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The problem studied was to determine if there were any signifi-

cant differences (5% level) between control and experimental groups

of students using rapid batch processing and time-sharing computer

facilities in the study of elementary Fortran programming.

Students were randomly assigned to the control (batch process-

ing) and experimental (time-sharing) groups with all students receiv-

ing the same in-class instruction in Fortran.

Students were measured on four items for each problem solution:

number of minutes to prepare the first run; number of runs required

to obtain a correct run; number of syntax errors per run; and number

of logic errors per run, These measures were reported on student

log forms.

Following the completion of the solution of three problems,



students completed an in-class problem of similar nature which the

instructor submitted to obtain syntax and logic error counts.

Students were then required to use the alternative mode at least

once during the next six weeks of problem solution and tested again in

class us ing a similar type of problem. Counts of syntax and logic

errors were determined by the instructor as in the previous test,

The study was performed at University of Nevada, Las Vegas,

a largely commuter university of about 6, 000 students, in the Fall

semester 1971 and replicated in the Spring semester.

Facilities used exhibited a high degree of comparability so that

the study might avoid confounding variables. Specifically, a Sigma 7

Xerox Data Systems computer (64K), and the BTM (Batch Time-

Sharing Monitor) system, located on the Reno campus and connected

to the Las Vegas campus by telephone was the facility in use.

Data were tested for mean differences using Mann-Whitney U

(for small groups), Student's t, Analysis of Variance F, and Analysis

of Covariance F, using grade point average and IBM Aptitude Test for

Programming Personnel as covariates.

No differences significant at the 5% level were obtained.

The failure to reject any of the six hypotheses, designed to

detect differences between control (batch processing) and experimental

(time-sharing) groups on measures of time required to prepare the

initial run, number of runs required for successful problem



completion, and numbers of syntax and logic errors detected per run,

argues that there is no difference in utilizing time-sharing or fast

batch processing in the teaching of elementary Fortran, when limited

to the kinds of numerical problems utilized to illustrate uses of

particular language features, provided the facilities used are

comparable to the degree maintained in this study.
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This thesis is dedicated to my wife, Kathy, and to my children,

Jackie, Vicki, and Craig, without whose encouragement and self-

sacrifice it would not have been done.

To those from whom I have learned and to those who have

learned and yet will learn from me, I dedicate the following verse:

A builder builded a temple,
He wrought it with grace and skill;
Pillar and groins and arches
All fashioned to work his will.
Men said, as they saw its beauty,
"It shall never know decay;
Great is thy skill, 0 builder'
Thy fame shall endure for aye."

A teacher builded a temple
With loving and infinite care,
Planning each arch with patience,
Laying each stone with prayer.
None praised her unceasing efforts,
None knew of her wondrous plan,
For the temple the teacher builded
Was unseen by the eyes of man.

Gone is the builder's temple,
Crumpled into the dust;
Low lies each stately pillar,
Food for consuming rust.
But the temple the teacher builded
Will last while the ages roll,
For that beautiful unseen temple
Was a child's immortal soul.

--Author Unknown
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A COMPARATIVE STUDY OF TIME-SHARING VS. BATCH
PROCESSING IN THE TEACHING OF INTRODUCTORY

PROGRAMMING IN FORTRAN

CHAPTER I

INTRODUCTION

The emerging discipline of Computer Science is only recently

gaining status in scientific circles as a distinct study. To the neo-

phyte, computers represent various degrees of lack of understanding,

ranging from disdainful disinterest to fascinated, even fearful, awe.

Yet, in the course of some 30 years from the initial successful

implementation of John Von Neumann's description of the electronic

binary computer in 1944, the use of the computer has pervaded the

lowliest and loftiest of man's endeavors. From routine business

functions such as billing and accounting to the computation of lunar

orbits and landings, from simple chemical analysis tasks to the

analysis of man's very heartbeat, from the tutoring of children to the

prediction of the outcomes of political contests, from the computation

of Tr to a million digits accuracy to the evaluation of worldwide eco-

nomic situations, the computer has become the indispensable tool in

man's search to live in his increasingly mysterious, complex world.

Yet, as those of us who have met with the results of poor

programming of these computers or with the failure of various
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components associated with the actual machinery in the form of

incorrect bills or checks can testify, the computer is, in the current

state of the art, only as effective as the programs devised to instruct

it. The immediate conclusion which must be drawn is that, to

improve computer's performance, one must simply submit better

programs, including programs which diagnose machinery problems

and either indicate appropriate repair or provide self-corrective

techniques.

Such a conclusion is elementary to perceive, but unbelievably

difficult to implement. Major problem areas occur in both the

machinery available and in the programming of such programs.

The subject to be treated in this paper is the latter of the two

problem areas cited above. Programming is a human undertaking

designed to devise instructions for machines to follow to produce the

desired results regardless of the complexity of the desired ends.

Programming, by virtue of its very complexity, is a subject difficult

to study.

Weinberg (75, p. 28-35) defines three methods of studying pro-

gramming using the techniques of introspection, observation, and

experimentation. He notes also that, in order to thoroughly study

programming, one must also study systems and programmers as

well. But, as Weinberg (75, p. 32) points out, the first two methods

of studying programming are subject to lack of controls and the third

is very expensive.
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In recognition of the complexity of the task of studying pro-

gramming in general, this study involves only the study of teaching

introductory programming.

The statement above would seem to delineate the problem, but

such is not the case. Teaching programming or, as some might say,

the training of programmers, is a subject apparently of as many

diversities as is the larger topic of programming. It may well be

that teaching programming and training programmers are not

necessarily synonymous. The former implies learning the skills to

some desired degree of complexity while the latter may well imply

further the abilities to interact with other programmers in the pro-

duction of professional, and, therefore, salable or useable by others,

programs.

Further, the teaching of programming, even at an introductory

level as approached in this paper, is beset with unresolved contro-

versies some of which are philosophical and others which are the

result of varying facilities available for use by those involved in the

learning of elementary programming.

One of the more recent controversies in the teaching of pro-

gramming at the college level, and, by extension, at various lower

levels including secondary and elementary schools and adult educa-

tional institutions of all varieties, is the question of which type of

facility is most advantageous to the learner, time-sharing or batch
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processing? In an historical perspective, some years ago, an

analogous controversy existed. The proponents of programming at the

level of the individual programmer's running his own program in full

control of all the machine's resources were opposed to those favoring

batch processing which implies that programs are collected, and run

in sequence with results available at a later time.

No research into the effects of this controversy was uncovered.

Batch processing simply grew to be the accepted means of processing

programs as the development of computer needs and computer

capabilities grew apace. Subsequent developments in the early 1960's,

including more sophisticated machinery and more sophisticated pro-

grams, evolved into more complex systems capable of serving

simultaneous needs rather than single needs with the end result, the

introduction of time-sharing capabilities.

A brief contrast of the two modes, time-sharing and batch

processing, reveals that, in time-sharing, the user has direct access

to the central computer facility simultaneously with other users, while

in batch processing, jobs are stacked and processed singly in the

sequence they are presented to the computer. More complex systems

provide the capability of batch processing multiple programs, but the

essential hallmark of sequential submission of programs remains.

Sackman (54, p. 7-8) notes that proponents of batch systems defend

the maximization of useful computations per unit time and
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concommitant minimization of wasted computer resources and criticize

time-sharing for higher costs and lower machine efficiency. For

references advocating time-sharing, see Corbato, Merwin-Bagget

and Daley, 1962 (11, p. 335-344) and Shaw, 1965 (62), and for

references criticizing time-sharing see Emerson, 1965 (15, p. 18-20)

and MacDonald (40, p. 21-22).

As one would imagine, since the controversy exists in the

various areas of programming, it also exists in the area of teaching

programming. Only a few studies, primarily those of Sackman (54)

and Smith (68, p. 495-500) have been completed.

Statement of the Problem

Drawing upon the previous research by Sackman and Smith cited

above, and the suggestions of Weinberg (75, p. 28-35), the object of

this experiment is to determine if the use of time-sharing facilities

in the teaching of introductory Fortran programming at the university

level, while possibly more costly in terms of computer time dollar

expenditures, is educationally a more advantageous strategy to employ

than the use of batch processing facilities in such a class.

The greatest distinction 1 to be noted between the use of

1 The author would also like to point out that he is fascinated by the use
of time-sharing facilities and is very interested in determining if
students, in general, may develop such an interest, and if such an
interest and skill is, to any significant degree, superior to the
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time-sharing facilities and the use of the customary, card-oriented

batch facilities, from an educational viewpoint, is that time-sharing

facilities provide an immediacy of feedback in the form of direct

knowledge of the accuracy of programming, coding, and/or results,

which is unattainable in batch processing operations.

Having noted that the principal difference in the methodology

used by the two groups being tested is the degree of immediacy of

feedback and having observed expert opinion as to the difficulty with

which other variables are precluded from adequate control, it was

decided to perform an empirical experiment, to determine if, indeed,

there are any significant differences in the two methods of utilization

of computer facilities neither attempting to ascertain experimentally

if these differences, should any be detected, are attributable solely to

the differential scheduling in feedback, nor to ascertain concisely the

type of feedback involved.

In particular, the experiment is designed to ascertain if there

are detectable differences between two groups of students assigned to

the two different modes of interaction using essentially comparable

facilities. The batch processing mode is essentially a rapid turn-

around system with typical turnaround times less than one hour in

response to Sackman's (54, p. 239) recommendation for critical

interest and skill developed by students utilizing batch processing
techniques.



experiments involving interactive time-sharing versus fast batch

processing services.

Previous studies have included various measures of programmer

performance, including total elapsed time from the first run to

completion, numbers of runs, computer costs, computer time, and

error counts. This study will ascertain if there are any statistically

significant differences between the two modes from a teaching, not a

professional programming, viewpoint on four basic measures: counts

of syntax errors, counts of logic errors, number of runs required for

successful completion of problems assigned, and the number of

minutes required to prepare the first run,

The problem to be investigated is formally stated in the follow-

ing six hypotheses which are to be tested for significance at the 5%

level. The control group consists of the students randomly assigned

to use batch processing and the experimental group consists of those

students not assigned to the control group.

H1 There is no difference between control and experimental groups

as measured by the number of minutes required to prepare the

initial run for each of three problems.

H2 There is no difference between control and experimental groups

as measured by the number of syntax errors detected for each

of three problems.
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H3 There is no difference between control and experimental groups

as measured by the number of logic errors detected for each of

three problems.

H4 There is no difference between control and experimental groups

as measured by the total number of runs required for a correct

solution of each problem.

H5 There is no difference between control and experimental groups

as measured by counts of syntax and logic errors on a test

problem,

H6 There is no difference between control and experimental groups

as measured by counts of syntax and logic errors on a test

problem administered at the end of the ninth week in the course.

Definition of Terms

In order that the reader may accurately determine meanings of

terms used in this study which are peculiar to the emerging discipline

of Computer Science, the following definitions are supplied. The

first definition (numbered 1) is the definition as cited in Computer

Dictionary and Handbook by Sippl (64), while the second definition

(numbered 2), if present, amends definition 1 as the term is used

throughout this study. The Student Action section describes the action

a student will take when he is performing the term as defined (if

applicable).



Algol 1.

Algorithm 1.

2.

Batch 1.
Processing

Binary Deck 1.

2.

Compile 1.

Compiler

Conversa-
tional Mode

C. P. U.
(Central
Processing
Unit)

C. P. U.
Time

9

Algorithmic Language. A data-processing
language used to express problem-solving
formulas for machine solution. The international
procedural language.

A fixed step-by-step procedure for accomplishing
a given result.
Any correct step-by-step sequence of logical steps
to calculate or determine a given result.

A technique by which items to be processed are
first coded, then collected into groups prior to
proces sing.

Not defined in Sippl.

A version of a program in absolute binary form
(translated from Fortran) ready to be loaded and
run on the computer.

The conversiol< of relatively machine independent
source program into specific machine-language
routines.

Student Action:
The student will submit his programs to the
FORTRAN Compiler which performs the transla-
tion for him with a minimal amount of instruction
on the part of the student.

1. A computer program more powerful than an
assembler. In addition to its translating function,
it is able to replace certain items of input with
a series of instructions, usually called subroutines.

1. This mode of operation means that real-time
man-machine communications are maintained.

1. The unit of a computing system that contains the
circuits that control and perform the execution of
machine instructions.

1. Not defined in Sippl.
2. The amount of time a specific job or program is



Debug 1.

2.

Debugging 1.

Fortran 1.

Fortran 1.

IV-H
2.
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in the C. P. U. for execution of the previously
compiled instructions.

To locate and correct errors in a computer
program.

To test a program on a computer to determine if
it works correctly and to take corrective measures
in the event that any improper performance exists.

The process of isolating and correcting all mal-
functions and mistakes in a program.

A programming system, including a language and a
processor (compiler) allowing programs to be
written in a mathematical language.

Not defined in Sippl.

A dialect of Fortran IV which conforms to USA
Standard Fortran X3. 9 specifications with
additional features, of which the most notable are
Extended Precision arithmetic functions,
Asyncronous Input/Output capability, and optimiza-
tion of the code produced by the compiler,

Hardware 1. The mechanical, magnetic, electrical, and
electronic devices or components of a computer.

Interactive 1. An adjective applied to the ability of two (or
more) components of a computer to react to
inputs from the other components, usually applied
to the user and to the computer system as an
entity.

Student Action:
The student will have an interactive role in running,
debugging and correcting his Fortran programs
when submitted through the time-sharing system.

Logic Error 1. Not defined in Sippl.

2. Logic errors are errors not noted by the software
(see syntax errors). A program may well be
devoid of syntax errors, yet produce incorrect
results because of arithmetic truncation, failure
to transfer to the proper point in execution etc.



Log-in 1.

Time 2.

Problem 1.

2.

11

Not defined in Sippl.

This term implies the recorded time elapsed
from the initial contact with the computer to the
time of disconnect from the computer (usually
applied to time-sharing use of computer services).

Not defined in Sippl.
A specific assignment made to a student to
illustrate the use of specific programming tech-
niques in obtaining a solution. For this study,
the problems specified are of a numerical nature.

Student Action:
The student will obtain a correct solution to the
problem by devising a correct Fortran program
to perform the required operations.

Program (n) 1. A set of coded instructions for the automatic
solution of a problem(s).

Student Action:
The coded instructions are to be written by the
student in the Fortran language to specify to the
computer precisely how to handle the computer
problem.

Program (v) 1. To plan a computation or process from defining
the method of attack upon a stated problem to
coding the algorithm selected, to correcting
errors of all types, to exhibiting the final output
in the specified form.

Student Action:
The student will not be required to define what
the problem shall be, but rather to engage in the
process as defined in the previous description.

Programming 1. The process of creating a program by reducing
the solution of a problem to machine-sensible
instructions.

2. As used in this study, the term implies the use of
all skills necessary to define, design, code, debug,
and run a program consistent with the level of
preparation of individual.



Real Time 1. Pertaining to the actual time during which a
physical process transpires.

Software

12

1. The internal programs or routines professionally
prepared to simplify programming and computer
operations.

Syntax 1. The rules governing sentence structure in a
language such as that of a compiler program.

Syntax 1. Syntactic errors are considered the responsibility
Errors of the system and are further categorized as
[Syntactic follows:
Errors in a) Composition-Typographical, punctuation etc.
Sippl (64)] b) Consistency-Statements correctly composed but

conflicting with other statements.
c) Completeness-Programs that are incomplete

as in missing statement numbers etc.
2, All three types of syntactic errors above are

included in the terminology "syntax errors" as used
in the study.

Time-
sharing

1. The computing technique in which numerous
terminal devices can utilize a central computer
concurrently for input, processing, and output
functions.

Student Action:
The student will use a teletype terminal to create
a coded program and submit it to the computer for
processing. He will interact with the computer
during the process of debugging and eventual
processing of the program to obtain results at his
terminal (contrast with batch processing).

Turnaround 1. The particular amount of time elapsed between the
Time time a program is submitted for processing and

the time when the results of a program run are
available to the programmer for inspection.

Research Design

To test the hypotheses H5 and H6, the following design is
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utilized, corresponding to true research design number six, Posttest-

only Control Group Design, as noted by Campbell and Stanley,

R - X - 0
R - 0

where the "R" symbol represents the random assignment of subjects

to control and experimental groups prior to exposure to the experi-

mental setting, the "X" symbol represents the actual exposure of the

experimental group to the experimental treatment (in this case, time-

sharing use of the computer as opposed to the control group's use of

batch processing), and the "0" symbol represents some process of

observation or measurement which, in this study, are test problems

to be programmed by the students (8, p. 195-197).

To test hypotheses H1, H2, H3, and H4, intermediate measures

of problem solution characteristics were collected.

The investigation encompasses two major stages:

Stage 1--Treatment Phase. All students in both groups

completed the I. B. M. Programming Aptitude Test (P. A. T. ) to

provide the design a normed (39, p. 5-11) covariate score for sub-

sequent statistical analysis. Grade point averages were obtained to

provide a second covariate.

Subsequently, all students were randomly assigned to experi-

mental (time-sharing) or control (batch processing) groups. Each
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individual completed three problems, one per week, submitting a Log

sheet (Appendix) containing four measures of progress for each

problem. These measures are the number of minutes to prepare for

run #1, the number of syntax errors for each run, the number of

logic errors for each run, and the number of runs required to complete

the problem successfully. These measures, as well as totals for each

of the latter three for all of the assigned problems, are utilized in

testing HI, H2, H3, and H4 respectively. This stage terminates with

the administration of a class test problem for which numbers of

syntax errors and numbers of logic errors are ascertained and used

as measures in testing H5.

Stage 2--Practice Phase. This phase consists of six weeks

instruction and problem solving, including at least one required use

of the alternate mode of program submission, culminating in the

administration of a test problem for which numbers of syntax errors

and numbers of logic errors are ascertained and used as measures

in testing H6,

The two stages noted above are replicated in the Spring

semester class, in recognition that the population registering for the

Fall semester may differ from the expected yearly population and that

the enrollment of 15 to 25 students per semester provides, at best,

small groups.

This design, of the Posttest-only Control Group type
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(8, p. 195-197), is established in recognition that it exhibits strengths

in controlling rival hypotheses of internal and external validity, and

that pre-testing individuals on materials that are potentially entirely

new subject matter are deemed infeasible by the author.

To test the hypotheses, four statistical tests are employed:

Student's t (appropriate model for variance and sample size for

uncorrelated data) and Mann Whitney U are performed to directly test

for mean differences (Mann Whitney U is included in recognition of

small group sizes; 45, p, 281); Analysis of Variance and Analysis of

Covariance F-tests for differences in means, the latter utilizing

P. A. T. scores and G. P. A. 's as covariates, to test for differences in

means by examining the group variances are also reported.

Assumptions

1. A three-week period involving student solutions to three

problems of rapidly increasing difficulty is an adequate period

of time to develop the concepts necessary for the post-test to

be administered.

