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Abstract 
The current study is a supplement to the findings of Nivala, Hauser, Mottok and Gruber in 2016 [1], 
which used eye tracking technology to examine the development of visual expertise in software 
engineering. Due to technical limitations of the analysis software, its results were based on a simple 
analysis of basic eye tracking measures. 

The aim of the present study is to do a more in-depth analysis to get further information about the 
programmer’s code reading behavior. Two tasks were selected because of their suitability for further 
analysis and interesting performance data of the participants. In the analysis, both tasks were first 
divided into a reading and response phase. Task 1 is an erroneous code, which does not produce any 
output. In task 2 the code is functional and produces a line of numbers as an output.  

The results clearly show that participants perform better in error detection and in understanding the 
code when they try to get an overview of the codes structures. Performance differences only appear in 
error detection. When the source code produces an output, as shown in task 2, there is no statistical 
significant difference in the participants between the novices and the advanced programmers in both 
phases. 

Keywords: Eye tracking, expertise research, software engineering, programming, instructional design, 
research methodologies, advanced classroom technology. 

1 INTRODUCTION 
During the last decades, software has gained more and more importance and it already is an essential 
part of our daily life. From personal use at home for entertainment to a financial use at stock markets, 
almost every part of our modern society uses software day by day [1]. The areas of application for 
software are still expanding. According to the findings of Broy [2] in 2006, the software of a modern car 
already has 10,000,000 lines of code and it may rise by tenfold between each generation of cars. 
Broys findings seem plausible. New inventions (e.g. autonomous vehicle) rely even more heavily on 
sophisticated programs and people are willing to entrust their lives in this kind of technology.  

In the history of software development, there have not only been big successes. There have also been 
a lot of setbacks in different domains. Accidents with autonomous vehicles on autopilot have sown 
considerable doubts and have resulted in debates on these topics. One deadly accident with a Tesla 
Model S happened in June 2016 because the car’s systems were unable to separate a truck’s trailer 
from the sky [3]. Even space travel, which is still regarded as the pinnacle of human technology, is not 
protected from software malfunctions. Leveson [4] did research on this topic and shows in his study 
six different spacecraft accidents in which software errors were at least partly to blame [1,4]. For 
example, in 1996, the Ariane 501 had its maiden flight, which ended in a failure. Forty seconds after 
the lift off, the complete guidance went lost and the launcher veered off its flight path and exploded. An 
investigation showed that the accident happened because the software of the old Ariane 4 was reused 
and it contained specification and design errors [4].        

Because of modern society’s increasing hunger for new technologies and the involvement of software, 
it is crucial to get a deeper understanding for the cognitive processes involved in programming 
software. Furthermore, it is important to study the training and expertise development of modern 
programmers and software engineers, so that the way how programmers acquire their skills is more 
obvious to us. This would also allow modifications to the teaching and learning of programming and 
software engineering. The eye tracking technology offers a lot of research possibilities for this 
research area. 
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This paper presents the findings of an in-depth analysis of eye movements in software engineering 
with a focus on visual expertise in code reviews.  

2 THEORETICAL BACKGROUND 

2.1 Experts, expertise and its development 
In psychology and educational science, a whole branch of research is focused on expertise and how 
people can become experts. It is very important to understand that empirical results describe expertise 
as a highly domain specific competence, which is in general learnable. It is the result of deliberate 
practice, a very structured training, which aims to a constant improvement of the practitioners’ skills. 
Normally, 10,000 hours of deliberate practice are required to become an expert in a domain. [5,6,7]. A 
person who has acquired expertise in a specific domain is called an expert. According to Gruber [8], 
experts are people who have a well founded domain specific knowledge and experience, they are 
excellent problem solvers and act in a very competent way with a very low error rate. They perform 
constantly better than normal people in their domain and this performance does not occur as a 
random event.  

For the domain of computer science, there are only a few papers focused on expertise. They have in 
common, that it takes a long time and a lot of work experience to become an expert [9,10]. 
Furthermore, the role of knowledge is of central importance for the programmers’ performance.    

2.2 Eye tracking and how it works 
Although there has been a constant interest in studying and understanding eye movements, the 
earliest eye trackers in history were built in the late nineteenth century. These were mostly 
mechanical, needed physical attachment to the participants eye and were uncomfortable to use. 
Modern eye tracking technology is almost completely unobtrusive. It is based on the method of 
illuminating the participant’s eyes with an infrared light. Every reflection of the fovea is recorded by the 
infrared-cameras of the eye tracker. The device itself is a combination of hard- and software and it can 
measure, record and analyse a person’s eye movements. Furthermore, modern eye trackers were 
divided into static and head-mounted devices. For the purposes of this study, a static remote eye 
tracker suits best. These devices are mounted to a regular computer display (or laptop) and the 
participants do not have to wear any additional gear (see figure 1) [1,11,12]. In the moment, there are 
a lot of different eye trackers for different purposes available. Since low-cost devices were launched, 
the prices for the professional gear are decreasing and the technology and its possibilities are getting 
more and more popular [14].    

 
Figure 1. A SMI remote eye tracker [13] 

Typically, most eye tracking studies use a stimulus which is presented to the participants [11]. 
Possible stimuli may be videos, pictures or even computer games [11,12,15]. The most relevant and 
most often used eye movement measures are fixations and saccades. A fixation is a short period of 
time in which the eyes are relatively stable. The fixation duration is typically measured in milliseconds 
and ranges normally from tens of milliseconds to several seconds. Furthermore, the duration also 
provides information about the interest, importance and complexity of the stimulus. In contrast to the 
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fixations, saccades are extremely fast eye movements and are measured in degrees. They are rapid 
moves from one fixation to another one [11,12,16]  

An area of interest (AOI) is a certain area of the stimulus. If a researcher is interested in gathering 
information about this area he or she can define an AOI (like an erroneous line of source code). Most 
modern programmes for eye tracking research will provide further information about this special 
region. It will show how often the participants looked at it, how long the fixation duration was and many 
other information. Very detailed information about AOIs can be found in Holmqvist et al. “Eye tracking: 
A comprehensive guide to methods and measures” [11]. 

