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Abstract

This paper describes previous research on flowcharts and a series
of controlled experiments to test the utility of detailed flowcharts
as an aid to program composition, comprehension, debugging and modi-
fication. Our results showed no statistically significant difference
between flowchart and no flowchart groups, thereby calling into
question the utility of flowcharting. A program of further research

is suggested.
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Introduction

Flowcharts have been a part of computer programming since the
introduction of computers in the 1940's. Goldstein and von Neumann
(1947) presented a system of describing processes using operation,
assertion, and alternative boxes. Since that time, flowcharting
has become an accepted part of the computer programming field.

The integration of flowcharts was so complete that a national stan-
dard was proposed in 1963. However, the development of more power-
ful programming language necessitated revisions in the original
flowcharting schemas. For example, the FORTRAN DO statement has
caused many textbook authors and programmers to create their own
set of conventions for this construct. Other flowcharting schemes
have developed including "structured flowcharts" (Nassi and Shnei-
derman,1973) and its variations (Chapin, 1974).

Goldstein and von Neumann felt that the "coding [process] begins
with the drawing of flow diagram." Prior to the coding process,
the algorithm had been identified and understood. The flowchart
represented a high level definition of the solution to be implemented
on a machine. Although they were working only with numerical algo-
rithms, they proposed a programming methodology which has become
standard practice.

Approximatély a dozen texts are entirely dedicated to teaching

flowcharting. Mario V. Farina, in his book Flowcharting (1970),

expresses the opinion that flowcharting is an art requiring practice
and that a flowchart should be developed before a program is coded.
This opinion is practiced in many professional and educational insti-

tutions.
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In Flowcharting Techniques (1971), Marilyn Bohl holds that flow-

charting helps "distinguish between the procedure a computer program
is written to express and the syntactical details of the language

in which the program is written." She feels the flowchart is "an
essential tool in problem solving" and states, "The person who cannot
flowchart cannot anticipate a problem, analyze the problem, plan

the solution, or solve the problem."

Programming language texts strikingly reflect the differing
opinions about flowcharting. An examination of 45 FORTRAN texts
showed that 14 of them employed flowcharts extensively and 19 texts
used them occasionally. The remaining 12 used no flowcharts. Another
teaching philosophy is seen in introductory "computer science" texts.
Being language independent they teach only the principles of pro-
gramming. In these texts flowcharts are the main vehicle with which
ideas are expressed. This approach suggests that flowcharting and
programming are independent tasks.

Flowcharting takes many forms of which the hand-drawn type is
only one. The introduction of computer-"drawn" flowcharts produced
from completed programs was intended to greatly aid a future program-
mer's comprehension of the program when attempting debugging or
modification. However, the usefulness of such ex post facto flow-

charts is hotly disputed. 1In The Program Development Process (1974),

Joel D. Aron maintains that such flowcharts are useless to a pro-
grammer when diagnosing errors. In such cases "the most helpful
data is the program listing itself." Concurring with this opinion
is Gerald M. Weinberg (1971) who states, "We find no evidence that
the original coding plus flow diagrams is any easier to understand

than the original coding itself---except to the original programmer."
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Frederick P. Brooks (1975) is especially vehement in his criticism

of the flowchart as documentation, referring to it as "a curse," "

a
space-hogging exercise in drafting," and "a most thoroughly oversold
piece of program documentation." Resolving the question of whether
or not flowcharts are an aid in programming could significantly
affect the manner in which programming is taught, documented, and
practiced.

In a series of experiments with naive programmers, Mayer (1975)
demonstrated that providing a conceptual hardware model of a com-
puter and its operations during instruction, aided performance on
postinstructional test items which required interpretation of pro-
grams. Other subjects who utilized a flowchart or a flowchart with
the model performed well on test items which required composition
of a program but not as well as the model group on "interpretation"
items. This experiment indicated that the use of flowcharts may
assist program composition but may hinder learning and performance
on interpretation tasks.

The basic tasks of programming have been delineated as program
coﬁposition, comprehension, debugging, and modification (Shneider-
man, 1975; Weinberg, 1971). It is within the scope of these tasks
that advocates of flowcharts have insisted that flowcharts provide
a pictorial representation of the logic or flow of control of .a
program which is indispensable.

Flowcharts are not specific to computer programming. Consider-
able research and investigation of flowcharts as a tool for communi-
cation has been conducted in the human factors field. Lewis, Hora-

bin, and Gane (1967) discussed the utility of an "algorithmic approach"

to official rules and regulations. Their concept of an "algorithm"
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"extends the concept to cover any rule of thumb procedure, any recipe-—--
not necessarily mathematical---for achieving a desired outcome."

In most of their examples, the "algorithm" for a process was presented
as a flowchart which they claimed was less susceptible to misinter-
pretation and less time consuming to execute than a prose descrip-
tion. Kammann (1975) displayed remarkable results for a telephone
dialing task that required reference to a set of instructions.
Housewives and Bell Telephone Laboratory professionals committed

fewer errors and the housewives expended less time when using a
flowchart diagramming the dialing process than when supplied with

the normal prose deécription from a phone book. Kammaﬁn gave the
following reasons for advocating the use of flowcharts for this

type of problem:

- they move major decision criteria forward in
the information sequence

- they reduce the complexity of the prose needed
to describe the contingent relations

- they distinguish more clearly between relevant
and irrelevant information for a given problem

~ they reduce the amount of actual information
to a reasonable load.

Wright and Reid (1973) reported similar success with flowcharts

over prose descriptions for an unfamiliar "algorithm" of hypotheti-
cal mechanisms for space travel. However, when subjects were re-
quired to solve the space travel problems from memory, performance
for a flowchart group decayed over time while the performance for

a prose group increased. They suggested that the flowchart represen-
tation of the "algorithm" was encoded visually and subject to "be-

coming less distinct over successive trials." The prose was encoded
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verbally agd it was possible for the subjects to continue memorizing
the material after it was removed (Shiffrin, 1970; Tulving, 1962).

The human factors research, although showing interesting results
for flowcharts, is not directly applicable to computer programming.
First, programs are not expressed in vague prose but are algorithms
represented in a precisely defined language. Second, previous
research only measured performance for a task which required 1little
understanding of the "algorithm" itself. Third, most of the flow-
charts used were limited to one page. Filnally, subjects were not
given redundant information; they received either the flowchart
or the prose, not both.

