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1. INTRODUCTION: NEEDS AND AREAS

1.1 Needs for Research

Within the broad field of computer programming, one need
is growing particularly; and awareness of that need is
also growing. That need is the facilitation of mainte-
nance programming, by programmers who did not originally
develop a software system, on software which others have
written.

Several factors cause the need:

(1) As programming becomes less of a pioneering
work, there simply are more programs which one
may modify rather than develop "from scratch."
Also, as telecommunications are improved and
as computers become larger, a tendency is
reported (Hill, 1973) for specialized software
packages to be shared (and modified) by a
number of users.

(2) Personnel turnover has traditionally been high
in programming. While it may have declined in
recent years, it is still high in relation to
other professions: One study (Simmons,

1972) estimates that twenty percent of U.S.
programmers move from one employer to another
each year.

(3) There is a tendency for software systems to
become more ambitious; and larger systems,
according to Simmons (1972) amplify the need.

High costs have resulted from these and other factors.
For the U.S. alone, according to one student of the
problem (Boehm, 1973), annual " . . . software costs

. « . are probably over $10 billion . . .",

Maintenance programming is a major factor in these
costs. The U.S.A.F. Systems Command, Electronic Systems
Division, in sponsoring previous research in this area,
estimated that the maintenance of a large computer
program often costs more, over the life of the program,
than was paid for the original development of the
program. And a recent managers' survey (Rhodes, 1973)
showed that the typical cost of developing "a big
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system" was greatly surpassed by the costs of installing
and testing it, and of making enhancements in it. 1If
published estimates can be believed, this all implies
that maintenance costs the U.S. more than $5 billion

per year.

In spite of the involvement of billions of dollars,
there has been a remarkable lack of systematic research
into the conditions which help and hinder people doing
maintenance programming. Electronic Systems Division,
recognizing this lack, has sponsored relevant research
(e.g., Overton et al., 1973). This helped correct what
was earlier described as " . . . an applied scientific
lag in the study of . . . programming . . . . a widening
and critical lag which threatens . . . great waste that
inevitably accompanies the absence of systematic and
established methods and findings, and their substitu-
tion by anecdotal opinion, vested interests, and
provencialism" (Sackman et al., 1968).

The previous research identified areas which promised
particularly great potential for development--from which
helpful tools and practical advice could come. The
present project represents further work in two of those
areas. They are called "Graphic Terminal Arrangements"
and "Automated Conceptual Groupings."




1.2 Areas of Research

The nature of the work reported here. is transitional,
between research and development. One area (Conceptual
Groupings) includes the development of prototype pro-
grams which could be converted into valuable tools for
maintenance programmers. The other area (Terminal
Arrangements) includes research into the conditions
which facilitate problem-solving in programming.

1.2.1 Graphic Terminal Arrangements

Through his eyes and other senses, the programmer at a
terminal takes in a variety of information. The inte-
gration, or lack thereof, of this information, can make
the programmer's job relatively easy, or very incon-
venient. Thus, this area of research concerned the
integration of the information used by the person at
the terminal.

There are complex interactions between the physical
arrangements, the programming discipline in which a
person is working, and the style and structure of the
program. This research sought to clarify the effects of
some of the variables, so that effective arrangements
can be devised for future work situations.

In addition to studying the basic variables, the project
also pointed out some specific, smaller features of
terminal arrangements which are both helpful and harm-
ful.

1.2.2 Automated Conceptual Groupings

When one programmer is talking to another, explaining a
program to him, much of his explanation is cast in
interesting units: not individual statements of code,
and not in the terms of the formal documentation of the
program; but in small sets of statements, each set of
which can be treated as a unit. These sets have been
called "Conceptual Groups." This project included work
on programs which would find "Conceptual Groupings"
automatically.

Two pilot versions of "Grouping Programs" were written.
Research showed that such programs could help make at
least certain classes of applications programs sig-
nificantly easier to maintain.

9




The logic of the programs could also provide the designs
by which compilers could be modified, so that the
compilers could, by helping the programmers, reduce the
cost of maintaining programs.

10




2. STUDIES IN GRAPHIC TERMINAL ARRANGEMENTS

2.1 General Themes

Although they are not often repeated explicitly, two
general themes run through the studies in terminal
arrangements.

First, there are limitations to what people's senses
can perceive; that, both literally and figuratively,
eyes have to blink now and then; that some things are
hard to see and follow; and that people may get tired
of trying.

A second theme relates to more intellectual (as opposed
to sensory) functions. Often, the difficulty of a
problem is a function of the way it is presented. And,
in a sense, a terminal is a device for presenting a
problem, or a portion of a problem, to a maintenance
programmer.

The first (or more sensory) theme appears strongly in
the study of the literature (described below) relevant
to this area, and in the direct observations of the
problems of maintenance programmers at terminals.

The second (or more intellectual) theme develops into
experimentation. But before the experiments could be
executed, a methodology had to be developed—problems
had to be presented in different ways, so that the best
feasible way could be found. The experimentation, then,
consisted of programmers actually working on programming
problems which differed significantly and systematically
in complexity and mode of presentation. '

The two themes are summed up in the phrase, "sensory
integration." The general goal is to present informa-
tion relevant to a maintenance programming problem in
the way in which the information is easiest for people
to (1) perceive, and (2) integrate into a solution to
the problem.

11




2.2 Research Methodology

The following activities were included as methods of
study of Terminal Arrangements:

. (1) Relevant literature was extensively reviewed.
(This review was combined with that for the
Conceptual Groupings studies.) Basic findings
are incorporated in the body of this report,
but additional quotations appear in Appendix A.

(2) Concepts--especially those necessary to the
making of specific definitions about working
conditions and performance--were developed.

(3) Many possible experimental variables were
refined into a tractable number, and an experi-
mental design was developed.

(4) Observations--including interviews--and experi-
ments--including videotaping--were conducted.

(5) Results of experiments were predicted theo-
retically, and actual results were compared
with the theory.

These activities are discussed, in turn, below.

2.2.1 Literature Review

A wide spectrum of sources was represented in the 1lit-
erature which was reviewed. These sources may be roughly
divided into four classes:

(1) Professional computing jburnals. Examples in-
clude the IEEE and ACM journals, and others of
lower circulation.

(2) Other professional journals. These, such as
Perceptual and Motor Skills, may contain rele-
vant facts while not being oriented toward
computers or programming.

(3) Popular or semi-professional magazines. A
prime example is Datamation. (The authors
observe that many popular magazines contain
very little "firm" information; but they may
be of value in reporting current opinions and
interests.)
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(4) Other publications. Included are books,
dissertations, and symposium proceedings.

More than 200 articles, etc., were read during the

review. (Of course a larger number were merely scanned
briefly or skimmed, and rejected as being not worth
perusing.) These were converted into a file of relevant

findings, etc. Where appropriate, these were incorpo-
rated into the text of this Final Report.

Several of the sources contained "quotable quotes" which
were interesting, but which would not fit appropriately
intc the body of the report. Some of these quotations
were copied and included in Appendix A.

2.2.2 Concept Development

One of the problems in trying to study maintenance pro-
gramming scientifically, as previously observed (Overton
et al., 1973, p. 84)

" . . . is that the really meaningful elements of
the work are difficult to define. That is, the
programmer is not like a factory worker who is
installing components that can be counted . . . .
He is more like an artisan who is figuring out how

to make or repair an artifact. (The word 'arti-
fact' is used in its archeological sense, as 'a
product of human workmanship.') His 'figuring out'

is hard to translate into anything like a quanti-
tative statement of the ingredients in his problem-
solving.

"With a time-sharing system, however, the pro-
grammer enters an environment in which one element
of his work is theoretically subject to regular
and continual measurement. That element is
information. The programmer is calling for in-
formation to be displayed on his terminal. He is
(mentally) processing that information, and he

is throughputting the results of the processed
information by making new inputs at the terminal."

The final assumption is deceptively simple: The more
information the programmer throughputs, and the more
accurately he does it, the better he is working.

Unfortunately, one must develop more specific and ob- .
servable concepts before one can use this assumption as
a guide to the measurement of programmer productivity.
In this connection, a new body of literature becomes

13




relevant. It is that on "operator workload": the
"load" a man can "carry" when he must respond to inputs
from the electronic portions of a man-machine system of
which he is a part.

A recent review of this literature (Jahns, 1973) empha-
sizes the diverse origins of the one concept of the
(sensory and intellectual) "workload." The concept is
said to derive from four different classes of researchers
and theorists, having somewhat different meanings for
each of them. The four are:

(1) Time-and-motion analysts. Using a "scenario"
as a guide, lengthy predictions of the exact
tasks with which an operator will be faced.
They also predict the time it will take him to
do each action. These predictions are based
on normative data from previous studies. The
specialists then calculate the points in time
when he simply will not have enough time to do
what he is supposed to do.

This technique is said to " . . . provide an
adequate tool for making general, broad pre-
dictions regarding the operator's ability to
handle a given set of tasks."

The barrier to applying this technique in
maintenance programming is that one does not
usually know in advance what the "given set of
tasks" will be. Also, there is a lack of
normative data on the time required to do
various tasks.

(2) "Channel Capacity" theorists. It is assumed
that the operator works within a "channel
capacity" which is fixed and limited. "Work-

load" capacity is the ability to accomplish
additional tasks, whether expected or unex-
pected.

This approach is said to be valuable when
applied to a small number of individual func-
tions; but it may distort the picture if it is
applied to "complex interactions" such as those
found in "higher-order man-machine systems."

This approach is applicable to some aspects of

maintenance programming, such as the simple
scanning of files for points of interest.

14




(3)

(4)

"Activation" theorists. Performance is said
to be a function of the activation level, or
physiological state, of the operator.

"The results obtained so far are promising but
fraught with problems in measurement techniques,
data reduction and interpretation."”

In the opinion of the authors, this approach
has no place, at present, in the study of
maintenance programming.

Non-theoreticians. It is assumed that any-
thing which will "simplify" the work situation
will help the operator. Also, any situational
change which improves performance is assumed
to have reduced the sensory/intellectual work-
load.

Now, here are two concepts which were actually used in
this project, and their relationship to the concepts
from the literature as reviewed by Jahns (1973).

