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Abstract

Most modern programming language style guides sug-
gest a specific indentation depth to convey the struc-
ture of code (e.g., two or four spaces). In this study,
we examine the effect of indentation depth on program
comprehension, to provide justification for suggested
levels of indentation made by modern style guides. In
the course of our study, we asked 22 participants to
evaluate the output of Java code snippets with differ-
ent levels of indentation. We also measured correct-
ness and speed of the responses, and asked partici-
pants to rate the difficulty of the code presented. We
employed an eye tracker to gain additional insights
into the influence of indentation on visual effort. We
found a small effect of indentation depth on fixation
duration, but could not detect differences in correct-
ness or visual effort. Our findings suggest that in-
dentations affect program comprehension at a lower,
perceptual level of processing, rather than higher level
reasoning. Our research design and methods with re-
spect to visual effort could be a promising starting
point for future studies in this field.

1 Introduction

Program comprehension is an important task, as pro-
grammers spend about half of their time comprehend-
ing source code [2]. Most style guides suggest par-
ticular levels of indentation to support developers in
the process. However, such recommendations are of-
ten unjustified, and empirical research on the topic is
scarce. In 1983, Miara and colleagues [3] found that
an indentation of 2 to 4 spaces is most helpful for com-
prehending Pascal code [3]. To this end, they asked
novices and experts to answer questions about several
programs’ function and rate the difficulty, while the
programs were treated with either 0, 2, 4 or 6 spaces of
indentation. They found that a medium-level inden-
tation resulted in the most correct answers. We repli-
cate the study of Miara and colleagues but adopt its
design to apply to a more modern context, in which we
use Java instead of Pascal. Additionally, we included
an eye tracker, to be able to explain differences in
participant behavior. This way, we intend to provide
empirical evidence for an optimal level of indentation.

Program comprehension encompasses several cog-
nitive processes. On the most fundamental level, it

requires that readers decode the presented code (i.e.,
they can differentiate the different keywords, identify
its structure, etc.). In a nutshell, programmers must
first be able to perceive the code’s structure, before
they can understand it.

Indentations help to convey the structure of source
code by visually grouping parts of the code into cohe-
sive units, for example, indented lines under a function
declaration indicate that the code below the signature
are subordinate to the declaration, and thus represent
the function’s body.

Indentations should improve the speed with which
readers can process code visually, as they make it eas-
ier to perceive its structure. However, we believe that
there is a limit to this idea. If indentations are too
wide, they shift different units far apart, making it dif-
ficult to still identify which units belong together. The
surrounding code moves out of focus and the read-
ers might have trouble to retain the context of lines
read. Thus, we argue that code should be indented
far enough so that its structure is conveyed, but close
enough to retain context.

We reasoned that the level of indentation affects
two aspects of program comprehension: correctness
and time. Furthermore, as indentation changes the
layout of code, we assumed that visual effort is also
influenced by the depth of indentation.

2 Method

To answer our research questions, we designed an ex-
perimental study. We asked participants (n = 22)
to determine the console output of four Java snippets
and later rate the difficulty of these snippets by order-
ing them by difficulty. During each trial we tracked
the participants’ gaze. Most participants were Com-
puter Science students or working at the department
of Computer Science (n = 19). Three participants
were employed as software developers in a software
company.

Each snippet presented a problem involving an ar-
ray (of numbers or subparts of a string) and contained
two block structures (i.e., if-then-else block or loops),
that is, within each method, two levels of indentation
were applied. All snippets were 17 lines long. We
varied indentation depth as an independent variable
with four levels: zero, two, four, and eight spaces.
We followed the Oracle Java coding conventions [4]



to decide when to indent. The study used a repeated-
measures design, in which every participant saw every
code snippet and every level of indentation once. We
used this design to account for inter-individual differ-
ences.

To measure program comprehension, we asked par-
ticipants to determine the output of a snippet. We fur-
ther asked participants to rate the snippets’ difficulty,
because we assumed that indentation could affect
the participants perception of difficulty (e.g., snippets
without indentation would be considered more diffi-
cult). We asked participants to first rate all snippets
presented with a normalized indentation depth of four
spaces. Second, we showed the code with the actual
indentation that participants had seen during the tri-
als before.

We included eye tracking in our study, because it
provides additional evidence for the comprehensibility
or difficulty of programs, as gaze behavior can indi-
cate challenges while reading code. We operational-
ized participants’ visual effort by capturing fixations
and saccades [1]. Fixations are moments during which
participants’ eyes rest in a certain location. Saccades
are transitions between fixations. In our study, we
evaluated duration and frequency of fixations, and
looked at saccadic amplitudes (the distance the eyes
travel during saccades).

3 Results

We found no significant effect of level of indentation
on comprehension, as measured by the correctness of
the stated output (χ2(3) = 3.32, p = .36) nor on re-
sponse time (F (3, 63) = 0.44, p = .72). We found
no significant effect on subjective difficulty with equal
indentation (χ2(3) = 4.64, p = .20) nor with actual
indentation (χ2(3) = 5.35, p = .15). Regarding vi-
sual effort, there was no significant effect of inden-
tation on fixation rate (χ2(3) = 7.36, p = .06) and
saccadic amplitude (F (3, 63) = 1.69, p = .18). We
found a significant, small effect on fixation duration
(F (3, 63) = 2.85, p = .045, η2p = 0.028). F denotes
Friedman’s test, except for response times, where we
used a repeated-measures ANOVA.

4 Discussion

Although we observed subtle differences for correct-
ness, response times, difficulty, and visual effort, only
the main effect of fixation duration was statistically
significant.

We interpret these results as support for the idea
that while the perceptual processing of code is re-
quired to understand it, higher level processing, such
as understanding its semantics and reasoning about
its functionality, affect program comprehensibility
more strongly. The influence of indentation could
have been masked by these side effects, so it might
well be that the effect of indentation comes more into
play when the code is longer and more complex.

It is possible that indentation does not influence
program comprehension at all. This would render the
actual realization (two, four, six or another depth) of
indentation irrelevant, as long as it’s consistent within
a certain group.

The level of indentation did not influence the par-
ticipants’ rating of difficulty. We conclude that differ-
ent indentations neither influence measures of actual
performance or personal preferences, and that other
factors outweigh the influence of indentations. How-
ever, given that ours small sample size, we suspect
that our experiment was underpowered to detect ef-
fects of this magnitude.

We argued that indentation may affect visual effort.
We found a small main effect for fixation duration,
indicating that participants look at code longer when
it is further apart.

Based on our data, we cannot offer a definitive sug-
gestion for an optimal level of indentation, as no level
of indentation had a clear influence on comprehen-
sion correctness or speed. Nevertheless, it might be
worth to investigate how indentation interacts with
other properties of source code, such as complexity,
nesting depth, or length, or even other kinds of spac-
ing. Surely, programmers would be unhappy if they
were to read long programs condensed into one line.
This should also have have a measurable impact on
their performance.
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