432122 3234228432 3334334
2343333444 3434243232 3333223243 3334334
3343343334 3433341232 3223223332 3333333
2353334234 2823344334 4423422242 3432334

3333333334
3343333338
2332433334
5534533332
2343244332
3334333345
3343333334
3313333331
3323333334
2333333334
B332323324
4152422222
3333333334
3344333344
1535353554

3233332233
2433434438
3433332233
2552431223
1432332223
2833332232
3533333233
3133333233
2223332232
3534451121
3533332232
2532334434
3442343324
3332432131
3133821111
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3233213432 3333333
3823443334 3333333
3833433334 3333333
3232213451 4233333
3423443232 3343334
3233233232 3234333
3333423332 3333333
3233223332 3233333
3233223432 3233333
3223243342 3233334
3233253232 3333333
3433442144 3432333
3333423432 3233333
3233224432 3233333
2131155331 3135333



2104 1505 14333532555 2325555555 2351531151 1115145521 5155515
3341 b05 3233243343 2343333224 2833332238 3233432233 3432333
5336 b05 3333233331 5353323134 3534335535 3533513332 3333333
9549 105 3333433333 2343333332 3433332233 3233243131 3334333
1884 b05 3333331433 3353333333 2533333433 3333353141 3333333
7876 b05 3333233331 3321313225 1532335534 3433822131 3332333
8046 105 3333333332 3333333334 3432343133 3233423322 3333333
4642 b05 1333333113 3353233324 3533333233 3333331131 3322333
5616 p15 3284234333 4342313124 1533334535 3533442134 3432333
9564 p15 3322422333 2333343334 2233332232 3233333232 3232333
8352 p15 3333222333 3343333335 1533334438 3433341333 3432333
0323 p15 3233233333 4322223223 1233343333 4334222313 3323333
6445 p15 3423422333 3353343444 2533333335 3433453342 3333333
9423 p15 3333332333 3343333334 2333334334 3433343332 3332333
5852 p15 4322822243 4353333343 2232244224 24244353252 3233224
-=== p15 3323521332 1312253444 4533312122 5343332242 3233333
1234 p15 3333432333 4343343234 2424332332 3833443234 3434333
4093 p15 4333231432 5342424222 2432445835 5428451152 3332334
5681 p15 3333432333 2344343444 2433332232 3433423232 3234333
9687 p15 3522411345 4344333454 3433332132 3223224433 3344333
Ti49 p15 3433432344 2334343444 3432333222 3233334332 3234333
0142 p15 14333432333 3333343434 3333332232 3233233332 3333333
TS40 p15 LU21512443 U348343434 3432281123 4433484842 3234333
62917 p15 3333243432 4342223224 2433342334 3433432243 3332333
0104 p15 3515554333 5325353443 3233332232 3233223333 3333333
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5065
0579
6648
3859
7769
1990
7535
9883
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p15
p15
p15
p1s
p15
p15
p15
p15
p15
p15
P15
p15
p15
P15
p15
p15
p15
p15
p15
b15
b15
b15
b15
b15

b15

1155333433 3353333335 3533343334 3533353333 3333333
3333432332 2338343344 2433342232 3233233232 3234333

324323233
3422421332
3332445332
2223422433
2522123443
3234344333
3322822333
3244242333
3233322333
3114342233
uy22422442
3243131442
3433534441
2324242323
3423243233
hy22u84442
4333422433
3332422333
3333432443
3333342342
4333432343
3333422333
3322343443

3332323233
1333343332
2335333234
2334343443
4331313121
3334343443
2338354454
2353343338
3333333344
3332223213
2444283844
3341213112
2455252552
4251324242
3433433334
2333284323
3334343334
23204243554
2333333343
3333323224
2344553445
2344343444
3343333334

1333333248 3333432254 3432333
3433232122 3233233342 3234334
2533332333 4433343343 3433333
4431552122 25243543484 4284325
1532345424 3433531154 3431333
4333322323 3333348323 3333333
3482432222 3228244432 3284335
3433333233 3333443342 3233333
2233332233 3233232232 3233333
2534334435 5533541153 2331333
3442442232 2224244343 4224334
1432328433 4433521144 3431333
4433314333 3333333333 3333333
5142484343 4333534535 3434345
2533332434 3433452132 3332423
2432443322 2224443234 3432323
3433332232 2223243343 3334332
2223332232 3223224442 3234334
2833442223 4224233441 3133334
1232333314 4434323134 3333333
3343331222 2134344432 3334334
34333342354 34335833133 3432333
2433333334 3433443243 3333333
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1783
4783
5336
7644
9254
1884
7876
4642
9549
3441
5731
5863
2327
5510
7133
§050
2242
5812
3638
8046
2861
5493
8740
5028

7317
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b15
b15
b15
b15
b15
b15
b15
b15
b15
b15
b15
b15
b15
b15
b15
b15
bi5
b15
b15
b15
B15
bi15
b15
b15

b15

3442421333
2313184555
22142253221
3322421543
3333232333
3223284223
2243143321
3333432321
4333442344
3422422324
3244452342
4421432243
4333433442
3333353443
1422422443
3204233343
3322242342
3332432443
3323422342
2332452212
3344452443
3422434342
4333531442
3233531113
3333331331

2354343448 3432431132 3224214332 3224324
4341312112 1514235534 3433451158 3431333

3151111134
2238344328
332333234
2382323214
2321813118
1232211111
2332333328
2354253244
2354885844
1354355444
3244343344
3343333334
2235245444
2323834444
2252223224
2354334544
2344343845
2343233434
1343543444
2344243854
2355354554
1545354554
2343333335