2. Students accurately ascertain and correctly report measures

used on the Log form (Appendix) submitted with each job.

3. The measures obtained reflect the mean differences between

the control and experimental groups, if these exist.
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4. Paper and pencil written test programs are a valid means of

testing.

Limitations

The study is limited by the extent to which the two modes of

use by students, time-sharing and batch processing, are comparable!

Further, the study is limited by the facilities available to the

student for his interaction with the computer in either mode.

The study is also limited by the sizes and composition of the

classes used for the study.

Delimitations

No attempt is made to evaluate the efficiency of programs sub-

mitted by students. 3

No attempt is made to involve grades in the measure of student
3success.

3

A full discussion of methods used to assure comparability of the two
modes is contained in Chapter 3, p. 34-38.

No pressure for grades existed. This writer feels that the diverse
background of the students and the current diversity of interests of
the students, some of whom seek to be professional Computer
Scientists while others seek rudimentary capability as an added
asset to their learning, precludes the assignment of credibly
differentiating grades. A program submitted, if logically and
syntactically correct and well-documented, merited an "A" grade
without regard to numbers of runs, due dates, or efficiency of the
program. Students were encouraged to experiment. The lack of
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No attempt is made to identify specific aspects of individual

differences among students which became evident during the study nor

to establish causality between any results and such individual differ-

ences as happened to be noted.

No attempt is made to ascertain if differential scheduling of

feedback is the sole contributing agent in detected mean differences

between experimental and control groups.

The results of this study have potential significance for teachers

of elementary programming in Fortran. Should differences in any of

the measures prove significant, a teacher should endeavor to obtain

the appropriate facilities for student use. Conversely, should no

significant differences be detected, teachers of elementary program-

ming could use either type of facility available to them without undue

concern for any potential shortcomings in the students' learning

arising from lack of access to the alternate type of facility.

such pressure for grades is, in reality, a reflection of the author's
educational philosophy which, succinctly stated, is "to encourage
individuals to enlighten themselves unhampered by fabricated
constraints. "
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CHAPTER II

REVIEW OF THE LITERATURE

The major contributions to information regarding the specific

problem of this paper have, until quite recently, been found in

periodical literature, primarily one of the monthly publications of the

Association for Computing Machinery titled Communications of the

ACM. Only within the past year have books specifically treating this

subject appeared.

Three appropriate articles have been published in the afore-

mentioned Communications of the ACM. The earliest of these three

papers, authored by M. Schatzoff, R. Tsao and R. Wiig (58, p. 261-

265) details an experiment at Massachusetts Institute of Technology

involving four undergraduate students of high programming aptitude,

each with prior programming experience. It should also be noted by

the reader that such students are rather highly technically trained.

The experiment consisted of instructing the four subjects to

devise correct programs for each of four assigned problems. The

order in which each student was to accomplish the work was varied so

that each student began with a different problem. Essentially, the

problems were assigned numbers from one to four and these were

then cyclically permuted one step for assignment of problem order to

each student. Further, each pair of students did problems one and
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three in batch while the alternate pair performed the same two

problems in time-sharing and conversely, permitting, along with the

varied order, a type of modified Latin Square experimental design.

Six measures of comparison were specified at the outset of the

experiment. These were: Elapsed Time, Analysis Time (includes

debugging), Programmer's Time, Computer Time, Number of

Compilations, and Total Cost.

These measures were specifically designed to compare the

effectiveness of the two different systems.

Results of the experiment, as evaluated using Analysis of

Variance techniques, showed significant differences between the two

systems in the areas of programmer time and number of attempted

compilations. Less significant (. 05 < F < . 10) differences were noted

in the two areas of elapsed time and total cost. As one might

expect, batch processing required more total programmer time and

more elapsed time, while time-sharing processing showed more

attempted compilations and higher total cost figures.

A related study by Smith (68, p. 495-500) at Stanford University

is educationally oriented, involves teaching computer programming,

and provides some of the impetus for this study. Measures were

made from student log entries, not from test data nor by computer.

The subjects in the study ranged from freshmen through graduates in

several majors. All were taking an introductory programming course
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in Algol. Criteria noted by the author include original program

preparation time, keypunch time, syntax correction and debugging

time, number of runs, and total elapsed time from first to last runs

for each problem. The study does not provide a true measure between

time-share and batch processing, since it is designed around a

simulated time-share which is, in reality, an almost instantaneous

feedback batch system which is compared to regular batch on the

theory that feedback is the critical item, rather than the interaction

provided by time-sharing. Statistics are limited to percent compari-

sons.

Smith concluded that instant batch was superior to regular batch

with respect to total elapsed time from first run to successful com-

pletion, but discovered no significant differences between times for

debugging both syntax and logic errors.

Another related study by Gold (23, p. 249-259), performed at

the Alfred P. Sloan School of Management, was designed to investigate

the comparative use of the two modes of interaction by graduate

students who were to use a simulation model as part of a management

course in Industrial Dynamics. Very little programming, per se, was

involved. A student used the given model and, by evaluating its

performance to determine how to adjust the logic of the simulation,

altered the behavior of the model so as to maximize his monetary

return. A model developed by Gold to evaluate time-sharing usage
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was used, incorporating maximum monetary gain, four instructor-

assigned letter grades, and total problem solution time.

The letter grades were assigned by the instructor to the cate-

gories of understanding, recognition of strategy, flexibility of stra-

tegy, and perception of the problem as criteria to be evaluated in a

subjective sense. The only significance attained in measuring differ-

ences between the use of batch vs. time-sharing was in maximum

monetary performance and total problem time. No attempt to deter-

mine independence of these measures was made.

The most recent study published in periodical form was per-

formed at the National Center for Atmospheric Research (NCAR),

Boulder, Colorado by Adams and Cohen (2, p. 30-34). Eight

students were involved in matched pairs varying from rather highly

experienced to inexperienced in terms of numbers of previous pro-

grams written. These students were selected from various United

States universities on the basis of grades in Physics and Mathematics

and a need to continue work on a computer.

Again, two different computer systems were used and student

groups were switched to the alternate system after the first week.

Fortran II was the language utilized (although the students later

recommended Fortran IV).

Conclusions included that time-sharing had no advantage over a

rapid (15 min.) turnaround batch system. Group performance was
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similar in batch environments. Students, as a group, preferred rapid

batch and used it when allowed a choice of systems. Objective mea-

sures of student performance bear out previous research that individ-

ual differences are at the core of good vs. poor programming, rather

than the hardware or software difference. Computing expense was on

the order of 6. 7 to 1 more costly for time-sharing although the time-

sharing was commercially purchased and batch was in-house on a

CDC -6600.
4

Other studies have also been performed by various investigators

for Systems Development Corporation.

W. J. Erickson (16) conducted a pilot study of debugging in

interactive and non-interactive modes (1966). Nine programmer

trainees were divided into two groups, with the non-interactive group

forced to log off after every attempted execution. His conclusions

indicated that faster solutions are obtained using interactive mode.

Grant and Sackman (25, p. 33-48) performed a similar experi-

ment using 12 experienced programmers (1967). The results for two

problems show a definite superiority for on-line debugging in man-

hours required and a definite superiority for off-line debugging in terms

of the C. P. U. time required.

Frye and Park (20) performed an experiment comparing three

4This author would note a more fair comparison if the CDC time were
purchased commercially and would suggest that approximately a
2:1 ratio would result.
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operating modes for high school problem solving (1969). Not a study

of programming, per se, results indicated batch to be cheaper in

terms of C. P. U. time and costs, while users preferred time-sharing.

By far the most thorough and concise investigations are those

performed by Sackman (54) at the United States Air Force Academy.

The reference cited for Sackman in the preceding paragraph is

an exceptionally clear synopsis of antecedent research and a concise

report of a major experimental effort with United States Air Force

Cadets, conducted as a follow-up to a pilot study at the same institu-

tion.

Prior to these studies, Sackman and Gold (52) re-analyzed

Gold's (23, p. 249-259) original data in an effort to identify aspects of

human problem solving and individual differences which could con-

tribute to the findings of Gold and the other aforementioned authors.

Once again, the reader should note that this is essentially the only

open-ended type of study; that is, the only student goal is to maximize

his monetary gain in contrast to the other studies which defined fixed

"correct" solutions to fixed problems.

Of note in this analysis by Sackman and Gold is that time-

sharing students, using similar machines, far excelled batch students

in their successful gain, the ratio approaching 2:1. However, in so

doing, these time-sharing students utilized almost five times as much

C. P. U. time.
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Further Factor Analyses and correlational analyses of the data

resulted in conclusions that, except for computer time, performance

measure mean differences favored greater effectiveness and more

positive attitudes utilizing time-sharing, although differences were

not statistically significant. Attitudes of the students were found to

highly favor time-sharing.

It should also be noted that batch turnaround time for this

experiment was at least one-half day.

Based on the evidence of the foregoing analysis, Sackman (54)

undertook a pilot study at the United States Air Force Academy for the

express purpose of finalizing procedures and design for a large

experiment to involve some 414 students in 29 class sections taught

by nine instructors.

The pilot study consisted of a single problem in an introductory

course for social science majors and involved 60 students. The

equipment utilized for batch processing was a Burroughs B5500, using

ALGOL, while a General Electric 635, using BASIC, was the resource

for time-sharing. All students had previous batch Algol training.

Major results, although lacking in experimental control, delineate

large individual differences in man-hours invested by students. The

ratio of man-hours expended by the slowest student to that of the

fastest was 16:1 (54, p. 150). The difference between the mean

number of runs from time-sharing (13.2) and the mean number of
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runs for batch (7. 5) was significant at the 5% level (t = 2.27)

(54, p. 150).

The final implementation of the experiment in large form

involved the use of ALGOL and the B5500 in both modes. Sackman

(54, p. 168-176) notes that restrictions on length of terminal use for

time-sharing, time-sharing interference with batch operation which

precluded batch service, and less reliable time-share service

essentially prevented comparability of systems and contributed to

findings of high ratings for batch service by students as compared to

time-sharing ratings, whereas pre-test ratings were moderately

higher for time-sharing.

Student attrition was low, 11 of some 414 entering students.

The students were primarily beginners in computer programming with

a mean experience level of one-half month for the entire 414 students.

Sackman concludes (54, p. 181) that computer costs and man-

hours to problem completion decidedly favor batch, although the results

are not totally reliable because of the reliability problems with time-

sharing. He further concludes (54, p. 201) from factor analysis

techniques that,in Overall Problem Performance, the brighter students

exhibit an enthusiasm for time-sharing in contrast to the majority.

Sackman (54, p. 238-242) defines 13 areas for suggested

additional research, of which one is titled "Fast Batch Versus

Interactive Time Sharing. "
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The online/offline contest is narrowing down to time-
sharing versus fast batch. The data is still inconclusive as
to the performance differential between new and existing
forms of time-sharing and improved versions of fast batch.
Critical experiments are needed (54, p. 239).

Weinberg (75, p. 125) makes a point well worth noting by any

prospective teacher of programming when he notes:

The amateur (programmer), then, is learning about his
problem, and any learning about programming he does
may be a nice frill or may be a nasty impediment to him.
The professional, conversely, is learning about his pro-
fession-- programming- -and the problem being programmed
is only one incidental step in his process of development.

Further, Weinberg (75, p. 258-262) states that experiments to

solve the batch versus time-share controversy are almost impossible

to carry out primarily because of the uncontrollable variables of

system and individuals. He cites Sackman's general conclusion that

"a bad terminal system is worse than a good batch system, whereas

a good terminal system is better than a bad batch" (75, p. 261) as a

non-trivial conclusion in that it at least gives some direction for sub-

sequent research and departs from the unsubstantiated claims that

either batch or time-sharing is superior.

Weinberg (75, p. 37) also points out that early experiments,

especially in fledgling fields, are "not to measure things--but to

determine what can be measured and what is worth measuring. "

The major cumulative cautions for subsequent research of these

earlier authors are stated below and are here listed in order that the
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reader may judge to what degree this study avoids them:

1. Avoid limitations of computer time and facilities.

2. Obtain larger samples.

3. Do not allow interchanges among the modes for the period

of the study (three authors).

4. Eliminate point incentives.

5. Ambiguities in defining terms such as "total elapsed time, "

It is unclear whether students spent all their "between

runs" time in working on the problem, etc.

6. Language chosen, if mentioned.

7. Absence of statistical testing, or insufficient reporting of

results.

8. Defining facilities utilized in the two modes.

9. Reliability of both modes of operation.

10. Availability of facilities: Keypunch machines, teletypes

etc.

In summary, one would note that, while some few studies have

been done in related areas to the topic of this paper, most of them

lack generalizability to the university setting because of severely

restricted populations or lack of truly comparable facilities.

Two exceptions are the studies of Sackman (54) and Smith (68),

but Sackman's select population at USAF Academy and Smith's
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comparison of two types of batch processing again lack generality for

university settings comparing time-sharing and batch processing.

The greatest distinction to be noted by the author between the

use of time-sharing facilities and the use of the customary, card-

oriented batch facilities, from an educational viewpoint, is that time-

sharing facilities provide an immediacy of feedback in the form of

direct knowledge of the accuracy of programming, coding, and/or

results, which is unattainable in batch processing operations.

Learning theorists, notably Burris F. Skinner and N. Crowder,

discuss the importance of the term immediacy in differentiating

among the various relative levels of effectiveness of feedback in the

learning process. Skinner (67, p. 39) says, in discussing teaching

machines,

. . . the machine. . . reinforces the student for every
correct response, using the immediate feedback not only
to shape his behavior most efficiently but to maintain it in
strength.

Skinner (66, p. 92) also states

Behavior as a dependent variable is often neglected when
the investigator turns his attention to internal processes,
real or imagined. . . . And no matter how elegant the
mathematical procedures used in quantifying traits and
abilities, they are almost always applied to relatively crude
measures (for example, responses to a questionnaire) evoked
under relatively uncontrolled conditions (the questionnaire).
The emphasis is not upon the behavior but upon what seems
to lie behind it.

Crowder (13, p. 287) says,
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To predictably achieve a desired result, one must have an
infallible process to bring about the result or one must
have a means of determining whether the result has been
achieved and of taking appropriate action on the basis of
that action.

David P. Ausubel, whose views of the learning process are

more of an eclectic nature than those of B. F. Skinner and. Norman

Crowder, opines that feedback of information facilitates concept

learning. Specifically, Ausubel (5, p. 318) states

In certain kinds of concept learning situations where many irrel-
evant cues are available, informing the subject when he is wrong
facilitates learning more than does informing him when he
is right; 'right' apparently gives less information than
'wrong' under these circumstances because it also rewards
irrelevant cues.

Ausubel, earlier in the same reference (5, p. 317) states that

"studies of feedback in automated instruction contexts have generally

yielded equivocal findings because of failure to control other relevant

variables. .

Cronbach, in a chapter devoted to a detailed discussion of

skills, states: "Feedback is the regulator of expert performance,

and it is also the regulator of learning for it tells the novice when he

is improving and when he is wrong" (12, p. 277).

Gagne states that ". . . feedback from the execution of desired

responses in stimulus-response learning needs to occur within a few

seconds if learning is to progress rapidly" (22, p. 225). He further

states: "The usefulness of frequent feedback during the acquisition of
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principles, or of a set of inter-related principles, should not be over-

looked" (22, p. 226).

Travers notes, however, that

One can conclude that although animal studies show a con-
siderable advantage for immediate in contrast with delayed
reinforcement, 5 the same conclusion cannot be drawn from
human studies. . . . Delay may provide opportunity to
rehearse the response and may also distribute learning over
a greater span of time (74, p. 81).

Travers also notes that informative feedback seems most

effective in tasks which a person undertakes with the knowledge that

he will later use the response he has learned (74, p. 54). Further,

in summarizing concept-learning research, Travers states, "The

more complete the feedback, the better the learning. A pupil learns

by knowing why he is wrong as well as why he is right" (74, p. 267).

In summary, it may be stated that, as noted by Travers (74),

one may question the need for immediate feedback in problem solving

and concept-learning situations as has often been espoused by

behaviorists in extrapolating from simple stimulus-response situa-

tions to more complex forms of learning. Further, as cited by

Ausubel (5), results of experiments in feedback are questionable

because of the lack of experimental control of other variables.

5 The author would like to interject a personal note regarding the
apparently synonymous use of the terms reinforcement and feedback
by some authors in the field of learning theory. It is this author's
opinion that the terms are not synonyms, in that feedback implies
not only "right" or "wrong" but also some degree of information
regarding how he is "right" or "wrong. "
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Summary

Several previous studies have been accomplished in the general

area of comparing time-sharing use of computer facilities to the use

of batch processing facilities. Most of these, with the exception of

Sackman's (54) study at the United States Air Force Academy, have

not evinced a potential generalizability to the normal teaching situa-

tion because of severely limited populations and/or lack of compara-

bility of facilities to reflect a true comparison.

Smith's (68) study is one exception, but really compares two

types of batch processing rather than contrasting rapid batch process-

ing with time-sharing per se.

Sackman's (54) study is limited in generality by the select

population at the USAF Academy.

Sackman, further, calls for studies comparing fast batch

processing and time-sharing uses of computer facilities (54, p. 239)0

The central differences between the use of the two facilities,

batch processing and time-sharing, is the differential scheduling of

feedback available to the student as he proceeds to a problem solution.

Learning theorists are not in agreement as to the potential

value of rapid feedback in complex learning situations. Thus, lacking

considerable theoretical evidence of a general nature, experiments

must be performed in particular areas to determine, if possible, if
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differing feedback scheduling has an effect upon the process of

learning the particular skill, in this case, elementary Fortran

pr ogramming.
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CHAPTER III

THE EXPERIMENTAL DESIGN

The Experimental Environment

The study was conducted at the University of Nevada, Las Vegas.

UNLV is a relatively young (formally established in 1955) university,

experiencing the growth problems associated with the establishment

of such an institution in one of the most rapidly expanding population

centers in the United States. Recent legislative and Board of Regents

reapportionment (in 1970) has begun to be reflected in increasing

facilities and staff, providing marked increases in available curricu-

lum and corresponding funding. Current student population is

approximately 5, 700 of which some 11% are out-of-state students.

Graduate programs exist at the master's level in 19 of the 31

departments.

Of the various departments, Mathematics has a very small group

of students and two professors whose interests lie in the direction of

computer science, in large part (one would suspect) due to the paucity

of computer science related courses and the lack of a computer science

degree program in any of the departments.

The equipment utilized for the experiment consists of a central

computing system, physically located in Reno, Nevada, on the
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University of Nevada's Reno campus and connected to the Las Vegas

campus by multiplexing equipment and a single telephone line carrying

up to 10 teletype communications in addition to the communication to

a remote batch terminal in the UNLV Computer Facility (in this

instance, the term remote means at some distance from the actual

computer).

