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Abstract—Linguistic information derived from identifiers
and comments has a paramount role in program comprehen-
sion. Indeed, very often, program documentation is scarce and
when available, it is almost always outdated. Previous research
works showed that program comprehension is often solely
grounded on identifiers and comments and that, ultimately,
it is the quality of comments and identifiers that impact the
accuracy and efficiency of program comprehension. Previous
works also investigated the factors influencing program com-
prehension. However, they are limited by the available tools
used to establish relations between cognitive processes and
program comprehension. The goal of our research work is
to foster our understanding of program comprehension by
better understanding its implied underlying cognitive processes.
We plan to study vision as the fundamental mean used by
developers to understand a code in the context of a given
program. Vision is indeed the trigger mechanism starting any
cognitive process, in particular in program comprehension. We
want to provide supporting evidence that context guides the
cognitive process toward program comprehension. Therefore,
we will perform a series of empirical studies to collect obser-
vations related to the use of context and vision in program
comprehension. Then, we will propose laws and then derive a
theory to explain the observable facts and predict new facts.
The theory could be used in future empirical studies and
will provide the relation between program comprehension and
cognitive processes.
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I. CONTEXT : PROGRAM COMPREHENSION, VISION, AND
COGNITIVE SCIENCES

Program comprehension is a major activity performed
during software development, preliminary to all evolution
and maintenance tasks. This activity is a “necessary activity
for facilitating reuse, inspection, maintenance, reverse engi-
neering, reengineering, migration, and evolution of existing
software systems” [1].

Cognitive theories [2], [3], [4], [5], [6], [7], [8] of program
comprehension define different strategies to explain how
software engineers understand a program. These theories
report that program comprehension is based on the use of
acquired knowledge, the construction of a mental model
representing the program to comprehend and cognitive pro-
cesses performed during program comprehension. Cognitive
processes describe sequences of mental operations related to
the information acquisition, information/knowledge storage,

and their processing [9]. The model proposed by [8] tend
to join program comprehension and vision science. Some
researchers [10], [11], [12] used Bloom’s taxonomy [13]
to identify cognitive levels attempted by subjects when
performing a given task.

Many research works have studied factors that impact
program comprehension. These works showed that program
comprehension is impacted by documentation, and quality of
comments and identifiers [14], [15], [16], [17] in the source
code. Other works showed the impact of design patterns
[18], [19], anti-patterns [20], layout and stereotypes [21],
[22] on high-level program models, such as class diagrams.

To the best of our knowledge, there is two research trends
on program comprehension: theories and empirical studies.
However, each has its limitations. Theories try to define
cognitive aspects of program comprehension. Yet, only [9]
uses vision science as a source to acquire knowledge about
program to understand. Regarding empirical studies, they
tend to focus on metrics to measure the effort deployed
during the realisation of given tasks. The use of vision in
empirical studies [21], [23] do not measure the impact of
context on program comprehension and it does not consider
the cognitive processes taking place in the mind of the
subjects when they realise the given tasks. Thus, previous
studies do not effectively measure the impact of vision on
program comprehension.

II. RESEARCH QUESTION

The research question of our proposal is: How can we
define an approach based on cognitive theories and
empirical studies of program comprehension to predict
program comprehension?

Program comprehension prediction is related to both em-
pirical studies and theory. Empirically, it means to “know”
in advance the result of a maintenance task by knowing
subjects’ characteristics. By giving an object, task, and
subject, and based on their characteristics, can we predict
if a subject can realise or not the task on the object.
Theoritically, it means to “determine” in advance which
comprehension strategy a subject must use to understand
a program. Similarly, can we predict if the subject should
use bottom-up, top-down, or other else strategy.



III. METHODOLOGY

To answer our research question, we will propose an ap-
proach that use first the cognitive theories of program com-
prehension and, second, empirical studies to study factors
that impact program comprehension. We will bring together
theories and empirical investigations to make theories more
practical.

First, we observe that to predict new facts on program
comprehension, we must understand the cognitive processes
performed by software engineers when they perform given
tasks. To understand these cognitive processes, we must
study factors that impact them. Therefore, we must first
study vision and context as two main factors that we
believe impact program comprehension. These studies aim
to investigate their impact on program comprehension. Then,
based on these studies, we will propose recommend practices
as laws to the use of vision and context to improve program
comprehension. We will build a theory (maybe formalize
and–or use an existing theory) that can help us, based on
the applicable proposed laws, to explain and predict program
comprehension.

IV. METHODOLOGICAL STEPS

To answer our research question, we propose a method-
ology where the detailed steps are:

1) Performing empirical studies: we conjecture that
vision, context, and how context is introduced in
a program can ease the comprehension of a given
program. Therefore, to understand the impact of vision
and context on program comprehension, we must build
empirical studies. These studies will help us to know
how these two factors impact program comprehension.
This phase is going-on.

2) Impact characterisation: to propose laws based on
our studies, we must characterize the impact of context
and vision on program comprehension. Indeed, our
goal is not to propose laws that impact or change
engineers’ behaviour. Yet our laws will be applica-
ble to objects to comprehend and their environment
(introduction of context, tasks to be achieved ...). We
will define context and visual characteristics that allow
context and vision to improve program comprehen-
sion. For example, context characteristics can be a way
to introduce context in the program under compre-
hension, like to summarize what the program does or
the use of meaningful identifiers, ... Concerning vision
characteristics, they can be landmarks, visual paths,
patterns, etc.

3) Formulating laws: based on the characterisation of
context and vision, we will propose principles and
recommendations so that their use can improve the
comprehension of program. We will define for exam-
ple the “right” way to introduce context in a program.