15142884840
2582482245
2333333333
3513133433
1432224535
121122U555
3323333234
2433452222
33424542222
2522331111
2433332234
3433333333
2342442222
3243241231
1414284234
3542452122
2423332222
1524152122
3442342222
2444342222
35434841111
3133331131
3534331243
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byp2451152 1421284
3342532342 3284423
3233432233 3332333
3243251151 2231333
4523521132 2231333
5451451134 1511333
3328434254 3334333
4222244242 3233244
2228228542 4284528
3233223332 3235234
3424433245 3334333
4333433343 3333334
3228224452 k284328
4223223452 3234234
5433442152 2832242
1244324
3234334
2223224

2224254432
4233234242
5433322453
3322243353
2423423152

3234334
4233424
2224225551 4135335
3135333

3233333

3133155431
4233253451



3534 b15 4343282845 3353434234 3582543828 2818453344 4343524
2014 b15 5322532555 2235555555 2351551111 2115115521 5155515
4530 b15 4513531443 1325355555 5531851121 2115125531 5145228
8245 b15 3322521315 3344354522 5333331134 4233234222 4234334
8992 b15 14333533433 3335353455 4343331212 3233328532 3234334
2533 b15 8411521355 2315353554 3131441112 2315225522 5255335
1792 b15 4333432444 3323448444 8282u22222 2225224332 4284334
1371 115 3423432443 2233444334 3442342222 2223223242 4233343
-—== b15 1333422843 1384343442 3532832212 2423433442 3244334
-——= b15 3332852332 2344343344 2433432232 3433233232 3234333
-=== b15 3243531542 1325355554 3432251111 4124135582 3235334
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1+ 0 137 1 0 2 639 21 1 323 7 0 0 42512 1
2+ 10 42810 1 2 833 8 1 2 815 8 3 0 628 T 1
3- 1 825 5 0 0 833 3 0 21415 4 1 21219 ¢ 0
4- 0 728 4 ¢ O 833 3 0 1 919 5 2 21821 4 0
5+ 3 51119 1 1 T181210 2 9 516 & 2 6 422 8
6- 0 4533 2 0 2 037 50 21213 8 1 01018 8 6
7T- 41020 5 0 3 931 1 0 520 5 5 1 923 7 3 ©
§+ 0 323 9 & 1 22316 2 0 32211 0 1 51914 4
9+ €0 329 5 2 3 t2xr12 1 Q 22 9 0 3 5 Ta4 3
10+ 3 327 5 1 4 231 4 3 1 928 1 1 41020 3 5
11- 2 624 6 1 3132 4 2 21112 9 2 725 7T 3 0
12- 1 235 0 1 1 04 0 2 0 132 3 ¢ 1 733 0 1
13- 0 41021 4 2 51515 7 1 21315 5 1 6102 5
4+ 0 525 7T 2 1 52 9 4 3 71311 2 3 5 919 7
5+ 1 132 2 3 0 #33 5 2 0 825 3 0 1 783 9 1
16+ 3 226 7T 1 1 625 8 4 3 6 816 3 8 3 919 7T
17+ 0 228 8 1 0 23% 7 1 0 131 & 0 2 12313 3
8+ 1 726 5 0 1 826 5 84 3 81212 1+ 4 &6 81T 6
19+ 0 52210 2 0 625 7 6 2 61214 2 4 5 818 7
20+ 2 4 426 3 1 8 033 6 1 5§ 820 2 t 3 131 6
21+ 2 326 1 1 31325 3 0 61411 5 1 T 1318 2 2
22- 0 2 62110 2 3 51915 1 5 318 9 2 507 1T 11
B3+ 0 0325 2 0 235 4 3 0 132 3 0 5 51714 1
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- 2 332 20 31226 3 0 11028 2 6 41818 6 0O
25+ 0 12810 1 6 231 9 2 0 32T 6 0 2 T18 14 1
6+ 0 32T 90 0 22911 2 2 22012 0 0 32018 5
27- 21117 9 0 81512 7T 2 118 7 8 2 1316 T 5 1
8- 51417 3 0 91911 3 2 51311 6 1 1121 & 3 3
29- 1 53 3 0 2 833 01 01028 2 0 81416 3 1
30- 2 78 7T 0 5101810 1 015 g 8 & T1T 510 3
31- 0 63 3 0 1 838 10 052352 0121513 2
32- 1 91016 3 61 91 2 012 6§15 3 51705 14 1
33- 0 433 2 0 1 93% 0 0 0 82T 1 0 B1816 3 1
3+ 0 132 6 0 1 139 2 1 00629 T 0 1 42113 3
35- 29 916 3 51T 515 2 010 913 &4 419 413 2
36+ 31012 9 5 41611 9 & 0 51213 6 21510 7 8
37+ 2 72 4% 1 1 728 8 & 5 71 8 0 5 81512 6
38+ 3 918 9 0 8 T1511 3 61016 3 1 9 9 711 6
39- 1 02216 0 0 23010 2 1 11811 5 0 314 14 11
%0 - 51813 3 0 828 7T 50 01612 7T 1 7283 5§ 6 0
41+ 2 234 1 0 0 05% 3 1 0 133 20 2 b2y 9 3
42- 0 825 6 O 41026 4% O 01314 9 O 524 8 4 1

43+ 0 431 3 1 o0 138 3 1 0 231 3 0 1 328 8 2

3
4y » 1 52T 5 1 1 62T 6 4 3 91212 0 31018 6
4% + 0 336 0 0 0 O 1 1 O 1T3% 1 0 0 T30 3 1
4 - 1 138 3 0 1 043 0 0 0 431 1 0 1 929 4 0O

4T+ 0 035 310 0 O3% 8 2 0 128 4 3 0 11425 3
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------- - - o o - June 5 - = e - * W e e e o = o

class number of total var + = 95%ci + or -
value H ]