The central facility at Reno consists of a Xerox Data Systems

(XDS) SIGMA 7 computer with 64 K (64, 000 + memory locations) of

core, 20 active time-sharing input channels (of which 10 are allocated

to Las. Vegas), 4 random access discs (high speed magnetic

auxiliary storage--23 million characters total capacity) and various

other peripheral gear such as printer, card reader, card punch and

two nine-track tape drives.

Software used is the standard XDS Batch Time-Sharing Monitor

(B TM) and the associated XDS supported compilers and other soft-

ware. BTM is essentially a two partition (division of the available

memory) system, one partition for the Batch stream, including remote

batch (from the University of Nevada, Las Vegas), and one partition

for time-sharing. The available core for time-sharing Fortran IV

jobs is 14 K while for Batch it is 20 K.

The Las Vegas facility utilizes an XDS remote batch terminal

(essentially a Univac DCT 2000) for its batch processing. During the

regular semester, student jobs are run from 8:00 A.M. to 8:00 P. M. ,
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Monday through Thursday and 8:00 A. M. to 5:00 P. M. , Friday.

Occasional Saturday service is available on a rather sporadic basis.

Time-sharing facilities at UNLV number 12 teletypes at various

locations on campus, with the largest concentration in the Math-Stat

lab which has eight teletypes. All are model ASR -33 which have paper

tape I/O capabilities. The Math-Stat lab is always manned by the

author or by an experienced student so students can obtain experienced

help for either batch or time-sharing problems when this laboratory

is open. Math-Stat lab hours are 9;00 A. M. to 9:00 P. M. , Monday

through Thursday, 9:00 A. M. to 6:00 P. M. , Friday, and 9:00 A. M. to

12:00 P.M. Saturday.

Keypunch equipment is located in the library, with two teletypes

also available. Library hours are 8:00 A.M. to 11:00 P.M. Monday

through. Friday and 1:00 P.M. through 10:00 P. M. Saturday and

Sunday.

There is, then, a larger space of time for utilization of two of

the time-sharing facilities, but keypunching facilities are available on

a comparable basis in the library although the Remote Batch Terminal

is operated some lesser amount of time per week.

Computing time is absolutely free and unlimited to students and

is, thus, not a real factor in limiting a student's success.

Time-sharing response is typically less than two or three

seconds, except for a compilation without a listing or similar
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commands for which a typical response is one-half to two minutes.

Batch turnaround time averages somewhat less than a hour with a

range of one-half to three hours, but seldom more than the average.

Students assigned to utilize time-sharing may use Fortran IV

in essentially two modes with regard to input and syntax error detec-

tion. For the first three projects, the students in the experimental

group were instructed to use the on-line edit program (a subsystem

program designed to permit the entry of text from a time-sharing

terminal for storage on one of the random access disc units) to create

a file of their program, which is subsequently used as input to the

time-sharing compiler. In succeeding weeks, students in the experi-

mental group were taught to use this compiler in a truly conversational

mode so that syntax-checking is immediate, i. e. , line-by-line.

The decision, not to instruct in the second mode immediately,

was based on an attempt to provide a minimum of difference between

batch and time-sharing procedures. This is in direct response to

Sackman's (54, p. 62-63) criticisms. Thus, the sequence of opera-

tions for both groups of students is as similar as is possible.

A careful inspection of Table 1 will show the sequence of

operations in both modes is: Compile, Load, and Execute.

Special note should be made that computer down-times did

occur, more frequently during the Fall than during the Spring

semesters. These were, except for one communications failure of
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Table 1. Sequence of Student Operations.

Batch processing Time -sharing

1. Construct flowchart and code

2. Punch cards of program and
data and job cards

3. Submit to center for
Fortran processing

Note: Sequence of opera-
tions is:
1. Compile to binary deck
2. Load binary deck
3. Execute with accom-

panying data

4. Receive output from center

1. Construct flowchart and code

2. Use Edit to create program
card file

3. Submit Edit file to Fortran
for compilation and binary
deck if no syntax errors
occur

4. Load binary deck and execute

5. Provide input data at TTY

6. Obtain output at TTY

two days duration in late Fall after the experimental period was

completed, of limited (15 min. to 1 hour) duration, Regardless of

cause, whether communications, software, or hardware, the net

result disabled both means of processing since the computer is remote

from the campus. This results in no effective difference in service

in the two modes thus retaining the essential equality of service for

the duration of the experiment.

One other fact must be noted. There are vastly different

compilers available to batch and time-sharing users in Fortran. IV.

The time-sharing variety is essentially Fortran IV-H compatible

while the batch compiler meets this standard with many additional

enhancements. Instruction in the added features of the batch compiler
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was deferred until the tenth week to avoid any problems which might

disenchant the student with one or the other compiler. Thus, the

impression was initially made, and subsequently reinforced, that the

compilers were, in fact, identical for the duration of the experimental

period.

The Experimental Design

The experiment is designed in two stages. Stage one, which

lasts three weeks, is designed to provide measures to test hypotheses

HI through H5 for mean differences, while Stage two, lasting an

additional six weeks, is designed to provide measures to test H6.

These six hypotheses are restated below:

H1 There is no difference between control and experimental groups

as measured by the number of minutes required to prepare the

initial run for each of three problems.

There is no difference between control and experimental groups

as measured by the number of syntax errors detected for each

of three problems.

H3 There is no difference between control and experimental groups

as measured by the number of logic errors detected for each of

three problems.

H4 There is no difference between control and experimental groups
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as measured by the total number of runs required for a correct

solution of each problem.

H5 There is no difference between control and experimental groups

as measured by counts of syntax and logic errors on a test

problem.

H6 There is no difference between control and experimental groups

as measured by counts of syntax and logic errors on a test

problem administered at the end of the ninth week in the course.

The design for stage one consists of four components. The first

of these involves the random assignment of subjects to experimental

(time-sharing) and control (batch) groups. The second component

involves the collection of grade point averages for the subjects and

the administration of the International Business Machines Aptitude

Test for Programmer Personnel (P. A. T. ) during the first class

meeting. This was accomplished to provide a normed covariate for

subsequent statistical analysis (P. A. T. ) (33, p. 5-7) and one covariate

(G. P. A. ) which is non-normed.

The third component consists of the remainder of the three-

week period, utilized as the treatment period with three problems

assigned to the two groups which provide the data measures of

hypotheses H1, H2, H3, and H4. The fourth component is a post-test

problem, written in class, which provides the measures for H5.

The choice of this particular form is made for several reasons.
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The first of these has to do with the fact that the particular subject

matter to be studied, introductory Fortran computer programming, is

most unlikely to be a sufficiently familiar topic upon which to pre-test.

Campbell and Stanley (8, p. 195) state: ". . . in educational research

. . . we must frequently experiment with methods for the initial

introduction of entirely new subject matter, for which pre-tests in the

ordinary sense are impossible. . " The particular features of the

design for Stage one conform to true experimental design number six,

Post-test Only Group Design, as described in Campbell and Stanley

(8, p. 195-197), utilizing the first in-class problem as the post-test.

Provision is made to obtain measures on problem assignments as the

treatment progresses throughout the three-week period for the pur-

pose of testing hypotheses H1, Hz, H3, and H4. Concise assignment

and measurement procedures are described in the following section

titled Experimental Procedures.

Stage two consists of a six-week period of continued program-

ming with varied types of problems assigned, followed by a second

test problem to be completed in class as was the test problem utilized

in Stage one. This problem provides the measures for testing H6.

In recognition of the problems associated with selection and

history and the small sample sizes involved, the experiment was

replicated using the Spring semester class.

Statistical tests reported are the usual tests for differences of



41

means, Student's t, Mann-Whitney U, Analysis of Variance F test,

and, utilizing the P. A. T. and G. P. A. scores noted previously,

Analysis of Covariance F test, The Mann-Whitney U test is reported

in recognition that, for small group sizes, the test is as powerful as

Student's t and less sensitive to deviations from the normal distribu-

tion than the Student's t as detailed by Snedecor and Cochran (70,

p. 130-132). One-way Analysis of Variance and One-way Analysis of

Covariance F tests are both reported in order to illustrate the effect

of covariates on the resulting F and adjusted means. Thus, if any

measure of the two groups appears unequal, Analysis of Covariance

techniques will adjust the means of the dependent variable with respect

to the two covariates which are relevant to the dependent variable.

All four of the previously mentioned tests will be reported, with

the major emphasis in significance in very small groups hinging on

the Mann-Whitney U test. The model for computation of the t test is

varied according to an F test for homogeneity of variances as described

in Popham (45, p. 145-147).

In addition, these four tests are reported for three different

groupings of the experimental subjects. The three groupings tested

are the Fall experimental (time-sharing) versus the Fall control

(batch processing) group, the Spring experimental (time-sharing)

versus the Spring control (batch processing) group, and the combined

experimental (both Fall and Spring) group (time-sharing) versus the
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combined control (both Fall and Spring) group (batch processing).

Descriptive statistics, including numbers of persons in a

particular group, mean, average deviation, median, variance, range,

skewness direction, relative skewness and kurtosis, are computed

for each of the 22 measures, including covariates, collected. These

statistics are reported for each of the six grouping combinations

noted in the preceding paragraph as well as for the total Fall group,

the total Spring group and the total Combined Spring and Fall groups.

The Experimental Population

The population involved in the experiment consists of the

students in two successive semesters of the author's Math 215,

Elementary Computer Programming course at the University of

Nevada, Las Vegas. The enrollees reflect the diverse nature of the

subject matter, representing virtually all the colleges of the

university and most of the various departments. However, the

largest concentration of major is the college of Science and Mathe-

matics.

The students were unaware that the class was involved in an

experimental setting, except that the instructor wanted their informa-

tion regarding preparation time, number of errors, etc. in order to

better assist them in their learning.
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Upon completion of the semester, each student completed a

questionnaire (Appendix) to provide, among other measures, informa-

tion about age, sex, number of months of previous computer pro-

gramming experience, and class level at time of entry into the course.

These results are tabulated in Table 2 to provide a descriptive picture

of the groups involved in this study.

Experimental Procedures

Assignment Procedures

The selection of students for assignment to control (batch) and

experimental (time-sharing) groups was accomplished by first

randomly assigning students integer numbers from 1 to the number

representing the class size and, second, by using computer-

generated pseudo-random numbers to select randomly these assigned

student numbers for inclusion in each group. Note that the assign-

ment by computer was not made on an alternating basis, but rather

truly randomly. The possibility, admittedly of low probability,

existed that all students in the control group (or experimental group

since the selection was random) could have been selected prior to

selection of members of the opposite group.

Precisely the same techniques were utilized in assigning mem-

bers of the second semester class to the control and experimental

groups.



Table 2. Summary of Characteristics of Classes in the Study.

Descriptive
measure

Fall Spring Combined
Previous

A g e exper.(yrs. ) (mos. )

g
PreviousA e exper.(yrs. ) (mos. )

PreviousAge exper.(yrs. ) (mos. )

No. of subjects
completing course 18 18 14 14 32 32

Mean 26.83 1.83 23.79 . 79 25,5 1.38
Average deviation 7.69 2.43 4.33 1.12 6.31 1.88
Median 23 0 22.5 0 22.5 0

Variance 79.21 9.21 31.72 2.80 59.10 6.5
Standard deviation 8.90 3.03 5.63 1.67 7.69 2.55
Coefficient of variation . 33 1. 65 . 27 2.13 . 30 1.85
Range - high 45 10 36 6 45 10

Range - low 18 0 18 0 18 0

Skewness direction right right right right right right
Relative skewness . 49 2.10 1.01 5.34 .98 3.62
Kurtosis value 2.01 3.82 2.80 7.35 2.78 5.70
Kurtosis type PLATY LEPTO PLATY LEPTO PLATY LEPTO
% male 83 71 75

% graduates 33.3 21.5 28

% seniors 11.1 14.25 12.5
% juniors 11.1 21.5 15.5
% sophomores 33.3 28.5 31.5
% freshmen 11.1 14.25 12.5
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Measurement Procedures

Every student was administered a standard IBM test designed to

predict the potential success of prospective programmer trainees.

The exact title of the particular test utilized is IBM Aptitude Test for

Programming Personnel (1964). This title will be abbreviated as

P. A. T. in this paper. The general format is multiple choice, 95

questions, each with five distractors. The test consists of three

major sections: Section I, 40 questions on sequential pattern

recognition; Section II, 30 questions on spatial perception and pattern

recognition; and Section III, 25 questions on high-school arithmetic

concepts and skills.

Scoring is on a number right minus one-fourth the number wrong

basis to penalize guessing. The test is normed over 407 students and

job applicants in Boston, New York, Washington, Chicago, and Los

Angeles (33, p. 5-11). Some representative test scores and

corresponding percentiles are shown in Table 3. Reliability of test-

retest is given as . 88 with a one-month interval between test

administrations, while the standard error of the measure for total

score is 4. 2.

Validity for prediction of success in training was obtained by

converting class grades to deviation scores correlation with test score

resulting in r = . 45 to r = .64 for different programming class titles,



46

Table 3. Representative Scores and
Percentiles for Programming
Aptitude Test,

Test score Percentile

77 95
71 90
66 80
61 70
56 60
52 50
49 40
46 20
31 10

20 5

or significance is noted at the P < .01 level. Weinberg (75, p. 172-

175) is critical of the use of P. A, T. as a measure of programmer

expertise in the selection of personnel for employment and criticizes

the various sections as unrelated to the task of programming, but

notes (75, p. 172) there is no instrument today to measure program-

ming performance. "Further, " he notes (75, p. 173), "admittedly, it

does predict scores in programming classes fairly well. . . "

Additionally, the current total grade point average (including

transfer credits) for each student was obtained to provide a second

covariate.

Each hypothesis is measured by a different sequence of

measuring instrumentation, requiring a detailed description of

individual instrumentation. For the convenience of the reader, each
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hypothesis will be restated prior to the description of the instru-

mentation.

HI There is no difference between control and experimental

groups as measured by the number of minutes required to

prepare the initial run for each of three problems.

H2 There is no difference between control and experimental

groups as measured by the number of syntax errors

detected for each of three problems.

H3 There is no difference between control and experimental

groups as measured by the number of logic errors detected

for each of three problems.

H4 There is no difference between control and experimental

groups as measured by the total number of runs required

for a correct solution of each problem.

The measures of these hypotheses are determined by first

presenting each student with a series of three problems which he must

program, based upon his experience in class and outside references.

The first of these is simply a copy of an instructor-presented problem

to illustrate the procedures involved in preparing, debugging, and

running a program. In fact, the program simply generates a table of

positive integers from 1 to 25, accompanied by their squares and

square roots.

Problem two is of a more difficult nature, requiring the student
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to approximate the area beneath a simple polynomial function (i. e.

y = X2 + 4 in the closed interval 0 X S- A), where the student selects

five values for A. The student must be accurate in his answer to

within 0. 0001.

Problem three is considerably more difficult, requiring the

student to write a program to solve any system of simultaneous linear

equations for the variables X0, X1, , X
n

for 2 n 10, nE I+,

restricted to real number coefficients for the variables.

The measure of hypothesis H1 is obtained from a student-

prepared LOG form (Appendix) which accompanies each program sub-

mitted to the instructor. The information contained is simply a listing

of the run number for each attempted run, accompanied by student

counts of syntax errors detected by the compiler and logic errors

detected by the student for each run including the final run. The

student is also asked to estimate, to the nearest five minutes, his

time in preparing for the first run, including flowcharting, coding,

and punching or editing as appropriate. This latter figure, for each

of the three projects in the experiment, serves as the measure for H1.

The measure of hypothesis H is obtained from the same form

utilized in testing Hypothesis H1. The LOG form contains the actual

counts of syntax errors per run. H2 is tested for significance in four

ways, however, to note whether problem selection has an effect on the

outcome. The total number of syntax errors for each of the three
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problems, individually, and the total number of syntax errors for all

three problems are the specific measures used in testing H2.

As in measuring H1 and H2, the data for measuring H3 are

available from the student LOG form, and the measures to be used are

total number of logic errors noted for each individual problem and the

total number of logic errors for all problems combined.

As in measuring H1, H2, and H3, the data for measuring H4 are

available in the student LOG sheet. The measures used are the total

numbers of runs for each of the three problems and the total numbers

of runs for all three problems combined.

H5 There is no difference between control and experimental

groups as measured by counts of syntax and logic errors

on a test problem.

At the end of the third week, having completed the three prob-

lems, each student is presented, in class, with some basic ideas to

approach the problem of computing the prime factors of an integer n

where 1 n s 1000 and displaying his results. The ideas presented

in class are those from a mathematical context to avoid confounding

the writing of the test program with the basic ideas of mathematics

which are requisite. He is then instructed to write his program in

the remaining 30 minutes of class.

The instructor then has the programs prepared exactly as
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written and submitted to the computer for counts of syntax errors.

These syntax errors are then corrected by the instructor and the

corrected versions run to allow the instructor to specify and count

numbers of logic errors encountered before a correct program is

finally achieved. The counts of these two numbers of errors serve

as the post-test scores.

H6 There is no difference between control and experimental

groups as measured by counts of syntax and logic errors

on a test problem administered at the end of the ninth

week in the course.

An additional test problem is introduced later in the course, at

the end of the ninth week, after all students have had experience with

the alternate form of submitting programs. Specifically, each, student

must utilize time-sharing for at least one of the next three assigned

programs if he previously utilized batch processing and conversely,

but may choose either mode for all other problems. This problem

is designed to test the hypothesis for retention or for any long term

effects which may be noted.

The specific problem for the final data set requires the student

to write a program to use the method of linear interpolation to locate

a root of the polynomial of degree N [F(X) = X3 + 2)(2 + 10X - 20]

which is supplied (59, p. 212). Tolerances are supplied for determin-

ing if the computed result is sufficiently accurate (Note: F(X) is
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defined in the interval -10 5 F(X) 5- 10) or whether computations must

continue. No attempt is made to introduce the idea that round off or

truncation errors may create a problem for an actual run, nor is

"efficient" programming stressed.

The test problem is written in class, and subsequently treated

as is the test problem in H
5

to determine a count of syntax and logic

errors.

It had originally been intended to obtain C.P. U. and log-in time

costs for each run for every subject for an additional comparative

hypothesis, but the necessity of logging off in time-sharing between

runs in order to obtain such summaries made this sort of measure

inappropriate to the experimental scheme in that it would artificially

alter the use of time-sharing facilities for the benefit of the experi-

menter rather than for the benefit of the student. Thus, the mea-

sures for this comparison are extracted from the monthly total

accounting summaries produced by the Computer Center for each

account, not each individual student.

Finally, at the end of each semester, each student was asked

to respond to a general evaluation questionnaire (Appendix) designed to

elicit information about age, sex, grade level, and length of computer

experience, as well as other information, to provide a descriptive

picture of the population and a basis for comparison with the popula-

tion in Sackman's (54) studies.
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Inasmuch as one of the questions asks for suggestions for course

improvement, changes needed, etc., the questionnaires were com-

pleted anonymously, precluding any serious attempt to correlate age,

sex, or previous computing experience with any of the other measures

obtained.