(1)

(2)

Information sources. The screen of a terminal
is an information source, as is a listing of
the program. As will be seen, there are other
sources of information which are quite
important to the maintenance programmer.

Within the time-and-motion tradition, it is
assumed that a programmer can work better when
he has to deal with a smaller number of sources
at one time, and when each is as convenient to
him as possible.

Throughput rate. When a maintenance programmer
looks at a new item on a display, he has to
decide, at a minimum whether or not it is rele-
vant to what he is doing at the moment. There
is a maximum rate at which he can make such
decisions, and this rate will therefore tend

to set a pace for his work.

This concept is compatible with that of
"channel capacity." The authors prefer to
express the throughput rate, wherever it is
possible to do so, in terms of bits per second.

Another concept, unrelated to the "workload" literature,
relates to people's ability at "Keeping Track of Several
Things at Once" (Yntema, 1963). There is a limit to
this ability too; and it becomes very relevant to a
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maintenance programmer when he needs simultaneously to
watch more than one source of information.

A "proper" experimental design is based upon variables
--controlled, independent, and dependent variables--and
not upon general concepts. But the above concepts were
used in evaluating the variables described below.

2.2.3 Experimental Variables and Design

People constantly adapt to, and overcome, small imper-
fections in their equipment. On the other hand, people
also respond to, and are distracted by, many "non-
signals" which computers ignore. These characteristics
of people contributed to making the experimental design
(potentially) extremely complex. Maintenance pro-
gramming is simply very complex behavior, and there is
no realistic way around this fact.

One could easily list more than a dozen variables (such
as those cited below) which influence maintenance pro-
gramming. A necessary task was the refinement of these
variables into those which were most basic.

Then an experimental design (described below) was de-
veloped in terms of the basic variables.

Finally, to keep the results from being unrealistically
narrow, experimentation plus observations were planned.
(This combination is also described below.)

2.2.3.1 Variable Refinement. Preliminary observations,
coordinated with the literature review, led to a formid-
able list of independent variables upon whose effects
the productivity and success of maintenance programmers
might in part depend. These include:

(1) Language. The pattern of errors which program-
mers make in working with different languages
has been found to vary from language to
language (Youngs, 1969). FORTRAN and PL/1
probably differ from each other, and from
other languages, in specific aspects of main-
tainability.

(2)) Terminal. A graphics terminal is obviously not
equivalent, in terms of the information which
a person can get from it, and the way he can
get that information, to older-style print-
outs and "hard copy." The terminal itself may
affect maintenance behavior.

16




(3) Other information sources. Accessibility of
other data, such as printed documentation, may
be necessary to complement the information re-
ceived from terminals and program listings (if
any). Ideally, experimentation should cover
these other information sources.

(4) Program application. Payroll programs have been
written in both FORTRAN and COBOL, as well as
in PL/1 and other languages. Within the frame-
work of one language, the application area may
affect maintainability. And there obviously
are different types of applications, including
(I) business, (2) scientific, (3) statistical,
(4) simulation, and (5) others.

(5) Size. It seems reasonable to suppose that a
big program should be harder to maintain than
a small one, but there are no "hard" data on
the relationship between maintainability and
size. Conceivably, this experimentation might
seek to generate such data.

(6) Style. Under at least some conditions, pro-
grammers prefer to work on programs which are
written in a highly modular, hierarchical style
(Overton et al., 1973). Hence aspects of style,
such as degree of modularization, are candi-
dates for experimental variables.

(7) Test difficulty. A commonly-expressed opinion
is that, especially with larger software
systems, the ease of maintenance work depends
in part on the availability of test data, and
the convenience of test conditions.

(8) Complexity. One program may differ consider-
ably from another in terms of logical conse-
quences and complexity per unit of code. For
example, two programs might each keep records
on the locations of various particles or units.
One might do so in a simple inventory control
program; the other might employ a set of
differential equations to model the three-
dimensional diffusion of gaseous particles.

The latter would probably be the more complex
program, even though the former might be longer
in terms of number of program statements.

Now one could easily imagine an experiment, designed to
cover reasonable points in the above variables, which
employed (1) three programming languages, (2) two terminal
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situations, (3) two other information sources, (4) two
program application areas, (5) two sizes, (6) two styles,
(7) two degrees of test difficulty, and (8) two degrees
of complexity. This experimental design would require
that data be taken under the number of different con-
ditions which is the product of the numbers just listed;
namely, 384.

If one decided to observe, as a reasonable amount, 12

hours of programming activity (presumably assigned to
different programmers in such a way as to preclude the
creation of other problems in interpreting the results)

in each condition, then one would require 4,608 programmer-
hours of work to be observed in the experiment. '

This amount of work (not to mention the equally formid-
able problems in setting up all those conditions, and
in scheduling them) would make the experiment far too
expensive to be seriously considered.

The practical problem, then, is one of boiling down

« « « ¢ refining the variables into a tractable number,
and then converting that number into an experimental
design. (As noted below, the formal experimentation
was supplemented by further observations.)

During the course of the first four months of the pro-
ject, personnel from Electronic Systems Division advised
those from AMS regarding the languages of greatest in-
terest to the government; and AMS personnel used the
findings from the literature, plus the results of pre-
liminary observations and interviews, to refine the
other potential experimental variables.

As a result of this work, the following decisions were
made.

(1) It was decided early that, for both the Termi-
nal Arrangements and Conceptual Groupings
studies, the languages of primary interest
would be PL/1 and FORTRAN. For Terminal
Arrangements, experimentation was restricted
to FORTRAN.

(2) Based largely on its prominence in the litera-
ture, an aspect of style was chosen as an in-
dependent variable. That aspect was degree of
modularity in the programs used.

It was noted that this variable tends to be
correlated with degree of structure, and with
the extent to which a software system is
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organized in a hierarchical manner. That is,
highly modular programs are compatible with
so-called "structured programming," although
modular programs can be produced without
following the rules of structured programming
(Liskov, 1972).

(3) Based largely on the first four months' inter-
views and observation, attention was also
focused on the rather broad variable of "choice
complexity" prevailing within the program; or,
more precisely, of the per-unit complexity
characterizing the software being maintained.

In other words, modularity and complexity represent the
independent variables, whose effects were to be studied.
The dependent variables, to be observed and quantified
as much as possible, related to programmer performance
and efficiency.

The method for quantifying programmer performance was
not fully developed until after the completion of a
number of preliminary observations. No method of quan-
tification was really satisfactory; a number were con-
sidered.

Number of modifications, per unit of time, was rejected
because of differences in the types and sizes of modi-
fications to be made.

Number of entries, per unit of time, was studied at
length and rejected because of the problem of defining
"entry." A long series of numbers might be just as
legitimate a single entry as one character in a state-
ment. Also, some entries might be made in almost random
experimentation by a confused programmer.

A crude and subjective method, which was used, involved
the programmer's opinion, which was obtained at the end
of a session at the terminal. Some programmers (notably,
the one with the most formal education) spontaneously
made comments at the end of each session, saying things
like "Well, that should take care of that"; or, "I don't
know what happened there." If a programmer volunteered
such a comment, he was not asked about his progress.

If he did not, he was asked, "Well, did it (glancing at
the terminal) let you do what you expected to?"

Comments were coded iﬁ terms of "good" for a clear yes,
"so-so" for an indication of something like half-way
satisfaction, and a "bad" for a clear no.
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A more objective method, which was used, involved the
concept of "getting stuck." The maintenance programmer
was said to be "stuck," and "spinning his wheels," if he
did any one of the following things:

(1) . . . sat at the terminal, taking no control
actions, with nothing new coming from the
computer, for at least 45 seconds.

The time threshold of 45 seconds was selected
on the basis of (a) previous results showing a
somewhat comparable median study time of about
half a minute (Overton et al., 1973); and

(b) its seeming reasonable as judged from pre-
liminary observations.

(2) . . . went away from the terminal to study a
reference manual or other general documentation,
or otherwise "left the field."

(3) . . . without expressed or apparent purpose,
paged rapidly through a listing or files for
at least 90 seconds (which is twice the no-
action threshold).

To cast this measure in a more useful and positive form,
the "productive time," or time before getting stuck, was
noted. (If a programmer did not get stuck in the last

M minutes before ending a session, this was noted as

M-E, where "E" stands for "End.") Distribution of pro-
ductive time was then used to study programmer efficiency
under the experimental conditions.

2.2.3.2 Design of Experiment. Given the above,
important decisions, the design of the plan for the ex-
perimental observations became a relatively simple job.
In order to represent more than one point on each of the
independent variables, but at the same time keep the
total experimental time within the constraints set up

by the limited availability of experimental programmers,
a simple "two-by-two" design was developed. It is
summarized in Figure 1.

Ideally, only two programs would have been used in the
experimental design: one of high intrinsic per/unit com-
plexity, and another, comparable in length and every
other respect, of low per/unit complexity. Then two .
versions of each program would have been written: one
of high modularity, and another low-modularity version.
Finally, the four program/versions would have been used
in the corresponding four "cells" in Figure 1.
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Experimental Low modularity | High modularity
conditions condition condition

High complexity .
condition Results Results

Low complexity
condition Results Results

Figure 1. Terminal Observations Experimental Design

Some very practical reasons prevented this ideal from
being met. For one thing, special programs, not con-
nected with the real daily work of the maintenance pro-
grammers, would have meant that they were working in a
very artificial, "test-tube" type of situation of which
they would have been painfully aware; so the results may
have been unrealistic and suspect. Other reasons were
essentially economic: In effect, four new programs
would have to have been developed, tested, scheduled,
etc.; and the money was not available for this kind of
effort. As a result, real programs, currently being
maintained at the test sites, were selected on the basis
of their being comparable in aspects other than com-
plexity and modularity.

The general working environment of the maintenance pro-
grammer is this: Essentially, he is tracing the pro-
gram's manipulation of data--ranging from bits to files.
His purpose is to "understand" the program's modes of
manipulation, but to understand them only to the limited
extent necessary to let him attain his narrow goal: to
make a successful modification.