We plan to propose, for a specific class of subjects
with the same characteristics, how to present the
objects to allow to these characteristics to improve
program comprehension. Moreover, we will try to
define characteristics that guide subjects to use one
particular cognitive strategy to understand programs.
Therefore, the relation between cognitive theories and
empirical studies will be established.

4) Building theory: the theory that we will build will be
able to explain observable facts and predict new facts.
Possibly using prediction models, such as regression
models or bayesian ones. However, our theory will be
appropriate to empirical studies and will bring existing
cognitive theories and empirical studies together.

5) Validating our approach: to make sure our approach
is realistic, we will validate it. Therefore, we will per-
form a series of experiments to evaluate and validate
our approach. The goal of these experiments will be to
collect observable facts and explain these facts based
on our theory. We will use our theory to predict new
facts and then compare them with empirical results.
Then, we will evaluate the reliability of our theory by
evaluating its precision.

In table I, we present the main research questions ad-
dressed in our research project related to previous method-
ology’s phases.

V. ON-GOING WORK

Our study of context is going-on. We are also studying the
impact of gender on program comprehension. Our prelimi-
nary research question is: What is the impact of context
and gender on program comprehension?
Our null hypotheses are :

• H01: There is no significant difference between the
comprehension of program with context and the com-
prehension of program without context.

• H02: There is no significant difference between the
comprehension of program by men and the compre-
hension of program by women.

Alternative hypothesis: If these null hypotheses are re-
jected, we will confirm that the context and gender impact
program comprehension.

• Ha1: The comprehension of program with context is
better than the comprehension of program without
context.

• Hb1: The comprehension of program without context is
better than the comprehension of program with context.

• Ha2: Women comprehend program better than men.
• Hb2: Men comprehend program better than women.
The independant variables of our study are the context

and vision. To measure the impact of these two independant
variables on program comprehension, we will define depen-
dant variables to measure the efforts deployed by subjects



Table I
MAIN RESEARCH QUESTIONS TO ADDRESS DURING OUR RESEARCH PROJECT

] Research questions
1 Can the context guide a cognitive process toward program comprehension?

What is the impact of vision on program comprehension?
2 What are the context and visual characteristics that allow context and vision to improve program comprehension?
3 How to introduce the context in programs to better improve their comprehension?

How can we map the visual characteristics impacting program comprehension and program comprehension cognitive models?
4 How can we define an approach to explain and predict program comprehension facts?
5 Does the suggested approach really explain and predict program comprehension facts?

in term of accuracy, time spent to perform a specific task,
visual effort, visual path, etc. We obsviouly will follow
appropriate methodology to perform our experiment [24].
To find the best way to introduce context in program,
we will use meaningful identifiers or context descriptions.
Hence, we will derive the factors that impact more program
comprehension (based on the defined metrics).

VI. RELATED WORK

The role of cognitive processes in program comprehension
and the factors impacting program comprehension has been
studied by several works, which motivate our research
project.

There are four existing cognitive theories proposed on
program comprehension [25]. The top-down model [2], [4]
defines a cognitive process as a reconstruction of domain
knowledge and their mapping into source code, through
several subsidiary intermediate domains. The bottom-up
model [5], [7] assumes that the code statements are grouped
mentally and domain concepts are used to build control-
flow abstraction. In the opportunistic comprehension ap-
proach [6], to perform a particular task, the subject acquires
knowledge, builds the mental model by focusing only on
the code related to a given task, and matches code to its
knowledge base. The integrated model [3] uses both top-
down, bottom-up, and opportunistic approaches to define
several levels of abstraction and how to switch between the
three previous models. The fourth previous models do not
specifically include and study vision as a trigger of cognitive
processes. Thus, Guéhéneuc [8] defined a “complementary
model to [3] by providing explanations on the acquisition of
program models through vision before any comprehension
strategy is applied”. To the best of our knowledge, there is
no current studies to empirically evaluate the strategies used
by a subject when performing a given task.

Some research works [11], [12] used the Bloom’s Taxon-
omy [13], combined with think-aloud techniques, to identify
the cognitive level (similarly to task complexity) but not
cognitive processes. Other empirical studies showed that
identifier composition and styles improve program compre-
hension [14], [15], [16], [17].

Other experiments used eye-tracking systems and showed
that multiple-cluster layout and presence of stereotypes
improve program comprehension [21], [22], while [18], [19]

argued that the design pattern representations impact com-
prehension efforts. Abbes et al. [20] found that the presence
of anti-patterns negatively impact program comprehension.

We share with these previous works that vision is the main
source of information before investigating which factors im-
pact the cognitive processes. These works do not effectively
measure the impact of vision on program comprehension.
Moreover, they do not provide approaches to predict pro-
gram comprehension based on the factors impacting program
comprehension and cognitive processes taking place when
understanding program.

VII. CONCLUSION

Our goal is to build an approach to predict program com-
prehension. Our project overview gives preliminary ideas
to formulate our research question and draw provisional
phases and corresponding specific research questions to
accomplish our goal. We consider vision as a main factor
to trigger cognitive processes and the context as another
main factor driving cognitive processes. Therefore, we plan
to study those factors to measure their impact on program
comprehension. We will characterise their impact and define
a way to know in which condition different comprehension
strategies are used. Moreover, we will provide laws that
can improve program comprehension. For example, given
a task to perform, if we know the object, task, and subject
characteristics, we will know the comprehension approach
to use and predict if the given task can be realised or not
by the subject.

After building our approach, it can be useful to know how
to make program easy to understand, what is the needed
competence to realise any task. Moreover, it can show the
new direction on program comprehension such as building
knowledge based environment to software maintenance and
recruitment.
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