The goal of the research described in this paper was to deter-
mine the usefulness of detailed flowcharts in the computer program-

ming tasks of composition, comprehension, debugging and modification.



Experiment I (Composition)

This first experiment was designed to study how the creation
of a detailed flowchart assisted the subjects in composing a program.
Much of the literature on flowcharting supports the contention that
they are most helpful as a program design aid which helps to clarify

the problem to the programmer.

METHOD

Subjects: The subjects were students in an introductory computer
programming course using FORTRAN. The textbook used flowcharts
to illustrate program development and flowcharts were used by the
instructor. The experiment was conducted by including the materials
as part of the second of three in-class examinations which constituted
the major part of the course grade.

Procedure and Matenials: Thirty-four subjects (flowchart group),
selected randomly, receilved test instructions which indicated that
they were to write a flowchart and then a program for a given prob-
lem. The flowchart counted for fifteen points, the program 25 points.
Twenty-eight subjects (non-flowchart group) were instructed to merely
write the program, which counted for the full forty points. The
subjects were given as much time as they wanted to complete the
test. The grading was done by a graduate student with much exper-
ience in grading programs and in consulting with students about
programs. The results were returned to the students at the next

meeting of the class.

RESULTS
The scores on the program composition task were normalized to

100 percent. The flowchart group mean score was 94 while the non-
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flowchart group mean was 95. A t-test showed no significant differ-
ence between the two groups. The flowchart group had a mean score

of 13.1 on the flowchart or 87.3 out of 100.

DISCUSSION

The requirement to produce a flowchart seemed to have no benefit
or harm on the subjects' ability to prepare a program described
by that flowchart. This was inspite of the fact that the problem
had been chosen to favor the flowchart group by having a relatively
complicated branching pattern. The relatively good scores indicate
that all the subjects found the task to be straightforward.

An earlier pilot study with the same design and procedures had
produced similar results. In the pilot flowchart group two sub-
jects achieved perfect scores and 14 out of twenty-three subjects
scored fifty percent or above. In the pilot non-flowchart group
four subjects achieved a perfect score and seventeen out of twenty-
six subjects scored fifty percent or above. .The pilot study was
run earlier in the term with a simpler problem, but one which the

subjects found more challenging, given thelr shallower background.



Experiment II (Comprehension)

A second often cited beneficial aspect of detailed flowcharts
1s as an ald to comprehension of programs. Flowchart proponents
argue that if a detailed flowchart is studued in conjunction with
a program, comprehension can be improved. This experiment was
designed to test this hypothesis. Since Experiment I had not shown
flowcharts to be useful for composition in a simple program with
novices, this experiment drew on more complex program structures,

but still with novice programmers as subjects.

METHOD

Subjects: The subjects were again students in an introductory
computer programming course using FORTRAN and similar to the pre-
vious subjects. The experiment was conducted by including materials
as part of the third of five in class examinations which constituted
the major part of the course grade.

Procedutre and Matenialfs: Sixty of the one hundred points on
the examination were related to the experiment. Two forms of the
examination were prepared. The first form contained two programs
(27 and 24 FORTRAN statements) with a flowchart for the first program
only, while the second form contained the same two programs but a
flowchart for the second program only. Twenty-five randomly selected
subjects received the first form, 28 received the second form. The
comprehension questions, which were the same on both forms of the
test, required the subjects to determine the values printed for
various inputs and to trace the flow of execution. The subjects
were given as much time as they needed to complete the test. Grading

was simplified since the answers were clearly correct or not correct.



T
The results were returned to the students at the next class meeting.

RESULTS

An analysis of variance for the scores indicated that the only
significant result was that problem 2 was more difficult than prob-
lem 1. Subjects who had flowcharts did not perform differently
than those who did not have flowcharts. The mean percent correct

for each group and problem appear below as Data Table I.

Data Table I

Mean Percent Correct for Experiment II

Problem

il 2
Flowchart on 1 94. 4 89.6
Flowchart on 2 97.0 94,4

DISCUSSION

The availability of a flowchart neither benefitted nor harmed the sub-
jects in the comprehension task. This was surprising since the pro-
grams had been designed with a large number of complex transfers
of control; precisely the situation which 1s purported to be most
advantageous toj the flowchart groups. Informal observation during
the exam showed that most subjects were rarely referring to the

available flowchart but preferred to study the program directly.
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Experiment III (Comprehension and Debugging)

This experiment, which used subjects from an intermediate exper-
lence level, measured the effect of flowcharts as opposed to no flow-

charts in debugging and comprehension of programs.

METHOD

Subjects: The subjects selected were basically from one program-
ming experience level. They were all in intermediate FORTRAN pro-
gramming courses but were divided into two groups due to the flow-
charting environment they were learning in. Group I consisted of
43 subjects who had had some previous instructicn about flowcharts
and presently were using a book employing flowcharts but were under
no obligation to use or turn in flowcharts with their assigned pro-
grams. Group II consisted of 27 subjects who were required to write
a flowchart before doing the actual programming and to hand it in
with their prégrams. The data from each group was analyzed separately
and later all data was combined and analyzed. All subjects knew the
experiment would have no bearing on their course grade.

Des4ign: The experimental design consisted of a control subgroup
and two experimental subgroups for both Group I and Group II. The
members of each subgroup were randomly selected, each subgroup con-
taining approximately equal numbers of subjects. The control sub-
groups received no flowchart. The first experimental subgroups
received a detailed four-page (micro) flowchart while the second
experimental subgroups received a more general single-page (macro)
flowchart.

Matenials: All the subjects received the same compiled listing

(with line numbers) and its corresponding output. Depending upon
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which subgroup (experimental factor) they were being tested in a
subject would also recelve either a micro flowchart, a macro flow-
chart, or no flowchart at all. The program used was a moderately
difficult tic-tac-toe playing program written in FORTRAN. The pro-
gram consisted of a main program which was 81 lines long and two
subroutines. The main program was commented and had several DO loops
as well as a controlling IF loop. The program had three non-syntac-
tic bugs placed in it. It produced incorrect output which only
reflected one of these bugs. Both the program and the flowcharts
were taken from Sturgul & Merchant (1973).