The questionnaire (Appendix) includes three questions (numbers

3, 4, and 5) from Sackman's (54, p. 249) Pre-test/Post-test

Questionnaire as a means of describing a comparison between

Sackman's post-test results and the results of this experiment.

Finally, the students are asked to state a preference for time-sharing

or batch, provided the available facilities are the same in terms of

core available, disc utilization, etc.

These measures will also be reported as matters of information

only.
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CHAPTER IV

RESULTS

Descriptive Analysis of the Data

Twenty-two measures were collected for each of the 41 students

enrolled in the two semesters, with the exceptions that the second

test problem and the final questionnaires were completed by only the

32 students who eventually completed the course (Appendix ). Of

these nine students who completed at least the first three weeks of the

course, one female dropped from the Fall section to get married and

one male dropped the Spring section as having contracted leukemia.

The remaining seven students dropped fora variety of reasons, but

all seven cited limited time as one of the major reasons for with-

drawing from the course.

The 22 measures collected are summarized in Tables Al-A9 by

their descriptive measures. Since the two semester, four group

design might tend to obscure some descriptive data in combined

summary form, the tables are presented in the following order in the

Appendix:

Table Al is a summary of all Fall students

Table A2 is a summary of all Spring students

Table A3 is a summary of combined Spring and Fall students
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Table A4 is a summary of Fall time-sharing students

Table A5 is a summary of Fall batch students

Table A6 is a summary of Spring time-sharing students

Table A7 is a summary of Spring batch students

Table A8 is a summary of all time-sharing students

Table A9 is a summary of all batch students

Formulas for computation of the various descriptive measures

exhibited are contained in Popham (45) and Snedecor and Cochran (70)

and are the standard types used for such analysis.

Tests of significance of mean differences between groups,

including Student's t, Mann-Whitney U, and Analysis of Variance F

tests were performed for all 22 measures to determine equality of

means between the Fall and Spring samples. The largest value for t

obtained was 1. 14 with ndf. = 39 for the grade-point data, while the

corresponding Mann-Whitney U (19, 22) was 125 with a correspond-

ing z value z = 2. 183 with the exception that a U = 113

was noted for the number of syntax errors on Test 2. None of these

are significant at the 5% level.

These tests argue that the groups tested are very comparable

from a statistical viewpoint, and, coupled with the descriptive data

from Tables Al-A9 (Appendix) assure the validity of performing the

tests for the hypotheses H1-H6.
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Statistical Analysis of the Data

The data were subjected to the descriptive analyses described

above and to four tests designed to detect mean differences between

the various groupings for the purpose of testing the hypotheses stated

in Chapter I. The four tests used are Student's t, with appropriate

action taken to alter the formula dependent upon F test for homo-

geneity of variance, Mann-Whitney U test, included in the recognition

that in small samples U is a more powerful test than t, a one-way

Analysis of Variance F test, and, using the Programming Aptitude

Test Score (P. A. T.) and Grade Point Average (G. P. A.) as covariates,

one-way Analysis of Covariance F tests.

Further, the data were grouped three ways. The Fall sample,

Spring sample, and Combined Fall and Spring samples were each

subjected to the four analyses above noted in testing each of the

hypotheses. Thus, each Hn is tested three times, one for each of the

groupings.

Formulas for the various tests applied may be found in Popham

(45), Siegel (63), and Snedecor (70).

Each hypothesis is re-stated prior to statements relating to

statistical testing of the hypothesis.

H1 There is no difference between control and experimental

groups as measured by the number of minutes required to

prepare the initial run for each of three problems.
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The measures for H1 testing are student-reported times required

to prepare for the initial compilation for each of the three assigned

problems and the total of these three times, including time required

to flowchart, code, and keypunch or edit on the teletype as applicable.

Descriptive measures for the various groupings, Fall time-sharing,

Fall batch, Spring time-sharing, combined time-sharing, and

combined batch are reported in page one of Tables A4, A5, A6, A7,

A8, and A9 (Appendix) respectively.

The results of the applications of the four statistical techniques

to the data for hypothesis H1 for the Fall experimental (time-sharing)

versus the Fall control (batch) group for total minutes for problems

1-3 are as follows:

t = . 425 with n. d. f. = 20

U (11, 11) = 52

ANOVA F (1, 20)
= 181

ANCOVA F
(1, 18)

= . 001

while the same results for the Spring experimental versus control

groups are:

t = -. 460 with n. d. f. = 17

U = 44.5
(9, 10)

ANOVA F = .224
(1, 17)

ANCOVA F = . 000
(1, 15)

and for the Combined Fall and Spring experimental groups versus the
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Combined Fall and Spring control groups the results for total minutes

data are:

t = -. 008 with n. d. f, = 39

U (20, 21) = 192. 5, or z = . 45643 since n > 20

ANOVA F
(1, 39)

= 006

ANCOVA F = . 055
(1, 37)

None of these figures is significant at the 5% level.

For problem number one, the tests for H1 for the Fall groups

are:

t = . 357 with n. d. f. = 20

U (11, 11)
= 48. 5

ANOVA F = 127
(1, 20)

ANCOVA F = . 031
(1, 18)

while for the Spring groups, the tests are:

t = -. 855 with n. d. f. = 17

(9, 10)
= 37

ANOVA F 785
(1, 17)

ANCOVA F = 164
(1, 15)

and for the Combined groups these results are:

t = -. 330 with n. d. f. = 39

U (20, 21)
= 205.5 or z = . 11737 since n > 20

ANOVA F = . 110
(1, 39)

ANCOVA F . 033
(1, 37)
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None of these results shows significance at the 5% level.

For problem two, the tests for H1 for the Fall groups are:

t = 189 with n. d. f. =20

U
(11, 11)

= 53

ANOVA F (1, 20)
= . 004

ANCOVA F = . 006
(1, 18)

while for the Spring groups the test values are:

t = 752 with n. d. f. = 17

U
(9, 10)

= 44

ANOVA F = . 614
(1, 17)

ANCOVA F = 001
(1, 15)

and for the Combined. Fall and Spring groups, the tests for H1 for

problem two are:

t = . 449 with n. d. f. = 39

U (20, 21) = 194 or z = . 41731 since n > 20

ANOVA F = . 205
(1, 39)

ANCOVA F = . 000
(1, 37)

None of these values is significant at the 5% level.

For problem three, the tests for H1 for the Fall groups are:

t = . 481 with n. d. f. = 20

U = 53. 5
(11, 11)

ANOVA F (1, 20)
= 2. 32

ANCOVA F (1, 18)
= . 004
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while for the Spring groups the test values are:

t = 004 with n. d. f. = 17

U =
(9, 10)

43. 5

ANOVA F = .001
(1, 17)

ANCOVA F = 025
(1, 15)

and for the Combined Fall and Spring groups, the tests for H1 for

problem three are:

t = .290 with n. d. f. = 39

U (20, 21) = 195.5 or = . 37819 since n>20

ANOVA F = .084
(1, 39)

ANCOVA F = . 208(1,37)

None of these values is significant at the 5% level.

Thus, H
1

fails to be rejected for individual problems or for the

total of the three problems.

These results are summarized in tabular form in Table 5.

In addition to the statistical test results, the means of the

various measures were adjusted using the P. A. T. and G. F. A. co-

variates. Table 4 gives the means of the raw data for the four

measures of H1, together with the adjusted means for each of the

measures accompanied by the standard error of the adjusted means,

for each of the three groupings, Fall, Spring, and Combined.



Table 4. Raw and Adjusted Means for H1.

Group Fall Spring Combined
t/s b t/s b t/s

Total minutes for problems 1-3
Mean (unadjusted) 317. 00 300. 00 293. 50 318. 33 305. 81 308.25
Adjusted mean 307. 86 309. 14 305. 75 304. 72 310. 87 302. 94
SE of adjusted mean 29. 96 29. 96 37.13 39.31 22.96 23.55

Minutes for problem 1
Mean (unadjusted) 42. 91 40. 00 37. 00 44. 44 40. 10 42. 00
Adjusted mean 40.66 42.25 38. 75 42. 51 40.48 41.59
SE of adjusted mean 6. 05 6. 05 6. 14 6. 50 4. 19 4.29

Minutes for problem 2
Mean (unadjusted) 82. 73 79. 55 71. 50 87. 78 77. 38 83.25
Adjusted mean 80.43 81.84 78. 94 79. 51 80. 26 80.23
SE of adjusted mean 12. 63 12. 63 14. 13 14. 96 9. 11 9. 34

Minutes for problem 3
Mean (unadjusted) 191. 36 180. 46 185. 00 186. 11 188. 33 183. 00
Adjusted mean 186. 77 185. 05 188. 06 182.71 190. 13 181. 12
SE of adjusted mean 17. 35 17. 35 23, 52 23. 84 13. 45 13. 80

t /s = time-sharing; b = batch processing



Table 5. Tabulation of Statistical Tests for Hypothesis H1. Measure for all tests: time (nearest 5 min. ) to prepare first run of problem.

Fall Spring Combined

t/11 students 1:11 students t/s=10 students b=9 students t/s =21 students b=20 students

problem
1

problem
2

problem
3

total
1-3

problem
1

problem problem
2 3

total
1-3

problem
1

problem
2

problem
3

total
1-3

a
Student's t test

.189 .481 .425 -.855a -.752a -.004 -.460a -.330 -.449a .290 -.008t .357
n. d. f. 20 20 20 20 17 17 17 17 39 39 39 39

Mann-Whitney U test
U (11, 11) (11, 11) (11, 11) (11, 11) (9, 10) (9, 10) (9, 10) (9, 10) (20, 21) (20, 21) (20, 21) (20, 21)
= 48. 5 53 53.5 52 37 44 43.5 44.5 205.5 194 195.5 192.5
z .11737 .41731 .37819 .45643

ANOVA F test
F (1, 20) (1, 20) (1, 20) (1, 20) (1, 17) (1, 17) (1, 17) (1, 17) (1, 39) (1, 39) (1,39) (1,39)
= .127 .004 .232 .181 .785 .614 .001 .224 .110 .205 .084 .006

ANCOVA F test
c

F (1, 18) (1, 18) (1, 18) (1, 18) (1, 15) (1, 15) (1, 15) (1, 15) (1,37) (1,37) (1,37) (1,37)
= .031 .006 .004 .001 .164 .001 .025 .000 .033 .000 .208 .055

at
Test is computed as no common variance or common variance as applicable based on F test for equality of variance.

for normal distribution reported if the number of observations exceeds 20.
c
Covariates are P. A. T. and G. P. A.

t/s = time-sharing; b = batch processing
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H2 There is no difference between control and experimental

groups as measured by the number of syntax errors

detected for each of three problems.

The measures for H
2

are counts of syntax errors detected by the

compiler during each attempted run for each of the three problems

and the sums of these three counts. Descriptive analyses of these

data are found in Tables A4-A9, page two, for the various six groups.

Results of statistical tests are summarized in Table 7 (page 67).

The results of the applications of the four statistical techniques

to the data for hypothesis H
2

for the Fall experimental (time-sharing)

versus the Fall control (batch) group for total syntax errors for

problems 1-3 are:

t = 1. 071 with n. d. f. = 20

U (11, 11) = 50.5

ANOVA F (1,20) = 1. 148

ANCOVA F = 1.045
(1, 18)

while for the Spring experimental versus control groups for total

minutes, the tests are:

t = -1. 280 with n. d. f. = 17

U
(9, 10)

= 34

ANOVA F = 1.639
(1, 17)

ANGOVA F = 1.835
(1, 15)
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and for the Combined Fall and Spring groups for total syntax errors the

four test results are:

t = . 473 with n. d. f. = 39

U
(20, 21) = 200.5 or z = . 24778 since n > 20

ANOVA F = . 218
(1, 39)

ANCOVA F = . 185
(1, 37)

None of these is statistically significant at the 5% level.

For problem number one, the tests for H2 for the Fall group

are:

t = 1. 227 with n. d. f. = 20

U
(11, 11)

= 55. 5

ANOVA F 1. 506
(1, 20)

ANCOVA F = . 640
(1, 18)

while for the Spring group the tests are:

t = 927 with n. d. f. = 17

U
(9, 10)

= 43

ANOVA F = 924
(1, 17)

ANCOVA F = . 121
(1, 15)

and for the Combined groups these results are:

t = . 568 with n. d. f. = 39

U (20, 21)
= 204.5 or z = . 14345 since n > 20

ANOVA F = . 319
(1, 39)

ANCOVA F = . 255
(1, 37)
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None of these results is significant at the 5% level.

For problem two, the tests for H2 for the Fall groups are:

t = . 895 with n. d. f. = 20

U (11, 11) = 48. 5

ANOVA F
(1, 20)

= . 801

ANCOVA F = 397
(1, 18)

while for the Spring groups the test values are:

t = 400 with n. d. f. = 17

U = 38
(9, 10)

ANOVA F = . 160
(1, 17)

ANCOVA F (1, 15)
= . 439

and for the Combined Fall and Spring groups, the tests for H2 for

problem two are:

t = 582 with n. d. f. = 39

U (20, 21) = 199 or z = . 28690 since n > 20

ANOVA F . 339(1, 39)

ANCOVA F
(1, 37)

= . 206

None of these values is significant at the 5% level.

For problem three, the tests for Hz for the Fall groups are:

t = 1. 477 with n. d. f. = 20

U
(11, 11)

= 39

ANOVA F
(1, 20)

= 2. 183

ANCOVA F (1, 18)
= 1. 410
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while for the Spring groups the test values are:

t = 820 with n. d. f. = 17

U = 34
(9, 10)

ANOVA F = 1. 639(1, 17)

ANCOVA F = 1.835
(1, 15)

and for the Combined Fall and Spring groups, the tests for H2 for

problem three are:

t = . 962 with n. d. f. = 39

U (20, 21) = 183.5 or z = . 69117 since n > 20

ANOVA F = . 905(1, 39)

ANCOVA F = . 562
(1, 37)

None of these values is significant at the 5% level.

Thus, H2 fails to be rejected for individual problems or for the

total of the three problems.

These results are summarized in tabular form in Table 7 (page

67).

In addition to the statistical test results, the means of the

various measures were adjusted using the P. A. T. and G. P. A.

covariates. Table 6 gives the means of the raw data for the four

measures of H2, together with the adjusted means for each of the

measures accompanied by the standard error of the adjusted means,

for each of the three groupings, Fall, Spring, and Combined.



Table 6. Raw and Adjusted Means for H2.

Group Fall Spring Combined
t/s b t/s b t /s

Total number of syntax errors, problems 1 -3.
Mean (unadjusted) 40. 27 27. 00 27. 00 34. 89 33. 95 30. 55
Adjusted mean 42. 73 23. 58 26. 31 35. 65 32. 46 29. 91
SE of adjusted mean 5. 88 5. 88 4.56 4.82 3. 77 3. 87

Number of syntax errors, problem 1
Mean (unadjusted) 10. 10 4. 63 5. 10 8. 00 7. 71 6. 15
Adjusted mean 9. 38 5. 34 5. 95 7. 06 7. 69 6. 17
SE of adjusted mean 3. 41 3.41 2. 11 2. 23 2. 05 2. 10

Number of syntax errors, problem 2
Mean (unadjusted) 9. 73 6. 73 6. 70 7.56 8. 29 7. 10
Adjusted mean 9. 45 7.01 6.37 7.92 8. 19 7.20
SE of adjusted mean 2. 61 2.61 1. 55 1. 64 16 49 1. 53

Number of syntax errors, problem 3
Mean (unadjusted) 29. 55 15. 64 15. 20 19. 33 22. 71 17.30
Adjusted mean 29. 07 16. 11 13. 99 20. 67 22. 32 17. 72
SE of adjusted mean 7. 37 7. 37 3. 68 3. 89 4. 17 4. 28

t /s = time-sharing; b = batch processing



Table 7. Tabulation of Statistical Tests for Hypothesis H2. Measures for all tests: total numbers of syntax errors for each problem.

Fall

t/s= 11 students b=11 students

Spring Combined

t/s=10 students b=9 students t/s=21 students b=20 students

problem
1

problem
2

problem
3

total
1-3

problem
1

problem problem
2 3

total
1-3

problem
1

problem
2

problem
3

total
1-3

a
Student's t test

.895

20
1.477a

20
1.071a

20
-.927a

17

-.400

17

-.820

17

-1.280

17
.568a

39

.582
39

.962a
39

473a
39

t 1.227a

n. d. f. 20

Mann-Whitney U testb
U (11, 11) (11, 11) ( 11, 11) ( 11, 11) (9, 10) (9, 10) (9, 10) (9, 10) (20,21) (20,21) (20,21) (20,21)
= 55. 5 48.5 39 50.5 43 38 34 34 204. 5 199 183. 5 200.5
z .14345 .28690 .69117 .24778

ANOVA F test
F (1,20) (1,20) (1,20) (1,20) (1, 17) (1, 17) (1, 17) (1, 17) (1,39) (1,39) (1,39) (1,39)

1.506 .801 2. 183 1. 148 .924 160 .672 1.639 . 316 .339 .905 .218

ANCOVA F test
c

F (1, 18) (1, 18) (1, 18) (1, 18) (1, 15) (1, 15) (1, 15) (1, 15) (1,37) (1,37) (1,37) (1,37)
.640 .397 1.410 1.045 121 .439 1.441 1.835 .255 .206 . 562 . 185

at
Test is computed as no common variance or common variance as applicable based on F test for equality of variance.

bz
for normal distribution reported if the number of observations exceeds 20.

c
Covariates are P. A. T. and G. P. A.

t/s = time-sharing; b = batch processing
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H3 There is no difference between control and experimental

groups as measured by the number of logic errors

detected for each of three problems.

The measures utilized in testing H3 are the total counts of

logic errors detected by the student and reported in his Log sheet for

each of the three problems and the total number of logic errors for the

three problems combined for each of the three groupings of experi-

mental and control groups, Fall, Spring, and Combined Fall and

Spring.

Descriptive analyses of the four measures for each of the six

groups are found in Tables A4-A9, page two (Appendix). Results of

statistical tests are summarized in Table 9 (page 74).

The results of the applications of the four statistical techniques

to the data for hypothesis H3 for the Fall experimental (time-sharing)

versus the Fall control (batch) group for total logic errors for

problems 1-3 are:

t = 1. 529 with n. d. f. = 20

(11, 11)
= 40

ANOVA F = 2.337
(1, 20)

ANCOVA F (1, 18) = .609

while for the Spring experimental versus control groups for total

minutes, the tests are:
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t = 1. 257 with n. d. f. = 17

(9, 10)
= 32. 5

ANOVA F
(1, 17)

= 1. 579

ANCOVA F
(1, 15)

= 529

and for the Combined Fall and Spring groups for total logic errors

the four test results are:

t = 2. 015 with n. d. f. = 39

U (20, 21) = 143 or z = 1. 7475 since n > 20

=ANOVA F
(1, 39)

3. 949

ANCOVA F
(1, 37)

= 2. 037

None of these is significant at the 5% level.