! respondants | mean

——

——
ew
-~

! 1 23485 i

-

-
-
-

-
——
——
—
-

]
1 pi/t ¢ 137 1 0 39 3.00 0.05 + 0.00 0.00 0.18

basic 2 039 2 1 4 3.00 0.33

2 pi/1 10 428 10 1 49 2,76 1.15 + 1.08 =0.20 0.36

basic 2 433 4 1 4 2.95 0.46

0-11 "0001 0025

3 pl/t 1 828 5 0 39 2.87 0.43
basic 0 833 3 0 4 2.8 0.24

4 pl/1 0 728 4 0 39 2.92 0.28 - -0.32 0.04 0.22

basic 0 833 3 0 &4 2.8 0.24

5 pl/1 3 51119 1 39 3.26 0.99 + 1.17 -0.2T7 0.45

basic 1 T 141210 4% 3.52 1.19

6 pl/1 0 433 2 0 39 2.9 0.16 = 0.71 -0.07 0.20

basie 2 03T 5 0 4 3.02 0.30

7 pl/1 41020 5 0 39 2.687 0.70 - 0.09 -0.02 0.32

basic 3 931 1 0 44 2.88 o.41
8 pi/1 0 323 9 & 39 3.36 0.60 + 0.03 -3.00 0.33
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basic 1 22316 2 44 3.36  0.56

9 pl/1 0 329 5 2 39 3.15 0.40 + 0.03 -0.01 0.31

basie 3 12712 1 &4 3.16 0.65

10 pi/1 3 32T 5 1 39 2.95 0.63 + 0.28 -0.05 0.36
basic 4 231 4 3 3 3.00 0.79

11 pl/1 2 6§24 6 1 39 2.95 0.63 - =1.07 0.20 0.36

basic 3132 &4 2 44 2.75 0.80

12 pl/1 1. 23 0 1t 39 2.9 0.26 - 0.85 -0.10 0.22

basic 1 0% 0 2 & 3.05 0.28

13 pl/1 0 41021 & 39 3.6% 0.66 = =0.91 0.19 0.40

basic 2 51515 7 44 3.45 1.09

14 pl/1 0 525 17 2 39 3.15 .50 + 0.43 -0.07 0.34

basic 1 525 9 4 4§ 3.23 0.74

15 pl/1 1 132 2 3 39 3.13 0.48 + =0.10 0.01 0.28

basic 0 333 5 2 44 3.1 0.38

39 3.03 0.66 + 0.85 -0.16 0.36

R
<

16 pl/1 3 2
basic 1 625 8 4 iy 3.18 0.76

17 pl/1 0 228 8 1 39 3.21 0.33 + =-0.38 0.05 0.24

basic 0 234 7 1 44 3.16 0.28
18 pl/1 1 726 5 0 39 2.90 0.41 + 1.02 «0.1T7 0.33
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basic 1 826 5 & 48 3.07 0.76

basic 0 625 T 6 & 3.30 0.77

20 pl/1 2 4 326 3 39 3.62 0.93 + 1.36 -g.27 0.39
basic 1 4 033 6 4 3.8 0.71

21 pl/1 2 926 1 1 39 2.78 0.51 + =0.68 0.11 0.31

basic 31325 3 0 4 2.6% 0.52

2 pi/1 0 2 62110 39 U4.00 9.63 = =0.22 0.05 o0.40

basic 2 3 51915 8§ 3.95 1.16

23 pl/1 0 032 5 2 39 3.2 0.29 + =0.39 0.05 0.25
bastec 0 235 8 3 4 3.18 0.38

24 pl/1 2 332 2 ¢ 39 2.87 0.33 - =1.51 0.21 0.28

basic 3122 3 0 U4 2.66 0.51

25 pl/1 ¢ 12810 1 &0 3.27 .31 + =0.20 0.02 0.25

basie 0 231 9 2 W 3.25 0.38

26 pl/1 0 3271 9 0 39 3.15 0.29 + 1.10 -0.14 0.25

basiec 0 229 11 2 44 3.30 0.40

27 pi/1 21117 9 0 39 2.8 0.71 - =1.40 0.30 0.12

basic 8 1512 T 2 & 2.55 1.23
28 pl/1 51417 3 0 39 2.46 0.68 = =0.70 0.14 0.40
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basic 9 19 11 3 2 &8 2.32 1.06

29 pl/1 1 530 3 0 39 2.90 0.30 = =3.95 6.12 0.26

basic 2 833 0 1 3 2.77 0.31

30 pi/1 2 T8 7T 0 39 2.9 0.57 - =0.31 0.08 0.38
basic 5 101810 1 &4 2.8 0.99

31 pl/1 0 630 3 0 39 2.9 0.23 - =-0.36 0.04 ¢.20

basic 1 438 1 0 4 2.8 0.20

32 pi/t 1 91016 3 39 3.28 1.00 = =2.47 0.58 0.46

basic 6 16 911 2 4 2.70 1.28

33 pi/1 0 433 2 0 39 2.95 0.16 = =2.05 0.20 0.19

basic 1 934 0 0 4 2.75 0.24

34 pl/1 6 132 6 0 39 3.13 0.17 + =1.05 g.11 0.20

basie 1 139 2 1 & 3.02 0.26

35 pl/1 2 9 916 3 39 3.23 1.13 = =1.69 0.31 0.48
basiec 51T 515 2 44 2.82 1.36

36 pl/1 31012 9 5 39 3.08 1.34 + =0.93 0.24 0.50

basiec 4 16 11 9 4 44 2.8 1.30

37 pi/1 2 T2 4 1 39 2.87 0.59 + 1.11 -0.20 0.35

basie 1 7 28 4 4 84 3.07 0.72
38 pl/1 3 918 9 0 39 2.85 0.77T + 0.08 -0.02 Q.45
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basic 8 7 1511 3 84 2.86 1.532