Procedure: The experiment took the form of a three-part test.
In the first part once the subjects had received a‘program listing
and one of the three flowchart possibilities each was given a com-
bination instruction/answer sheet. In the instructions subjects
were told:

(1) They had been given a listing of a tic-tac-toe playing
program which was not supposed to lose.

(2) The program had at least one bug in it which was apparent
in the output.

Next they were instructed to:

(1) Study the listing and output in conjunction with any flow-
chart they had received (or on its own if none was received).

(2) Find the bug(s) and explain how to repair them. (Bugs were
reported by referring to the line number and writing

the necessary revision.)
For this task the Group I subjects were given 40 minutes and the
Group II subjects were allowed 50 minutes after which the answer
sheets were collected. (The subjects retained the listings and
flowcharts.) After a short break the second part of the test was

administered.
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In the second part the subjects were first informed of the bugs
and told to make the corrections in their listings. Next they were
instructed to answer 11 multiple-choice questions for which the
Group I and II subjects were allotted 20 and 30 minutes respectively.
The questions which were designed to measure program comprehension
tested basic programming knowledge, hand simulation of the (corrected)
program, and other problems necessitating knowledge of the program.
(The subjects still had their listings and flowcharts for references
while answering the questions.)

Finally, the subjects were asked to respond to questions concern-
ing their feelings about how well they had done in a questionnaire.
In each of the questionnaire questions the subjects responded on
a scale of 0 to 9. All subjects were asked how well they thought
they understood the program. Any subject who had received a flow-
chart was further asked to respond to questions concerning the uée-
fulness of the flowchart in their understanding of the program and

in finding the bugs.

RESULTS

The data gathered from the two separate subject groups is shown
below. The two groups were from entirely separate subject pools
tested under different conditions and therefore the magnitude of the
scores cannot be compared between groups. However, the trends within
each group can be compared.

The Group I data (those who do not normally use flowcharts)
reflects their background with the non-flowchart subjects having
the highest mean scores for both the debugging and comprehension

tests, micro next, and macro last. The Group II data (those who do
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use flowcha?ts) reflects a quite different orientation. The micro
flowchart subjects had the highest average scores for both tests
in Group II, macro subjects had the next best scores, and the non-
flowchart subjects came in last.

This would seem to indicate a correlation between a person's
background with flowcharts and their usefulness in programming.
However, t-tests between the three combinations of experimental
conditions (none-macro, none-micro, and macro-micro) for the three
test results (debug score, comprehension score, and total) for
both Groups I and II, as well as an analysis of variance, showed
none of the results to be statistically significant even at the
10% level.

As stated before one bug caused an obvious error in the output
and this bug was the most easily found of the three. Nearly T70%
of the subjects found and corrected it. In contrast, 12% of the
subjects found two bugs and only three subjects out of 70 found all
three bugs. Of these three, two also answered all the comprehension
questions correctly. This suggests that the two tasks complement
each other and that to successfully debug a program one must have
a thorough comprehension of it. This trend holds fairly closely
for those finding two bugs but breaks down for those finding only
one or no bugs.

The comprehension test results parallel the debugging test for
both Groups I and II. For both groups the flowchart subgroup which
had the highest average debug score also had the highest mean for
comprehension. An item analysis of the comprehension questions was
inconclusive and no important results could be drawn from it. The

subjects perceived very accurately how well they understood the pro-
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gram. To show this, the subjects were grouped by the number of
questions they answered correctly. The average questionnaire res-
ponse to how well they thought they understood the program was ob-
tained for each level of "correctness." At each increment in the
number of correctly answered questions the average response would
generally increase suggesting that the subjects were in tune with
their performances.

The questionnalre responses to how useful subjects found the
flowchart in debugging yield an unexpected result. For both the
macro and micro flowchart subjects in both subject groups those
who found only one bug (of three) felt the flowchart helped most
in debugging. Those who found 0, 2 or all three bugs rated the
flowchart's usefulness at a lower level. Perhaps this was because
the one bug which manifested itself in the output was traceable
through the flowchart while the less obvious ones had to be found

by hand simulation using the listing itself.

DISCUSSION

These results are strong evidence in favor of the contention
that flowcharts do not seriously affect a programmer's ability to
comprehend or debug a program. Depending on the programmer's back-
ground flowcharts may help or hinder performance, but the results show the
difference is not at a significant level.

The trend of the scores in favor of flowcharts for those who
use them (Group II) and away for those who do not (Group I), was
expected. The result that the differences were not significant
was surprising and warrants further experimentation. Especially

valuable are experiments which put flowcharting and programming
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in "head tp head" competition. One such experiment would be to
assign a program having one group design a flowchart for it and
another group write the program without a flowchart. Next, those

who had written flowcharts would be given time to code up their
programs. Then both groups would be timed and compared on how quickly
they could get thelr programs running. .

Another test of how useful the old adage, "flowchart before
programming," would be to assign a program and have subjects design
an initial flowchart which would be kept by the experimenter. The
subject would then write the program, get it running (correctly),
and finally make a flowchart of the completed program. The original
and final flowcharts would then be compared for changes made in the
original flowchart while coding.

The results of the questionnaire give some interesting insights
into the subjects' thoughts about the flowcharts. Somewhat sur-
prisingly, the answers given by both the Group I and II subjects
are nearly identical in all respects. For both there was a pronounced
positive correlation between the number of questions answered correctly
and how well the subjects thought they understood the program in
every experimental condition.

The macro flowchart was not of much use either to the Group I
or Group II subjects. Subjects in the macro flowchart condition for
Group I were hindered slightly while the Group II subjects were
aided slightly. It would appear that it is more useful in finding
major flow of control errors than slight logic errors. Interestingly,
the detailed (micro) flowchart listed nearly all the statements from
the program (as they should have been) so anyone who had directly

compared the listing and flowchart would have found the flowchart
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very useful in debugging. But even the Group II (flowchart users)
rated the micro flowchart unprofitable if they found two or more

bugs.

Table IT

Results for Experiment III

Average % Correct (Comprehension)

Flowchart Used
None Macro Miecro

Group I 52 34 46
II 53 55 76

Average % Correct (Debugging)

Flowchart Used
None Macro Micro

Group I 12 YT y
II 29 26 45

Average % Correct (Total Score)

Flowchart Used
None Macro Micro

Group I 34 23 27
TT b2 b2 62
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Experiment IV (Modification)

The focus of this experiment was the use of flowcharts as a
program documentation tool. The basic question was whether flow-
charts can assist the modification of an existing program. Since
it is claimed flowcharts describe the logic of a program, the task
of discovering the placement of a modification should be easier
when the programmer has a flowchart of the program. This experi-
ment compared the performance bf intermediate programmers in a modi-
fication task in which some subjects received flowcharts and others
did not. Two levels of flowcharts were used: a detailed, statement
by statement flowchart (micro flowchart) and a higher level flowchart

(macro flowchart).