For problem number one, the tests for H3 for the Fall group

are:

t = . 447 with n. d. f. = 20

U (11, 11)
= 60

ANOVA F (1, 20)

ANCOVA F (1, 18)

200

= .030

while for the Spring group the tests are:

t = 238 with n. d. f. = 17

U = 44. 5
(9, 10)

ANOVA F = . 005
(1, 17)

ANCOVA F = 042(1, 15)
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and for the Combined groups for problem one these results are:

t = 1. 148 with n. d. f. = 39

U (20, 21) = 190 or z = . 52164 since n > 20

ANOVA F 1. 274(1, 39)

ANCOVA F = . 783
(1, 37)

None of these results shows significance at the 5% level.

For problem two, the tests for H3 for the Fall groups are:

t = . 885 with n. d. f. = 20

U (11,11) = 51.5

ANOVA F (1, 20) .783

ANCOVA F . 147
(1, 18)

while for the Spring groups the test values are:

t = . 238 with n. d. f. = 17

(9, 10) = 44. 5

ANOVA F = . 005
(1, 17)

ANCOVA F = . 042
(1, 15)

and for the Combined Fall and Spring groups, the tests for H3 for

problem two are:

t = . 906 with n. d. f. = 39

U (20, 21) = 189. 5 or z = .53468 since n > 20

ANOVA F
(1, 39)

= 801

ANCOVA F = . 127
(1, 37)

None of these values is significant at the 5% level.
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For problem three, the tests for H3 for the Fall groups are:

t = 1. 332 with n. d. f. = 20

U
(11 11)

= 42

ANOVA F (1, 20)
1. 776

ANCOVA F
(1, 18)

= . 485

while for the Spring groups the test values are:

t = 1. 184 with n. d. f. = 17

U = 32. 5
(9, 10)

ANOVA F 1.402
(1, 17)

ANCOVA F = .645
(1, 15)

and for the Combined Fall and Spring groups, the tests for H3 for

problem three are:

t = 1. 778 with n. d. f. = 39

U (20, 21) = 150 or 'z = 1.5649 since n > 20

ANOVA F
(1, 39)

= 3. 073

ANCOVA F
(1, 37)

= 1. 818

None of these values is significant at the 5% level.

Thus, H3 fails to be rejected for individual problems or for the

total of the three problems.

These results are summarized in tabular form in Table 9. One

should note the absence of a t value in Table 9 for total logic errors on

problem one for the Spring groups. This is caused by the Spring

batch (control) group's reporting no logic errors for problem one
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which provided a zero value in the denominator of the t-test formula.

For the sample sizes (10 and 9) U is a more valid test than t.

In addition to the statistical test results, the means of the

various measures were adjusted using the P. A. T. and G. P. A. covari-

ates. Table 8 gives the means of the raw data for the four measures

of H3, together with the adjusted means for each of the measures

accompanied by the standard error of the adjusted means, for each

of the three groupings, Fall, Spring, and Combined.

H4 There is no difference between control and experimental

groups as measured by the total number of runs required

for a correct solution of each problem.

The measures of H
4

are the numbers of runs, reported on the

student Log form, required to obtain the final correct run, including

in this total the final correct itself. As for the previous four

hypotheses, the groups are tested separately for Fall and Spring and

Combined for the third set of tests.

Descriptive analyses of the four measures for each of the six

groupings are found in Tables A4-A9, page one (Appendix). Results

of statistical testing are summarized in Table 11 (page 80).

The results of the applications of the four statistical techniques

to the data for hypothesis H4 for the Fall experimental (time-sharing)

versus the Fall control (batch) group for total number of runs for



Table 8. Raw and Adjusted Means for H3.

Group Fall Spring Combined
t/s b t/s b t/s

Total logic errors for problems 1-3
Mean (unadjusted) 7. 91 5.27 7. 20 5. 78 7.57 5.50
Adjusted mean 7. 33 5. 85 6.96 6. 05 7. 32 5. 76
SE of adjusted mean 1. 28 1. 28 0.83 0. 88 0. 74 0. 76

Total logic errors, problem 1
Mean (unadjusted) 0. 18 0.09 0. 20 O. 00 0. 19 O. 05
Adjusted mean 0. 16 0. 12 O. 18 O. 02 O. 18 O. 06
SE of adjusted mean 0. 16 0. 16 0. 11 0. 11 0.09 0.09

Total logic errors, problem 2
Mean (unadjusted) 1. 82 1.27 2. 00 1. 89 1. 90 1. 55
Adjusted mean 1. 68 1.41 1. 90 2. 01 1. 80 1. 66
SE of adjusted mean 0. 47 O. 47 O. 35 0. 37 0.28 O. 29

Total logic errors, problem 3
Mean (unadjusted) 5. 91 3. 91 5. 00 3. 89 5. 48 3. 90
Adjusted mean 5. 49 4. 32 4. 88 4. 02 5. 34 4. 04
SE of adjusted mean 1. 13 1. 13 O. 71 0. 75 0.65 0. 67

t/s = time-sharing; b = batch processing



Table 9. Tabulation of Statistical Tests for Hypothesis H3. Measures for all tests: total numbers of logic errors for each problem.

Fall Spring Combined

t/s=11 students b=11 students t/s=10 students b=9 students t/s=21 students b=20 students

problem
1

problem
2

problem
3

total
1-3

problem
1

problem problem
2 3

total
1-3

problem
1

problem
2

problem
3

total
1-3

Student's t testa
a. 885 1,332a 1,529a undefined . 238a 1. 184 1.257 1. 148a . 906a 1.778a 2.015at .447a

n. d. f. 20 20 20 20 17 17 17 17 39 39 39 39

Mann-Whitney U test
b

U (11, 11) (11, 11) (11, 11) (11, 11) (9, 10) (9, 10) (9, 10) (9, 10) (20,21) (20,21) (20,21) (20,21)
= 60 51.5 42 40 36 44.5 32.5 32.5 190 189,5 150 143

z .52164 .53468 1.5649 1.7475

ANOVA F test
F (1,20) (1,20) (1,20) (1,20) (1, 17) (1, 17) (1, 17) (1, 17) (1,39) (1,39) (1,39) (1,39)

.200 .783 1.776 2.337 2.013 .005 1.402 1.579 1.274 .801 3.073 3.949

ANCOVA F test
F (1, 18) (1, 18) (1, 18) (1, 18) (1, 15) (1, 15) (1, 15) (1, 15) (1,37) (1,37) (1,37) (1, 37)

.030 .147 .485 .609 1.082 .042 .645 .529 .783 .127 1.818 2.037

a t Test is computed as no common variance or common variance as applicable based on F test for equality of variance.

bz
for normal distribution reported if the number of observations exceeds 20.

cCovariates
are P. A. T. and G. P. A.

t/s = time-sharing; b = batch processing



problems 1-3 are as follows:

t = 1. 856 with n. d. f. = 20

U
(11, 11)

= 31. 5

ANOVA F . 486
(1, 20)

ANCOVA F = 1. 167
(1, 18)

while the Spring experimental versus control groups for total runs,

the tests are:

t = 778 with n. d. f. = 17

=
(9, 10)

35. 5

ANOVA F = . 605
(1, 17)

ANCOVA F = . 055
(1, 15)

and for the Combined Fall and Spring groups for total runs, the
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four test results are:

t = 2. 029 with n. d. f. = 39

U (20, 21) = 138. 5 or z = 1. 8649 since n > 20

ANOVA F = 4.010
(1, 39)

ANCOVA F (1, 37) = 1. 990

One test result, the Student's t test for total runs (t = 2. 029) for

the Combined groups seems to be significant at the 5% level if noted in

a t table for 39 n. d. f. However, since computed as a no common

variance model because of a significant F (19, 20) = 3. 203 test for

variance homogeneity [F(19, 20) > 2. 15 is significant at 5% level], this

result is not significant at the 5% level for a computed t value for this
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model t computation (t > 2. 08773 is significant at the 5% level).

For problem number one, the tests for H4 for the Fall group are:

t = . 697 with n. d. L = 20

U(11, 11) = 58. 5

ANOVA F (1, 20) = 2. 700

ANCOVA F (1, 18) = 063

while for the Spring group the tests are:

t = . 243 with n. d, f, = 17

U (9, 10) = 43. 5

ANOVA F (1, 17) = . 006

ANCOVA F (1, 15) = . 370

and for the Combined groups these results are:

t = . 736 with n. d. f. = 39

U (20, 21) = 202.5 or z 19561 since n > 20

ANOVA F (1, 39) = . 541

ANCOVA F (1, 37) = . 322

None of these results are significant at the 5% level.

For problem two the tests for H
4

for the Fall groups are:

t = 1. 643 with n. d. f. = 20

U(11, 11) = 37

ANOVA F (1, 20) = 2. 490

ANCOVA F (1, 18) = 1. 014

while for the Spring groups the test values are:

t = . 420 with n. d. f. = 17

U (9, 10) = 43



ANOVA F = . 176
(1, 17)

ANCOVA F = . 001

and for the Combined Fall and Spring groups, the tests for H4 for

problem two are:

t = 1. 508 with n. d. f. = 39

= 163. 5 or z = 1. 2128 since n > 20
U (20, 21)

ANOVA F = 2.218
(1, 39)

ANCOVA F = . 925(1, 37)

None of these values is significant at the 5% level.

For problem three, the tests for H4 for the Fall groups are:

t = 1. 856 with n, d. f. = 20

U (11,11) = 31.5

ANOVA F
(1, 20)

= . 486

ANCOVA F
(1, 18) = 1. 167

while for the Spring groups the test values are:

t = . 778 with n. d. f. = 17

(9, 10) =
35. 5

ANOVA F = . 605
(1, 17)

ANCOVA F = . 055
(1, 15)

and for the Combined Fall and Spring groups, the tests for H4 for

problem three are:

t = 2. 029 with n. d. f. = 39

U (20, 21) = 138. 5 or z = 1. 8649 since n > 20

77
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ANOVA F = 4. 010
(1,39)

ANCOVA F 1, 990(1, 37)

None of these values is significant at the 5% level.

Thus, H4 fails to be rejected for individual problems or for the

total of the three problems.

These results are summarized in tabular form in Table 11.

In addition to the statistical test results, the means of the

various measures were adjusted using the P.A. T. and G. P. A.

covariates. Table 10 gives the means of the raw data for the four

measures of H4, together with the adjusted means for each of the

measures accompanied by the standard error of the adjusted means,

for each of the three groupings, Fall, Spring, and Combined.

H5 There is no difference between control and experimental

groups as measured by counts of syntax and logic errors

on a test problem.

The measures collected for H5 are counts of syntax and logic

errors as determined by the instructor and the compiler from an in-

class test problem.

Descriptive analyses of the collected data are found in Tables

A4-A9, page two (Appendix), while the original data are found in

Table A10 (Appendix).

The results of the applications of the four statistical techniques



Table 10. Raw and Adjusted Means for H4.

Group
Fall Spring Combined

t/s b t/s b t/s

Total number of runs, problems 1-3
Mean (unadjusted) 16. 55 12. 18 15. 20 13. 78 15, 90 12. 90
Adjusted mean 15. 76 12. 97 14. 75 14. 28 15.51 13. 31
SE of adjusted mean 1. 74 1. 74 1. 32 1. 39 1.06 1.09

Total number runs, problem 1
Mean (unadjusted) 3. 00 2. 54 2. 90 2. 78 2.95 2.60
Adjusted mean 2. 86 2.68 2.96 2.60 2. 90 2. 65
SE of adjusted mean 0. 50 0.50 0.38 0,41 0.30 0. 31

Total number runs, problem 2
Mean (unadjusted) 4. 73 3.55 4.80 4.44 4. 76 3. 95
Adjusted mean 4. 54 3.73 4.62 4.64 4.63 4. 08
SE of adjusted mean 0. 54 0.54 0.62 0.66 O. 39 0. 40

Total number runs, problem 3
Mean (unadjusted) 8. 82 6.09 7.50 6.67 8.19 6.35
Adjusted mean 8. 36 6.55 7.17 7.03 7.97 6.58
SE of adjusted mean 1. 30 1.30 0.83 0.88 0.76 0.78

t /s = time-sharing; b = batch processing



Table 11. Tabulation of Statistical Tests for Hypothesis H4. Measures for all tests: number of runs (including correct run) to complete each
problem.

Fall Spring Combined
t/s =11 students b=11 students t/s =10 students b=9 students t/s =21 students b=20 students

problem
1

problem
2

problem
3

total
1-3

problem
1

problem problem
2 3

total
1-3

problem
1

problem
2

problem
3

total
1-3

a
Student's t test

1.643a 1.578a 1.856a . 243 .420 .699 .778 . 736a 1,508a 1.748 2.029at . 697a
n. d.f. 20 20 20 20 17 17 17 17 39 39 39 39

Mann-Whitney U test
b

U (11, 11) (11, 11) (11, 11) (11, 11) (9, 10) (9, 10) (9, 10) (9, 10) (20, 21) (20, 21) (20, 21) (20, 21)

= 58.5 37 41 31.5 43.5 43 38.5 35.5 202.5 163.5 159.5 138.5

z . 19561 1. 2128 1. 3171 1. 8649

ANOVA F test
F (1, 20) (1, 20) (1, 20) (1, 20) (1, 17) (1, 17) (1, 17) (1, 17) (1, 39) (1, 39) (1, 39) (1, 39)

= 2.700 2.490 .252 .486 .006 .176 .488 .605 .541 2.218 2.582 4.010

ANCOVA F test
c

F (1, 18) (1, 18) (1, 18) (1, 18) (1, 15) (1, 15) (1, 15) (1, 15) (1, 37) (1, 37) (1, 37) (1, 37)
. 063 1. 014 . 878 1. 167 . 370 .001 .012 .055 . 322 .925 1. 565 1.990

at Test is computed as no common variance or common variance as applicable based on F test for equality of variance.

bz for normal distribution reported if the number of observations exceeds 20.

cCovariates are P.A. T. and G. P.A.

t/s = time-sharing; b = batch processing
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to the data for hypothesis H5 for the Fall experimental (time-sharing)

versus the Fall control (batch) group for syntax errors for Test one

are as follows:

t = 1. 720 with n. d. f. = 20

U =(11,11) 36. 5

ANOVA F = 2. 959
(1, 20)

ANCOVA F (1, 18) = 1. 078

while for the Spring experimental versus control groups for syntax

errors, the tests are:

t = 1.480 with n. d. f. = 17

U =
(9, 10)

49. 5

ANOVA F . 169(1, 17)

ANCOVA F
(1, 15) = 1. 908

and for the Combined Fall and Spring groups for syntax errors the

four test results are:

t = 951 with n. d. f. = 39

U (20, 21) = 171.5 or z = 1. 0041 since n > 20

ANOVA F
(1, 39) = 1. 162

ANC OVA F = . 005(1, 37)

None of these is significant at the 5% level.

For logic errors for Test one, the tests for H5 for the Fall

group are:

t = -. 637 with n. d. f. = 20
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U (11,11) = 40

ANOVA F (1, 20) = . 405

ANCOVA F
(1, 18)

= . 739

while for the Spring group the tests are:

t = 2. 396 with n. d. f, = 17

=(9, 10) 1. 5

ANOVA F
(1, 17)

= 5. 406

ANCOVA F (1, 15) = 3. 110

and for the Combined groups these results are:

t = . 822 with n. d. f. = 39

U (20, 21) = 190. 5 or z = . 50860 since n > 20

ANOVA F = . 676
(1, 39)

ANCOVA F = 1. 91
(1, 37)

None of these results is significant at the 5% level, except that, for

Spring, total logic errors on Test one, both t = 2. 396 with n. d. f. = 17

and Analysis of Variance F (1, 17) = 5. 406 differences are significant

at the 5% level. However, neither U (9, 10) = 21. 5 nor Analysis of

Covariance F (1, 15) = 3. 110 are significant. The t test is very

sensitive to variance with such a small sample and it must be assumed,

therefore, less accurate than U, while the Analysis of Covariance F

compensates for apparent inequalities detected by the Analysis of

Variance F and must be considered more accurate.
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Thus, H5 fails to be rejected for either syntax or logic errors

for any of the three groupings of students.

These results are summarized in tabular form in Table 13.

In addition to the statistical test results, the means of the

various measures were adjusted using the P. A. T. and G. P. A.

covariates. Table 12 gives the means of the raw data for the four

measures accompanied by the standard error of the adjusted means,

for each of the three groupings, Fall, Spring, and Combined.

H6 There is no difference between control and experimental

groups as measured by counts of syntax and logic errors

on a test problem administered at the end of the ninth

week in the course.

The measures utilized in testing H6 are counts of syntax and

logic errors as determined by the compiler and the instructor from an

in-class test problem.

Descriptive analyses of the collected data are found in Tables

A4-A9, page two (Appendix), while the original data are found in

Table A10 (Appendix).

Statistical test results are summarized in Table 15 (page 89).

In addition to the statistical test results, the means of the

various measures were adjusted using the P. A. T. and G. P. A.

covariates. Table 14 (page >3) gives the means of the raw data for



Table 12. Raw and Adjusted Means for H5.

Group
Fall Spring Combined

t/s b t/s b t/s

Syntax errors, Test 1
Mean (unadjusted) 1. 64 0. 73 0. 70 O. 89 1. 19 0. 80
Adjusted mean 1. 45 0. 91 O. 51 1. 10 1. 01 O. 99

SE of adjusted mean 0. 35 0. 35 O. 29 O. 30 0. 23 0.24

Logic errors, Test 1
Mean (unadjusted) 1. 00 1. 27 1. 40 O. 56 1. 19 0. 95
Adjusted mean 0. 93 1.35 1. 34 O. 62 1. 14 1. 00

SE of adjusted mean O. 33 O. 33 0. 27 O. 29 O. 21 0. 22

t/s = time-sharing; b = batch processing
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Table 13. Tabulation of Statistical Tests for Hypothesis H5. Measures
for all tests are syntax and logic error counts for Test 1.

Fall Spring Combined
t/s=11 students t/s=10 students t/s=21 students

b=11 students b= 9 students b=20 students
syntax logic syntax logic syntax logic
errors errors errors errors errors errors

Student's t testa
t 1. 720 -.637 -1.280 2. 396a* . 95 1 . 822

n. d. f. 20 20 17 17 39 39

Mann-Whitney U testb

U (11, 11) (11, 11) (9, 10) (9, 10) (20, 21) (20, 21)
36.5 40 49.5 21.5 171.5 190.5

ANOVA F test

(1, 20) (1, 17) (1, 17)

1. 0041

(1, 39)

. 50860

(1, 39)F (1, 20)
2. 959 . 405 . 169 5. 406* 1. 162 . 676

ANCOVA F testc

(1, 18) (1, 15) (1, 15) (1, 37) (1, 37)F (1, 18)
1. 078 . 739 1. 908 3. 110 . 005 . 191

*Implies significance at the 5% level.
at Test is computed as no common variance or common variance as
applicable based on F test for equality of variance.
z for normal distribution reported if the number of observations
exceeds 20.

b

c Covariates are P. A. T. and G. P. A.
t/s = time-sharing; b = batch processing
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the four measures of H6, together with the adjusted means, for each

of the three groupings, Fall, Spring, and Combined.

