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ABSTRACT 

Code reading, although an integral part of program comprehen-

sion, is rarely reflected. In this paper, we want to argue for a 

research approach and direction exploiting the potential that lies 

in the analysis of reading processes. Based on the vast expe-

rience compiled in psychology and some studies in computing, 

eye tracking and think aloud were elaborated as a viable re-

search instrument for code reading studies. We conducted a 

feasibility study, designed to examine the actual process of code 

reading as the sensory starting point of comprehension. Compu-

tational and statistical tools were developed to facilitate data 

capture and analysis for eye tracking experiments. Results do 

not just provide proof of concept but already emphasize differ-

ences between reading natural language text and source code, as 

well as a distinct attention allocation within different code ele-

ments like keywords and operators.  

In conclusion we suggest a combination of theory-driven se-

lected stimuli material, a carefully designed procedure of eye 

tracking, complemented with suitable post-tests on comprehen-

sion as well as retrospective think aloud in order to obtain addi-

tional information on the linking process between perception 

and comprehension. As an addition to other research approaches 

this should most certainly help us to improve our knowledge of 

comprehension within an educational research framework. 

Categories and Subject Descriptors 

K3.2 [Computers & Education]: Computer and Information 

Science Education – computer science education, information 

systems education. 

General Terms 

Experimentation, Human Factors. 

Keywords 
CS Ed Research, Educational Research, Code Comprehension, 

Program Comprehension, Eye Tracking, Code Reading 

 

1. INTRODUCTION 

Program comprehension (PC) is an important element of com-

puter science education, taking up a considerable amount of time 

and mental resources of programmers. Most of the relevant 

research in this field starts with components like internal repre-

sentation of knowledge, or internal inference as a means of 

debugging. In our empirical study we decided to take one step 

back and put the focus on the very first phase of PC, i.e. code 

reading, since it is an essential part of programming and the 

basis for the components mentioned above. Learning a pro-

gramming language, development of software and the various 

tasks required in its maintenance necessitate the reading and 

understanding of already written code. Furthermore, the design 

of IDEs and tools to facilitate programming would certainly 

benefit greatly from a better understanding of the reading 

process [1]. 

Previous studies in this context commonly used think aloud and 

reports of programmers (von Mayrhauser & Vans (1994) [18]). 

These methods are to some extend useful to analyze PC, but 

they influence the cognitive processes and lessen the compre-

hension capacity. Studies that aim at the understanding of natu-

ral language text and images often use records of eye move-

ments, following the rationale that they provide a fundamental 

insight into the cognitive processes. However there are only few 

projects that studied eye movements during code reading. The 

results of the few conducted studies with source code (SC) 

indicate that eye tracking especially in combination with retros-

pective think aloud (RTA) is a promising approach for the anal-

ysis of the cognitive processes during PC. 

The paper is organized as follows: An overview of the selected 

methods is followed by a review of eye tracking research with 

regard to program comprehension. Subsequently a refined study 

design is presented that is adequate to explore PC. 

2. RESEARCH ON READING AND PRO-

GRAM COMPREHENSION 

2.1 Introduction to eye tracking as method 
The choice of methods depends on the component of the com-

prehension process to be analyzed. Reading can be analytically 

divided into perception and comprehension. Eye tracking is a 

means to observe the process of perception in order to obtain 

insights in the process of comprehension. Measurements like 

eye tracking provide very objective data by recording the actual 

visual behavior. Experiments with different techniques obtained 

comparable results, thus corroborating the quality of eye track-

ing [8].  
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For example, Bednarik and Tukiainen [3, 5] studied if less com-

plex instruments like the restricted focus viewer (RFV) provide 

comparable depth of information. An RFV is a visual attention 

tracking system that only allows a small region to be seen in 

focus and blurs the rest of the display. The subject moves a 

mouse over the region of current interest. In order to survey the 

effect of using an RFV to trace visual attention during Java 

program debugging, the RFV was tested on novices and experts. 