METHOD

Subfects: The subjects for this experiment were students of a
second semester programming course at Indiana University and Purdue
University. The experiment was conducted during a regularly scheduled
class meeting. Subjects from Indiana University were 33 students
who were not required to design flowcharts as part of their assign-
ments. These subjects were exposed to flowcharts by the textbook
used for the course. The 37 subjects from Purdue University who
participated in the experiment were required to turn in flowcharts
with their programming assignments.

Matenials: The booklet gilven to each subject contained a set of
instructions, a FORTRAN program, a loader map, sample output, a set
of three modification descriptions, and a biographical questionnaire.
The 78-1line FORTRAN program produced semester grade reports for a

fictitious college. The program had 48 lines of FORTRAN code and
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27 lines of comments of which 23 appeared as a comment block at the
beginning of the program. The output from the program was a set
of semester grade reports for all student records input. There
were three separate program listings for the subjects to indicate
thelr modifications.
In addition to the booklet, one third of the subjects received
a one-page macro flowchart, another third were supplied with a three-
page micro flowchart, and the remainder were given no flowchart.
Procedunre: The subjects were instructed to peruse the instruc-
tions, program and flowchart for approximately 5 minutes. Each
subject was asked to make the modifications to the existing program
according to the modification description provided. A total of
three modifications were to be attempted in the U45-minute period
allowed for the experiment. Subjects were told their modifications
would be graded on correctness and runability. At Indiana University,
each subject was timed individually by the experimenters for each
modification. At Purdue, each subject was responsible for recording

the amount of time spent on each modification.

RESULTS

Since unequal number of subjects were present in the experimental
groups, the data obtained from 12 subjects was not included in the
following analysis. Of these subjects, 5 did not finish and 7 had
GPA's of 2.5 or below on a 4.0 scale, where 4.0 is an "A." The re-
sults reflect the data from 60 subjects, 30 from each university,
and 10 1n each of the 6 groups. Also, most subjJects did not finish
Modification III and it was not included in these results. At Indiana
University, no one finished Modification IIIL; 6 subjects from the

micro flowchart group, 8 subjects from the macro group, and 7 sub-
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Jects from_the non-flowchart group started Modification III. In

the Purdue groups, 1l subject from each of the groups finished Modi-
fication III. Of those who did not finish, 7 from each of the groups
had started the problem.

Modifications I and II were graded and a percent correct deter-
mined for each subject. The actual grading was done by the experi-
menter whe had spent the sémester as an Associate Instructor for
the Computer Science Department of Indiana University and who had
graded prbgrams perviously. The types of errors made were:

- incorrect formatting of output

- incorrect placement of modification
within the existing program

- violation of the modification description

- violation of FORTRAN syntax

- errors of omission.
The mean percent correct for each group is displayed in Data Table
IITI. An analysis of variance for the scores showed that the Uni-
versity factor (Indiana vs. Purdue), the Modification factor (Modi-
fication I vs. Modification II), and the interaction of University
and Modification factors were all significant.
These results indicate that the
Purdue groups made fewer errors, Modification II was more difficult
than Modification I, and the Purdue groups performed better than

the Indiana groups on both modifications.



w

Data Table III

Mean Percent Correct

Univ. Flowchart Aid Mod I Mod II

Purdue None 3 85
Macro 88 T
Micro 87 81

Indiana  None TT 64
Macro TF Tl
Micro i ¢ 59

An analysis of the types of errors made showed that the second type
of error listed, "incorrect placement of modification within the
existing program," was as frequent in each of the 6 groups. The
type of flowchart aid; none, macro, or micro, was not a significant
factor in these results.

An analysis of varianes for the time measure indicated that
neither the type of flowchart nor any of the possible interactions
was significant. The mean times are displayed in Data Table IV.
While the means reflect that some groups did perform better than
others, the varlance in these groups was extremely large. The time

measure did not turn out to be a useful measure.

Data Table IV

Mean Time per Modification in Minutes

Univ. Flowchart Aid Mod I Mod II

Purdue None 15.5 1543
Macro 16.1 1l .2
Micro 14.0 14,1

Indiana None 15.6 L6 T
Macro 15.4 13.9

Micro 16.0 17.9
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DISCUSSION

The results from this experiment showed no advantage for groups
receiving flowcharts in a program modification task for either time
or percent correct measures. An analysis of the types of errors
made indicated that most of them were errors which flowcharts may
not decrease such as coding errors and errcrs of omission. After
discarding these types of errors, no significant difference can be
reported between the flowchart and non-flowchart groups for incorrect
positioning of the modification within the existing program. The
results from this experiment contrast with the human factors research
in prose and "algorithmic" representations of rules and regulations
in which flowcharts have been shown to aid comprehension. As stated
previously, there were severa; task differences between the present
experiment and the human factors research.

Lewis, Horabin, and Gane (1967) claimed that a flowchart descrip-
tion of an algorithm was less ambiguous than a prose description.
A program description of an "algorithm" is also a well defined entity.
Both programs and detailed flowcharts of the same "algorithm" can
be presented in a confusing manner, but if a detailed flowchart
and program displayed the same logic, they should be equivalent
representations. Part of this experiment was designed to test the
utility of detailed, micro flowcharts in a program modification
task. The intermediate programmers who Were given both the program
and the micro flowchart of the program did not perform better in
the modification task than those who received only the program.
This indicated that a micro flowchart and a program do provide equi-
valent information for a modification task and that the micro flow-

chart does not provide any additional information. Several questions
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still remain about micro flowcharts. First, which is easier to
understand, a program description of an "algorithm" or a micro flow-
chart. The research of Wright and Reid (1973), in which subjects
were required to memorize an algorithm showed that a flowchart repre-
sentation was more difficult to memorize than a prose description.
While similar research does not exist for a programming language
description, it might be reasonable to assume that in a memorization
task similar results could be obtained. Another improtant area of
concern is ease of execution. This experiment did not explicitly
require the existing program to be executed or hand simulated.