39 pi/1 1 0216 0 39 3.36 0.39 = =0.63 0.09 0.27
basiec 0 23010 2 &4 3.27 0.39

W

2.20 0.77

Co
N
&
-~
(8]
(=]
E

basic

L1 pl/1 2 2343 1 0 39 2.87 0.27 + 2.37 -0.24 Q.20

basic 0 O 40 3 1 44 3.11 Q.15

-1.76 0.27 0.30

b2 pl/1 0 825 6 0 39 2.95 0.37
basic 4 1026 4 O 45 2.68 6.59

43 pl/1 0 431 3 1 39 3.03 0.29 + 0.62 ~0.07 0.21

basic 0 138 3 t 43 3.09 0.18

44 pl/1 1 527 5 1 39 3.00 0.7 + 0.81 ~0.14 0.33
basiec 1 627 6 4 45 3.14 0.73

45 pl/1 0 33 0 0 39 2.92 0.07 + 2.19 =0.15 0.13

basie 0 042 1 1 44 3.07 0.11

b6 pl/1 1 1338 3 0 39 3.00 0.21 - =0.53 0.05 0.17

basic 1 043 0 0 44 2.95 .09

47 pl/1 0 035 310 48 3.48 0.68 + =~1.43 0.21 0.28

basic O 034 8 2 43 3.27 0.30
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class number of total var ¢ = g5%ct + or -

respondants ! mean ! =« value ; '

——
-
-
-

{ 1.2 3 8 5 !

-

-
-
——
—

-
—

1 pl/1 1 2% 7 0 36 3.06 0.0 + 1.25 -0.18 0.29

w

25 12 1 42 3.24 0.43

&

basic 0

2 pi/1 2 315 8 3 36 3.06 1.03 + 0.08 -0.02 0.38

basic 0 628 7 1 42 3.07 0.41

3 pl/1 21415 4 1 36 2.67 0.74 -« 0.87 -0.17 0.38

basic 21219 9 0 42 2.83 0.68

w0

basiec 2 1421 4 Q0 41 2.66 0.53

5 pl/1 2 516 4 36 3.31 1.30 «  1.42 =0.36 0.50

(= SV Y

basic 2 422 8 182 3.87 1.20

§ pl/1 21213 8 1 36 2.83 0.89 - 1.86 -0.40 0.43

basic 0 10 18 8 6 42 3.28 0.97

36 2.36 0.98 - -1.28 0.27 0.41

%]
-

T pl/1 520 5
basic 923 7 3 0 42 2.10 0.87
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8 pi/1 0 321 ¢ 3% 3.2 0.35 + 0.94 -0.16 0.33
basic 1 419 14 4 32 3.38 0.78

9 pl/1 0 225 ¢ 0 3 3.19 0.28 + 1.31 -0.26 0.36
basic 3 5 728 3 42 3.45 1.08

10 pl/1 1t 928 1 1 36 2.78 o.k6 + 0.51 -0.10 0.40

basic 4 1020 3 5 42 2.88 1.18

11 pl/1 21112 9 2 36 2.9 1.03 -3.86 0.80 0.41

basic 725 7 3 0 &2 2.1% 0.61

12 pl/1 0 132 3 0 36 3.06 0.11 = =2.11 g.22 ¢.21

basic 1 733 0 1 42 2.83 0.34

13 pl/1 1 21315 5 36 3.58 0.82 - -0.28 0.06 0.%2

basic 1 61020 5 42 3.52 0.94

14 pl/1 3 71311 2 36 3.06 1.08 + 1.87 -0.46 0.48

basic 3 5 919 T 43 3.5 1.26

15 pl/1 0 825 3 0 36 2.8 0.29 + 1.24 -0.19 0.30

basie 1 723 9 1 41 3.05 0.60

16 pl/1 3 6 816 3 36 3.28 1.23 + 0.96 -0.25 0.50

basic 4 3 919 7 42 3.52 1.33

1T pl/1 0 131 4 0 36 3.08 0.14 + 1.73 -0.25 0.28

basic 2 123 13 3 42 3.33 0.72
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1212 1 36 3.00 1.03 + 1.45 -0.37 0.49

w
oo

18 pl/1
basic 4 6 8 1T 6 31 3.37 1.434

19 pl/1 2 61214 2 3¢ 3.2 0.98 + 0.93 -0.23 0.38
basic 4 5 818 T &2 3.45 1.42

20 pl/1 1 5 820 2 36 3.47 0.83 + 2.19 -0.43 0.39

basiec 1 3 131 6 &2 3.90 0.67

21 pl/1 6 1411 8 1 36 2.4 1.00 + 0.25 -0.06 0.44

basic T 13 18 2 2 42 2.50 0.99

22 pi/t 1 5 318 9 36 3.81 1.13 = =0.37 0.09 0.49

basie 2 5 7 1T 11 42 3.71 1.28

23 pl/1 0 132 3 0 36 3.06 0.11 + <=0.19 0.03 0.33

basic 5 5 1T 14 1 42 3.02 1.05

-0.62 0.10 0033

24 pl/1 11023 2 0 36 2.72 0.38

basic 4 14 18 6§ 0 42 2.62 0.73

36 3.08 0.25 «+ 0.22 -0.04 0.31

(93]
X
o
(=]

25 pl/1 0
basiec 2 T 18 14 1 42 3.12 .79

26 pl/1 2 22012 0 36 3.17 0.60 + 1.86 -0.33 0.35

basic 0 3 20 14 5 42 3.50 0.65

27 pi/1 118 7 8 2 36 2.78 1.03 = <2.57 0.61 0.47

basic 1316 7 5 1 2 2.17 1.17
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28 pl/1 s1311 6 1 36 2.58 1.05 - ~1.61 0.39 0.38
basic 1121 4 3 3 &2 2.19 1.28