The mouse movements during blurring were recorded, together 

with the eye movements, so attention switching and fixation 

durations could be analyzed. The restricted view seems to influ-

ence the cognitive behavior. Attention switching and the mean 

fixation duration decreased in both groups, this effect is more 

substantial for experts. Furthermore, the eye tracking device 

registered more switches between code, visualization and out-

put. Nevertheless the blurring by the RFV caused no significant 

difference in debugging performance or the distribution of time 

spent on the three different areas. These study results indicate 

that information about visual attention allocation gathered by the 

RFV may be seriously biased by interference of measurement 

and object of investigation. The eye tracking data gained during 

the study proved to be more objective, supporting the suitability 

of eye tracking for recording visual attention on an unobstructed 

display. 

A method frequently used in comprehension studies is concur-

rent think aloud (CTA). This procedure reveals internal compre-

hension processes, but it is hard to accomplish for the subjects 

and influences their behavior, as it imposes additional cognitive 

load: Since the test person cannot fully concentrate on the task, 

the mental capacity is reduced. Another problem of methods like 

CTA and self-reports is that different subjects may give varying 

descriptions of the same processes, thus they are very subjective. 

An improved variation of think aloud is the combination of eye 

tracking with RTA. The test subject completes the task without 

disturbance while the eye movements are recorded. Afterwards 

the recording is shown to the subject, asking for comments. 

Thereby the respective specific advantages of eye tracking and 

CTA can be combined. Questions like 'What was looked at, but 

not really seen' can be answered this way. The RTA data often 

includes more information about cognitive operations, while 

subjects during CTA mainly give manipulative statements like 'I 

clicked …'. Comments during RTA are usually longer and more 

frequent, and have a higher quality, probably due to the absence 

of the double load of task solving and verbalizing the thoughts 

([14]). 

Important data obtained during eye tracking are the number, 

duration, and the sequence of so called fixations. While looking 

at pictures or text, the eye stays on one point for a fraction of a 

second and then moves quickly to the next position. These hold-

ing points between eye movements are called fixations, during 

reading they usually last between 200 and 400 ms. The specific 

movements that bring the eye on a certain spot are called sac-

cades, they take 20 to 120 ms depending on the distance to 

cover. There is no intake of visual information during the sac-

cades. Backwards movements in the text are called regressions. 

10 to 15 % of the fixations are regressive. Good readers are 

characterized by few regressions and short fixations. 

 

In the center of the fixation, the area of highest visual acuity, 

three to four characters are processed, left and right to that re-

gion 3 to 15, depending on reading direction. The processing 

gets more superficial with distance to the fixation. These para-

meters depend on several factors, like text difficulty and format-

ting.  

Present research results indicate relations between eye move-

ments and cognitive comprehension processes. However these 

are complex and there is no easy matching. Fixation duration is 

usually associated with cognitive effort, so difficult texts induce 

longer fixations, short saccades and frequent regressions. The 

frequency of a word influences how long it is fixated, but fixa-

tion duration should not be confused with the amount of time 

needed for processing [6–9, 12, 20, 26].  

 

Figure 2 Sample visualization of eye tracking data (by Tobii 

Studio) 

Unlike e.g. the ear, the eye is an active receptor organ; it has to 

be directed at a stimulus. Measuring direction of eye movements 

is therefore a proxy indicator for attention. 

The eye provides a plethora of information about perception and 

in addition is easy to access. Multi-channel recording of several 

parameters is possible, exploiting this rich source of informa-

tion. Today‟s recording devices have a high accuracy and can be 

used in true-to-life situations [6]. There a several measurement 

principles, as e.g. exploiting the corneal reflex. The relation of 

the reflection of a light source on the cornea and the pupil are 

used to determine the position of the eye. This requires a calibra-

tion process before the actual recording [6, 7, 12].  

Eye tracking is “high tech”, but has advantages over methods 

like CTA and observations: „these techniques are much easier to 

implement than a study of eye movements, the data obtained 

from them may be viewed as providing interesting suggestions 

about what is going on in normal silent reading. However, one 

can never be sure; if you want to know what happens in normal 

Figure 1 Eye tracking measurements 
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silent reading, the best thing to study is normal silent reading” 

[20], p.185. The same applies to PC, if you are interested in 

normal undisturbed code reading, you have to study exactly that. 