This question should be investigated further especilally in cohjunc—
tion with determining what role accurate algorithm execution plays
in the programming tasks of composition, comprehension, debugging,
and modification.

Another part of this experiment dealt with higher level or macro
flowcharts. Again, the subjects who were given both a macro flowchart
and a program did not perform differently from those who were supplied
with just the program. This result is quite surprising. A macro
flowchart is not equivalent to the pfogram it describes since a
one-to-one correspbndence between the flowchart and the program
does not exist. Kammann's (1975) description of the usefulness of
flowcharts versus prose can be slightly modified to state what infor-
mation an ideal macro flowchart conveys:

- they move major decision criteria forward

in the information sequence

- they reduce the complexity of the code
needed to describe the contingent relations

- they distinguish more clearly between relevant
and irrelevant information for a given problem
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- they reduce the total amount of information
to be understood to a reasonable load.

In these terms, macro flowcharts should be an indispensable tool

for any of the programming tasks. Such a flowchart would introduce
the true logic of the program totally divorced from the implementa-
tion details and allow the programmer to view the program from a
more general perspective. However, these ideas may be suggesting
good programming practices which have already been identified. For
program composition, they suggest clearly identifying the problem
and the initial solution statement. The critical factor in program
modification might be understanding the existing program at a macro
level which allows identification of where to incorporate the modi-
fication and what effects the proposed modification will have on the
remainder of the program. A similar statement could be made for
program debugging. The macro flowchart or at least some general
presentation of the program seems intuitively useful. Since this
experiment did not show any significant results for the macro- flow-
chart group, the question of the utility of macro flowcharts as a
vehicle of expression remains confused. Perhaps even the macro
flowchart is equivalent to the program 1t describes in the same
manner as the micro flowchart and thus provides no additional infor-
mation.

For both macro and micro flowchart groups, their failure to
outperform the other group could have been attributable to several
experimental variables. First, the program used in this experiment
was not exceedingly long nor complex. It is possible that a repli-
cation of the current experiment with a significantly longer and more

complex program may show different results. This may be especially
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true for the macro flowchart since it is viewed as an organizer which
might facilitate the "chunking" of the program into logical modules.
Results for the micro flowchart group in this proposed experiment
would not be expected to differ from the non-flowchart group except
for a task which required "algorithm" execution and little under-
standing of the process itself. Second, the topic of the program
might have been familiar to both groups of college students, however,
the Purdue groups were possibly not as familiar with the grading
system since 1t was modeled after the Indiana University system.
Finally, the program had a comment block at the beginning of the
program which explained the general workings of the program and

this may have been enough information on which to base a modification.
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Experiment V (Comprehension)

The previous experiments reported here have not shown what infor-
mation about an algorithm can be obtained from a flowchart represen-
tation. Experiment IV argued that detailed flowcharts and program
representations provide equivalent information. Also, since most
subjects scored well in the first comprehension experiment (Experi-
ment II), a more difficult problem was designed for Experiment V.
Experiment V investigated the information content of detailed flow-
charts in a comprehension task. Two types of comprehension items
were presented: algorithm (low level) execution problems and inter-

pretation (higher level) problems.

METHOD

Subjects: The 58 subjects for this experiment were students
of an 8-week summer session introductory course in computer science
at Indiana University. The experiment was conducted as the third
quiz of the term at the beginning of the sixth week of the course.
Subjects were familiar with FORTRAN and flowcharts.

Matesnials: Each subject received a quiz booklet. Three different
booklets were used. Each contained an algorithm and a set of ques-
tions about the algorithm. The algorithm used was a two-way array
merging algorithm. The subjects first exposure to the algorithm was
the quiz. One group of subjects received a 23-line FORTRAN program
of the algorithm, another group was given a one-page detailed flow-
chart of the algorithm and the last group was provided with both
the detailed flowchart and the FORTRAN program. The quiz questions

were of two types: execution problems and interpretation items.
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The two execution items asked for the algorithm's output given a
set of input values. The three interpretation questions were con-
cerned with the operation and properties of the algorithm.

Procedure: Each subject received a quiz booklet and was given
general instructions for the quiz. The subjects were given 25 minutes

for the quiz.

RESULTS

The subjects' qulizzes were graded onla 100-point scale with
each problem worth 20 points. Seven subjects were not included in
the results; three dropped the course and four had class averages
below "D" level. The mean percent correct for each group and the
type of question appear below as Data Table V. An analysis of var-
lance indicated that all groups performed equally well. The means
for each group suggested that the group which had only the program
performed the best. Again, the variance within each group was large
and the mean percent correct scores cannot be considered statisti-

cally different.

Data Table V

Mean Percent Correct for Experiment V

Type of Question

Group Execution Interpretation
Flowchart 48.5 Bl.2

Program +

Flowchart 56.9 50.0

Program 57.8 62.4
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DISCUSSION

The results of this experiment indicated, as argued in Experi-
ment IV, that the type of information obtained from a detailed flow-
chart and a program appear to be equivalent. The most interesting
result is the comparison of the program group versus the other two
groups for the two types of questions. For the execution items
the program group scored the highest and the flowchart group scored
the lowest. This result, although not statistically reliable, sug-
gested that a program may be more understandable than a flowchart
for execution type problems. For the interpretation items, again
the program group performed the best, suggesting the program repre-
sentation may be supplying additional information which a flowchart
cannot. The performance of the program group versus the program
plus flowchart group suggested that the presentation of redundant
information may hinder understanding necessary for a general under-
standing of an algorithm. In terms of the human factors research,
this experiment was similar to Mayer (1975) which demonstrated dif-
ferent learning outcomes for flowchart groups and to Wright and
Reid (1973) which showed different results for flowchart and prose

descriptions that were memorized by subjects.
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General Discussion

Although our original intention was to ascertain under which
conditions detailed flowcharts were most helpful, our repeated nega-
tive results have led us to a more skeptical opinion of the utility
of detailed flowcharts under modern programming conditions. We
repeatedly selected problems and tried to create test conditions
which would favor the flowchart groups, but found no statistically
significant differences between the flowchart and non-flowchart
groups. In some cases the mean scores for the non-flowchart groups
even surpassed the means for the flowchart groups.