29 pl/1 o1028 2 0 36 2.78 0.29 - =2.14 0.37 0.3%

basic 8 1816 3 1 &2 2.40 .93

30 pl/1 015 ¢ 8 & 36 3.03 1.11 = <1.49 0.38 0.5t
basic 7 17 510 3 42 2.64 1.50

31 pi/1 0 523 5 2 35 3.11 0.52 - 0.03 -0.00 0.36

basiec 0121513 2 &2 3.12 0.79

32 pi/1 012 615 3 36 3.25 1.05 = =2.10 0.5t 0.48

basic S5 17T 514 1 42 2.T8 1.27

33 pi/1 0 8271 1 0 36 2.81 0.22 - -1.98 0.31 0.30

basic 4 1816 3 1 42 2.50 0.74

34 pi/1 0 029 7 0 36 3.19 0.16 + 0.79 =0.12 0.29

basie 1 42113 3 42 3.31 0.71

35 pl/1 010 913 4 36 3.31 1.02 - =2.23 0.54 0.48

basic 4 19 413 2 42 2.76 1.31

36 pi/1 0 51213 6 36 3.56 0.88 + =-1.87 0.46 0.48

basic 21510 T 8 42 3.10 1.50

37 pi/t 5 716 8 0 36 2.75 0.98 + 2.00 -0.49 0.48

basic S5 415 12 6 42 3.24 1.41
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38 p1/1 6 1016 3 1 36 2.53 c.94 + 1.40 -0.38 0.53
basic 9 9 7 11 6 2 2.90 1.98

basic 0 3 14 18 11 32 3.79 0.86

40 pl/1 01612 7 1 36 2.81 0.73 = =2.T1 0.584 0.39
basic 723 6 6 0 42 2.26 0.83

41 pl/1 0 133 2 0 36 3.03 0.08 + 0.96 -0.14 0.28

basic 2 424 9 3 42 3.17 0.78

42 pi/1 01314 9 0 36 2.8 0.62 = <2.91 0.56 0.37

basic S 24 8 4 1 42 2.33 0.81

43 pl/1 0 231 3 0 36 3.03 0.14 + 1.08 -0.14 0.25

basic 1 328 8 2 42 3.17 0.53

4y pis1 3 91212 0 36 2.92 0.94 + 2.00 -0.39 0.48

basic S5 31018 6 42 3.40 1.42

4s pi/1 0 138 1 0 36 3.00 0.06 + =0.49 0.05 0.20

basiec 0 730 3 1 41 2.95 0.35

46 pis1 6 431 1 0 3¢ 2.92 0.14 = <0.T1 0.08 0.22

basie 1 929 4 0 43 2.8 0.38

47 pl/1 0 128 4 3 36 3.25 0.42 + 3.08 -0.45 0.29

basiec 0 11425 3 43 3.70 O.41
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student date

! elass | responses

d [ b dmedbbmanpti bbb b b et
1371 b 5 33333333333333333334344234332433334234323233333
1371 b 15 34233324532234348334344234222222232232424233343
1783 b 5 13333333333313333331313333323332332233323233333
1783 b 15 34424213332344343444343243113232242143323 224324
1792 b 5 33335323333334333384333243213132332244323233333
1792 b 15 43334324443328444444420202222222282243324244334
1884 b 5 3333331433335333333425333334333333353 1413333333
1884 b 15 32232442232342323214351313343332432511512231333
1990 b 5 33334333333333333334333333333333333333333333333
1990 b 15 43334323432384443445334333122221343 844323334334

2014 b 15 53225325552235555555235155111121151155215155515
2104 b § 43335325552325555555235153115111151455215155515
2242 b 5 33223323232353334234282334433444234222423432334
2242 b 15 3322242342225222322414142442348433 4421522432242
2327 b 5 33333334434344343344343334233334234331423333333
2327 b 15 43334334823244343344243333223434244332443334333
2533 b 5 33335333332315353554423333113431332155323235333
2533 b 15 44115213552315353554313144111223152255225255335
2861 b 5 33334333332332833334343333223334334333343333333
2861 b 15 33444528431343443444344234222233222433533234334
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3218 b 5 33222335332332323324353333223232332532323333333
34481 b 5 32332833332343333224243333223432334322333432333
3441 b 15 342282232423542483284243344222242222442823233244
3534 b 5 32832433333333333333243343443434234433343333333
3534 b 15 3344252R453353434234354284342428144533844343428
3638 b 5 33334333333344333345243333223232332332323234333
3638 b 15 33234223422344383445282333222242332342423234334
389 b 5 32233333432333333334353445112132232433423233334
3859 b 15 33334324432333333343243344222342242334413133334
4246 b 5 34224324452334854452444144222232333333333333333
4530 b 5 34225118431325354555355155111131331255313135333
4530 b 15 451353 1484313258555555531451121211512553 15145224
46142 b 5 13333331133353233324353333323333333311313322333
us 42 b 15 33334323211232211111121122455554514511341511333
4783 b 15 23431845554341312112151423553444334511543431333
4785 b 5 42441334348152422222253233443434334421443432333
5028 b 5 53335332131535353554313342111121311553313135333
5028 b 15 33335311131545354554313333113131331554313135333
5336 b 5 33332333315353323134353433553535335133323333333
5336 b 15 2282253221415111113415142844484482451 1521421244
S493 b 5 34234334332343333444343424323233332232433334334
5493 b 15 3422434342234424344424843 422222423423 1524233424
5510 b 5 33334333333333333334343333333333333333333333333
5510 b 15 33333534433343333334343333333343334333433333334
5731 b 5 31223434412334342844443284222232242244424244334
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5731 b 15 324445234223 484884483 44244222222214224442524424
5812 b 5 33335328352334343444358243212232342284323334334
5812 b 15 33328328432354334454354285212222202544324284324
5863 b 5 3422313223134848235454253222113221331234523138435
5863 b 15 5442133224313484384444252233111132332233323234234
6050 b 5 33325334433343343334343334123232232233323333333
6050 b 15 324423334323234334443208324123142232234523234234
6648 b 5 33334323333323333334222333223232332234323233333
6648 b 15 33320223332324243444222333223232232244423234334
7133 b 5 33324328443344284344243234222222232234424283334
7133 b 15 44224224432235244444234245222232242204428284324
7229 b 5 33338334433353333335353334223334332434423333333
7317 b 5 33333333313333333335333333333331331234333333333
7317 b 15 33333313312343333335353433124342332534513233333
7535 b 5 33335344333333333234353333423333332433343333333
7535 b 15 33334223332344343444343333423434334331333432333
7624 b 5 33335328422343244332143233222334234432323343334
T644 b 5 33333333343333333334333333333333335333333333333
T644 b 15 33224215432234344324244244228533425323423244423
7769 b 5 33332333334322323224243333433335334321343332333
7769 b 15 3333342342333332322412323333 144434323 1343333333
7876 b 5 33332333313321313225153233553434334221313332333
7876 b 15 22431433212321413114143222453545235211322231333
7882 b 5 318434284443434252341 8424443342423 4421423441334
8046 b 5 33333333323343333334343234313332334233223333333