2.2 Previous work on Program Comprehen-

sion with eye tracking 
There is a substantial body of work regarding code reading, 

tracing, and writing [16, 17, 25] as well as comprehension from 

an educational perspective [15, 18]. While a full review of that 

work is not in the scope of this article, we briefly discuss the 

research perspective of studies using eye tracking [1, 2, 4, 10, 

11, 13, 23, 24, 27].  

One of the earliest studies was Crosby & Stelovsky, 1990 [10]. 

The study sought to analyze differences between reading non-

procedural prose and program text and the influence of pro-

gramming experience on reading. Materials used in the study 

were a Pascal program with an implementation of binary search, 

including inline comments and additional visualizations of the 

program execution. Ten novices and nine experts were studied. 

Crosby and Stelovsky‟s results show a difference between the 

text types: reading source code caused a higher number of fixa-

tions and more regressions. However, that comparison was done 

using results of a different study using natural language text, 

there was no examination of subjects‟ reading skills.  

Code elements were divided into categories with diverging 

complexity: comments, comparisons, complex statements, sim-

ple assignments and keywords. Both, novices and experts were 

fewest interested in keywords and simple assignments, while 

comments got the most attention. Novices looked more at com-

ments and comparisons, experts at complex statements. The 

authors concluded that comments and complex statements con-

tain most information about the algorithm, whereas keywords 

are of low semantic value. This interpretation is somewhat 

problematic, as number and length of fixations have not been 

adjusted to the length of the words or number of elements fix-

ated. Since comments hold the most characters, it is not surpris-

ing that they need longest to be read. 

Another study result refers to reading patterns. Subjects tended 

to read from left to right and from top to bottom, but differed in 

the number of passes. The patterns range from a single scan, 

with concentration to certain areas to periodic scans with focus 

to different regions. Additionally, there was a comparative 

strategy, where the comparison of areas superimposed reading in 

natural order. It was not possible to detect reading patterns that 

distinguished novices from experts. The two most similar pat-

terns even were from an expert and from a novice. 

Overall the study revealed several interesting insights, but inter-

pretation regarding differences between natural text and pro-

gramming text and the influence of programming experience are 

difficult. The combination of source code, natural language text 

comments and visualizations aims rather at the integration of 

visual information from different sources than at code reading. 

As data on natural text was obtained outside the actual study, no 

real comparison is possible between the reading of source code 

and prose. In general the study was conducted somewhat unsys-

tematic, e.g. participants had different prior knowledge of the 

used algorithm (novices were taught exactly that implementation 

of binary search two month before the experiment). 

In context of studies on beacons, the data of the 1990 report 

were reevaluated [11]. The mapping of fixations to categories 

was normalized, by dividing the number of fixations by the 

number of words / characters in each category. This form of 

normalization remains a compromise, since neither characters 

nor words correspond to a unit that can be perceived with one 

fixation. In contrast to the former report, comments no longer 

get the most fixations, both novices and experts mainly concen-

trate on complex statements instead (Figure 3). 

 

 

From [10], p. 34 From [11], p. vii (65) 

Figure 3 Attentions allocation in different element catego-

ries, stratified into low and high experience 

In a study presented 2006, Aschwanden and Crosby [1] aimed at 

an evaluation of the concept of beacons in program comprehen-

sion. 12 java programs, which implemented six different algo-

rithms either recursively or non-recursively were used as stimu-

lus material. The 15 participants were CS students in their third 

year.  

Prior to the eye tracking part of the study, a pre-test gathered 

information on experience and interest in programming. A post-

test was used to get information on the difficulty of the texts, 

and comments on the experimental setting. In the post-test sub-

jects were also asked to identify beacons (the most important 

parts of the source code). But the study results did not show any 

correlations between the lines nominated most important and 

those that were looked at most. Questioning subjects about the 

essential code areas is not a reliably method, since the named 

lines do not agree with those that received most visual attention. 

Eye tracking methods are therefore more objective. As prelimi-

nary results authors interpreted those parts as beacons that got 

fixations of at least 1000 msec.  