We conjJecture that detailed flowcharts are merely a repetitious
presentation of the information contained in the programming language
statements. The flowcharts may even be at a disadvantage because
they are not as complete (omitting declarations and input/output
formats) and require many more pages than do the precise concise
programming language statements.

The advent of top down design techniques and structured control
structures reduce the utility of detailed flowcharts since program-
mers have learnt to think in higher level concepts than those repre-
sented by standard detailed. flowcharts. This suggests that further
experiments should be done with macro flowecharts and structured
flowcharts (Nassi and Shneiderman, 1973).

Our results should be replicated with a wide variety of program-
mers and problems. Especially important are studies on large complex
programs. Another important research direction would be to study
professional programmers who feel that flowcharts are essential
in their work. Is theilr dedication to this technique well-founded

or would their time and energies be better spent in more careful
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program degign or documentation. It has also been suggested that
detailed flowcharts are more meaningful than programming language
statements for managers and non-programmers. This possibility should
also be investigated.

In summary, our experiments have not demonstrated the utility
of flowcharts in program composition, comprehension, debugging, or
modification. Further work is necessary to replicate the results
to explore other areas where flowcharts may be helpful, and to study

other forms of flowcharting.
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Appendices

The experimental materials in these appendices are not the
actual materials but are designed to give the reader a clearer

impression of the nature of the experiments.

PITOT STUDY 1 MATERIALS

Read a sequence of data cards containing six digit num-
bers (punched in cclumns 1--6) irto &n array. Thore noy b2 as many a3
250 numbers. These cards are followed by a traller cord containing
~39999 in columns 1-6. When the numbers have been read in and stored,
read in the next data c¢ard which contalns z target number, Search
for the turpget nunber in the array and print out the nunber of the
arrgy posltlon in which it is found with an appropriate message such as

TARGET xxxxxx POUND IN POSITION zxx :
If the turget is not found, print
xxxxxx NOT FOUND :

EXPERIMENT I  MATERIALS

¥Write a computer program to compute'stock broker coernlssions. A
series of data cards have been prepared in the following formal:

~-999

B traller card

data cards

R, PR O

nunbae prics code "ﬁi
of < ‘per 0sSELL S
snares ghare. 1=BUI

The commission is 60mputed as follows:

for smales: 2% 4f total value is lees than $1000.00
1% Af total value 13 greater than or equal to $1000.00

for purchases:

3% 4T total value is leas than $500.00
2% il sotal value is greater than or equal to $500.09

Read each eard, compube the cowmission and prlnt the total valuz and
the commission. When the twailer card is encountered print ?ALL DONE'
and stop. Use FORMAT stabvement on input and output.
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RCAD, Paruc,

EXPERIMENT II t+ MATERIALS RATE MY RS

of statement. 85 b
Part XIT - What is the ouloucnror uhe READ(S, 1C1)PRINC, RATE ,NYRS P 1 g
following scts of input: 101 FORMAD(FE,2,FN.2,72) :
(2 psints each) IF(PRINC.T.16060,)CG0 10 50
IP(PRINC.OT.5000.)G0 TO 20

RATE=RATE-.01

: 6o T0 80
mmomo.ooa.om 5 (1) 20 RATE=RATE+.01 o
Go 1o 80 . 3
ﬁll.ln]l.] 50 RATE=RATE+,02
i

£1000.0006.06 7 (2) 80 IP(RATE.GT.,10)GO TO TO
85 WRITE(6,102)RATE
s . LTV 102 FORMAT(FS.2)
Twaoo.ooo.oa 5 (3) 3 DO 90 Y1 ,HYR3

PRINC=PRIICARATE+PRING &y &

TN S IF(NZES. 7. 10)GCT0 90 . d k.5 e S e
{©3000.000, 252 (5) RIUE(6,1203) PRINC : : lgore zaone ¢ ca]  fem o (8ATe = eavE - o]
i

; AO(Y RIS F8.2) ) 5 ; ! T
: 50  CGHTINUE ; _
b%5000.000.58.¢8 (s) WRITE(6,104)PRINC
. . 104 FORMAT(' AMOUNT',#8.2)
sSTO? o | 5
70  RaiTh=.30
GO 9C 65
END

Pill in the table with the pumber of times statement 20, 50, 70, and
0 get exscuted for eash of the five input cards. (1 point eanh) ’

statement # 20 59 70 g0

(1)
(22
{3)
(")
(5)

o ——

.

Loamy, pane |

* - -

b
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EXPERILENT III 1 MATERIALS . .

R =

Good afternoon, Mr. Phelps. Your assignment, irwor you
will decide to accept, is to participate in an experiment con-
cerning one aspect of programming, specifically program debuzging.
Your participation is valued and we hope %ot do well (your answers

‘will be mwmnmnu.. Please begin now. J

INSTRUCTIONS (PART I)

The program you have been mw<mm is a tie-tac-toe playing
program which is not wcvﬂomma to lose., But as you can see by
examining the output of a run it has at least one bug in it.

Your +task in this part is to examine dsm.wmomnma listing in con-
junction with any accompanying materials you received (if you only
have puwnm&wzm use only that) in order to locate and repair the
bug(s). Please report the bug(s) below by giving the appropriate
line number and a brief explanation of w:m change (e.g. replace
the line with ; ory wzmmﬂa : after the line).

You will have 50 minutes.

LINE NURBER
© and EXPLANATION
~WHICH ROUIINE

=

Name; ExXperiment Number III

INSTRUCTIONS (PART II)
Below are the bugs which are in the program. If they do not
coincide with the bugs you found, please make the appropriate

changes in your listing to fix the errors.

LINE NUMBER
and

WHICH ROUTINE EXPLANATION
usmena>n ghould read: 2 = Z .AND. M(I,J) .EQ. O
psmeoa>n should read: 2 = Z .OR. NCOL(J) .EQ. 1
»:ummaﬂ should read: ND = 2

After making any correctlions necessary please answer the
ten questions concerning your understanding of the program which
begin on the next page. Answer each question by clireling the cor-
rect response next to the question numbers supplied belew. Agaln,
use your listing and any mooosvmwwsm materials in choosing your
answers,

Once you have c¢completed the pmmma»osm please go on and fill
out the questionaire which follows the questions, After you are
finished please clip the four pages back ﬂomm&wmm and hand them in.
You may keep the listing and flowcharts.

You will have the rest of the perlod.