The results of the applications of the four statistical techniques

to the data for hypothesis H6 for the Fall, experimental (time-sharing)

versus the Fall control (batch) group for syntax errors for Test two

are as follows:

t = 1. 171 with n. d. f. = 16

U
(9, 9)

= 32. 5

ANOVA F = 1. 371
(1, 16)

ANCOVA F = 092
(1, 14)

while for the Spring experimental versus control groups for syntax

errors, the tests are:

t = 639 with n. d. f. = 12

U =(6, 8) 19.5

ANOVA F = . 408
(1, 12)

ANCOVA F = 004
(1, 10)

and for the Combined Fall and Spring groups for syntax errors the

four test results are:

t = 1. 256 with n. d. f. = 30U=(15, 17) 100. 5

ANOVA F (1, 30)
= 1. 578

ANCOVA F (1, 28)
= . 049

None of these is significant at the 5% level.
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For logic errors for Test two, the tests for H for the Fall

group are:

t = 324 with n. d. f. = 16

U
(9, 9)

= 36.5

ANOVA F = 105
(1, 16)

ANCOVA F = . 765
(1, 14)

while for the Spring group the tests are:

t = . 346 with n. d. f. = 12

U (6, 8)
19.5

ANOVA F = . 120
(1, 12)

ANCOVA F = .223
(1, 10)

For the Combined groups these results are:

t = 505 with n. d. f. = 30

U (15, 17)
= 110

ANOVA F (1, 30)
= . 255

ANCOVA F = .549
(1, 28)

None of these results is significant at the 5% level.

Thus, H6 fails to be rejected for either syntax or logic errors

for any of the three groupings of students.

The only equitable means for establishing cost, under the

currently established statistics and billing system, is to report the

total costs for time-sharing use and the total costs for batch use for

the periods covered by stage one of the experimentthat is, for the

first three weeks of each semester.



Table 14. Raw and Adjusted Means for H6.

Group
Fall Spring Combined

t/s b t /s b t/s

Number of syntax errors, Test 2

Mean (unadjusted) 1. 56 0. 78 1. 83 1. 25 1. 67 1. 00

Adjusted mean 1. 06 1. 27 1. 47 1. 52 1. 37 1. 26

SE of adjusted mean 0. 44 0. 44 O. 69 O. 59 0. 37 0. 35

Number of logic errors, Test 2
0.50 0.38 O. 53 0.41Mean (unadjusted) 0. 56 0.44

Adjusted mean 0. 35 0. 65 0. 33 0. 50 0. 38 0.54
SE of adjusted mean 0. 22 0.22 0.26 0.22 0. 15 0. 14

t /s = time-sharing; b = batch processing
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Table 15. Tabulation of Statistical Tests for Hypothesis H6. Mea-
sures for all tests are syntax and logic error counts for
Test 2.

Fall Spring Combined
t/s=9 students t/s=6 students t/s=15 students

b =9 students b=8 students b=17 students
syntax logic syntax logic syntax logic
errors errors errors errors errors errors

Student's t testa
t 1. 171a . 324

n. d. f. 16 16

Mann-Whitney U test

. 639
12

. 346
12

1. 256
30

505
30

U (9, 9) (9, 9) (6, 8) (6, 8) (15, 17) (15, 17)
32.5

z
36.5 19.5 19.5 100.5 110.0

ANOVA F test

F (1, 16) (1, 16) (1, 12) (1, 12) (1, 30) (1, 30)
1. 371 . 105 . 408 . 120 1. 578 . 255

ANCOVA F testc

F (1, 14) (1, 14) (1, 10) (1, 10) (1, 28) (1, 28)
. 092 . 765 004 . 223 . 049 . 549

*Implies significance at the 5% level.

at Test is computed as no common variance or common variance as
applicable based on. F test for equality of variance.

bz for normal distribution reported if the number of observations
exceeds 20.

cCovariates are P. A. T. and G. P. A.

t/s = time-sharing; b = batch processing
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The total costs for each mode are computed in the following

manner:

Time-sharing; $ . 12 perminute of log-on time plus

$2. 62 perminute of C. P. U. time used.

Batch: $ . 0006 per card read plus

$ .005 per line printer page used plus

$2. 62 per minute of C. P. U. time used.

The figures were not available on a weekly basis, so the monthly

figures were used and adjusted appropriately for the three weeks

time period.

The total Fall batch cost for the first three weeks of the

semester was computed as approximately $350 vs. the total Fall

time-sharing cost of approximately $851. The Spring figures are

approximately $293 and $984 for batch and time-sharing respectively.

Combined costs are thus approximately $643 for batch and $1, 935 for

time-sharing or approximately 2. 9 times as costly for time-sharing.

It must be noted in examining these costs that students are

under no restraints to minimize computer time in any fashion.

The final reporting for results is contained in Table 16.

Sackman (54, p. 249) lists three questions in his pre-test/post-test

questionnaire (numbered four, five, and six in the reference) which

this author thought should be included in the final student questionnaire



Table 16. Summary of Descriptive Statistics of Results of Final Questionnaire.

Question 3 Question 4 Question 5
Fall Spring Combined Fall Spring Combined Fall Spring Combined

No. of students
completing course 18 14 32 18 14 32 18 14 32

Mean 5.44 5.86 5.62 6.72 6.86 6.78 4.7 4.79 4.72

Average deviation 2.28 2.29 2.27 1. 59 2. 02 1. 77 1.93 2. 47 2. 16

Median 6 5.5 6 7 7.5 7 5.5 4.5 4.75

Variance 6.73 6.90 6.63 4.21 5.52 4.63 5.5 9.22 6.88

Standard deviation 2.59 2.63 2.57 2.05 2. 35 2. 15 2. 35 3. 04 2. 62

Coefficient of variation . 48 .4S . 46 . 3 1 . 34 .31 . 503 . 63 . S6

Range - high 9 9 9 9 9 9 7 9 9

Range - low 1 2 1 2 3 2 0 0 0

Skewness direction left left left left left left left left left

Relative skewness . 004 . 002 . 003 . 59 .26 .40 .47 . 0001 . 007

Kurtosis value 1.59 1.44 1.60 2.58 1. 64 2. 16 2. OS 1.65 1.98

Kurtosis type PLATY PLATY PLATY PLATY PLATY PLATY PLATY PLATY PLATY

% Preferring time-sharing 67 54 56

s.0
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as questions three, four, and five (Appendix). One additional question

was included as question number six to ascertain which mode, batch

or time -sharing, students preferred.

Descriptive statistical measures were collected for these items

and are reported in Table 16.

Sackman (54, p. 156) reports the post-test results for his total

sample as follows:

Mean
Standard
deviation

No. of
students

Computer Experience (months) 4. 83 4. 75 403

Batch Value 4. 88 2. 38 395

Time -sharing Value 4. 78 2. 91 398

Batch vs. Time-sharing 5. 16 2. 56 404
(long-term value)

while the results for this study are as listed below:

Mean
Standard
deviation

No. of
students

Computer Experience (months) 1. 38 2.55 32

Batch Value 5. 62 2. 57 32

Time-sharing Value 6. 78 2. 15 32

Batch vs. Time-sharing 4. 72 2. 62 32

(long-term value)

Sackman's results are reported as post-test results after student

interaction with the Burroughs B5500 system at the USAF Academy.

Sackman (54, p. 162-163) notes that pre-test results favored time-

sharing over batch, but that the effects of computer system service

resulted in the shift toward student's favoring batch as noted above.



CHAPTER V

CONCLUSIONS

Resume of the Study

Background

93

The teaching of programming has, in recent years, become an

accepted part of the curricular offerings of many universities,

colleges, community colleges and even secondary schools. There

exist many controversies regarding the teaching of programming,

even at the introductory level, of which one, emanating from the

comparatively recent introduction of time-sharing facilities as

available tools for student use, is the question of superiority of the

use of such facilities in the process of learning to program at an

introductory level as opposed to the use of the traditional batch

processing facilities.

Statement of the Problem

The purpose of this study has been to determine if the use of

time-sharing facilities in the teaching of introductory Fortran pro-

gramming at the university level is significantly (5% level) different

from the use of the more conventional batch processing facilities in

such a class.
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The measures for which differences were sought were counts of

syntax errors, counts of logic errors, number of runs required for

successful completion of assigned problems, and the number of

minutes required to prepare the first run.

The hypotheses tested are:

Hl There is no difference between control and experimental groups

as measured by the number of minutes required to prepare the

initial run for each of three problems.

H2 There is no difference between control and experimental groups

as measured by the number of syntax errors detected for each

of three problems.

H3 There is no difference between control and experimental groups

as measured by the number of logic errors detected for each

of three problems.

H4 There is no difference between control and experimental groups

as measured by the total number of runs required for a correct

solution of each problem.

H5 There is no difference between control and experimental groups

as measured by counts of syntax and logic errors on a test

problem.

H6 There is no difference between control and experimental groups

as measured by counts of syntax and logic errors on a test

problem administered at the end of the ninth week in the course.
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The Population

The control (batch processing) and experimental (time-sharing)

groups were formed from the random assignment of students in the

author's Fall semester class in Elementary Computer Programming

(in Fortran), during academic year 1971-1972 at the University of

Nevada, Las Vegas. UNLV is essentially a commuter university of

some 6,000 students. Each group initially contained 11 students, but

each contained only nine students at the semester's end. The study

was then replicated in the author's Spring semester class, composed

of nine students in the control group and ten in the experimental group.

Attrition reduced these groups to eight students in the control group

and six in the experimental group. These attritions in both semesters

have affect only in the last hypothesis (H6) tested and in the descrip-

tive information about student ages and operational mode evaluation

collected at the end of the term. All 41 students were measured in

testing the first five hypotheses.

Experimental Design

In order to control rival hypotheses, the experiment was

designed to include random assignment of students to control (batch

processing) and experimental (time-sharing) groups, a three-week

treatment period, and a post-test in the form of an in-class test
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problem, conforming to a Posttest-only Control Group design as

detailed by Campbell and Stanley (8, p. 195-197). This post-test

provides measures for H5, while intermediate problem solutions

during the treatment period provide measures for H1, H2, H3, and

H4.

A second test problem, administered at the end of the ninth

week, provides the measures for H6.

Experimental Procedures

The computer facility utilized for the duration of the study was

an XDS Sigma 7 computer (64K) and the associated BTM monitor

software, physically located at the University of Nevada, Reno,

campus.

Facilities used by students on the University of Nevada, Las

Vegas, campus were ASR-33 teletypes for time-sharing and an XDS

remote batch terminal (Univac DCT2000) for batch processing. These

facilities are connected to the Reno computer via telephone line.

To control physical variables, the method of submitting and

executing time-sharing programs was designed to closely approximate

the methods of batch processing in that the sequence of operations is

compile, load, and execute. The major physical difference between

the methods is to be noted in the punching of cards for batch processing

vs. creating a file of card images on disc storage for time-sharing.
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Students in the control (batch processing) group were required

to correctly complete three problems of a numerical nature over the

first three-week period of the class by submitting punched card decks

to the Computer Center for normal (usually less than one hour turn-

around time) batch processing, keeping a Log form (Appendix) of the

number of minutes to prepare run number 1, the number of runs

required to correctly solve the problem, and the numbers of syntax

and logic errors encountered for each run. Students in the experi-

mental group fulfilled the same requirements, except that they were

required to submit programs via teletype to interactive time-sharing

processing.

Two subsequent test (in-class) problems were completed by the

students and analyzed by the instructor. These were administered

at the end of the three weeks and at the end of the ninth week, with

the second test performed after every student had submitted a mini-

mum of one program utilizing the alternate method of program sub-

miss ion.

The study was then repeated in the succeeding semester.

Results of Statistical Tests of the Hypotheses

The measures of H1, H2, H3, and H4 were taken from a student-

prepared Log form submitted with each of the three problems (Appen-

dix). These measures include the number of runs required to obtain a
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correct run, the number of minutes required to flowchart, code, and

keypunch or type the initial run, and the numbers of syntax errors and

the numbers of logic errors for each run. These measures are

obtained for each individual for each separate class and for the

combined classes and subjected to tests of t (Student's) using the

appropriate model for variance, U (Mann-Whitney), and F (Analysis

of Variance), and F (Analysis of Covariance) using IBM Aptitude Test

for Programming Personnel scores and grade point average as

covariates. Mann-Whitney U is utilized in recognition of its superi-

ority over Students t for small groups (45). All four hypotheses (H1,

H2, H3, and H4) fail to be rejected at the 5% level.

The measures for H5 and H6 are test problems for which counts

of syntax and logic errors are kept and tested for significant differ-

ences as are H1, H2, H3, and H4. The first test is administered at

the end of three weeks and the second at the end of the ninth week.

Statistical tests, as for the other hypotheses, fail to be significant at

the 5% level, thus failing to reject H5 or H6.

All six hypotheses, stated in null form, failed to be rejected at

the 5% level.

Conclusions

The failure to reject any of the six hypotheses, designed to detect

differences between control (batch processing) and experimental
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(time-sharing) groups on measures of time required to prepare the

initial run, number of runs required for successful problem comple-

tion, and numbers of syntax and logic errors detected per run argues

that there is no difference in utilizing time-sharing or fast batch

processing in the teaching of elementary Fortran, when limited to the

kinds of numerical problems utilized to illustrate uses of particular

language features, provided the facilities used are comparable to the

degree maintained in this study.

Implications for Teaching Introductory Fortran

The cost figures encountered during the study, computed from

normal computer billings adjusted for the first three-week period of

the two replications, indicate an approximate ratio of 2. 9 to 1 more

costly for time-sharing. Coupled with cost figures reported for other

comparative studies, this figure and the failure to reject any of the six

hypotheses argue powerfully against the use of time-sharing facilities

as an economic method to utilize when teaching elementary computer

programming (in Fortran), presuming that both batch processing and

time-sharing facilities are readily available.

However, the failure to differentiate between the two modes also

implies, provided further studies in similar areas obtain similar

results, that a teacher faced with the necessity to teach elementary

Fortran programming need not be unduly concerned that he has
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available only one or the other of the two kinds of facilities, provided

that the type of service available is of good quality.

Suggestions for Further Research

This author was, because of his own bias toward time-sharing,

somewhat surprised at the results of this study. It would seem that

some set of relevant variables is not included in the study. In fact,

many potentially relevant measures were not collected in order to

delimit the study.

Any further study of this particular sort should incorporate a

special compiler and loader software combination which would record

identification numbers, numbers of syntax errors, numbers of runs

for a particular program, etc. to eliminate potential inaccuracies in

student log-type reporting.

Additional studies, of similar constraints in comparability of

facilities, should be attempted to investigate two aspects not

attempted in this study. One of these aspects is the choice of language,

in this case Fortran. It may be that similar studies using other

languages might show the results obtained here to be language

dependent. The second aspect relates to problem choice. Similar

studies, using Fortran, but choosing different types of problems, may

obtain different results indicating a dependency on problem selection.
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However, the major recommendation of this author has to do

with two aspects. Sackman (54, p. 234-235) attempts to develop an

hypothesis that states, among other things, that computer develop-

ments are likely to continue to enhance human intelligence in an

increasing diversity of problematic areas.

One of the aspects of this author's recommendations, then, is

intensive investigations by inter-disciplinary teams to identify and

classify the requisite knowledge and skills that constitute program-

ming expertise and to investigate the most meaningful methods for

imparting such knowledge and developing and increasing the level of

such skills.

Second, the author suspects that the lack of distinct student

preference for one mode and the failure to differentiate between batch

and time-sharing in this study may be due to the fact that, as computer

scientists and even as teachers, we have failed to identify the kinds

of areas of study for which time-sharing, with its rather instantaneous

rate of response, is superior to any sort of batch. Thus, it may be

that learning to use time-sharing may be more valuable to approaching

problems which have no particular "best" solution. These kinds of

problems may require the identification of particular learning skills

or problem-solving techniques for which there is available now only

minimal information.
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The foregoing commentary indicates that further experiments,

constrained to the disciplines of learning theory, of the caliber of

Sackman's (54) work should be performed to ascertain exactly which

variables, such as feedback scheduling, have the greatest import in

learning to program effectively. There is a need to develop a theory

of programming as there is to develop a theory of teaching program-

ming.

It is also evident, as cited by Sackman (54, p. 183) and Weinberg

(75, p. 35-36) that individual differences play a greater role in pro-

gramming success than does either time-sharing or batch, or for that

matter, probably as well, remote batch. Some students, in this

study, with a lower entering G. P. A. proceeded well throughout the

course while some with a higher G. P. A. consistently had problems

observed by the instructor. No particular trait or difficulty was

easily notable.

Also in agreement with Sackman (54, p, 182) and Weinberg

(75, p. 124), it must be noted that complexities of systems contribute

to results in any such study as this. It may be that a system more

user-oriented than the XDS BTM system in use for this study might

show significant differences in that some individual differences might

be enhanced, magnified, or blunted by particularly complex and/or

restrictive systems.
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This study represents one clear response to Sackman's (54,

ID. 239) request for comparison between time-sharing and "fast"

batch. However, the failure to differentiate between the modes need

not be that there is no real difference. It may well be that we have

yet to learn what constitutes efficient use of a time-sharing terminal.

These considerations were, however, beyond the scope of this study.
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PROJECT #

SAMPLE STUDENT LOG SHEET

1. Total number of runs

2. Run #

2

3

4

5

6

7

8

9

10

Batch Log

# Syntax errs # Logic errs

3. Estimate your time in preparing for run #1 (include flow-
charting, coding, punching, etc. to the nearest 5 min. )

REMEMBER TO TURN IN LISTING & CORRECT RUN & FLOWCHARTS



PROJECT #

SAMPLE STUDENT LOG SHEET

Time-share Log

1, Total number of runs

2, Run # 1

2

3

4

5

6

7

8

9

10

112

# Syntax errs # Logic errs

3. Estimate your time in preparing for run #1 (include flowcharting,
coding, typing and editing, etc. ) to the nearest 5 min, )

REMEMBER TO TURN IN LISTING & CORRECT RUN & FLOWCHARTS



SAMPLE FINAL QUESTIONNAIRE

1. How many months experience have you had with computer

language and computer systems? (prior to this

class)

2. Sex Age

Freshman Soph Junior Sr. Grad.

113

Circle the number that best represents your evaluation:
3. What is the value of the batch processing system in helping you

to analyze and solve computer related problems?