Uwano et al. [23, 24] used eye tracking in the context of soft-

ware-review approaches. Six C-programs with a logical error 

served as stimulus in the study with five subjects. The analysis 

revealed a typical perception strategy, called scan-pattern: Be-

fore concentrating on certain parts of the program, the subjects 

initially read (scanned) the whole text sequentially from left-to 

right, top to bottom. A more thorough scan correlates with 

quicker identification of the error. 

 

Figure 4 Visualization of scan pattern (from [24], p. 323) 
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Uwano et al. used an interesting methodological variation: In 

some of the post-test RTA interviews only the program text was 

presented, in the others program text together with a visualiza-

tion of the eye movements of the subject (Figure 5). Interesting-

ly, the playback of eye movements triggered more details and 

code-specific comments. The authors concluded that eye move-

ments can give some information about the reviewer‟s cognitive 

process. A shortcoming of this study is the missing check for the 

reading skills of the subjects, as some results concerning reading 

time could be due to different overall reading skills. 

Bednarik and Tukiainen [2, 4] used java-texts together with 

visualizations as material in their eye tracking studies. Both 

studies had 18 participants. For the analysis of the earlier study, 

they implement and discuss a fine-grained methodology, in 

which data were divided into temporal segments. For each of the 

five segments / phases they counted the number of switches 

between a) code and visualization, b) code and program output, 

and c) visualization and output. No differences were found 

between novices and intermediates concerning switches between 

code and visualization. One finding that correlates with expe-

rience is that the more experience a programmer has, the less 

likely he/she is to use the visualization. Experienced subjects 

read the code and used the visualization to validate their hypo-

thesis, while novices first employed the graphical representation 

to understand the program.  

In a similar experiment they studied debugging with source code 

that contained non-syntactic errors. Experts again focused first 

on the code and later on the output, novices preferred the visua-

lization altogether. In later phases of the debugging process a 

concentration on the output correlated with a higher number of 

detected errors. Using smaller units of comparison reveals sig-

nificant differences, while overall few differences between no-

vices and experts could be found. Bednarik and Tukiainen em-

phasize the need for methodological advances in data analysis.  

The approaches of Guéhéneuc 2006 [13], and Yusuf et al. 2007 

[27] are complemental to the presented studies, as they focus on 

visual text, namely UML. 

2.3 Conclusion 
The presented studies illustrate the usefulness of eye tracking for 

studying PC. Despite some methodical shortcomings, the de-

signs provide some insights and can be used as starting point for 

designing a new study. 

It is surprising that seemingly none of the above mentioned 

studies examined their participants reading ability in natural 

language text. Since those studies were conducted with a small 

number of subjects (see Table 1), a dyslexic could seriously 

distort the data. Without knowledge of the participants reading 

behavior, no real comparisons are possible, e.g. long fixations 

might be normal for a certain person and therefore not induced 

by the stimulus material. 

Table 1 Comparison of conducted eye tracking studies 

Study 

 

Participants Experience 

levels 

Methods Stimuli programs Language Comparison 

with NT 
algorithms number bugs LOC 

Crosby & 

Stelovsky 
(1990) [10]  

19 

 

Novices 

Experts 

Eye 

tracking 

Binary search 1 yes 10 Pascal yes 

Aschwanden & 

Crosby (2006) 

[1] 

15 Intermediates 

(recruited from a 

third year com-
puter science 

class) 

Eye 

tracking 

 

Sum of nbrs in array / 

ab / Factorial computa-

tion / Binary search / 
GCD / Fibonacci-nbrs 

(each recursive and 

non-recursive)  

12 no n/a Java n/a 

Uwano et al. 