L) LA _ELS D E .

Z.) A B 0D E

3.) A B CDE )

4,) A B ¢ D E

S & B ¢ D E

Ee) KB Q1D SR

7.) (part i) A B C D E j (part i1) A B C D E
8.) & B & D E

9.) A B C D E

C:) X B & D E
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UESTIONAIRE (CONTINUED)

5.} Did the flowchart help in your understanding of the program?

0o 1 2 37 &8 Sen 46 7 8 9
not at very much
all

6.) Did the flowchart help in finding the bugs?

e | e _gushsie SEE ANy RASUee §ma
not at . very much
all

This is the end of the experiment. Thank you very much
for your participation.
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SUIINTTINE T LELL T

SBROUTINE CELL

TOC 6600 FTN V3.T=V359 ¢

s e o o LI/ 4T) Pl e (Tl [ M

¢ TTSUNUTTINE 3 TAR

SUBRJUTINE ACARN(MAVES)

TOC 8630 FTN V3.0-V

1E(N «ME. 1) 5C T2 2 c,"..ﬂ%ﬁmﬁu..:mqﬂd.ndhﬂﬂava—
1 =1 ) : DATA BLANK/IN /, X/LHX/, "/1W7/ !
—— g e T on 10 1 = 1,3
Ny = 1 : 0710 I TE Ly T
2T TURM . TR{MOVESIT s J))1446,8
e Sl “TFINTIRES 217607793 i i 5 PIQARD(I,J) = X
P ol - GO IO
- _ J =3 = : ' 6 P30A3D(1,J) = ALANK
" = MIyTE 2 10 G T0 Lo
2T TUAN * 9 vm_lu..m.umqm._-r__ =0 "
3 IF (M JNE. 3) 6D TN &4 S G Y0 10
T T T o 19 C2NTINUE
15 - g <3 _. DY 2 I = 132
ND = 1 - 15 WA ITE(G415) (MB2ARD(I,d),J = 1,3)
el R FE YU ' 15 FIRMATUIX, AL, " TP 41,1 %,41)
4 IFIN ME. &) G0 TD 5 i WITITE(6,161 =
1 =3 : . gl e e 16 FORMATILX,5('=*))
———y —= 5T ) 20 CINTINUE
Ny =1 m 29 WEITE(8,25) (930ATDT3,J1,d = 1,37
RETUR ! : Ble- et o v 25 FORMATULX ALy " T7,81,717,AL,/)
s i e T ] MR BTG YO BE TURi}
. P =1 _ END —_
25 J =2 - er—— ;
S e L e —— g E T : ] SU3RIUTINE B834°D R +=%/ CDC 6600 FTN V3.0~V
]E TURY !
5 IF(N NE. 6) 52 T2 7 Rt - =t
=g T mEmEsEl BE L s
30 |
Ny = 3 T
S S " AL TN
7 IFIN JNE. 7) 50 T2 8 et
e SY197L1C REFERENCT Map
33 d=0 STTTENTRY POIMTS S
FE TURY et 2 833.nN g -
3 [FIN -ME. 81 STTP
g RIAVRLES SN TYYRE HECNCATION S
25 ol 71 3LAK REAL 104 1 INTEGER
5= o h93E 0 INTE6ER 0  MDVFS INTEGER
CE TUIN b e st | Vi 106 " PRIARD REAL T
enp T 72 X REAL -
SUARNYTINE  CELL R #=%/ €OC 6600 FTN V3.0-V359 ° d—pyreqaqsy oe -
TAPZ4A FMT
SY AT 1T AEFEXENCE MAP
T STATEMENT TARSLS : el
TR o R et 0 4 INACTIVE 24 6 fg
. S e . 27 1) 74 15 FMT .
A 720 101725 FHT i
VAI[A3L3S SN TvocE RELSC t :
J r_lv Ay o, T TNYEGER STATISTICS
3 M INTE5E2 a4 3 ND INTEGES TFBRIGRAY_LTWGTH TTTT220 B2~ g
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s EXPERIMENT IV : MATERIALS
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1 P2IGRAY GRAHER R =y CNC 6600 FTN V3. 0-V359 DOPT=1
PROGRAM ‘ﬂaﬁ:DIINbuT “UTDUTI
DIMENSION MAMF(3), ldnnﬁlll' N“ECSF(EI
c s ie B i = 2 : R SRS
c
5 G GYADE? GENERATES SEMESTER ARRANF 2EPN2TS FOR IUCS UNIV. .
S e € THE DIJRRAM-ALCERTS AS INCUT TWN MASTER CARNS AND ANV
G NUMBER OF NATA CARDS, THE MASTER CARDS ARE DNEFTNED AS
e ID = A STLHDEMTS SACTAL  SECURT TY "MIJMBER
e e e NAME—— 30 - CHARACTER NAME R S,
10 C IANS - A& 30 CHARACTEE APNRESSS
C 1712 - 21P CMDE
e e e CAMAS .~ TOATAL CRENET HTMIRS TN NATF : et e e
c CRPTS = TNTAL CRENIT PNATNTS TO DATE.
C TUuCs UNIV. $°ADFS ' O o TnﬂﬂiYIONAL 4.0 SCHFHE 1E. 4.0 !S S S
15 £ e e e .
C THE IﬂDIVInlit r1LASS 9?3"°T§ aDE D:FTMFn T AF
c MMEZSE = THE £AO1)2 S5 AMAwC
— S . -MMENPT = THC MAME NFE THE NEPAQTHMEMT THE CNURSFE TS NFFFREN RY,
c MUMTSE ~ THT COYRSE MJMAFD NESITAREN [N THE CATALCH MF CLASSFS
20 C MUMSEC / THE SEOTINY MJARED ASSTIGMEDN 3Y THE PFGISTPRPAR
- e et e e OO STHE NUMRERLIF.CRENIT HOURS TRE CLASS TS _—
L LGN = THE LFTTC2 GRANE OFCELVED FNR THE CLASS
C
e e i .__.f:...__._ e — S =2 — & L i -
25 L5 DF&D MASTE 1 rnon
139 TEAD 1 IS.MAME,TANIS,TZ]D
i} e R ARMAT L 19 A 1D 341D, T 5 = e =
EFLIY o£0. t=11) 52 T° 300
DEAD 2,0IHTS,0°PTS
= -30 - 2 FARMAT(F5.1,F5.1)
PRIMT 101
121 FORMAT(*L'.84(1H*))
- - = SR e NS RS - s Dq!”‘r }_15 SR Nl S A = =
PRIMNT 133417 4 RAME, Th“QS.T?!“
35 103 FORMAT (" %, 1%, 19, 3%, 3ALN,3X,34812,1X,15+1H%)
BrTe et i -— - PRTNMT- 115 s i
SRLAT 10
104 anwﬂT(. w01 CNIRSE Kau:t,[qx,cqcnr HUMRE: SFOYINN HMONeSe
R e T e s el | ERER SaE- nr_ug\u«(:‘l l’!.l“*i
P pn[NY 113
C IMLTTAL [2E SEM=STER CEUNTERS
2 = - G EMHI- =) , 0 R
SEMPTS = 0.0
£ NETEIMINE TUR NJMAE] JF e g AN POINTS ACCUMULATFD FPR THE SEM
e g e s e e CSTART T EA) - MO0 FDQ TN VIONAL CASS FEPORTS -
50 2EAD 2, IFVAG, NMEC SEZNMENDT  MUMCSELCROHR,LGR N, NUMSFC
3 ’ﬂQ!ﬂT{Il FAIDWA2,13,F2.0,42,16)
R S e =R T ELAGY 10510520
c PRICESS Cal’n
50 C IMNDIVIDUAL FPUBSE RFRICT
- e s e Y e DR [ME 23 ] 4 g NMENSE  MMEBT (MUMOSE MUMSEC 4 CRNHR 4LAON
114 FORMAT(Y =0 JBAIN 3K A2 1 T a1 X, TT,F5,1,5%,A1,21Y,1H%)
IF(LGRD «5Ny THA) S5 4PTS = SEMPTS + 4,0 * CRDHR
T T S ~LE{LBID) LEN, lHA) SEMDBTS = SEMPTS + 2,0 #* CROHR
85 TRELGRD o F0e LHEE SEHOTS = SEMDTS « 2,0 % CROHE
1 PRIGRAM GRANER R +=%/ COC 6600 FTM Vy3,0N=-V350 OPT=]
TFILRRND LFN, 1HD) %FHDTQ = SE”DTS + -.0 *® C'-?Dl-lo
IF((LSRD .FN.1HP) 02, ([LGRT JEQ. LHW)) GO TO 40
. e G EMHI = SFEMHG 4 r_an: S e = : " o
40 5373 T 5C
63 20 73 150 I=1,1"
e o S e _..15'}_ DD'“T llli -
115 CORTATLY ®1,92%, vary
r, PRIMT THE SFM=STEY STATTSTICS AMY HIPDATEN NYER/ALLL STATS
: + = PAINT 116
65 1156 FORMAT(? #0,3%," noa-,zy,-rnrnrr POINTST, 3%, CRFNIT HOURS?, 3%,
1 'SEM, RPAY,IX,'SEM, D”T“TQ'-3X- SEM, HNURS ' ,6X,0x1)
- == ————_ CAMP YTE SEMESTES AVE ANT MFW GPA i L
SEMGDA = SEMDTS [ S IMP
CRHRS = [PHRPS + STYHY
ol ] EETS ————— LRAPTS = CPOTG 4 SCMOTS
GPA = CRPTS / CPRHRS
PRIMNT 117,674 ,CRDTS,CRHES,SEMGPA, SFUPTS,SEHMHR
_— e FARMAT(! %7 ,74,3,5%4FA. 0, 11XF5.0,6X,FR.3+6XeF6a03TX,FA,0,10%,*
PRINT 111
75 111 FORAATL(? .WQIIH*II
15 o) r‘"; T 103 L T i
300

