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PAST: Viewing the programming process

RICHARD T. REDMOND and JEAN B. GASEN
Virginia Commonwealth University, Richmond, Virginia

A software package called PAST (Programmer Assessment Software Tools) is described. PAST
was designed as a research and diagnostic tool to analyze how programmers develop and test
program code. PAST uses line changes between successive compiles to estimate a programmer's
cognitive processing. Line changes are highlighted and graphically presented between any two
versions or compiles. Summary graphs and statistics across all versions also are provided. Appli
cations of PAST for expanding our understanding of programming and applying it to research,
teaching, and learning are discussed.

Understanding how an individual develops a computer
program is elusive, at best. Although a significant body
of research has been undertaken to understand the cogni
tive skills and abilities that are part of the process (Adel
son & Soloway, 1984; Brooks, 1977; Mayer, 1985;
McKeithen, Reitman, Rueter, & Hirtle, 1981; Penning
ton, 1985; Tracz, 1979), there is still much we do not
understand about how an individual actually thinks
through the program development process. Empirical
research often must make a tradeoff between the internal
validity of the design and the external validity of the
results. Thus, some of the better controlled studies of
programmers and the programming process (Pennington,
1987; Sheil, 1981; Soloway & Ehrlich, 1984) may lack
generalizability, whereas those that focus on the complex
ity of the programming process itself (Mayer, 1981; Per
kins, Hancock, Hobbs, Martin, & Simmons, 1986; Ves
sey, 1986; Weidenbeck, 1985) must rely on somewhat
less reliable measurement strategies and on research
paradigms that are more idiographic in nature. We be
lieve that PAST represents a dynamic middle ground be
tween the more quantitative, a posteriori metrics, and the
less reliable, qualitative, self-report measures described
in the research literature.

The software program PAST (Programmer Assessment
Software Tools) was designed to develop quantitative es
timates of the program changes that take place during an
individual's program development process. In analyzing
program changes, we assumed that (1) a correspondence
must exist between the thought processes of programmers
and the code that they generate; (2) one line of code in
a program must be linked to at least one cognitiveprocess;
and (3) an attempted program compile represents one
measurable point of program development, in which the
programmer's cognitive predictions about the program are
being tested (Redmond & Gasen, in press).
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An Overview of PAST
PAST attempts to capture a programmer's cognitive

processes by systematically saving the changes made to
source code between each compile attempted by the
programmer. For each compile attempt, PAST compares
the line change differences between the current and the
preceding compile. In this fashion, the computer equiva
lent of a videotape of the programmer's activities is
created. The changes between compiles are of interest be
cause they often represent work performed by a program
mer from one test point to another. The user of PAST
can then visually examine the modifications made by a
programmer to draw conclusions about the nature of
change from a semantic perspective. A color graphic
representation of the changes over time also is available
to assist the user in focusing on the change data. In addi
tion, both syntactic and semantic changes can be differen
tiated through analysis of PAST output statistics. These
include the total number of line changes overall and per
compile, the total number of compiles, the time and date
for each compile, the time between compiles, and the to
tal connect times. A graphic representation of these
changes across time and changes across versions is also
presented by the PAST program.

Major Characteristics of PAST
As in almost all software development situations, cer

tain specifications are made that are hardware dependent.
PAST was written and tested on a microcomputer run
ning MS-DOS. The language used was C. The only
specifications that are specific to MS-DOS environments
are found in the "include" files; this enables portability
to new environments without many modifications. The
major functions of the software include the following:

• Read and store the final copy of a program.
• Display any version of a file as it goes through

development.
• Display the additions and deletions made to a

program between versions. This can illustrate
specific changes and display changes as a sum
mary over the entire version.
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• Generate data across all versions of a file in
cluding statistical data.

A major feature of the software is the layout of the in
put files. In particular, the first input file is the final ver
sion of the program that the user wishes to examine. It
is simply a text file with variable record lengths. PAST
reads in this file and stores it as a dynamic doubly linked
list. This allows for easy insertion and deletion of lines
as changes are posted. The second input file contains
change data represented as lines to be changed, added,
and/or deleted. A collection of these lines delimited by
a date mark is used as input to create a particular ver
sion. For the most part, these change data are created by
another program, called "diff." The purpose of diff is
to show the differences between files. It is general in na
ture and normally available under a variety of operating
systems. We used the diff program found under UNIX,
which normally generates as output the minimum num
ber of line changes necessary to change one file into
another. The assumption is that these changes represent
the activities a programmer performed between versions.
Figure I illustrates the output of the diff program added
to the second input file after a compile.

By appending the diff program output to the end of the
change file, it then contains all the changes made between
each compile throughout the programming process. For
performance reasons, the PAST program generates an in
dex of entry points into this file, which then provides a
method of random access. The index is maintainedin main
memory throughout the run of the PAST program.

Both overlapping window and tiled window approaches
are used by the software and are supported by a window
ing package. Some overlapping windows are screen size,
giving the impression of paging. Other windows, such as
help and overview, appear as a subset of the screen to
allow partial viewing of the main screen window, which
is normally a version of a program. Tiled windows are
used as headers and footers for the display of summary
version data.