(2006) / Uwano 

et al. (2007) 

[23, 24] 

5 Experts Eye 

tracking 

RTA 

Sum-5 / Accumulate / 

Average-5 / Average-

any / Swap / IsPrime 

6 yes 12-23 C n/a 

Bednarik & 
Tukiainen 

(2006) [2] 

18 Novices  
Intermediates 

Eye 
tracking 

 

Recursive binary 
search / Naive string 

matching  

2 no 34-38 Java n/a 

Bednarik & 

Tukiainen 
(2008) [4] 

18 Novices 

Experts 

Eye 

tracking 

n/a 3 yes Tens 

of 
lines 

Java n/a 

Feasibility 

study 

15 Novices 

Intermediates 
Experts 

Eye 

tracking 
RTA 

Switch-operation / 

Palindrome / IsLetter 
/ IsSorted / Average / 

Sum (iterative) / ab / 

GCD / Min/Max of 
array / Reverse ele-

ments in array 

10 no 10-21 Java yes 

 

 

Figure 5 Comments during post-test (from [24], p. 326) 
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3. STUDYING CODE READING  
In this section we present an example of a feasibility study 

combining eye tracking and think aloud for a comparison of 

reading natural text (NT) and program text. 

3.1 Study Design 
The study uses a combination of eye tracking and retrospective 

think aloud, although the RTA data have not been analyzed yet. 

The study design was developed involving psychologists specia-

lized in reading studies. As programming language we chose 

Java, because of its wide use and representativeness. For the last 

ten years it has always been on one of the first three spots of the 

Tiobe Programming Community Index and more than 50 % of 

the languages used are object-oriented [22].  

Using the previous studies as basis, an initial set of 11 small 

programs with a varying complexity was developed as stimuli. 

For every text a multiple-choice-question about the program's 

function was formulated. The programs cover fundamental 

concepts, like loops and branches. Since the frequency of a word 

influences eye movements, the appearance of every Java key-

word was counted in the JDK 6. To cover a large spectrum, 

keywords with different frequencies from rare to common were 

included. In order to avoid artifacts from a certain programming 

style, some variations were put on the code. Names of variables 

and methods are meaningful, but not to descriptive of the pro-

gram's function, like 'num_array'. Coding style was varied be-

tween texts in order to avoid artifacts from repetition and tech-

nique.  

In a pre-study the initial code examples were tested on five 

novices and five experts. In a questionnaire their programming 

ability was assessed. Then they tried to understand the given 

code and answered the comprehension questions. The results 

and comments of these subjects were used to refine the code 

examples and to arrange a sequence from easy to difficult. 

In the feasibility study subjects first had to fill in a questionnaire 

about their programming experience. A differential analysis 

stratified in novices and experts is therefore possible.  

In order to compare the reading of natural language text and 

source code, three short texts with comprehension questions 

were selected. Therefore the normal reading behavior of the 

subjects is contained and dyslexics etc. can be detected.  

The first natural text and the first source code were used as 

dummies to familiarize the subjects with the task and the course 

of action, resulting in two NTs and ten SCs. The texts were 

formatted according to readability suggestions for text on 

screen, to ensure undisturbed reading. 

We used a Tobii T120 eye tracker with Tobii Studio 2.0.6. The 

eye tracking equipment is integrated into a 17'' TFT-Screen. 

This remote system is non-intrusive and does not need any 

further devices, which can be seen or heard by the subject. The 

sampling rate of 120 Hz was very high and relatively large 

movements of the head are possible. The study was conducted in 

a regular office setting. Working with a computer screen is a 

quite natural setting for programming task, so a very lifelike 

situation was achieved. During the session we calibrated three 

times to ensure good data quality. The test subjects first read the 

natural language texts, then the program texts. Afterwards they 

were shown their recording and commented on them (RTA). 

A total of 15 subjects participated in the study. Their program-

ming skills ranged from complete novice to experts in different 

languages.  

3.2 Procedure of Analysis 
Tobii Studio did not provide a sufficient analysis module, there-

fore a series of evaluation software had to be developed. Merely 

time, coordinates and duration of fixations were exported from 

Tobii Studio and processed with Matlab 7.4. In order to map the 

fixations to a word, the coordinates of the word have to be 

known, but manual capture of over 1000 words is barely feasi-

ble. So a tool was implemented using ImageJ, which identified 

the word's coordinates from an image containing the word's 

location on the screen and the stimulus text. 