STe
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The following is a program.

EXPERIMENT V + MATERIALS

2) myltiple choice questions about the program.

26

15

10

PROGRAM QI1I  (INPUT,OUTHUT)

0B 1nil10), Im2g10), IoUT(20)
ING,

INz

10

O+ 1

I1 oGT. MAX) .AMD. (I2 .GT. MAX)) GO TO 5C
IF{14 .0T. WMAX) GO TD 10 ,
IRP(Ze .07, MAX) GO TO 1

1°{IN1{Z1)} .GT. IN:{IZ)) GO TO 10
IZUT{I0) = IN2(T1)

11 = I1 + 1

60 TO 2C

JoUT{i0) = IN2(Iz)

Iz = 1z + 1

1 NG 20

PEINT, ICUT

270P !

On the following page you will find
questions which are of twoe types: 1) suoply the output and

The following flowchart describes a programe. On the followlng
page you will find questions which are of two types: 1) supply
the output and 2) multiple choice quesiions about the program.

| DIMEMSICN IN1(10),IN2(10),I00T(20) |
[READ, INI]
A :

AL, 1%z ]

IF(ERL(I1) GF,. INZ{IZ2])

7

L 4 Lioun(zo) = INz(F2)ee

LXe oo 1o = 1 B

P
TOUY <
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Analysis of Variance Tables For Experiment IV

Analysis of Variance for Time Heasure

FACTOR o df

University
T1ype of FC
Eodification
Univ X

Type of FC 2
Univ X ) .
nodification ; L)
Type of FC X °
Modification 2

- B b

Within Subjects

Error 54
Univ X

Type of FC X
rodification 2

Eetween Subjects .
Error 54

HEAN SCUARE F
33.075
8.0083
-2083
29.5750
10.2083

20.3583

17.5713

1.2583

21.8491

Analysis of Variance for Fercent Correct

FACTOR af
dniv 1
Type of FC 2
rodification 1
Univ X

Type of FC 2
Univ X

Hodification 1
Iype of FC X
todification 2

Within Subjects

Errorc 5h
Gniv X

Type of FC X
rodification 2

Between Subjects
Ercor 54

MEAN SQUARE E

32.033 9.9
1.525

12.033 5.78

1.0083
10.800  5.22

2.60E3

3.3278

5.9250 2.8 < .10

2.0759

< .01

Analysis of Variance Table for Experiment V

Analysis of Variance for Percent Correct

FACTCR

Type of Quiz
Type of Question

#ithin Subject
Frror

Type of Quiz X
Type of Cuestion

Between Subject
Error

af

2
1

48

48

HEAN SCUARE

913.8

0.24

2582.5

321.4

612.2

?