The modification is deemed successful if it (1) "works"
in its own right--does what it was added to do; and

(2) does not "foul up" or cause new errors in other
parts of the program. '

In doing this maintenance, the programmer is using a
graphics terminal connected to a time-sharing computer
system. Within the constraints of the screen and the
system, the programmer can look at input data, the pro-
gram (whose length is in the low thousands of statements),
and at files being created by the program.

The dependent variables (or, in terms of Figure 1, "re-
sults") center around the rate at which the maintenance
programmer makes progress toward his goal. These were
measured in terms of the subjective reports by the pro-
grammer, and in terms of more objective measures such
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as pace of work and frequency of significant problems
and long interruptions.

2.2.3.3 Other Observations. AMS emphasizes that the
experimental design in Figure 1 focuses on only a small
portion of the interactions and variables which were
listed prior to Figure 1. More crudely speaking, that
experimental design illuminates only a small portion of
the field of maintenance programming.

To expand that "portion of the field," informal obser-
vations were made regarding variables and factors not
covered in the formal design. This observation covered
all of the "cells" in the design, plus a large number
of instances of maintenance which were not included in
the formal design.

The advantage of the experimentation, of course, if its
potentiality for yielding objective results. The ad-
vantage of the other observations, which may fail to
produce significant data, is that they may cover a
larger and more realistic variety of considerations.
2.2.4 Execution of Method
Observations, by AMS personnel of other companies'
employees in maintenance programming, were conducted at
the following locations. (They are listed in approxi-
mate decreasing order of the extent of the observations
and their value to this project; this ranking does not
imply any judgments regarding the intrinsic merits and
abilities of the companies.)

(1) General Dynamics/San Diego

(2) Copley Computer Services, Inc.

(3) University of California at San Diego

(4) Diaspar Data Services, Inc.

(5) Professional On-Line Systems, Inc.

(6) University of California at Irvine

(7) Basic Four Corporation

(8) McDonnell Douglas Automation Co.
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(9) TRW Systems

(10) California Computer Products, Inc.

Not counting travel, time for analysis of notes and
tapes, etc., the "observations" included

(1) approximately 40 hours of interviews;

(2) approximately 48 hours of observations which
were not videotaped, or for which the video-
tapes were not usable;

(3) 8 hours of videotaped experimentation.

Videotaping was done on a Sony 2000-series recorder.
It was later viewed, for analysis, on a compatible
player borrowed from the Capistrano Unified School
District.

Notes and records were analyzed in AMS offices.

Most of the notes consisted of handwritten abbrevia-
tions which were barely intelligible to anyone except

. their authors. To illustrate the notes, one segment was
"interpreted" and typed. It is reproduced as Figure 2.

2.2.5 Theoretical Comparisons

Independently of the execution of the experimental
method, the relevant published literature was again re-
viewed to see what results would theoretically be
expected.

2.2.5.1 Purpose. The purpose of this phase of the pro-
ject was to supplement the actual, experimental results.
Because of the necessarily limited scope of the formal
experimentation, it was deemed especially important to
compare them with whatever theoretical predictions of
the results the available literature might permit one

to make.

2.2.5.2 Procedure. While there almost are no "hard"

data on the problems of maintenance programming with

simple-versus-complex and modularized-versus-other pro-

grams, data do exist on problem-solving in a variety of
- other situations. Those situations which were the most
analagous to maintenance programming were sought, and
the findings on those situations were reviewed.
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O: Today is 11 April. This is the same program as
9 April.

P: This file is too large. I'm going to reduce it.

O: He sees that it is too large from the hard copy.

P: 1I'll get the source file, make an absolute over-
lay, and hope the loader will fit it. But the
loader is large.

P: 1I'll reduce it by two changes.

O0: Both figured out at his desk. I wonder where is
the best place to think.

P: I'll remove the data file.

O: And also use the absolute overlay. That's the
second change.

O: He's trying to load something from the terminal.

C: Uses LDSET to locate the plotting software.

C: Goes past a time limit, cites limit, stops.

P: 1I'll print OUTPUT to get a listing.

O: For future study.

P: 1I'll catalog this file and go to the editor to
enter this control card stream.

O: He enters nine lines and then an = symbol. A lot
of characters for a man to remember.

C: Attaches file. (Computer is slow due to one
large job.)

O: What are you looking for?

P: The thing that tells the size of the program.

C: Fills screen, then re-formats display.

P: Types '450' to list programs.

P: Damn! It's larger than the other one!

P: 1I'll go back to the other change.

O: Taking out some data file.

P: 1I'll tell it to keep my personal file . . . not
the user's file.

O: When he bends over to the side to look at the
listing, his head blocks out the video.

P: Check against these constants. . . .

O: Using variable names for clarity.

P: I'll dimension another variable.

O: To reduce the file size.

P: This makes the previous patch more efficient.
That's the patch which tells it not to plot a
curve between two points.

O: Only more than two.

Figure 2. Example of Notes Supplementing Video
Tapes of Terminal Arrangements Study
Key: O = Observer's impression

P = Programmer's comment
C = Computer or machine action
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3. GRAPHIC TERMINAL STUDY RESULTS

3.1 Opinions from the Field

The polling of opinions, from a technical version of
George Gallup's samples, was not the intent of this
project. Nevertheless, collection of some opinions from
maintenance programmers and their supervisors was a con-
venient by-product of the "Other Observations” cited in
the methodology. Some opinions, which are more or less
consensual, are reported here.

3.1.1 Need for Tools

Maintenance programmers say more and better tools for
terminals are needed, especially in the graphics area.
Tools mentioned as desirable included support routines
to insert lines, check format, check input, etc.

Available tools in these areas were criticized on at
least two counts: Documentation of the tools is poor,
so that a new programmer tends not to use them; and, the
tools are not sufficiently standard and transportable;
they are too restricted to specific devices and in-
stallations. (This latter complaint was made with par-
ticular strength.)

Better paging and file search routines were also requested.
On the basis of the present authors' observations, these
would indeed have been used extensively.

Difficulties were cited in getting technical data from
manufacturers about specific hardward features, such as
the treatment of interrupts, of concern to programmers.

Some programmers said that the program documentation for
the users was generally better than the documentation
for the maintainers.

McDonnell Douglas Automation Company had developed, and
was beginning maintenance on, a large, interactive
graphic diagramming system. Because of problems with
available tools, their personnel had developed many of
their own tools; included was a rather powerful text
editor.
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An available text editor used in three other companies
was indeed powerful, but programmers said it was incon-
venient to use. Actually, it is probably even more in-
convenient than the programmers realized; they had
adapted to some of its peculiarities. But programmers
in different companies seemed to be using different sub-
sets of its features, perhaps because each installation
became acquainted only with the features which happened,
at first, to seem most useful to their "shop."

At Copley Computer Systems, Inc., "edit tables" were
under development. These will allow a programmer, be-
ginning a "run," to specify which of a group of features
he wants included in the run. The tool will contribute
to computerized report-writing; it will allow the pro-
grammer to generate alternate modified report formats
more easily, and thus to get easier confirmation from
the user that the modification meets his requirements.

One installation had a graphics package, designed to
help engineers design and draw electronics circuits,
which included a "zoom" option: It magnified a portion
of the display. The option was intended primarily for
the engineers, and the programmers said they rarely
used it in maintenance work.

The tool (if it can be called a tool) which seemed to
be used most frequently was simply the provision for the
setting of break-points in applications programs.

3.1.2 Preferred Procedures

A manager at Copley said that their on-line system
made maintenance work go about ten times as fast as it
had on a previous batch processing system. To the
present authors, who of course studied the system there
in much less detail than did the manager there, the
Copley system and procedures did indeed seem extremely
efficient.

Emphasis was placed on "sections" of code, each of which
performed one and only one function.

The sections were quite small. Some were only two
lines in length; the mode seemed to be about six, and
the maximum was said to be 40 or 50 lines of code.

Because of their small size, the sections were par-
ticularly effective with an on-line system, because

« « « ¢t (1) A section is small enough to be keyed into
the terminal quickly. (2) It can also be output quickly.
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(3) Since it performs only one function, the maintainer
can debug it separately. (4) It is easy to find the
section which contains an error if its function is not
performed correctly.

Documentation "is always done before and during the
process of developing the program--little, if any, re-
mains to be done afterward."

The Copley computing center uses no cards at all. At
another installation, the use of magnetic tape rather
than cards was advocated to facilitate maintenance. The
tape was said to give more rapid feedback to the pro-
grammer. It also made it easier to keep different
versions of a program distinct and well identified.

3.1.3 WwWhere People Think

An analyst at Copley said they "very seldom write any-
thing on paper" before keying statements into the termi-
nal. In other words, they think at the terminal.

Exceptions were said to be "tricky little routines."
These were analyzed at the programmer's desk before he
turned to the terminal.

At other installations, the general picture was quite
consistent. The normal mode of operation is for a pro-
grammer to do the most difficult thinking and analysis
at his desk; he plans to do more routine work at the
terminal.

With complex programs, he is not always able to follow
his plans: Sometimes he faces challenging problems at
the terminal. But the general tendency (whatever the
reason may be) is for programmers to assume that they
will do their deeper thinking at their desks.

Plans for that thinking may come from the terminal. At
Copley, a programmer, who said he did no handwriting at
the terminal, nevertheless made notes on a program
listing to help him plan further changes. This was also
a common practice elsewhere.

3.1.4 Other Opinions

After the experimentation (reported in the next section),
or when talking with programmers not involved in the
study, we raised the subject of programming languages.
Their relationship to the difficulty of maintenance was
of special interest.
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A surprising opinion was that BASIC should be more widely
used. Its many default options, particularly on number
formats with which the maintainer may not be familiar,
were cited as a primary reason. One programmer pre-
dicted that the Digital Equipment Corporation full-
compile BASIC will be a dominant language within five
years.

Finally, it was noted that beginners are sometimes a
little afraid of the terminal. A similar point was

made in a magazine article about reactions to an inter-
active graphics system. The article declared that
people often " . . . felt they were in a race with the
computer. It was as if, when they looked at the termi-
nal screen, they saw all the way through to the central
processor unit and a million dollars worth of electronics
staring back at them, which they felt obligated to use
efficiently." (Franklin & Dean, 1974, p. 9.)