 

Figure 6 Workflow 

Fixation data was mapped to the stimulus texts in Matlab. Every 

data set was examined for data quality. One subject had to be 

excluded, since only half of the samples were existent, due to 

technical issues. For another subject the samples for NT and two 

SCs were missing. The remaining 164 samples were plotted, 

manually inspected and corrected if needed: For some subjects, 

movements resulted in a systematic bias, so the eye data had to 

be adjusted. Due to the text structure most biased fixations could 

be mapped. Every intervention was documented in the data 

sheets.  

3.3 Results 
All continuous measures were tested for a Gaussian distribution 

but showed significant skewness, accordingly non-parametric 

tests were applied. Central tendencies and variability are de-

scribed as median and 25th/75th percentile. Mean differences 

between two groups were tested with a Wilcox-test, multiple 

comparisons were tested by Kruskall-Wallis-tests. All analyses 

were conducted in R [19].  

After mapping raw data to code elements in the respective sti-

muli, data sets with 512 to 1802 variables were available for 

further statistical evaluation, providing ten different types of 

information per element. One of the tasks of this feasibility 

study was the development of automated data transformation 

and analysis, including descriptive statistics, data visualization 

5



 

 

and inference statistics. Only a few selected results will be pre-

sented here to illustrate the power of the eye tracking approach 

as well as its still existing challenges. 

3.4 Mean fixation times for NT and SC 
Before entering the area of complex reading patterns, we ana-

lyzed some very basic features of the reading process like mean 

fixation, i.e. the average fixation time of a code element. The 

global mean fixation accordingly is the median of these fixation 

times of all areas of interest. 

For the two NT presentations, we observed a global mean fixa-

tion time of 258 (232 / 285) ms, well in accordance with the 

usual range of 200 to 400 ms found in literature. Averaging all 

ten SCs, mean fixation was 351 (309 / 408) ms (Figure 7). 

 
Figure 7 Global mean fixation time for NT (left) and SC 

(right) 

The significant prolongation compared to NT indicates a sub-

stantial increase in demands in terms of attentiveness. For fixa-

tion time during first-pass as well as first-read we observed 

significantly higher values for SC compared to NT, confirming 

the finding in global fixation (data not shown). 

 
Figure 8 Mean fixation times of all participants 

While all subjects showed this clear distinctive difference be-

tween NT and SC, there was quite substantial variability be-

tween subjects as well as between texts within the same catego-

ry, which is depicted exemplarily in Figure 8 and Figure 9 by 

means of each participant‟s average fixation time over all texts 

and the mean fixation times per text. 

 

Figure 9 Mean fixation times of all texts 

3.5 Number of regression 
The number of regressions is another basic measure obtainable 

from eye tracking data.  

 

Figure 10 Regression rates for NT (left) and SC (right) 

For NT, a rate of 10 to 15% has been reported previously, in our 

experiment we observed a rate of 16 (10 / 20)%. For SC, regres-

sions were substantially more frequent with 37 (33 / 41)% 

(Figure 10). This significant increase indicates differences in 

complexity and information content between the two different 

types of text. Figure 11 clearly shows that SC made all subjects 

use extensively more regressive eye movements. 

 

Figure 11 Regression rates of all participants 
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Figure 12 Regression rates in all texts 

3.6 Categories of words within source code 
The general distinction between NT and SC based on eye track-

ing is a prerequisite for attempting to apply this method to the 

differentiation between distinct types of words within SC. We 

defined keywords, identifier, numbers, and operators as our four 

categories of interest.  

 

Figure 13 Fixation times for the different categories of words 

in SC (left), in comparison to the number of characters 

(middle) and the number of elements (right) for the respec-

tive categories 

As can be seen in Figure 13 (left panel), the aggregated fixation 

time for elements of the type identifier is clearly the major frac-

tion of total reading time, followed by operators and keywords. 

Reading of numbers took only a small fraction of time. Interpre-

tation of this result is rather difficult, as aggregated fixation time 

may be influenced by the number of such elements as well as 

their length. Figure 13 (middle panel) depicts the number of 

characters for these categories, while the right panel shows the 

number of elements of each class. 