Appendix F

page 160

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



8046 b 15 23328522122343233434152815212254333224532223224
8245 b 15 33225213154344484422533333113842332442220234334
8740 b 5 33333333333343333334353333323333334233323333333
8740 b 15 43335314822355354554354348111122242255514135335
8992 b 5 33334333133333333334323333223332332134323333333
8992 b 15 43335334333335353455434333121232333285323234334
9254 b 5 33332334333332323235243333433434334322323333333
9254 b 15 3333232333233233323423333333333433432233333333
9549 b 5 33334333332343333333343333223332332431313334333
9549 b 15 43333423442332333324332333323433244342583334333
9601 b 5 35345313335534533332255243122332322134514233333
9883 ® 5 33333333333353333334353333333434334533323333333
9883 b 15 33223434433343333334243333333434334432433333333
0104 P 5 35324323333343333333243333223335335131323233333
0104 p 15 35155583335325353443323333223232332233333333333
0123 P S5 34431434344342314228253343434323334521413222243
0142 P 5 33334323333333333334333333223232332233423333333
0142 P 15 43334323333333343434333333223232332333323333333
0163 P 5 3333432544334433432228844843 84433443 20342848345
0323 P 5 33343332334243332233243333433234333222323332333
0323 P 15 32332333334322223223123334333343342223133323333
0579 P 5 33334344333334343344343343322334332444333234333
9579 P 15 43334224333334343334343333223222232433433334332
0671 P 5 322222333323433333342483333223232332433323233333

5 33334333333344333244343234442334324232423333333

Appendix P

page 161

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



1234 p 15 33334323334343333284242433233234334432343434333
1576 P 5 33334313332333333342343333213332332333323333333
1576 p 15 34223213321333343332343323212232332333423234334
2391 P 5 33333333333333333332343333333333334433333333333
3078 P 5 33334333333333333334343333223332333333333333333
3074 p 15 33334323322333343344243334223232332332323234333
3075 P 5 333282U3332344344334234323233432844433324422323
3209 P 5 328323134323443434R8334248122220233444423354334
3209 p 15 22234228332334343443 843 144212228243533444244325
4093 P 5 44223325328343535281153233333444334322423423333
4093 p 15 4333231432534242522224324454355424451 1523332334
5065 ? 15 BA4224444422333244323283244332222284432343432323
5310 P 5 34223343344353333333825333333343433443132343333
56 16 P 5 334423432233422204224223332443434334222433332333
56 16 p 15 32842343334342313124153333453535334421343432333
5681 P 5 33334333333343333334343333323334334233323333333
5681 p 15 33334323332344343444243333223234334232323234333
5720 P 5 3433432323332u434444343334323224334234423333334
5842 P 5 28244322211545352454343342213121331154423235333
5852 p 5 34224322443243443332343344323434344432433433333
5852 p 15 43228222434353333343223224422024244532523233224
6284 P 5 33333323332343333344343333223332234433433333333
6284 p 15 32343443333344343443433332232333333443233333333
6291 P 5 33333334323343333334343333443334333332333333333
6291 P 15 3333243432u342223224243334233434334322433332333
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6408 p 5 33331325534342513121154143422335245212443331333
6408 p 15 252212354343313131211532345424343353 11543431333
6445 P 5 348232333333353333334353333323434335533333333333
6445 p 15 34233223333353343448253333333534334533423333333
6617 P 5 33223314332323333343243333313334334332331333333
6825 P 15 33328453322338333234253333233344333433433433333
6875 P 5 33333335333333333338353333333333333334433333333
6875 p 15 32831313423341213112143232443344335211443431333
T449 P 5 33334324333333333334343333333333334333323333333
Thdg p 15 34334323442335343444343233322232333343323234333
7506 P 5 33333333333323333332333333333333332233323233333
7540 P 5 33334334333333333334343334333333332334323333333
7540 p 15 W42151284343443434343432241 18“‘33““&?32383333
8352 P 5 33332333333342323235353333433334333224333433333
8352 p 15 33332223333343333335153333443434333413333432333
8515 p 5 34145283551123534455555154111125241513421354213
8703 P 5 3233433433332u4343344343333223234332234323433333
9141 P 5 33333333333353333335353332333333334533313333333
9141 p 15 11553334333353333335353334333435333533333333333
936 1 P 5 32434314413353134333354443333434334332443333333
9423 P 5 33334333333333333334333333333334333333313333333
9423 P 15 33333323333343333334233333433434334833323332333
9u 56 P 5 34234233415335343444333344212232342443433234334
9564 p 15 33224223332333343334223333223232333332323232333
9568 P 5 33334333333333333334333333223332332333313333333
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9687 P 5 33333333333343333334343333333332333133323333333
9687 P 15 35228113858344333454343333213232232244333344333
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01 + 5 3 T 0.000
02 + 5 T 12 =0.866
03 - ) 3 9  0.667
04 - 5 4 ¢ =0.000
05 «+ 5 5 10 =0.316
06 - 9 3 12 1.443
a7 - 11 4 15 1.549
08 + 3 4 7 =0.756
9 + 5 2 7T 0.756
10 + 3 4 T =0.756
11 - 4 9 13 -1.664
12 = 0 2 2 =2.121
13 - 4 9 =0.000
1+ 8 6 14 0.267
15 + 1 6 T =2.268
16 + 1 6 17 0.970
17 + 1 2 3 ~1.155
18 + 9 3 12 1.443
19 + 7 6 13 =0.000
20 + 2 3 5 =0.894
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21 + b 11 15 <2.066 ¢