0 1 2 3 4 5 6 7 8 9

No Great
value value

4. What is the value of the time-sharing system in helping you to
analyze and solve computer related problems?
0 1 2 3 4 5 6 7 8 9

No Great
value value

5. What is your estimate of the long-term value of batch vs. time-
sharing for analyzing and solving data processing problems that
you are likely to encounter over the course of your career ?

0 1 2 3 4 5 6 7 8 9

Batch The Time-sharing
superior same superior

6. Which do you prefer to use to solve computer related problems,
assuming that batch and time-sharing have identical available
facilities in terms of core size, peripheral access, etc. ?

Time sharing Batch processing



114

7. Comment as you choose regarding the value of the course,
changes needed, suitability of assignments, etc.



Appendix Table A1. Summary of Descriptive Statistics- -Fall Group.

Covariates
Minutes Runs

Total
problems

1-3
problem

1

problem
2

problem
3

Total
problems

1-3
problem

1

problem
2

problem
3

P. A. T. G. P. A.

No. of subjects 22 22 22 22 22 22 22 22 22 22

Mean 59.40 2.89 308.5 4 1. 45 81.14 185. 9 1 14.36 2.77 4.14 7.45

Average deviation 8. 84 .54 69 15. 35 28.37 43.64 3. 83 1.06 1. 26 6. 54

Median 54.88 2.98 290 35 67.5 185 14 3 4 6.5

Variance 127. 13 .40 8463.31 350. 35 149 O. 31 2722.94 33.96 2.28 3.08 17.59

Standard deviation 11. 28 . 64 9 1. 99 18. 72 38. 60 52. 18 5. 83 1. 51 1. 75 4. 19

Coefficient of variation . 189 .22 . 30 .45 .48 . 28 .41 . 54 .42 .56

Range-high 81 3.78 525 75 180 270 33 7 9 21

Range - low 44. 25 1. 89 185 20 45 105 6 1 1 2

Skewness direction right left right right right right right right right right

Relative skewness .99 . 004 1. 06 . 54 2. 36 . 001 2. 17 1. 48 . 64 2. 56

Kurtosis value 2.41 1.54 3.41 2. 10 4.37 1.73 5. 79 4.35 3.97 5.82

Kurtosis type PLATY PLATY LEPTO PLATY LEPTO PLATY LEPTO LEPTO LEPTO LEPTO

(Continued on next page)



Appendix Table A1. (Continued)

Syntax errors Logic errors
Total Total

problems problem problem problem test test problems problem problem problem test test
1-3 1 2 3 1 2 1-3 1 2 3 1 2

No. of subj ects 22 22 22 22 22 18 22 22 22 22 22 18

Mean 33.64 7.36 8.23 22.59 1.18 1.17 6.59 .14 1.55 4.91 1.14 .50

Average deviation 20.47 7.31 6.04 17. 16 1. 12 1.02 2. 79 . 25 1. 10 2.35 . 73 . 61

Median 25.5 3.5 5 14 1 1 5.5 0 1 4 1 0

Variance 850.24 111.29 61.23 514.92 1.68 2.03 17.40 .22 2.07 12.85 .98 .50

Standard deviation 29. 16 10.55 7.83 22.69 1.29 1.42 4. 17 .47 1.44 3.58 .99 .71

Coefficient of variation .87 1.43 .95 1. 00 1. 10 1. 22 . 63 3. 43 .93 . 73 . 87 1.41

Range - high 132 39 26 98 4 5 22 2 6 18 4 2

Range - low 4 0 0 1 0 0 2 0 0 1 0 0

Skewness direction right right right right right right right right right right right right

Relative skewness 3. 35 3. 84 1. 34 2. 77 . 34 2.00 5. 05 10. 83 1. 69 4.99 . 83 1. 00

Kurtosis value 6.65 5.90 2.94 6. 12 1.99 4.21 9. 11 12.58 4.90 8.72 3.99 2.62

Kurtosis type LEPTO LEPTO PLATY LEPTO PLATY LEPTO LEPTO LEPTO LEPTO LEPTO LEPTO PLATY



Appendix Table A2. Summary of Descriptive Statistics--Spring Group.

Covariates
Minutes Runs

Total
problems

1-3
problem

1

problem
2

problem
3

Total
problems

1-3
problem

1

problem
2

problem
3

P. A. T. G. P. A.

No. of subj ects 19 19 19 19 19 19 19 19 19 19

Mean 63.03 2.66 305.26 40.53 79.21 185.53 14.52 2. 84 4.63 7. 11

Average deviation 8. 12 .56 83.46 13. 24 30.06 53. 82 3. 14 . 83 1.43 2. 04

Median 58 2.51 300 40 75 180 14 3 4 6

Variance 92. 70 .43 12459. 64 330. 26 2000.73 4333. 04 15.49 1. 14 3. 25 6. 54

Standard deviation 9.63 .65 111.62 18. 17 44.73 65. 83 3.94 1.07 1.80 2. 56

Coefficient of variation . 15 .25 . 37 .45 . 56 . 35 .27 . 38 .39 . 36

Range - high 80 3.73 560 90 210 300 24 5 9 12

Range -low 55.75 1.61 165 15 35 110 8 1 2 4

Skewness direction right right right right right right right right right right

Relative skewness .92 . 003 .85 .74 2. 76 .41 . 28 . 0001 .81 . 55

Kurtosis value 2.00 1.72 3.03 3.87 5-.20 1.98 .280 2.33 3.08 2.25

Kurtosis type PLATY PLATY LEPTO LEPTO LEPTO PLATY PLATY PLATY LEPTO PLATY

(Continued on next page)



Appendix Table A2. (Continued)

Syntax errors Logic errors
Total

problems
1-3

problem problem
1 2

problem
3

test
1

test
2

Total
problems

1-3
problem problem

1 2

problem
3

test
1

test
2

No. of subjects 19 19 19 19 19 14 19 19 19 19 19 14

Mean 30.74 6.47 7. 11 17. 16 .79 1.5 6.53 . 11 1.95 4.47 1 .43

Average deviation 10. 12 4. 86 3.72 9.20 .75 1. 36 2. 19 . 19 . 70 1. 75 . 63 , 55

Median 29 4 5 18 1 1.5 6 0 2 4 1 0

Variance 186.21 42.93 20.66 118.25 .95 2.73 6.26 .009 1.05 4.26 .78 .42

Standard deviation 13.65 6. 55 4. 54 10. 87 . 98 1.65 2. 50 . 32 1. 03 2. 06 . 88 .65

Coefficient of variation . 44 1.01 .64 . 63 1.24 1. 10 .38 3. 00 . S3 .46 .88 1.51

Range - high 67 26 17 37 3 5 11 1 4 8 3

Range - low 4 0 2 1 0 0 3 0 0 2 0 0

Skewness direction right right right right right symm right right right right syrnm right

Relative skewness .41 2. 58 .63 .003 1. 28 .51 . 12 6. 27 . 17 .24 . 24 1. 25

Kurtosis value 3.89 4.98 2. 32 1.80 3.27 2.32 1.63 7.22 2.83 1.75 2.38 3.01

Kurtosis type LEPTO LEPTO PLATY PLATY LEPTO PLATY PLATY LEPTO PLATY PLATY PLATY LEPTO



Appendix Table A3. Summary of Descriptive Statistics--Total Group.

Covariates
Minutes Runs

Total
problems

1-3
problem

1

problem
2

problem
3

Total
problems

1-3
problem

1

problem
2

problem
3

P. A. T. G. P. A.

No. of subjects 41 41 41 41 41 41 41 41 41 41

Mean 61.08 2.79 307 41.02 80.24 185.73 14.44 2.80 4.37 7.29

Average deviation 8.58 .57 75.61 14.37 29. 11 48.38 3.51 .96 1.34 2.53

Median 57 2.83 290 35 70 180 14 3 4 6

Variance 111.81 .418 10052.8 332.77 1683.69 3379.45 24.8 1.71 3.14 12.21

Standard deviation 10. 57 .65 100. 26 18. 24 41. 03 58. 13 4. 98 1. 3 1. 77 3.49

Coefficient of variation . 17 . 23 . 33 .44 .51 . 31 . 34 .46 . 41 . 48

Range - high 81 3.78 560 90 210 300 33 7 9 21

Range - low 44.25 1.61 165 15 35 105 6 1 1 2

Skewness direction right left right right right right right right right right

Relative skewness . 77 .0001 .96 .64 2.66 .21 1. 79 .93 . 71 2.72

Kurtosis value 2.26 1.62 3.35 2.94 5.06 2.05 6. 12 4.42 3.64 6.88

Kurtosis type PLATY PLATY LEPTO PLATY LEPTO PLATY LEPTO LEPTO LEPTO LEPTO

(Continued on next page)



Appendix Table A3. (continued)

Syntax errors Logic errors
Total

problems
1-3

problem problem
1 2

problem
3

test
1

test
2

Total
problems

1-3
problem problem

1 2

problem
3

test
1

test
2

No. of subjects 41 41 41 41 41 32 41 41 41 41 41 32

Mean 32.29 6.95 7.71 20. 07 1 1.31 6. 56 . 12 1. 73 4. 71 1. 07 . 47

Average deviation 15. 71 6. 18 4.97 13, 35 .93 1.20 2.51 . 22 .97 2.08 .69 . 59

Median 29 4 5 15 1 1 6 0 2 4 1 0

Variance 532.31 77.95 41.76 331.07 1.35 2.29 11.95 .16 1.60 8.71 .87 .45

Standard deviation 23.07 8.83 6.46 18.20 1. 16 1.51 3.46 .40 1.27 2.95 .93 .67

Coefficient of variation . 71 1. 27 . 84 .90 1. 16 1. 15 . 53 3. 27 . 73 . 63 . 87 1. 43

Range - high 132 39 26 98 4 5 22 2 6 18 4 2

Range - low 4 0 0 1 0 0 2 0 0 1 0 0

Skewness direction right right right right right right right right right right right right

Relative skewness 4.46 4.47 1.76 3.89 .74 1. 18 4.60 11.3 . 9 1 5.21 .61 1. 15

Kurtosis value 9.58 7.27 3.92 8.93 2.55 3.22 10.40 13.9 4.47 10.72 3.65 2. 89

Kurtosis type LEPTO LEPTO LEPTO LEPTO PLATY LEPTO LEPTO LEPTO LEPTO LEPTO LEPTO PLATY



Appendix Table A4. Summary of Descriptive Statistics - -Fall Time-sharing.

Covariat es
Minutes Runs

Total
problems

1-3
problem

1

problem
2

problem
3

Total
problems

1-3
problem

1

problem
2

problem
3

P. A. T. G. P. A.

No. of subj ects 11 11 11 11 11 11 11 11 11 11

Mean 58.45 2.66 317 42.91 82.73 191.36 16.55 3 4.73 8.82

Average deviation 7.25 .54 64.91 14.2S 28.02 43.31 4. 88 1.27 1.57 3.62

Median 54.25 2.57 290 35 65 190 15 3 5 8

Variance 102.21 .42 7709 326.09 1466.82 2785.45 48.67 3.60 4.62 25.55

Standard deviation 10. 11 .65 87.80 18.06 38.30 52.78 6.98 1.90 2. 15 5.06

Coefficient of variation . 17 .24 .28 .42 . 47 .28 .42 . 63 .45 57

Range - high 78.5 3.75 525 75 180 270 33 7 9 21

Range - low 49.75 1.89 210 25 55 120 7 1 1 4

Skewness direction right right right right right right right right le ft right

Relative skewness 1.62 . 19 1. 13 .81 2.48 .002 1.20 1. 11 .09 1.58

Kurtosis value 2.93 1.73 3.55 2.22 4.36 1.52 3.64 2.87 2.69 3.70

Kurtosis type PLATY PLATY LEPTO PLATY LEPTO PLATY LEPTO PLATY PLATY LEPTO

(Continued on next page)



Appendix Table A4. (Continued)

Syntax errors LDRic errors

Total
problems

1-3
problem problem

1 2

problem
3

test
1

test
2

Total
problems

1-3
problem problem

1 2

problem
3

test
1

test
2

No. of subjects 11 11 11 11 11 9 11 11 11 11 11 9

Mean 40.27 10.10 9.73 29.55 1.63 1.56 7.91 .18 1.82 5.91 1 .56

Average deviation 27.98 10.68 7.60 19.32 1. 13 1.41 3_. 17 . 33 1.29 2.98 . 73 . 62

Median 28 4 6 23 2 1 7 0 2 5 1 0

Variance 1402.62 195.69 88.42 738.27 1.85 3.28 26.70 .36 3.16 20.29 1.40 .53

Standard deviation 35. 71 13.99 9.40 27. 17 L 36 1. 81 5. 17 . 60 1. 78 4.50 1. 18 . 73

Coefficient of variation . 89 1.39 .97 .92 . 83 1. 16 .65 3. 32 .98 .76 1. 18 1. 31

Range - high 132 39 26 98 4 5 22 2 6 18 4 2

Range - low 6 0 0 4 0 0 3 0 0 2 0 0

Skewness direction right right right right right right right right right right right right

Relative skewness 1.93 1.49 .58 1.90 .004 .85 3.44 7.36 1.04 3. 17 2. 10 .62

Kurtosis value 3.86 2.79 1.89 4.27 1. 75 2.26 5.69 8. 27 3.43 5.34 4.39 2. 22

Kurtosis type LEPTO PLATY PLATY LEPTO PLATY PLATY LEPTO LEPTO LEPTO LEPTO LEPTO PLATY



Appendix Table A5. Summary of Descriptive Statistics--Fall Batch.

Covariates
Minutes Runs

Total
problems

1-3
problem

1

problem
2

problem
3

Total
problems

1-3
problem

1

problem
2

problem
3

P. A. T. G. P. A.

No. of subjects 11 11 11 11 11 11 11 11 11 11

Mean 60. 34 3.13 300 40 79.55 180.46 12.18 2.54 3.55 6.09

Average deviation 10.41 .44 70.91 16.36 28.51 43.22 2.56 . 86 .86 1.92

Median 55.25 3.33 290 35 70 180 12 3 4 6

Variance 162.81 .31 9905 405.00 1657.27 2867.27 12.16 1.07 1.07 7.29

Standard deviation 12. 76 .56 99.52 20. 12 40.71 53. 55 3.49 1.04 1.03 2.70

Coefficient of variation . 21 , . 18 .33 .50 .51 .30 .29 .41 .29 .44

Range - high 81 3.78 525 75 180 270 19 4 5 12

Range - low 44. 25 2. 1 185 20 4S 105 6 1 2 2

Skewness direction right left right right right right right left left right

Relative skewness . 52 .78 1. 07 .40 2.11 .03 .002 . 001 .01 .30

Kurtosis value 1.85 2.39 3. 12 1.79 4.01 1.78 2.70 1.81 1.81 3.06

Kurtosis type PLATY PLATY LEPTO PLATY LEPTO PLATY PIATY PLATY PLATY LEPTO

(Continued on next page)



Appendix Table A5. (Continued)

Syntax errors Logic errors
Total

problems
1-3

problem problem
1 2

problem
3

test
1

Total
test problems
2 1-3

problem problem
1 2

problem
3

test
1

test
2

No. of subjects 11 11 11 11 11 9 11 11 11 11 11 9

Mean 27 4.63 6.73 15.64 .73 .78 5.27 .09 1.27 3.91 1.27 .44

Average deviation 14. 73 3.79 4.33 12. 38 93 .69 1. 85 . 17 . 76 1.55 . 66 .59

Median 23 3 5 12 0 1 5 0 1 4 1 0

Variance 286 21.65 35.22 236.66 1. 22 .69 6. 02 . 9 1 1. 02 4.49 .62 . 53

Standard deviation 16. 9 1 4.65 5.93 15.38 1. 10 .83 2.45 . 30 1.01 2. 12 . 79 . 73

Coefficient of variation .63 1. 00 . 88 .98 1. 52 1. 07 .47 3. 32 .79 .54 . 62 1. 63

Range - high 52 13 21 43 3 2 9 1 3 8 2 2

Range - low 4 0 1 1 0 0 2 0 0 1 0 0

Skewness direction right right right right right right right right right right left right

Relative skewness .0007 .49 1.94 .58 .96 . 15 . 11 7.36 .39 .39 .22 1.36

Kurtosis value 1.45 1.98 3.73 1.85 2.28 1.54 1.87 8.27 2.25 2.34 1.75 2.82

Kurtosis type PLATY PLATY LEPTO PLATY PLATY PLATY PLATY LEPTO PLATY PLATY PLATY PLATY



Appendix Table A6. Summary of Descriptive Statistics--Spring Time-sharing.

Covariates
Minutes Runs

Total
problems

1-3
problem

1

problem
2

problem
3

Total
problems

1-3
problem

1

problem
2

problem
3

P.A. T. G. P. A.

No. of subjects 10 10 10 10 10 10 10 10 10 10

Mean 59.83 2.53 293.5 37 71.5 185 15.2 2.90 4.8 7.5

Average deviation 4.19 . 34 62.5 8 18.2 54 3.64 .92 1.72 2.4

Median 57.25 2.41 285 37.5 75 167.5 14.5 3 4 7

Variance 45.49 .22 6472.5 123.33 544.72 4733.33 21.96 1.43 4.84 8.28

Standard deviation 6.74 .47 80.45 11.11 23.34 68.80 4.69 1.19 2.20 2.88

Coefficient of variation . 11 . 19 .27 .30 .33 .37 .31 .41 .46 .38

Range - high 78 3.42 445 55 110 300 24 5 9 12

Range - low 55.75 2 170 15 35 120 8 1 2 4

Skewness direction right right right left left right right right right right

Relative skewness 4.30 .79 . 14 . 20 ..001 . 54 . 07 . 03 . 66 . 05

Kurtosis value 5.92 2.45 2.24 2.69 1.97 2.01 2.26 2.02 2.33 1.54

Kurtosis type LEPTO PLATY PLATY PLATY PLATY PLATY PLATY PLATY PLATY PLATY

(Continued on next page)



Appendix Table A6 (Continued)

Syntax errors Logic errors
Total

problems
1-3

problem problem
1 2

problem
3

test
1

test
2

Total
problems

1-3
problem problem

1 2

problem
3

test
1

test
2

No. of subjects 10 10 10 10 10 6 10 10 10 10 10 6

Mean 27 5. 1 6.7 15.2 .7 1.83 7.2 .2 2 5 1.4 .5

Average deviation 9.4 2.94 3.64 8.44 .7 1.22 2. 6 . 32 1 2 .8

Median 25.5 4 5 12 .5 2 7.5 0 2 4.5 1.5 .5

Variance 150.89 15.66 22.01 104.84 .9 3.37 8.18 .18 1.78 5.33 .93 .3

Standard deviation 12.28 3.96 4.69 10.24 .95 1.83 2.86 .42 1.33 2.31 .97 .55

Coefficient of variation .45 .78 108. 17 .67 1.4 1.00 .40 2. 11 .67 .47 .69 1. 10

Range high 47 13 17 33 3 5 11 1 4 8 3 1

Range - low 4 0 2 2 0 0 4 0 0 2 0 0

Skewness direction left right right right right right left right symm right right symm

Relative, skewness . 02 .92 1.20 .27 1, 89 . 40 .00001 2. 03 .08 .03 .008 0

Kurtosis value 2.36 2.65 2.90 1. 83 4.01 2. 17 1. 15 2.93 1.83 1.27 1.89 . 83

Kurtosis type PLATY PLATY PLATY PLATY LEPTO PLATY PLATY PLATY PLATY PLATY PLATY PLATY



Appendix Table A7. Summary of Descriptive Statistics--Spring Batch.