At some installations, we saw none of this. For example,
the experienced programmers at Copley and at Diaspar
Data Services seemed quite comfortable at their termi-
nals.
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3.2 Results from Experimental Design

The data from the Terminal Arrangements experimental
design, supplemented by the theoretical comparisons,
produced these areas of findings:

(1) Of the experimental design variables of degree
of modularity and per-unit program complexity,
complexity seemed to have the greater effect
on ease of work. The programmers' pace of
work was most regular in the high-modular/low-
complexity condition. Other factors, such as
the availability of tools, may often be at
least as important as modularity.

(2) For complex programs, an extremely high degree
of modularity could be recommended on the
basis of these results and findings from the
literature.

These areas of findings are described further, below.

3.2.1 Effects of Variables

The overall results were not surprising: Complex pro-
grams are harder to maintain, and so are programs of

low modularity. Later discussion will indicate that the
full picture of the effects of such variables is proba-
bly broader than that given by the narrow experimental
design results.

3.2.1.1 Results. A clear form of the results is pre-
sented in Figure 3a. Here the numbers are percentages;
the overall average productive time for all conditions
represents 100%, and the average productive time within
each of the four "cells" is stated as a deviation from
that overall average.

The table is self-explanatory.. For example, it can be
seen that most of the effect due to modularity appears
in the low-complexity condition. (As will be noted
later, this is contrary to what one would theoretically
expect.) Similarly, the greatest difference is found
between the conditions of high-complexity/low-modularity
and low-complexity/high-modularity. (This was expected
theoretically.)

The percentage data in Figure 3a are derived from the
productive time data shown in Figure 3b. This latter
figure also groups the "raw data" for productive time
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Experimental Low High (Combined)
condition modularity modularity | modularity)
High complexity -27 -23 -25

Low complexity + 6 +44 +25
(Combined -11 +10 NmHo»
complexity)

Figure 3a.

Percent Increase (+) or Decrease (-) in

Productivity Under Different Conditions

*
( Percentages are based on combined average

under all conditions.)
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Experimental Ha o DN - B 2 3
condition of m mm _.mm .m m mm .m m m
session Ao~ AP0 A O~ A PO
* *
Low complexity, S0-S0 6,14-E good 5,12,21-E
Low modularity .
Low complexity, good 42-E good 8,23-E
High modularity
High complexity, bad 4,11 good 10,15-E
Low modularity
High complexity, bad 6,4,9 good 3,20-E
High modularity

Figure 3b.

*

Programmer Evaluations, and
Productive Times in Minutes

( "E" following a number indicates that the session
ended with the completion of that productive time.)
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together with the maintenance programmer's evaluation
(in terms of "good," "so-so,;" and "bad") of his success
in the session at which the data were taken. General
agreement is seen between the productive time data and
the programmer's independent evaluations.

Because of the probable abnormal distribution of time
data, and because of the small sample size, conventional
tests of statistical significance (such as analysis of
variance) were not performed on the data in Figure 3b.

3.2.1.2 Discussion. The lack of a very strong effect
due to modularity, at least for the ranges of modularity
and other conditions involved in this study, is
interesting in the light of other opinions and findings.
Interviews with maintenance programmers, reported
earlier, indicated that many programmers would like to
see more tools, and more standardized tools, for use at
graphics terminals. Some programmers praised modulari-
zation, but a larger number--perhaps only because they
tended to think of tools to help them, rather than
styles to be imposed on them--called for better software
tools. (What is "better" is often a matter of opinion;
there are few studies, like the experimentation with
Conceptual Groupings, which actually indicate that a
tool improves productivity.)

Another survey independently confirmed the widespread
opinion that tools have a relatively great effect on
programmer productivity (Scott & Simmons, 1974). In
particular, tools were generally believed to be much
more important than programming which is free of GO-TO's,
and which is developed in a style which should be
compatible with high modularity.

In summary, the practical effect of modularity is a
complex function of the exact degree of modularity

in interaction with other variables of the program,
language, and supporting environment.

3.2.2 Comparison with Theory

In brief, the theory (from the literature) led to three
predictions:

(1) that people have a general predilection for
" hierarchical memory structures in themselves,
and that this predilection should make it
easier for programmers to work on the more
modular programs;
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(2) that simple programs are intrinsically easier
to modify than those representing complex
phenomena; and

(3) that the advantages of modular programming
should be greater with complex than with simple
programs.

The actual results tended to support the first two of
these predictions. The third prediction was not supported;
this disparity between theory and experience may have
arisen because a different range of "modularity" may be
needed for programs of high per-unit complexity.

The following paragraphs describe (1) the theoretical
background, (2) the making of the above predictions, and
(3) discussion based on further comparison with the
actual results.

3.2.2.1 Background. The mathematician Henri Poincaré
was not a good chess player; his memory was not good
enough! He explains why his memory was nevertheless
adequate for his work as a mathematician of the first
rank:

"A mathematican demonstration is not a simple
juxtaposition of syllogisms, it is syllogisms placed
in a certain order, and the order in which these
elements are placed is much more important that

the elements themselves. If I have the feeling,
the intuition, so to speak, of this order, so as to
perceive at a glance the reasoning as a whole, I
need no longer fear lest I forget one of the ele-
ments, for each of them will take its allotted
place in the array, and that without any effort

of memory on my part. It seems to me then, in
repeating a reasoning learned, that I could have
invented it." (Poincare, 1913)

Poincare's quotation illustrates a rather universal
limitation, and the typical way in which it is solved.
The limitation is the limited nature of what psycholo-
gists call "immediate" or "short-term memory." This
limitation is overcome by the use of some kind of plan
or overview of the complex problem or program; then the
problem can be worked, or the program can be manipulated.

A review of the extent of the limitation on immediate
memory, authored by a user of computers, has recently
been published. (Simon, 1974)
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There has been much theorizing about the logical organi-
zations which people build up in order to get around the
limitation. These theories have generally emphasized
the importance of models, plans, or unifying organiza-
tions to the material or program to be "exercised"
mentally by the worker. The basic idea is that the
person has to have some representation, map, or plan
which he can use in developing his strategy regarding
the problem. One theorist called this special kind of
plan a "schema:"

"'Schema' refers to an active organisation (sic) of
past reactions, or of past experiences which must
always be supposed to be operating in any well-
adapted organic response. That is, whenever there
is any order or regularity of behavior, a particular
response is possible only because it is related to
other similar responses which have been serially
organized, yet which operate not simply as indi-
vidual members coming one after another, but as a
unitary mass. Determination by schemata is the
most fundamental of all the ways in which we can be
influenced by reactions and experiences which
occurred sometime in the past. All incoming
impulses of a certain kind, or mode, go together to
build up an active, organised setting: visual,
auditory, various types of cutaneous impulses and
the like, at a relatively low level; all the
experiences connected by a common interest; in
sport, in literature, history, art, science,
philosophy, and so on, on a higher level."
(Bartlett, 1962)

These "schemata" may be organized in various ways, and
the natural tendency seems to be (1) to prefer a
hierarchical organization, and (2) if possible, to
impose a hierarchical organization on the material to
be remembered, to make it congruent with that which is
easiest for people to work with.

A special case of hierarchical organization is G.A.
Miller's (1956) "chunk." According to Miller's theory,
a number can be a "chunk" of information, as can a word,
or a simple visualized design. But the "chunk" can be
organized of smaller elements with which a person
happens to be familiar, and these smaller elements can
themselves contain a great deal of information. For
example, one can remember a telephone number of seven
decimal digits almost as easily as one can remember a
number made up of seven binary digits; and yet the
theoretical information In the seven decimal digits is
much greater than that in the seven-digit binary number.
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Clearly this natural mode of thought can be the basis
of a hierarchy. Consider, for example, the FORTRAN
statement,

IF(C .EQ. 1.0) GO TO 28

For a person just learning FORTRAN, each word or symbol,
including each parenthesis, might be a single unit of
information. For an experienced programmer, however, a
single concept could be represented by

IF ( ) GO TO __

which represents one hierarchy above the beginner's
level.

For a person who was somewhat familiar with the program,
a single "chunk" (meaning, in effect, "Test for 'C'")
would be

IF(C .EQ. 1.4) GO TO

Finally, the programmer most familiar with the program
might think of the test and its consequence in "2@" as
only one "chunk" of information.

According to theory (e.g., Mandler, 1968), a person re-
trieves information from his own mental memory in terms
of such chunks. So, the larger the chunk which is re-
trieved (or recalled), the more potential information
it contains.

There is an important and practical corrollary to this
kind of theory. It is that people actually think faster
when problem material is organized in terms of a
hierarchy with which they are familiar.

Experimentation with words and English-~language concepts
(but not, unfortunately, with programming languages)
indicates that this corrollary is valid. For example,
it was found (Collins & Quillian, 1969) that reaction
times were longer to statements mixing high-level and
very-low-level concepts; and, reactions were faster to
statements made up of concepts at adjacent levels on a
natural hierarchy.

(For example, reaction times for statements like "A
canary has wings" were longer than for statements like
"A bird has wings," because the concept of wings is a
part of the general "chunk" of birds; it is not unique
to canaries. Consequently, "wings" is stored economi-
cally with the concept "birds," rather than with the
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subordinate "canary." Retrieving "wings" as a property
of "canary" requires going first from "canary" to the
superordinate "birds," and then to "wings." The extra
step takes extra time.

(On the other hand, "yellow" is part of the "canary"
concept, and people can rapidly deal with the statement,
"A canary is yellow." It requires no extra steps up
and down natural hierarchies.)

A much older study (Bousfield & Sedgewick, 1944) showed
that people, asked to give continuous associations to

a general concept, would say a burst of words, pause,

and then say another burst of associations. For example,
if the general category was "birds," a person might
first say "hawk, eagle, vulture," (wild birds), pause
for a few seconds, and then say "chicken, turkey, duck"
(domestic birds). Apparently common categories are also
commonly subdivided, and one thinks in terms of one sub-
division until one happens to move to another one.

Another study (Tulving & Pearlstone, 1966) showed that
failure to recall many things is due to failure to "get
into" the category or subdivision in which the things
were mentally stored. For example (referring to the
previous FORTRAN example) failure to recall "C" might be
caused by failure to recall the test in which "C" was
used. The study also indicated that the presence of a
cue may be necessary to moving from one category to
another; a reference to test "X" might lead to the re-
call of "C."