The class of identifiers has the biggest number of characters, 

corresponding to the longest fixation time. For keywords and 

operators, there is no such correspondence but the order is re-

versed. Looking at the number of elements, identifiers make up 

approximately a quarter of all elements but take up about 50% 

of reading time. Operators on the other hand, while taking up a 

quarter of total fixation time, make up half of all elements of the 

SC tested. It becomes obvious, that there is no simple relation 

between the number of elements and the number of characters in 

a given category, nor is fixation time a linear function of either 

number. Accordingly, only within category comparisons are 

appropriate between either readers with different level of know-

ledge (beginners vs. experts) or between SCs of varying level of 

complexity, where number and length of members of a word 

category can be kept comparable. Future analyses may either 

attempt to divide fixation time by syllables or units that can be 

processed with a single fixation in combination with statistical 

tools capturing the relation between word length and fixation 

within classes.  

4. CONCLUSION AND FUTURE WORK 
Within this pilot application of eye tracking technology in the 

study of perceptual processes in source code reading we were 

exploring possibilities as well as limitations of this methodology 

in furthering our understanding of program comprehension. At 

the current stage of analysis we already gained much confidence 

in the potential of this approach.  

Our feasibility study led to the development of complex analyti-

cal tools for data processing from raw data to statistical infe-

rence. Several parts of this process could be automated by pro-

gramming, leaving merely optimization tasks open. Some parts 

however, like artifact detection and correction, still have to be 

transformed from tedious manual work to some degree of auto-

mation. 

For some of the measures obtainable from eye tracking like e.g. 

fixation time, more conceptual work has to be done in terms of 

adjustment to number and length of elements. Neither number of 

letters nor number of elements are suitable, as neither seems to 

reflect the true information content of elements.  

Given the complexity of its methodology, eye tracking is not yet 

an „out-of-the-box‟ method ready for widespread application, 

but it has itself established as valuable tool for specialized re-

search groups. A glimpse of the potential may be possible by 

looking at the heat map generated from fixation times (Figure 

14). 

 

Figure 14 Heat map (by Tobii Studio) 

The conventional heat map conceals the areas of highest interest, 

whereas the color coding (Figure 15) allows to still perceive the 

whole text. After all pre-processing of data, results show a clear 

hierarchy of areas of higher and lower interest, as depicted by 

the different color. Together with the order of fixations, this 

forms an ideal basis for discussing mental processes during the 

task of code evaluation.  
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Figure 15 Color coded attention allocation map (number of 

fixations per word) 

As there is no sequential intake of SC line by line but rather a 

non-linear reading pattern driven by mental processes, reading 

becomes more of a creative task, actively driven by the pro-

grammer. Such observational data will add an empirical under-

pinning to theoretical concepts of program comprehension. 

Based on eye tracking data, comparisons between subjects with 

varying level or styles of programming become feasible. An 

empirical evaluation of programming tools and IDEs would be 

possible, as well evaluation of teaching approaches, all based on 

this emerging new technique. Furthermore it can be used for the 

necessary corroboration of research findings, replicating classic 

experiments e.g. [15, 21]. 

A next step is to differentiate the results according to the sub-

jects‟ level of programming expertise as elevated from the sur-

vey in order to gain characteristics of novice and expert pro-

grammers, like strategies. A possible use of those findings is to 

explicitly teach strategies that prove successful for certain tasks, 

like the scanning pattern of Uwano et al. for debugging (section 

2.2). The effectiveness of such interventions can be reviewed 

again using eye tracking. 

The other essential stage is to analyze the RTA data in order to 

deploy the potential of this study design. The consolidation of 

visual data and think aloud data is especially required, since 

participants tend to have a different visual behavior and atten-

tion focus than they assume. 

Think aloud is already a valuable method in PC research. Its 

refinement in form of the combination of eye tracking and RTA 

overcomes limitations and provides a diversity of information, 

making it a more objective instrument to understand PC. This 

design can be adapted for a variety of research questions, like 

the analysis of programming knowledge and mental representa-

tions of specific programs. 
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