Covariates
Minutes Runs

Total
problems

1-3
problem

1

problem
2

problem
3

Total
problems

1-3
problem

1

problem
2

problem
3

P. A. T. G. P. A.

No. of subjects 9 9 9 9 9 9 9 9 9 9

Mean 66.58 2.81 318.33 44. 44 87.78 186.11 13.78 2.78 4.44 6.67

Average deviation 10.65 .68 107. 04 18.40 45.93 53.70 2.42 . 74 1. 16 1. 56

Median 58.5 3.09 300 45 65 180 13 3 4 6

Variance 130.36 .67 20387.5 571. 53 3731.94 4423.61 8.94 .94 1.78 5.00

Standard deviation 11.42 .82 142.79 23,91 61.09 66.51 2.99 .97 1.33 2.24

Coefficient of variation . 17 .29 .45 . 54 .70 .36 . 22 . 35 .3 . 32

Range - high 80 3.73 560 90 210 300 19 4 6 12

Range - low 55.75 1.61 165 15 40 110 10 1 3

Skewness direction right left right right right right right left right right

Relative skewness .004 . 12 . 53 .26 1. 24 . 23 . 22 . 15 .01 2.43

Kurtosis value . 96 1.41 1.98 2. 20 2.55 1.70 1.81 2. 13 1.22 4. 18

Kurtosis type PIATY PLATY PLATY PLATY PLATY PLATY PLATY PLATY PLATY LEPTO

(Continued on next page)



Appendix Table A7. (Continued)

Syntax errors Logic errors
Total

problems
1-3

problem problem
1 2

problem
3

test
1

test
2

Total
problems

1-3
problem problem

1 2

problem
3

test
1

test
2

No. of subjects 9 9 9 9 9 8 9 9 9 9 9 8

Mean 34.89 8 7.56 19.33 .89 1.25 5.78 0 1.89 3.89 .56 .38

Average deviation 10.32 6.67 3.85 8.96 .79 1.31 1.53 0 .40 1.23 .49 . 56

Median 32 4 6 20 1 .5 5 0 3 4 1

Variance 212.36 74 21.28 138 1.11 2. S 3.69 0 . 36 2.86 .28 . 55

Standard deviation 14.57 8.6 4.61 11.75 1.05 1.58 1.92 0 .60 1.69 .53 .74

Coefficient of variation .42 1.08 .61 .61 1.19 1.26 .33 undefined .32 .43 .94 1.98

Range - high 67 26 15 37 3 4 9 0 3 7 1 2

Range - low 19 0 2 1 0 0 3 0 1 2 0 0

Skewness direction right right right left right right right symm left right left right

Relative skewness 1.04 1.15 .23 .04 .72 .46 . 10 undefined . 0002 .41 2.14

Kurtosis value 3.32 2.72 1.56 1.85 2.42 1.75 1.88 2.93 2.66 2.14 .93 3.38

Kurtosis type LEPTO PLATY PLATY PLATY PLATY PLATY PLATY PLATY PLATY PLATY PLATY LEPTO



Appendix Table A8. Summary of Descriptive Statistics--All Time-sharing.

Covariates
Minutes Runs

Total
problems

1-3
problem

1

problem
2

problem
3

Total
problems

1-3
problem

1

problem
2

problem
3

P.A. T. G. P.A.

No. of subjects 21 21 21 21 21 21 21 21 21 21

Mean 59.11 2.60 305.81 40.10 77.38 188.33 15.90 2.95 4.76 8.19

Average deviation 5. 88 .45 63. 78 11. 07 22.47 48. 73 4. 26 1. 10 1. 63 3. 07

Median 56.25 2.42 290 35 70 185 15 3 4 7

Variance 72.07 .31 6911.76 227.69 1011.55 3533.33 34.69 2.45 4.49 16.96

Standard deviation 8.49 .56 83. 14 15.09 31.80 59.44 5.89 1.56 2. 12 4. 12

Coefficient of variation . 14 .22 . 27 . 38 .41 . 32 . 37 . 53 .45 . SO

Range - high 78. 5 3. 75 525 75 180 300 33 7 9 21

Range - low 49. 75 1. 89 170 15 35 120 7 1 1 4

Skewness direction right right right right right right right right right right

Relative skewness 2. 11 .46 . 67 . 89 2.51 .24 1.20 1.04 . 32 2. 05

Kurtosis value 3.88 2.21 3.45 3.49 5.95 2.00 4.43 3.53 2.66 5. 19

Kurtosis type LEPTO PLATY LEPTO LEPTO LEPTO PLATY LEPTO LEPTO PLATY LEPTO

(Continued on next page)



Appendix Table A8. (Continued)

Syntax errors Logic errors

Total
problems

1-3
problem problem

1 2

problem
3

test
1

test
2

Total
problems

1-3
problem problem

1 2

problem
3

test
1

test
2

No. of subjects 21 21 21 21 21 15 21 21 21 21 21 15

Mean 33.95 7.71 8.29 22.71 1.19 1.67 7.57 .19 1.90 5.48 1.19 .53

Average deviation 18. 89 7.31 5. 71 15.01 1. 02 1.38 2. 88 . 33 1. 16 2.49 . 83 . 57

Median 28 4 5 18 1 1 7 0 2 5 1

Variance 815.35 111.41 56.51 470.21 1.56 3.10 17.16 .26 2.39 12.76 1.16 .41

Standard deviation 28.55 10.56 7.52 21.68 1.25 1.76 4. 14 .51 1. 55 3. 57 1. 08 . 64

Coefficient of variation .84 1.37 . 9 1 .95 1.05 1.06 .55 2. 69 81 .65 . 9 1 1. 19

Range - high 132 39 26 98 4 5 22 2 6 18 4 2

Range - low 4 0 0 2 0 0 3 0 0 2 0 0

Skewness direction right right right right right right right right right right right right

Relative skewness 4.28 3.95 1.44 4. 06 . 51 .68 3.73 6. 55 . 65 4. 07 . 67 . 48

Kurtosis value 7.43 5. 88 3.21 7.52 2. 29 2.35 7. 63 8.46 3. 32 7. 79 3. 23 2. 37

Kurtosis type LEPTO LEPTO LEPTO LEPTO PLATY PLATY LEPTO LEPTO LEPTO LEPTO LEPTO PLATY



Appendix Table A9. Summary of Descriptive Statistics--All Batch.

Covariates
Minutes Runs

Total
problems

1-3
problem

1

problem
2

problem
3

Total
problems

1-3
problem

1

problem
2

problem
3

P. A. T. G. P. A.

No. of subjects 20 20 20 20 20 20 20 20 20 20

Mean 63. 15 2.98 308.25 42 83.25 183 12.9 2.60 3.95 6.35

Average deviation 11.05 .56 88.23 17. 7 36.55 47.6 2. 5 . 82 .96 1. 72

Median 57.5 3. 18 295 37.5 67.5 180 12.5 3 4 6

Variance 150.73 .47 13884.9 458.95 2461.25 3380 10.83 .98 1.53 6.03

Standard deviation 12.28 .69 117.84 21.42 49.61 58. 14 3.29 .99 1.23 2.46

Coefficient of variation . 19 . 23 . 38 . 51 .60 . 32 .26 . 37 . 32 . 39

Range * high 81 3.78 560 90 210 300 19 4 6 12

Range low 44. 25 1.61 165 15 40 105 6 1 2 2

Skewness direction right left right right right right right left right right

Relative skewness . 17 .55 .91 .39 1.95 . 17 .005 .06 .06 .66

Kurtosis value 2.48 2. 11 2.77 2.27 3.66 1.97 2.77 2.02 2.05 3.74

Kurtosis type PLATY PLATY PLATY PLATY LEPTO PLATY PLATY PLATY PLATY LEPTO

(Continued on next page)



Appendix Table A9. (Continued)

Syntax errors Logic errors
Total

problems
1 -3

problem problem
1 2

problem
3

test
1

test
2

Total
problems

1-3
problem problem

1 2

problem
3

test
1

test
2

No. of subjects 20 20 20 20 20 17 20 20 20 20 20 17

Mean 30.55 6.15 7.1 17.3 .8 1 5.5 .05 1.55 3.9 .95 .41

Average deviation 12. 85 5. 10 4. 14 11. 53 .88 .94 1. 75 . 10 . 75 1. 41 . 57 58

Median 30. 5 3.5 5 14 0 1 5 0 1. 5 4 1

Variance 256.16 45.50 27.67 186.22 1.12 1.5 4.79 .05 .79 3.57 .58 .51

Standard deviation 16. 00 6. 75 5. 26 13. 65 1. 06 1.22 2. 19 .22 . 89 1. 89 . 76 . 71

Coefficient of variation .52 1. 10 .74 .79 1. 32 1.22 .40 4. 47 .57 .49 . 80 1. 73

Range - high 67 26 21 43 3 4 9 1 3 8 2 2

Range - low 4 0 1 1 0 0 2 0 0 1 0 0

Skewness direction right right right right right right right right right left left right

Relative skewness .05 2. 12 1.28 . 17 . 87 1.04 .07 16. 2 .006 .43 006 1. 81

Kurtosis value 2. 58 4. 57 3. 35 1. 79 2.43 3 2. 04 17. 15 2. 20 2. 54 1. 74 3. 26

Kurtosis type PLATY LEPTO LEPTO PLATY PLATY MESO PLATY LEPTO PLATY PLATY PLATY LEPTO



Appendix Table A10. Original Data.

Student
I. D. no.a

P. A. T.
score G. P. A.

Test 1 Test 2
Syntax
errs

Logic
errs

Syntax
errs

Logic
errs

1 10 1 51. 00 1. 89 2 4 XXX
b xxx

1 10 2 51.00 3.03 2 1 1 1

1 10 6 53.00 2. 32 1 0 0 2

1 11 1 78. 50 3. 10 0 1 0 0

1 11 2 54. 25 2.57 1 0 4 1

1 11 3 77.50 3.75 0 0 0 0

1 11 6 59. 25 2.03 4 1 5 1

1 11 8 54. 25 3. 61 2 1 1 0

1 11 9 56. 25 2. 20 3 2 2 0

1 12 0 58. 25 2,75 0 1 1 0

1 12 1 49. 75 2. 00 3 0 xxx xxx
1 20 3 55. 25 3. 26 2 1 1 1

1 20 4 56. 25 3.41 0 2 0 0

1 20 5 52. 50 2. 93 0 2 1 1

1 20 7 51. 50 2. 10 2 2 xxx xxx
1 20 8 33. 25 3. 45 1 1 0 0

1 20 9 81. 00 3. 78 0 2 0 0

1 21 0 54.50 2.92 3 1 2 2

1 21 4 79.50 3. 62 0 0 1 0

1 21 5 77. 75 3. 43 0 1 2 0

1 21 7 58. 00 3. 33 0 2 0 0

1 22 2 44. 25 2. 15 0 0 xxx xxx
2 10 1 60. 75 3.42 0 1 0 1

2 10 2 55.75 2. 60 0 1 0 0

2 10 3 55. 75 2. 00 0 2 2 1

2 10 5 57. 00 3. 26 0 1 xxx xxx
2 10 6 55. 75 2. 51 1 2 5 0

2 10 7 60. 25 2. 39 1 2 xxx xxx
2 11 4 56. 25 2, 30 1 0 xxx xxx
2 11 6 57. 50 2. 04 1 3 xxx xxx
2 11 8 78. 00 2. 33 0 2 2 0

2 11 9 61. 25 2.42 3 0 2 1

2 20 4 77. 50 3. 10 0 0 1 0

2 20 8 58. 00 3. 48 0 1 2 0

2 20 9 55. 75 1. 83 1 1 3 2

2 21 0 55. 75 3.09 1 0 0 0

2 21 1 57. 00 2. 83 2 1 4 1

(Continued on next page)
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Appendix Table A10. (Continued)

Student P. A. T.
I. D. no. score

Test 1 Test 2
G. P. A. Syntax Logic Syntax Logic

errs errs errs errs
2 21 2 80. 00 3. 73 0 0 0 0

2 21 3 78. 25 3. 68 0 1 0 0

2 21 5 78.50 1.61 1 0 0 0

2 21 7 58. 50 1. 95 3 1 xxx xxx

aI. D. number interpretation: First digit - 1 implies Fall, 2 implies
Spring; Second digit - 1 implies time-sharing, 2 implies batch;
Other digits Assigned student identifier.

b impliesmplies did not take second test
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Appendix Table All. Original Data.

Student
I. D.

ano.

Syntax errors Logic errors
Total

robs. Prob. Prob.
1 2

Prob.
3

Total
probs.
1-3

Prob.
1

Prob.
2

Prob.
3

1 10 1 16 4 6 6 10 0 2 8

1 10 2 28 1 4 23 7 0 2 5

1 10 6 10 1 5 4 8 0 6 2

1 11 1 42 0 5 37 9 0 1 8

1 11 2 17 5 7 5 3 0 1 2

1 11 3 33 1 0 32 6 0 3 3

1 11 6 132 10 24 98 8 0 3 5

1 11 8 78 16 21 41 6 0 0 6

1 11 9 106 34 26 46 22 2 2 18

1 120 21 0 0 21 4 0 0 4

1 12 1 60 39 9 12 4 0 0 4

1 20 3 39 6 21 12 5 1 1 3

1 204 23 13 5 5 5 0 1 4

1 20 5 5 1 2 2 4 0 0 4

1 20 7 14 5 6 3 8 0 3 5

1 20 8 39 1 1 37 5 0 3 2

1 20 9 39 12 14 13 2 0 0 2

1 21 0 21 2 4 15 9 0 2 7

1 21 4 4 0 3 1 2 0 1 1

1 21 5 14 3 5 6 9 0 1 8

1 21 7 52 8 9 35 5 0 1 4

1 22 2 47 0 4 43 4 0 1 3

2 10 1 30 3 4 23 4 0 1 3

2 10 2 28 4 17 7 9 1 3 5

2 10 3 20 3 5 12 9 0 1 8

2 10 5 4 0 2 2 4 0 0 4

2 10 6 23 13 3 7 10 1 2 7

2 10 7 47 3 11 33 6 0 4 2

2 11 4 39 11 10 18 11 0 4 7

2 11 6 19 4 3 12 5 0 2 3

2 11 8 38 4 5 29 4 0 1 3

211 9 22 6 7 9 10 0 2 8

2 20 4 19 11 4 4 8 0 2 6

2 20 8 43 4 15 24 5 0 2 3

2 20 9 29 2 7 20 5 0 2 3

(Continued on next page)



Appendix Table All. (Continued)
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Student
I. D.
no.

Syntax errors Logic errors
Total
probs.

1-3

Prob.
1

Prob.
2

Prob.
3

Total
probs.

1 -3

Prob.
1

Prob.
2

Prob.
3

2 21 0
2 21 1
2 21 2
2 21 3
2 21 5
2 21 7

38
67
38
29
19
32

3

17
7

26
2

0

5

13
12

2
4
6

30
37
19

1

13

26

7

3

6

5

4
9

0
0

0

0

0
0

3

1

2

1

2

2

4
2

4
4
2

7

aL D. number interpretation: First digit - 1 implies Fall, 2 implies
Spring; Second digit - 1 implies time-sharing; 2 implies batch;
Other digits - assigned student identifier.
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Appendix Table Al2. Original Data.

Student
I. D.

ano.

No. minutes to prepare
first run

No. runs to obtain a
correct run

Total
probs.

1-3

Prob.
1

Prob.
2

Prob.
3

Total
probs.

1-3

Prob.
1

Prob.
2

Prob.
3

1 10 1 235 30 55 150 15 3 3 9

1 10 2 210 25 65 120 14 2 4 8

1 10 6 340 35 65 240 15 2 9 4

1 11 1 245 30 60 155 15 1 4 10

1 11 2 337 42 55 240 12 3 5 4
1 11 3 290 30 70 190 11 2 3 6

1 11 6 525 75 180 270 24 3 7 14
1 11 8 350 55 120 175 18 3 5 10

1 11 9 285 75 90 120 33 6 6 21

1 12 0 280 30 55 195 7 1 1 5

1 12 1 390 45 95 250 18 7 5 6

1 20 3 420 45 125 250 14 4 4 6

1 20 4 220 60 55 105 12 3 2 7

1 20 5 235 25 45 165 8 2 2 4
1 20 7 340 70 90 180 14 3 5 6

1 20 8 290 20 55 215 12 2 5 5

1 20 9 305 35 75 195 14 4 3 7

1 21 0 185 25 45 115 14 2 4 8

1 21 4 525 75 180 270 6 1 3 2

1 21 5 265 40 80 145 19 3 4 12
1 21 7 215 25 55 135 10 3 4 3

1 22 2 300 20 70 210 11 1 3 7

2 10 1 375 35 40 300 10 2 4 4

2 10 2 350 40 110 200 15 3 8 4

2 10 3 170 15 35 120 18 2 4 12
2 10 5 310 45 80 185 8 1 2 5

2 10 6 445 55 90 300 18 4 3 11

2 10 7 230 35 55 140 13 2 4 7

2 11 4 270 45 75 150 24 5 9 10

2 11 6 300 25 65 210 13 3 4 6

2 11 8 235 40 75 120 14 3 4 7

2 11 9 250 35 90 125 19 4 6 9

2 20 4 560 90 170 300 11 3 3 5

2 20 8 205 25 40 140 12 2 4 6

(Continued on next page)
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Appendix Table Al2. (Continued)

No. minutes to prepare No. runs to obtain a
Student first run correct run

I. D. Total Prob. Prob. Prob. Total Prob. Prob. Prob.
no. probs. 1 2 3 probs. 1 2 3

1-3 1 -3

2 20 9 320 50 90 180 13 3 4 6

2 21 0 300 45 75 180 14 2 6 6

2 21 1 195 20 55 120 16 4 5 7

2 21 2 245 35 65 145 17 3 6 8

2 21 3 535 65 210 260 12 4 3 5

2 21 5 165 15 40 110 10 2 3 5

2 21 7 340 55 45 240 19 1 6 12

aI. D. number interpretation; First digit - 1 implies Fall, 2 implies
Spring; Second digit - 1 implies time-sharing, 2 implies batch;
Other digits - assigned student identifier.