2 - 6 1 T 1.512
3+ 0 3 3 -2.309 *
24 - 5 2 T 0.756
%5+ 1 5 § -2.081 ¢
% + T 3 10 0.949
27 - T 6 13 -0.000
28 - 6 7 13 =0.555
29 - 5 2 T 0.756
30 - 8 9 17 =0.485
31 - 2 4 6§ ~1.225
32 - 5 5 10 =0.316
33 - 4 2 6 0.408
34 + 4 1 5 0.894
35 - 8 4 12 0.866
36 + 12 1 13 2.T74 ¢
3T + 4 5 9 =0.667
38 + 3 9 12 -2.021
39 - 5 8 13 ~1.109
4o - 3 9 12 -2.021 ¢
b1 + 1 0 1 0.000
42 - 8 6 i 0.267
u3 - 2 1 3 0.000
a4 8 5 13 0.555
15 + 0 1 1 =2.000 ®
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-----baacclaa------

question plus mimus total z

1 !
! i 1 H

' ] t '

1 13 & 17 1.940 ®
2+ g & 13 1.109
3 - 9 ' 16 0.250
4 - 11 5 16 1.250
5+ 12 8 20 0.671
6 - 13 8 21 0.873
7 - 21 2 23 3.753 ¢
8 + 10 g 19  =0.000
S+ 18 5 23 2.502 ¢
10 + 6 10 16 -1.250
1 - 20 0 20 4,249 @
12 - 7 0 T 2.268 ¢
13 - 7 12 19 -1.376
14 + 12 5 17 1.455
15 + 9 6 15 0.516
16 + 14 5 19 1.835 ¢
17 + 10 3 13 1.664 ®
18 + 12 4 16 1.750 ¢
19 + 10 7 17 0.485
20 + 3 3 6 <0.308
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21 + 5 12 1T -1.940
2 - 12 6 18 1.179
23 + 11 9 20 0.224
24 - 8 3 1 1.206
5+ 8 9 1T -0.485
26 + 11 5 16 1.250
27 - 14 3 17 2.525 ¢
28 - 9 3 12 1.443
29 - 13 6 19 1.376
30 - 13 9 22 0.6%0
31 - 10 14 28 -1.021
32 - T 9 16 =0.750
33 - 14 5 19 1.835 ¢
3 + 13 5 18 1.650 ¢
35 - 8 9 17 =-0.485
36 + 11 6 17 0.970
37 + 10 6 16 0.750
38 + 9 8 17 =0.000
39 - 2 18 20 -3.801
4o - 9 7 16 0.250
41 « 8 6 14 0.267
b2 - 13 b 17 1.940 *
43 + 6 3 10 0.316
4 + 13 7 20 1.118
45 + 4 7 11 =1.206
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46 - 9 4 13 1.109
UT + 16 2 18 3.064 &

Appendix G

page 170

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



--------- pl1 - - » - - > o e o

student plus minus total % plus ze-valus

4 1] I 4
1 ! 1 ! t 1

1] r ¥
: = : 4 ! 13

0104 15 5 20 0.750 2.01 ®
0142 5 0 5 1.000 1.79 ¢
0323 13 12 25 0.520 =0.00
0579 8 9 17 0.471 <0.49
1234 ) 9 18 0.500 =0.24
1576 10 5 15 0.667 1.03
3074 11 3 14 0.786 1.87 ®
3209 13 9 22 0.591 0.63
4093 12 19 31 0.387 =1.44
5616 6 13 19 0.316 =1.84
5681 10 2 12 0.833 2.02 ¢
5852 13 13 6 0.500 =0.20
6284 10 9 19 0.526 =0.00
6291 b 13 17 0.235 =2.43
6408 7 18 25 0.280 =-2.40
6u45 7 5 12 0.583 0.29
6875 4 25 29 0.138 =4.09
7449 17 1 18 0.944 3.53 #
7540 18 8 26 0.62 1.7T *
8352 5 7 12 0.317 <0.87
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9141 3 7 10 0.300 -1.58

9423 2 8 10 0.200 -2.21
9687 20 3 3 0.8T0 3.30 &
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......... BDadasicewoeaeeesa

student plus ainus total % plus zevalue

o

[} 4 1
: ! ¥ ' f

! 4
{ I '

1371 20 3 3 0.870 3.33 ¢
1783 22 6 28 0.786 2.83 #
1792 20 5 25 0.800 2.80 ¢
1884 8 16 24 0.333 -1.84 #
1990 24 1 s 0.960 3.30 #
242 5 18 a3 0.217 =2.92 #
R27 8 5 13 0.615 0.55
2533 21 3 24 0.875 3.7 ¢
2861 22 5 27 0.815 3.08 ¢
3441 21 8 29 0.724 2.23 ¢
3534 a3 5 28 0.821 3.21 ¢
3638 9 5 14 0.643 0.80
3859 10 9 19 0.526 =0.00
4530 14 5 19 0.737 1.84 #
4642 11 25 36 0.306 -2.50 &
5028 5 6 11 0.455 <0.60
5336 12 5 37 0.324 -2.30 ¢
sug2 15 10 25 0.600 0.80
5510 4 5 9 0.h8% -0.67
5731 11 5 16 0.687 1.25
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5812 11 3 1 o.786 1.87 ®