Further evidence of categorized recall is provided by
analysis of the common "tip-of-the-tongue" phenomenon.
When one is trying to recall something that one should
know, one tends to recall things from the same category,
and even items which sound like the unknown item.

(Brown & McNeill, 1966) Thus it has been proposed that
the predilection for categorization causes people to
supplement semantic and logical categories with
phonetic and acoustic ones. (Bower, 1967)

In a previous study by the present authors, it was re-
ported that COBOL programmers make practical use of
physical similarity. 1In COBOL, a "paragraph" may be
repeated, almost exactly, several places in a program.
If a maintenance programmer finds three or four lines
which he does not understand, he may look around to see
if the same or similar lines are used elsewhere. There,
in a different context, he may be able to understand how
they function as a unit. He can then use that knowledge
in the place where he was originally puzzled.
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3.2.2.2 Predictions. The most germane findings from
such studies can be summarized briefly:

(1) When a person has to recall old facts related
to new statements (whether program statements
or otherwise), he often seems to use a set of
categories in the recall process; and the
categories are often arranged hierarchically.

(2) People tend to use their own, "natural" category
system, but they will also accept and use cate-
gories imposed by the people giving them
directions. (Wortman & Greenberg, 1971;
Tulving & Pearlstone, 1966) In either case,
hierarchical category formation is an economi-
cal "plan" for storage and retrieval of in-
formation, and it may be a necessary condition
for "keeping in mind" a large set of related
statements. (Miller, 1956; Mandler, 1968)

(3) The superordinate/subordinate relationship is
not the only possible basis for categorization.
Many other organizational schemes may be fitted
to a hierarchical plan. These range from
acoustic similarity (Bower, 1967) to the mental
treatment of a few lines of code as falling in
the same functional class as similar lines
elsewhere.

In other words, thinking man apparently has a predi-
lection for hierarchical structures for storing and re-
trieving concepts, which are in turn defined by various
categories. This may be the only way people can handle
large amounts of information or large numbers of state-
ments at a time.

Given this theoretical background, the following pre-
dictions are a logical conclusion:

(1) Highly modular programs are more congruent with
the human predilection for hierarchical and
categorical memory structures than are programs
of low modularity; therefore the modular pro-
grams should be easier to maintain.

(2) Programs of low per-unit complexity should also
be easier to deal with categorically, and they
should be intrinsically easier to maintain.

(3) The advantage of modular programs should in-
crease with the complexity of the program.
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In other words, modularity should help the maintenance
programmer to keep relevant aspects of some one else's
program in mind. Perhaps more important, it should also
provide him with a sort of "index" to the program, to
help him focus down on the points at which code must
ultimately be laid.

The universality of hierarchical and other categori-
zations of concepts, illustrated in a variety of experi-
ments of the type cited here, indicates that people have
a strong bias for using this kind of "plan." (The bias
may be innate, or it may be due to the kind of edu-
cation and experience that people normally receive. But
its origin is not germane here, as long as the bias
exists.) People, including programmers, function best
when the material they have to work with fits their
biases, habits, and cognitive approaches to the world.

A computer program organized in a quasi-hierarchical
fashion, or one with distinct and realistic categories
such as modules, should be easier to comprehend, accord-
ing to the theory, than one not so organized.

3.2.3 Modularity Recommendation

Perhaps the most important divergence between the
theoretical predictions and the actual results concerns
the effect of "high modularity" in interaction with
"complexity." According to the theory, modularity should
be of greatest help in connection with the greatest
degree of per-unit complexity. In actuality, this
difference did not appear.

In the opinion of the present authors, this divergence
probably stems from the fact that the experimental
design permitted only two degrees of modularity: "high"
and "low." In particular, "high" was probably not high
enough to allow the effects to appear.

This opinion is based in part upon the results of a
previous study (Overton et al., 1973) in which modu-
larity was also an independent variable; but in which it
was found that the experimental programmers preferred a
higher degree of modularity than any which was actually
represented in the study. (Smaller modules and sub-
modules represent a higher degree of modularity.)

It is also based on the academic literature regarding

problem-solving. While the artificial problem-solving
studies may not be entirely applicable to maintenance

programming, they do show that, for most of the cate-

gories of statements with which people actually work,

the category size is rather small.
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Most importantly, however, the authors cite the "Studies
in Conceptual Groupings" described later in this report.
(Previous, similar studies are also relevant.) In the
studies covered here, maintenance programmers were
helped quite significantly by automated displays of
groupings of typés which programmers tended to deal
with as units. And the modal sizes of the helpful
groupings fell in a range of approximately six to eleven
statements. These are, of course, much smaller than
what would normally be defined as the smallest module
in a large software system.

An incidental implication of the present studies relates
to the question of the maximum number of programmers who
should be assigned to the development of a module.
(While the present studies are focused on maintenance,
many of the lessons probably apply to development.)
After citing other recommendations of a maximum of about
ten programmers to a module, one author (Simmons, 1972)
declares that his review indicates that the number
should be a maximum of six people.

The opinion of the present authors is more extreme. 1In
view of the lessons learned in these volumes, modules
should probably be broken down, in the planning phase,
to sub-modules so small that the maximum number of pro-
grammers assigned to each is one.
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3.3 Other Experimental Results

A number of other conclusions can be drawn from the
notes and data from the Terminal Arrangements activities.
These include the following:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

The summed effect of small distractions may be
greater than most people have suspected.

The programmer is more likely to make mistakes
when he "shifts gears" and goes from one level
of discourse to another.

Appropriate visual analogs of digital displays
might facilitate people's maintenance work.

Programmers often ignore their terminals,
during or at the end of a session, for con-
siderable lengths of time. These lapses may
indicate that the terminal environment is not
conducive to some necessary kinds of thinking.

Allocation of tasks between the programmer and
the operating system could be improved by
having the system perform even more identi-
fication and clerical support functions.

For information to support his work, the
maintenance programmer at a graphics console
calls on an impressive variety of sources of
information.

Sometimes a program module must be analyzed as
a whole but, because of its size or other
problems, it cannot be displayed as a whole at
the terminal.

Several other points can be made. These include
the possibilities that (a) characteristic turn-
around time, or system response time, in-
fluences the type of errors which the

programmer characteristically makes; and

(b) different human senses interact in ways
which may be significant.

Potentially, all of these findings have practical impli-
cations; but some will be easier to implement than

others.

The above items are discussed in greater detail below.
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3.3.1 Distractions

System designers seem to have a tendency to want to
display everything which a programmer might ever want
to see on a graphics terminal. This tendency is under-
standable in absence of definite specifications regard-
ing what he will need to see. But it may constitute a
source of distractions, and there are indications that
distractions in general are a very definite handicap to
the maintenance programmer.

Of course distractions can come from many sources.
External noises and sights are the most obvious. But
they can come from the very activities which the
graphics system requires the maintenance programmer to
perform. 1In one case, the programmer was checking the
functioning of a change, and he was required to re-
submit accounting-type information before making the
"check-out run." But apparently this information re-
minded him of costs, which in turn reminded him of a
core utilization problem, which caused him to forget the
exact points he needed to check in the run he was
starting to make.

Displays which were not under the programmers' control,
such as lengthy displays inserted by analysts for the
possible monitoring of the operating system, seemed
particularly distracting.

According to Dr. John Goodenough (in a personal communi-
cation in connection with an earlier project), mainte-
nance programming is more difficult and more "subtle"
than development programming; the maintainer must worry
about more indirect problem areas, with which he is less
familiar, than the developer. Accordingly, he is more
vulnerable to disruption when he is in the midst of an
analysis of a program section which may seem "tricky"

to him.

Analyses have starting points; and, in programming,
these are often displays. In the words of an older dis-
cussion of problem-solving, "Trains of thought are
pulled by stimuli." (Overton, 1959) Paraphrasing those
words, delicate trains of thought can also be derailed
by irrelevant stimuli.

When the effect is measured carefully, even very small
visual displays can have a significant effect on work.
Inspired by the theory that one adapts in almost a
physical sense to what one is observing, a test was made
of the effect of a single, irrelevant flash of light.
(Helson & Steger, 1962) The test showed that it retarded
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human performance. Later experimentation (Vruels &
Schmidt, 1966) verified the effect and suggested a
reason: "The visual system seems to act like a circuit
with two or more integrators in series, but with a by-
pass loop that allows a partially unprocessed signal to
modify slightly the already processed signal in a
comparator." In other words, the irrelevant signal may
cause the first one to be distorted while it is,
figuratively speaking, en route to mental processing.

Because of the complexity of the process of maintenance
programming, it was not possible to obtain accurate
measurements of the times that programmers were dis-
tracted, or the seriousness of these distractions. The
programmers themselves probably would not know. One can
be distracted without being aware of the effects or
extent of the distraction. (Also, it would distract you
to ask you if you were distracted!) 1In spite of the
lack of objective data, however, the authors developed
the strong opinion--which is reinforced by the limited
but relevant experimentation of the type cited above--
that the summed effect of small distractions in mainte-
nance programming would be a surprisingly great waste

of programmers' time.

3.3.2 Level Shifts

Many small phenomena, like blinking one's eyes while
reading, are frequent but not conspicuous. When these
phenomena affect one's work, however, their cumulative
effect may be considerable. An example are the phenomena
associated with shifting between "levels of discourse"
(i.e., levels of description of a program, mode or
language of statement of the program, etc.) in mainte-
nance work.

It should be emphasized that some such shifts are
necessary. The dissertation of Brooks (1974) cites evi-
dence behind the theory that programmers necessarily and
frequently shift up and down between "planning" (on a
small scale) and coding. (In a personal communication,
Brooks also cited a spontaneous experiment with Prof.
Djikstra, who is generally thought to be a firm advocate
of top-down programming. Brooks said that when
Djikstra's programming was analyzed by Brooks' system,
Djikstra also was found to move up and down frequently
between levels.)

The effects of shifts, even at the same level, are de-
tectable. It has been found that even when a person
knows two languages well, his work is slightly delayed
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every time he shifts between them. (Kolers, 1973) This
effect was found with natural languages, but it probably
applies to programming languages as well.