The PAST program first displays the final version of
the program. By pressing the left cursor once, the user
sees the program displayed with changes designated. A
red background line indicates a line that was deleted to
create the next version. A green background line marks
a line added to create the next version. Hitting the left
cursor a second time posts the changes resulting in the
previous version of the file. A later version of the pro
gram can be viewed similarly by using the right cursor
key. The up and down cursor keys allow the user to move
through the displayed file. Figures 2 and 3 give exam
ples of the visible interfaces.

The function keys I through 5 provide single keystroke
interface with the program:

FI-toggles a help window.
F2-toggles a window to display an overview of the
current file.
F3-allows the user to specify a version of the pro
gram for display.
F4-toggles a full screen window of statistical data
and bar graphs.
F5-toggles a full screen window of additional
statistical data.

A user can exit the PAST program by pressing the ES
CAPE key.

Applications of PAST
Currently, PAST is being used as a research tool to

generate hypotheses concerning the kinds of changes that
take place when individuals develop and test programs.
Assessing changes at the individual level isolates patterns
of change that are often masked when data are presented
in aggregate form. Ultimately, however, we are interested
in being able to generate theories concerning the nature
of the program development process across different
groups of individuals with similar aptitude profiles. This
should be useful in both assessingand predictingprogram
mer performance in a wide number of settings.

logic Mon Nov 30 10:14:10 EST 1987
1Oc10,12
< char to_array[40].header_array[121

> char to_array[40] [31.header[12] [51
> char liner80];
> int to_node,distance,j;
20813,28
> while (fgetsOine,80,fpdata) != NULL) {
> fseek(fpdata,811 * j + 4,0);
> fscanfff'pdata,"%04d~d",to_node,distance);
> j++;
> printf("%8Od",liner,
> }

Figure 1. An example of the output of the cliff program.
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Figure 2. Main display screen of PAST with pop-up overview window.
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Figure 3. Main display screen of PAST with pop-up help window.

In addition, we hope to use PAST as a teaching tool
by isolating the points at which students develop syntac
tic and/or logical difficulties in completing programming
assignments. For example, frequent patterns of syntax er
rors can be isolated by looking at line changes that in
volve syntax correction only. Lines can also be identi
fied that represent difficult logical concepts (e.g., the
beginning of an iterative loop) so that future teaching ef
forts can focus on such typical problems.

We also hope to develop the use of PAST as a self
diagnostic tool for programmers/students. The ability to
see previous compile attempts would assist programmers
in recalling strategies already attempted. This may prove

useful to those who tend to return to previous mistakes
out of confusion or lack of recall, or those who inadver
tently destroyed previous code and wish to reuse the code
in a later compile attempt.

Other applications include applying PAST to program
ming in other languages, writing, designing, game play
ing, communications, and so forth. The only requirement
to adapt PAST for these other uses is the ability to gener
ate the change data. The PAST program does not require
modification. The generation of the change data used by
PAST is handled by another program, thus providing in
dependence between the tool and the application of the
tool. In our research, the change data was gathered on
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a Pyramid minicomputer running UNIX. The change data
and final versions were ported to an ffiM-compatible for
use with the PAST program.

The PAST program produces one interesting measure
of changes per time (Figure 4), namely an average across
all observed compile points. It is similar to the lines-of
code measure used in many studies, but the bar graph
representation of the data illustrates the variability of this
measure. Over time, this data seems to be similar to a
sine function where the programmer is going from peak
to valley often with no sustained level of effort. This is
referred to as the "eureka" phenomenon, which is charac
teristic of many of the programmers whose work has been

reviewed by the PAST program. In contrast, a measure
generated by PAST of changes per version (Figure 5) ap
pears to follow a more uniform distribution over time,
indicating that these programmers set test points based
on number of changes to the file.

Although PAST is still in the early stages of refmement,
its potential applicability warrants further research and
development. The PAST program contains no knowledge
base relative to the language of the program it is process
ing. The interpretation of the changes is derived through
user expertise. The possibility of providing context
knowledge is being considered through the use of an ex
pert system interface. In this way, the user could specify
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Figure 4. An example of changes/time displayed as a bar graph.
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Figure S. A bar graph illustrating number of changes made per compile.



which type of text is being examined by PAST in order
for the program to generate semantic information through
its own knowledge base.

Another planned refinement of PAST includes the de
velopment of other measures, particularly an efficiency
measure based on minimum changes to total changes
(Redmond and Gasen, in press). Minimum change is de
fined as the minimum necessary to create the final pro
gram from the original program. The contention here is
that all other changes are unnecessary from the perspec
tive of set theory. We also have found that a program
mer often may delete a line only to insert the same line
later. This may be indicative of traveling down a dead
end street and later backing up to try a new direction. We
are interested in discovering how many lines in the final
program were added only once to the ftle. These meas
ures can be derived, but they require sophisticated
processing of both input ftles beyond the current capabil
ities of PAST. The main concern is that these data be reli
able; thus reasonably complex solutions are required.

The PAST software is written in the C language and
compiled using a Microsoft C 5.00 compiler. It runs un
der MS-DOS on mM and compatible machines with at
least 256K of memory. It uses a screen processing library
of virtual windows similar to the library curses available
on many UNIX-based machines. For the most part, the
base elements of the program are portable to any environ
ment supporting C. Individuals interested in using PAST
are encouraged to contact the authors for more informa
tion. Both the source and a demonstration version are
available for a nominal fee of $5. Please specify diskette
type (i.e., 3.5 or 5.25). We will provide PAST free of
charge if a blank disk and a return mailer are provided.
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