5863 10 10 20 0.500 -0.22
6050 13 10 23 0.565 0.32
6618 10 3 13 0.769 1.66 ¢
7133 1 3 17 0.828 2.43 ¢
7317 7 8 15 0.467 -0.52
7535 8 1 19 0.521 =0.92
7644 23 11 33 0.676 1.89 ¢
7769 15 6 21 0.718  1.75 ¢
7876 7 18 25 0.280 =2.0
8046 15 17 32 0.369 =0.53
8740 0 3 33 0.909 .53 *
8992 20 2 22 0.909 3.62 ¢
9254 6 3 9 0.667 0.67
9549 11 10 21 0.524 =0.00
9883 T s 12 0.583 0.29
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APPLICATION FOR APPROVAL TO USE HUMAN SUBJECTS

1. ACTIVITY OR PROJECT TITLE:
Human Pactors Research in Computer Science

2. PROPOSED SPONSOR (IF ANY): none

3. C.A. Bennett Industrial Engimsering 532-5606

NAME (applicant must be DEPARTMENT PHONE
a faculty member)

4, RISK:
A., Are there risks to the human subjects yes X no

B. Describe the benefits of the research ...

a) ...to the subjacts:
The package is designed to aid the studeat in the
retention of compuver science concepts.

b) ... to the discipline/profession:
The package can be used as a supplement to
classroom instruction.

S. INFORMED CONSENT: Geperal informed consent requirements are described
on pages 3 and 4 of the Handbook. The written informed consent docu-
ment must include the following: 1) a fair explamation of procedures
to be followed, 2) a description of discomforts and risks, 3) a
description of the benefits, 4) disclosure of appropriate alternmatives
available, 5) an offer ¢to answer imuiries, and 6) instructions that
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the subject is free to withdraw consent and participation at any time.

On what page(s) of the proposal are the informed cousent procedure
and/or forms described? Page 8. (If not a part of the proposal, the
procedures and informed consent document must accompany this applica-
tion.)

6. EMERGENCIES
A. Are there risks to the human subjects? No.

If yes, describe briefly or give the page of the proposal where
these are described.

B. Describe procedurss for dealing with emergencies, or give the page
02 the proposal on which these descriptions may be found.

Since risks are no greater than normally encountered in everyday
activities, no special emergency provisions have been taksn.

7. PRIVACY: On what page of the proposal do you discuss procedures for
keeping research data private? this page. This should include proe-
cedures for maintaining anonymity of subjects. Supplemental informae
tion concerning privacy of data may be discussed below.

During the course of the experiment, the experimental co-worker (the
student) will keep the data unavailable to others, At the conclusion,
the data will be given to the principle investigator who will file it
in his locked office or destroy it. No results on individual subjects
will be released -~ formally or informally -- unless disguised or with
the individual's permission.

8. STATEMENT OF AGREEMEMT. The below nzamed individual certifies that he
has read and is willing to conduct these activities in accordance with
the Handbook for Hesearch, Development, Demonstration, or Other Activie
ties Involving BHuman Subjects. Further, the below named individual
certifies that any changes in procedures from those outlined above or
in the attached proposal will be cleared througih Committee 8290, The
Committee on Research Involving Human Subjects.

Signed Date
(Applicant)
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ATTACHMENT

Task. Determins the attitudes towards computers of a group of students us-
ing a specially designed software package, versus the attitudes of a con~

trol group.

Experimental design. An attitude questionaire will be given to the two

groups of students and the students will rate their responses on a scale of

1 to 5.

Subjects and recruitment procedures. The students will be selected (from
all the (S=-200 classes) by the experimenter. All of the students in one

class will (or will not, for the control group) use the software package.

Data collection time. The estimated time [from a pilot study] is one hour

per student, per learning level. Presently there are five learning levels.

Statistical amalysis. A T-test comparing the means of the two groups will
be used to determine whether the results are statistically significant.

Application for approval to use human subjects.

Appendix I

page 177

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



QUESTION CLASSIFICATION

In the following table, the 47 questions have been classified as to as
to the type of question asked of the studeat. A “cs' under the column
marked 'cs'! indicates that the question was designed to reflect the
student's attitude toward computer science. The column marked ‘cai® refer
to questions concerning Computer Aided Instruction. The items wmarked °‘'I1f*
under the column marked '1f' refer to questions that indicate that the stu-
dent believes he/she learns faster under the conditions described in the
respective question. The column marked 'inst' refer to the quesstion that
determines the students attitude toward the instructor. The items marked
'ee! refer to crossecheck questions. (Question 2 crossechecks with Quese
tion 4). These pairs of items were inserted to allow the experimenter the
option of checking to see if the students were just checking random answers

when filling out the questionnaire.
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ce2

o
[}
7]

EEE

10 ce33
1 1r

12 ir

13 cai 1f

14 cs

15 cati

16 s

17 cai

18 cs ce30
19 cs ee27
20

21 es

22 cai
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23 cai
24 cal
25 cai 1f
26 cal
27 ecs celg
28 cai
29
30 ecs ce18
31 cal
32 es
33 cai ce10
34 cal
35 ecs
36 cai
37 ecs
38 es
39 cai
4o cai
41 cai
42 es ccll
43 cai
44 cs ceh2
us cai Lf ccli6
46 cai cct§
47 cai
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Abstract

A methodology for conveying Computer Science concepts via game-playing to
non=-computer science majors using reductionistic teaching techniques was

developed. Three different games were developed following the guidelines of the

meodel.

The model is divided into several phases., In the early phases, the user is
given a problem to be solved using only a "mouse” (or, alternately, a sslection
of Function Keys) and successful completion of the problem results in one a&-
vanecing to the next phase. The advanced phases gensrate code in a "Pascal~-like"

language to be replicated by the student.

Two of the games were implemented (one in Basic, one in Pascal) on micro=-
computers and the graphic capabilities of the hardware were utilized whensver
possible. One of the games was used as the first homework assignment in two
CS=200 (Introduction to Computer Science) classes the Summer of 1984. The stu-
dents in the two classes (one experimental group, one control group) were given
questionnaires that were used to determins their attitude towards (and, hencs,

effectiveness of) the software package. The results form a statistical analysis

of the responses were positive,

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