In this experimentation, mistakes by the maintenance
programmer often seemed to accompany shifts between
levels of description. Errors were made in the detailed
formats of input data when the programmer had just been
worrying about the higher-level logic of the program.
Or, engrossed in the logic of a routine, he fails to
push a button and ask for a copy, to use in later
higher-level analysis, of the graph the routine is pro-
ducing. Or, thinking of the files which a program does
and does not use, the programmer recalls that data need
to be changed in one of them; he tediously changes the
data, then returns to thinking of the program functions
and realizes that the program does not use that particu-
lar file!

Asked about this kind of error, one programmer explained:
"Well, it's like shifting gears. You're more likely to
goof when you have to shift gears."

The implication of all of this is obvious although per-
haps difficult to implement: The procedures for mainte-
nance programming at terminals should discourage unneces-
sary shifting up and down between levels of discourse.

3.3.3 Visual Analogé

The term "visual analog" is used here to denote a graphic
(analog-type) representation of digital data. For
example, the columns projecting from the quadrant in
Figure 4 are analogs of the numbers, giving productive
times under four conditions, in Figure 3a.

Often visual analogs are not generated for one simple
reason: They cost more than digital displays. Even the
simple drawing in Figure 4, for example, requires much
more work than would be needed to simply write down the
numbers. But the advantages may be significant.

In these studies, the programmers at graphics terminals
consistently used visual analogs for at least one kind
of test of the acceptability of modifications. When the
programs were designed to draw graphs for engineers, a
modification would rarely be tested in terms of the data
files it created or the equations it used; instead, the
programmer would have the modified program draw a new
graph, and he would look at it and ask either himself or
an engineer or both: "Does that look reasonable?"
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Figure 4. Visual Analog of Productive Times Data
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In general it seems that when visual analogs can be pro-
duced for "reasonableness checks," the analogs indeed
provide an efficient way for people to make these checks.

Visual analogs may be appropriate for purposes other
than the making of gross tests of program functioning.
For example, it has been shown that people are less
likely to make gross errors, and are more likely to
remember what they see, if they are shown pictorial
displays rather than numerical arrays of a certain de-
gree of complexity. (Newman, 1966)

Appropriateness of displays will also be determined by
the people for whom they were intended. For example,

it was found that two dozen English housewives performed
a decision-making task better when the data needed to
make the decisions were expressed in terms of rods of
differing length, rather than in terms of numbers.
(Hammerton, 1973) Whether college mathematics majors
would have done better under these same conditions is
not known. However, it was found that in a simpler
job--simply reacting to the differences between pairs
of numbers--college students reacted more quickly when
the quantities were presented in analog form than when
they were presented digitally. (Moyer & Landauer, 1967)

In brief, it is safe to say that there is a natural
tendency, which may be overcome to some extent by edu-
cation, for people to work more easily with visual
analogs.

The maintenance programmers used another technique which
was related to visual analogs. When they were puzzled,
or otherwise under stress, they tended to simplify the
picture before them. When a graphics package did not
seem to be working properly, the programmer projected
the normally three-dimensional view (generated by the
program) into a two-dimensional view (also generated by
the program). Apparently he felt that he could "get
started better" in understanding the problem with the
simpler view. Similarly, data-processing routines for
dealing with many variables were "compressed" by
maintenance programmers so that the routines operated
on, and displayed results from, only a few variables at
a time. To deal with a complex problem, the programmers
clearly preferred to start with a simple picture (both
figuratively and literally) and work up to a complex
picture, rather than vice versa.

It seems, then, that the natural preference for visual
analogs should be exploited, rather than fought, wherever
it is feasible to do so in maintenance programming. Two
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feasible areas are probably the making of reasonableness
checks, and the simplification of complex pictures as
starting points for debugging.

3.3.4 Avoiding the Terminal

At one time during one experimental session, one highly-
educated programmer said, "Let's go back to the listing
to get our bearings." He then ignored the terminal
while he studied the use of large data sets. Other pro-
grammers similarly avoided the terminal while trying to
work out some kinds of problems.

This kind of behavior has been statistically verified
elsewhere. Empirical data were collected on the times
of terminal use in an interactive system (Boies, 1973),
and a principal finding was that it was common for pro-

grammers to be " . . . leaving their terminals for rela-
tively long periods of time . . . often (returning) only
to sign off . . . ." The interpretation the present

authors make of this finding is that maintenance pro-
grammers often try to work something out without using
the terminal; and if they do not succeed in a reasonable
time, they sign off and go to a desk to try some more.

Another part of the empirical study (Boies, 1973) re-
ported that when the system detected an error in FORTRAN,

. « . a diagnostic message and the offendlng line were
displayed on the terminal and the user was given a prompt
to correct the error. In the 26 programs in which this
occurred, only once did the user correct the errors in
the program." T{Underlining was added by the present
authors; we would also have put an explanation mark at
the end of the sentence.)

Why did the programmers not correct the errors when the
system pointed them out? In some cases, apparently,

they tried to: " . . . six times the system crashed or
the user session ended while . . . waiting . . . to
correct the program." In some cases, in other words,

it was not easy to make the corrections at the terminal
at that moment.

The most frequent case, however, was for the person to
request the system to continue without the error being
corrected. Here the programmer evidently wanted to:
pursue one train of thought at the terminal, and to
worry about the error at a different time.

This behavior seems to contradict somewhat the claim,
made by some proponents of time-sharing systems, that the
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graphics terminal is an aid to the programmer's

thinking. But the picture is probably not that simple.
What seems to be happening is this: The terminal is an
aid to some kinds of thinking; so the experienced pro-
grammer tends to do those kinds at the terminal; but
when he needs to do another kind, he avoids the terminal,
and he looks at different things.

These tendencies have practical implications which will
be discussed in Section 4 under General Interpretations
and elsewhere in this report.

3.3.5 Task Allocation

In batch processing, it is customary to have the operating
system write some identification on a job when it is run.
Of course the user has to give his name, etc., but the
software can add the date of the run and useful but non-
unique data such as compile time and execution time.

This custom is an example of the result of a process
which, when done formally, is called "task allocation":
allocation of tasks to be performed by the programmer
versus those to be performed by the computer.

Task allocation is often not done formally, and the in-
formal results vary from system to system and from in-
stallation to installation. Because time-sharing
systems are newer than batch, there is probably even
more variation from system to system with graphics
consoles than there is with batch operations. Because
of this variation, observations made at one installation
may not be valid in other "shops." In any case, some
observations on task analysis were made during the
Terminal Arrangements studies.

Of course one always wants to assign the "dog work" to
the computer. But this has not always been done. Dis-
play identification is one area in which improvements
might be made. '

In one case, a programmer was working at a terminal with
listings of two different compilations of a program. He
slipped back and forth among the fan-fold sheets, mixing
them up as he tried to study them in relation to the
displays on the screens. But the listings were identi-
fied only on the top sheet of each; and, in the middle,
the programmer became confused. For maintenance work,

a simple identifier on every fan-fold sheet might be
worth while.
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In a more general case, the system generated a graphics
display, and the programmer wanted a copy of it for
future references. He could get the copy, but then he
had to identify it by hand. An easy, semi-automatic
notation of identifying data--especially, parameters
being changed from one "picture" to another--would ease
the programmer's job.

After identifying himself, the programmer should stay
identified as long as he is at a terminal. On one
system, his identity is keyed to the application pro-
gram with which he is working, and he has to re-submit
his identity if he calls in another program such as a
library routine. There are other examples of systems
which do not support the programmer well in handling
clerical and bookkeeping data.

Finally, options (regarding display parameters, compu-
tation mode choices, etc.) should be treated differently
when a programmer is doing a series of tests on a pro-
gram. Instead of having to make all of the choices
(like a user using the program for the first time), he
should be able to say, in effect, "Now change only
option X; make it B." This would permit easier and
faster comparisons; and, probably, better deductions
from the series.

3.3.6 Sources of Information

When terminal-oriented systems were originally being
developed, news releases spoke of glowing promises.
Seated at his terminal, each of many people could have
easy access to tremendous computing power and to
valuable banks of public information.

This remains a worthy goal. But for the maintenance
programmer, at least, the picture of him wed to his
terminal, with the two of them overcoming all bugs and
modifications, is a picture which is strikingly in-
complete.

The fact is, that to support his work, the present-day
maintenance programmer calls on an impressive variety
of sources of information.

(1) The news-release picture is accurate to the
extent that the one most frequently tapped
source of information is probably the
terminal.
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(2)

(3)

(4)

(5)

(6)

In almost every case, however, the programmer
comes to the terminal with a marked-up
rint-out, usually a program listing, as a
guide to at least his first actions. If he
seems to "get stuck" in maintenance, and if
the paging and other display routines available
on the terminal do not satisfy him, he may
spend most of his time studying the print-out.

In some installations, the programmer had
trouble finding a place to lay out all of his
listings.

Depending on exactly who is involved and
available, he may telephone or otherwise talk
to another programmer. Often this is not the
original developer of the program, but rather
another maintenance programmer who has worked
on it recently.

It was interesting to note that the type of
question asked of the other programmer was
almost always at either a high level of dis-
course (e.g., concerning the purpose of a
graph for an engineer, or other conditions re-
garding the use of the program) or a very low
level of discourse (e.g., concerning the
purpose of a single symbol). Questions of
intermediate level, such as the exact function
served by a short section of code, were rarely
asked.

The maintenance programmer sometimes turned to
the program manuals for information. But this
was relatively rare.

At vector (or picture-drawing) graphics termi-
nals, the terminal is supplemented by a photo-
copy machine, which takes a "hard" picture of
what 1s on the "tube." The programmer inter-
acts with this machine by telling it when to
make a hard copy.

0ld copies from the machine form a much more
important source of information for the mainte-
nance programmer. He uses them to compare
"before" and "after" computational results, to
see if he has made progress.

At no installation was there a formal assignment

"of a place for the programmer to store these

copies temporarily. He usually just laid them
on top of the photocopy machine. 1In one case,
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.Figure 5. Terminal Arrangements

Sources of Information
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he scotch-taped two of them to the edges of the
graphics terminal.

(7) The engineer for whom the program was being
modified, or, more generally, the programmer's
customer was occasionally available to the
maintenance programmer. From him, the pro-
grammer got information about the acceptability
and reasonableness of tentative computational
results.

(8) Distractions abounded, especially in the
larger installations.

No one in the field should be surprised that the mainte-
nance programmer at a terminal uses these and other
sources of information. In planning the physical arrange-
ments around a new terminal, however, a little more
thought should be given to the fact that he will use

them.

3.3.7 Module Displays

When programmers turned away from the terminal and to a
print-out, they normally spread out more than one page
of paper; they seemed to be studying a large section of
coding.

This behavior helps indicate the existence of a rather

obvious problem: As a rule, a module needs, simply be-
cause of "the nature of the beast,” to be analyzed as a
whole. But sometimes the module is too long to be dis-
played all at once, in readable form, on the terminal.

Also, deficiencies in the system's paging and indexing

routines can prevent some modules from being displayed

as a whole.

In these cases, the maintenance programmer can turn to
the corresponding hard copy, if it is available, and
study it. Otherwise, he must try to use his memory or
make spur-of-the-moment notes to supplement the display.
In any case, he is using his own papers or memories to
supplement the system.

3.3.8 Other Points

Miscellaneous points from the experimental sessions in-
clude the following:

(1) When system response through the terminal was
rapid, two of the programmers (who knew they
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were being observed) tended to repeat the same
kind of error in quick succession.

The reason for this perseveration of errors may
be that the programmers felt pressures. (As
previously reported, new people at terminals
often feel as though they are "in a race with
the computer." And being under observation may
bother some people.) It is an established
principle that too much pressure tends to dis-
rupt complex problem-solving, even though it
may encourage simple, repetitive work. (Over-
ton, 1959) (In the extreme, it would do no
good for a dictator to order his subjects to
"Be intelligent!" or "Be creative!") Because
of this principle, some of the avoidance of

the terminal cited above may be necessary. Or,
programmers should not overestimate the cost
pressures in terminal usage.

Addition of sound to sight can result in some
tricky mixtures. For example, it has been
shown that if people see a series of numbers,
they can remember better the order in which
the numbers were presented. But if they hear
the same series (over the same span of time),
they can recall the exact numbers better, but
they are more likely to get the order of
presentation wrong. (Briggs, 1973)

If the object is to make a person remember some-
thing, this is best accomplished by requiring
him to recode it to another sense--for example,
by presenting visual symbols to him and having
him repeat them orally. Often in maintenance,
however, the burden of remembering something
like a specific real number should not be given
to the programmer in the first place; scratch-
pad memory or a good editor would be a better
tool.

As another example of an odd effect, it has
been found that people see less on the side of
their visual field which is opposite from an
irrelevant noise. (Nice, 1973)

When the vibration of noise includes fre-
quencies in the range of about 10 to 30 Hz, it
is in the range which most degrades visual
acuity. (Semple et al., 1971)
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(3)

(4)

In brief, there are conditions in which the
freedom from extraneous noise could be more
than an esthetic goal, but in which it could
somewhat improve the programmers' efficiency.

In general, more emphasis needs to be placed
on the question of what displays maintenance
programmers need to see together, for purposes
of comparison.

Some examples of this need are trivial: A
programmer wanted to compare a print-out with
the terminal, but he did not have a big enough
flat surface around the terminal on which to
place the print-out. Or, he needed to compare
drawings made with different scalings and other
parameters, and he had to scotch-tape old
copies to the sides of the graphics terminal.

Others are more basic: In a previous project
which included a study of "split screens" on
terminals, programmers working with highly
modularized programs were found to be most
likely to elect to use the split-screen feature.
Apparently the reason was that they wanted to
compare different versions of the same module,
or a module and its resulting file.

In any case,.much of maintenance involves
comparisons, and systems should be designed to
facilitate those comparisons which are most
likely to be made.

The period of time in which a person can con-

centrate on intellectual work may be limited.

No programmer scheduled himself for more than

an hour of actual maintenance work on a termi-
nal. On the other hand, more routine work was
done for longer periods without breaks.

A brief survey of a related problem is pro-
vided by Broadbent (1971). Discussing research
on people watching aircraft radars, he notes
that errors rose significantly " . . . after

. . . only half an hour; which was a remarkably
rapid onset of 'fatigue.' A deterioration of
this sort has been found in large numbers of
similar tasks since the original investigation
.« « « . It is of course of some practical
importance . . . ." (p. 19)
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As in other cases, freedom may be the best
policy: Allowing the programmer to pace him-
self according to the nature of the problem
before him may minimize errors.
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4. INTERPRETATIONS AND RECOMMENDATIONS

4.1 General Interpretations

Many programmers do not like maintenance work; it is
just one problem after another. At best, you (the
maintenance programmer) face the problem of poring
through a problem to find the right places to make a
modification . . . complicated by the problem of in-
suring that your modification does not "foul up" some
other obscure part of the system. At worst, you have to
correct someone else's failure . . . to track down a bug
whose creator was not aware of creating it.

Problems can be cast in ways which make them easier to
overcome. However, much prior study of the problems is
necessary before better "casting" can actually be
accomplished. From one point of view, the Terminal
Arrangements studies are concerned with casting the
problems of maintenance in a form which is 'less
offensive to, and difficult for, programmers.

(The studies in Conceptual Groupings can be viewed in
the same light, although they are concentrated more on
determining the feasibility and value of a single set of
techniques.)

Casting programs in modular form, the Terminal Arrange-
ments study found, seems to make maintenance problems
more tractable. The more complicated the program area,
the greater the degree of modularization which may be
necessary to help the programmer.

In general (going beyond modularization) there is
probably a powerful and important interaction between
(1) the intrinsic nature and complexity of a problem,
and (2) the modes in which it is best stated and ana-
lyzed.

For example, no college professor of mathematics would
attempt to present a complex equation by reading it in
a one-dimensional stream of words and letters. Instead,
he would write it on a blackboard, where students could
look at it, read it back and forth, and study symbols
from top to bottom if necessary. In other words, a
writing surface is better for presenting equations than
is a stream of spoken words.
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In terms of the design of arrangements for terminals,
the point of the little story of the mathematics pro-
fessor is this: The blackboard is a form of memory, and
it is quite analagous to a computer memory. The pro-
fessor uses the blackboard to supplement human memory
and thus to cast the problem in a more understandable
form.

At terminals, as well, there are different kinds of
"memories," ranging from pieces of paper, through the
terminal itself, on to computer memories. The general
goal is to arrange these to complement, rather than
conflict with, the human memory of the programmer.

This general goal can be broken down into less general
areas:

(1) For program and system design, a useful style
is one which helps a maintenance programmer
(a) to trace the structure into which a modi-
fication has to fit, and (b) to recognize the
functional blocks of which the structure is
built.

(2) The human memory is volatile and fragile, and
the physical arrangements at the terminal
should not require the programmer to acquire
information from one source and then suffer a
delay (plus possible distractions) in getting
complementary information from a different
source.

(3) Between programmer and computer, task allo-
cation should obviously assign as much "dog
work" to the computer as possible.

Of course people are adaptable. They work constantly
with arrangements which are not optimum. For example,
they take notes on incomplete displays of modules, or
they try to remember things which, ideally, the computer
would be remembering for them. In any case, they work
at lowered efficiency. And if the arrangements are too
discouraging, programmers will, mentally if not physi-
cally, desert the terminal.

In summary, maintenance programming poses problems. The
main guideline for terminal arrangements should always
be to try to configure the problem in terms of the dis-
plays and memory assignments which are most conducive to
the solution of the problem. The next section will
present some specific findings and recommendations re-
sulting from the study.
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4.2 Recommendations for Immediate Implementation

A major purpose of the studies in terminal arrange-
ments was the development of recommendations of value
to maintenance programming. Several such recommenda-
tions are made below.

Some of the recommendations could easily be implemented,
and others would require additional research and/or
development work. Also, the evidence permits some to
be made more firmly than others. The recommendations
are listed in the approximate decreasing order of ease
or irmediacy of implementation, and not in order of
intrinsic importance.

The section references in the recommendations give the
locations of fuller discussions of the topics of
recommendations.

(1) If a large program has a hierarchical struc-
ture, and if a maintenance programmer is
allowed to familiarize himself with the
hierarchy before doing detailed work at
different levels, he may "think faster" when
he does begin work. (See Secs. 3.2.2.1 and
3.3.2.) Except in emergencies, such familiar-
ization with the hierarchy should be recom-
mended to the new maintenance programmer.

(2) Programmers should not be required to schedule
terminal work for blocks of time which seem
excessively long. Although the time a person
can work productively at a terminal is un-
questionably a complex function of the nature
of the program and of other factors, there
is a limit on the length of time a person can
really concentrate on a problem; inconclusive
evidence suggests that the limit may sometimes
be as short as 30 minutes. In the absence
of firm evidence, self-pacing of the pro-
grammer's work is suggested. (See Sec. 3.3.8.)

(3) Familiarization procedures should encourage
new programmers not to feel as if they are
"in a race with the terminal." With the "race"
attitude, a programmer may repeatedly make
the same errors. (See Secs. 3.1.4 and 3.3.8.)
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(4)

(5)

(6)

(7)

When a new terminal system or installation

is planned, predictions should be made re-
garding the usage of hard copy and other such
material around the terminal; and the physical
facilities around the terminal should be
sufficient for this material. (See Secs.
3.3.6 and 3.3.8.)

Program version identifiers should be re-
quired on each output page (or terminal
screen) to aid program search operations by
the programmer. Other pertinent input data
and parameters should be readily available
on the operator's graphic screen or on the
output page, to facilitate the maintenance
process. (See Sec. 3.3.5.)

People tend to make mistakes when they "shift
gears," between different levels of detail,
when they are working on a program. Both
tools and procedures should be designed for
minimizing unnecessary shifts up and down
levels. (See Sec. 3.3.2.)

(6a) Procedures partly depend on available
tools. But there would be benefits
from simply giving the programmers
examples of shift-related errors, and
encouraging them to schedule their
levels of work as homogeneously as
possible.

(6b) Split-screen operations (allowing
simultaneous display of two different
routines or files) and note-taking
routines (facilitating temporary storage
of data needed later for a different
level of analysis) are examples of use-
ful tools.

Visual analogs (defined in Sec. 3.3.3) are
efficient tools for verifying the reasonable-
ness of program functioning, both during de-
bugging and after the incorporation of program
revision. Depending on the graphics terminal
and computer system being used, many such
visual analogs could be developed at low

cost; they should be.
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(8)

(9)

(10)

Modularity should be a criterion for the
acceptability of large software systems.

(8a) For systems which are large, but in
which the per-unit complexity is not
great, each module should generally
be no longer than 40 lines of code;
and the module should be developed
by only one (1) programmer. Such a
module can be displayed in its en+
tirety on a screen, and it can be
input and output quickly, and main-
tained by one person. (See Sec. 3.1.2.)

(8b) For programs which are complex in
terms of the implications of each
statement, a higher degree of
modularity (i.e., smaller modules and
less dependence between modules) is
recommended. (See Sec. 3.2.2.)

Note: This recommendation also applies to
the area of conceptual groupings.

Priority should be given to the systematic
development of computer aided tools for
software maintenance. (a) Those tools
which are available tend to be parochial;
they should be standardized and made more
transportable between computer systems.
(b) Further tool development should be
guided by the real needs for the tools.
Programmers may not really know what tools
they need, but they expressed a general
desire for a powerful text editor with
features of (i) insertion, (ii) deletion,
(iii) substitution, (iv) formatting,

(v) input, and (vi) paging. (See Sec. 3.1.1.)

These recommendations are based largely on
observation and experimentation involving
the use of FORTRAN; and, to a lesser extent,
PL/1. To supplement and expand such recom-
mendations, there should be additional
experimentation and observations in PL/1,

in COBOL, and in other languages.
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5. STUDIES IN AUTOMATED CONCEPTUAL GROUPINGS

5.1 Introduction and Summary

Often, to find out how people approach their work,
there is no substitute for listening to them talk
about it. In previous studies, we listened to pro-
grammers explaining their programs to other pro-
grammers who were going to have to take over mainte-
nance of the programs, and to tape recordings of
programmers talking to themselves as they worked on
others' programs. The typical talk had this "flavor"
to itt

"Now this gets you into a big old DO-loop, and
it does so-and-so; and along the way you go to
this other little routine which stores the

results; and later you go to a print routine.
"

From many such spontaneous words of explanation, it
is clear that program statements are arranged into
%rougings; these are the "natural" units of thought
for analyzing the program (at least at the most com-
mon, working level of discourse).

The previous studies also noted that these small,
elementary groups of program statements are not the
ones the programmer typically chooses to describe in
formal documentation. One difference is in size: 1In
face-to-face explanations, groups show a median size
of about 5 lines or 6 statements (Overton et al.,
1973, p. 40), whereas a median three times as large
(17 statements, to be exact) was found in written
documentation (in an unpublished review).

It is speculated that the origin of the difference is
in the intent of the programmer: In documentation, he
may choose units which minimize the work of documenta-
tion; in face-to-face explanation, however, he may
choose more basic and clearer explanatory units.

If these basic "conceptual groupings" could be dis-

played in some way, they should (it was reasoned)
help the maintenance programmer significantly—help
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him follow the structure of the program more easily
and rapidly, and help him identify the exact little
sections to modify.

The demonstration of the existence of conceptual
groupings, and the reasoning about their potential
value, formed the background to the present Studies
in Automated Conceptual Groupings.

In brief, pilot programs were developed to automate
display of groupings. PL/1 and FORTRAN were the
target languages. Program development was guided by
the results of previous studies, supplemented by
analysis of "marked-up" listings (on which programmers
had scrawled brackets around small sections of state-
ments as they read and mentally grouped them).

Experiments were conducted to evaluate the helpful-
ness of such programs. (Because of scheduling and
other considerations, the majority of the experimenta-
tion happened to involve FORTRAN.) A principal find-
ing was reported to be:

"Maintenance programming efficiency, at least
on moderately-commented FORTRAN programs, is
increased significantly by the use of a Con-
ceptual Groupings processor."

In view of the great expense in maintenance of FORTRAN
programs (many of which are not well commented), this
finding was rather dramatic.

Experimental results with PL/1 tended to be rather
anticlimactic. In summary, the results with PL/1
were consistently favorable to the Grouping Program
(w1th programmers’' expressions of opinion including

. . «» Very, very helpful" and "Great!") but the ex-
perimental data collected were too small (in terms
of numbers of programmers) for the results really to
be conclusive.

In addition, there were indications that the PL/1
Grouping Program needs to be revised to (1) reflect
more adequately the habits that programmers bring to
PL/1 from other languages, (2) conform more closely
to the structure and logic of the language, and (3)
complement other tools for checking out and maintain-
ing PL/1 programs.
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In spite of these indications, the PL/1 Grouping
Program seems capable of improving maintenance pro-

grammer productivity by ten or fifteen per cent.
Hence, both it and the FORTRAN Grouping Program merit

more development and wider usage.
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5.2 Research Methodology

The manner in which a programmer conceptually groups
lines of code, portions of files, etc., is influenced
by the programming language in which he is working.
Furthermore, the features which statistically tend to
define groups, according to the previous. studies, vary
from language to language. More precise definition of
these features, and therefore of the advantages of
helping a programmer recognize the groups, must be
done on a language-by-language basis.

In consultation with ESD (MCIT), FORTRAN and PL/1 were
the target programming languages selected for groupings
analysis. Attention was given to FORTRAN first in the
conceptual groupings study. The knowledge and data
accumulated from the earlier RICASM Studies were up-
dated and extended to select the conceptual groups

most likely to be consistent, easily identifiable and
usable. Having made the selection, specifications

were established for a groupings programs using FORTRAN
and PL/1 as the target languages.

The first versions of conceptual groupings programs

were to be developed because of the assumption that

such programs would help a maintenance programmer
recognize useful groupings, and that this recognition
would facilitate his work. Experimentation with the
first groupings programs would test this assumption,

and permit one to say whether or not, in actual practice,
such programs would be effective aids to maintenance
programmers.

In general, an experimental conceptual groupings pro-
gram accepts as input a higher-level-language program
which can be successfully compiled. The groupings
program operates as a post-processor; it creates a
new listing which displays those conceptual groups
that the groupings program has identified within the
source program.

For FORTRAN, the experimental conceptual groupings
program (designated GP-F) was designed to accomplish
the following functions: (1) identify groups by "like-
statement types," (2) print formats under each refer-
encing I/O Statement; (3) sort declaratives to begin-
ning of the programs; (4) indent nested DO loops;

(5) mark transfer statements; and (6) mark I/O State-
ments.
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The Conceptual Groupings Program for FORTRAN was coded
in the symbol manipulation language SITBOL (a version
of SNOBOL) because of the difficulties in using partial
word operations in FORTRAN itself. A complete program
description of the Conceptual Groupings. Program for
FORTRAN (GP-F) is found in Appendix B. The program
documentation includes: (1) The general system descrip-
tion; (2) Functional specifications; (3) Program Imple-
mentation; (4) Flow Charts for Grouping Program; (5)
Grouping Program Listing (SITBOL); (6) Ungrouped Source
FORTRAN Program Listing; and (7) Grouped Source FORTRAN
Program Listing.

As part of identifying conceptual groups the groupings
program for PL/1 (GP-P) was designed to accomplish the
following functions: (1) identify large conceptual
groups; (2) identify groups by "like-statement types";
(3) assign logic levels; (4) repeat "notes"; (5) re-
format declarations; (6) indent nested control groups;
and (7) mark I/O, Entry, and ON-condition statements.

The Conceptual Groupings Program for PL/1 (GP-P) was
coded in PL/1 so that it could later be tested in an
operating environment with a manufacturer supplied
PL/1 compiler. A complete program description of the
Conceptual Groupings Program for PL/1 (GP-P) is found
in Appendix C. The program documentation includes:

(1) General System Description (GP-P); (2) Conceptual
Groupings Program for PL/1—Operating Instructions;

(3) Groupings Program for PL/1 System Block Diagram;
(4) Groupings Program for PL/1 (GP-P) GP-P Flow Charts;
(5) Source PL/1 Program of GP-P—Ungrouped; (6) Source
PL/1 Program of GP-P—Grouped.

An objective of the experimental design is to get (1)
as free an expression as possible of the programmers'
own observations and opinions of the results of the
grouping processor (although these may be biased by
adaptation to regular listings, etc.); and (2) more ob-
jective measures of performance, such as: success or
failure in making a modification or finding an error;
rate of work; and extent of use of computer and other
resources.

In many quarters, it is an article of faith that the
abilities of programmers differ tremendously. [Youngs'
(1970) thesis does not fully support this faith.]
Regardless of the extent of differences between people,
the differences are a factor that was considered in
deciding how to observe the programmers. This factor
was handled by selecting a homogeneous group of pro-
grammers at UCI, and by similar personnel selection at
the commercial facility.
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For the FORTRAN grouping experiment, programmers were
students at UCI, all of whom came to the same class
with the same background of previous programming
courses.

At the commercial facility, programmers were judged
by their supervisors to be of essentially equal
competence.

The experimental design allowed the use of objective
results for overall evaluation of the idea of a pro-
cessor to introduce conceptual groupings into a list-
ing or other program display medium. When the results
of this study show statistically significant benefits,
then such benefits can be predicted with confidence
for a more efficient and more sophisticated grouping
system in conjunction with its corresponding compiler.

The subjective results were used primarily to identify
specific features which did or did not contribute to
the overall results. For example, if everyone (or
almost everyone) agreed that a feature such as showing
the nesting of DO-loops was (or was not) helpful, then
one would suspect that it did (or did not) contribute
positively to the overall results.

The experiments for Conceptual Groupings in FORTRAN
consisted of a 3 X 2 analysis of variance type design.
The two selected variables were:

(1) Extent of post-processor intervention. There
were three extents: (1) No intervention,
(2) use of the half of the grouping methods
which we consider "best," and (3) use of all
grouping methods.

(2) OQuality of FORTRAN program structure and
commentary. There were two quality levels:
(1) "Good," in the sense of being clearly
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