2.3 Eye tracking in software engineering 
For a long time researches had the problem that the cognitive processes involved in code reading, 
were not observable or measurable. Eye tracking made it possible to analyse a persons’ eye 
movements while doing different things. Since this technology is spreading more and more, research 
has gained access to this topic. 

A first study on eye tracking in programming was published in 1990 by Crosby and Stelovsky [17]. The 
researchers were interested in the eye movements of programmers while they are reading a pascal 
algorithm. They observed different patterns in the way how the participants moved through the code. 
Furthermore, they noticed strong experience related differences in novice and advanced subjects’ 
behaviour.  

Using the results of Crosby and Stelovsky as a basis, Uwano, Nakamura, Monden and Matsumoto 
[18] did a study which was focused on programmer’s eye movements while reviewing codes and 
scanning it for errors. Uwano et al. identified the so called “scan”-pattern. This pattern describes the 
programmers approach to get an overview of the code. Normally, 70% of the whole code were 
scanned during the first 30% of the review’s duration. It is mentioned that this pattern helps the 
programmers to get a better understanding for the structure of the source code and how all its parts 
are related. 

Another study was conducted by Yusuf, Kagdi and Maetic [19]. By using eye tracking technology, they 
examined if there are differences between experts and novices understanding for UML-diagrams. 
Their results clearly show that the experts work in a more structured way. Expert programmers start to 
read the UML-diagram in the middle and then move to the corners. If assisting information and stimuli 
are presented, they can use them better as the novices and they can build up connections between 
the elements faster. In contrast, the eye movements of the novices are more like reading a natural 
text, they tend to read the diagram from top to bottom.    

One more study was done in 2016 by Nivala et al. [1]. In this case, the eye movements of advanced 
and novice programmers are compared while they are reviewing a C code. Eight Tasks are 
conducted, five of them are erroneous and three are correct. The results clearly show differences in 
the participants gaze behaviour. While the novices tend to read the source code files from top to 
bottom like a normal prose [19], the advanced programmers quickly skip through the text and read the 
program in a similar way, how it is normally executed by a computer. Furthermore, the advanced 
participants grasp more information in a shorter reading time.   

Surprisingly, there is only a small number of publications focused on eye tracking in programming and 
software engineering. In a first attempt to create a systematic literature review, Sharafi, Soh and 
Guéhéneuc [16], found 36 relevant articles which were published between 1990 and 2014. The review 
is not only focused on code reading and comprehension. It covers a bride range of different sections 
of software engineering and programming. As a main result Sharafi et al. [16] note that software 
engineering is already benefiting from eye tracking, but the technology must deal with some limitations 
and is currently not attaining its full potential. Major problems are the relatively high prices for 
professional eye tracking systems and eye tracking research is still lacking consistent terminology, 
standardization and methodical procedures.  

2.4 Source code reviews 
Quality assurance is a crucial part of modern software development. A software of highest quality 
must be able to run without any errors, even in a critical situation. Typically, every source code must 
be reviewed by at least one programmer. Although they are expensive and time consuming, code 
reviews are still the most common way to assure a high quality. Its main intention is to detect and fix 
errors in the programs’ source code before it is released. Despite the high tool support, reviews are 
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still extremely laborious. This is based on the fact that a key competence for a good review is the 
programmer’s skill to understand the code [20,21]. For most software companies, it is easier and 
cheaper to invest more money in the code reviews to achieve a higher software quality, then taking 
the risk of recalls [22,23].  

3 METHODOLOGY 

3.1 Planning and conducting the experiment 
As mentioned before, there are only a few studies focused on eye tracking in programming and 
software engineering [16]. Because of the increasing importance of software, it is necessary for 
research, to build up a wide-ranging knowledge about code reading and all the cognitive processes 
involved. Eye tracking appears as a suitable tool for this topic. The two main goals of this experiment 
are getting a deeper understanding for the way how programmers review source codes and in what 
way it is influenced by expertise. The findings of this study could be used to improve academic 
teaching and learning of software engineering. 

The experiment took place in an eye tracking laboratory at the university of Regensburg. This 
laboratory is suitable for the requirements of eye tracking research. The room is quite isolated and the 
researcher can control all outside factors. Furthermore, the lab has no windows which makes the light 
conditions constant and makes it possible to avoid disturbing reflections in the participant’s eyes. To 
get the best possible precision and as much comfort for the participants as possible, the eye tracking 
device is placed on a height-adjustable table. The participants’ eye movements as well as keyboard 
and mouse activity were recorded by a SMI RED250 eye tracker and its software. This device has a 
sampling rate of 250Hz and is capable to record fixations and saccades as well. Because the subjects 
do not have to wear any additional gear, the remote eye tracker makes it possible to study 
programmer’s behavior in a very naturalistic manner.  

All twenty-four participants were students at the Ostbayerische Technische Hochschule Regensburg 
(OTH Regensburg, Germany). The novice programmers were fifteen bachelor students, who attended 
a practical training in software engineering. In contrast to the novices there were nine advanced 
programmers. These were either master or PhD-students. All participants took part in the experiment 
on a voluntary basis and had the chance to get a CD with their own eye movements as a reward.  

Before the experiment was started, the participants were instructed to examine the codes for 
programming errors. There were eight source codes in C programming language. Five of them were 
erroneous and three produced an output. All source codes were presented in a text editor and every 
task had the same structures and instructions. Each task had ten to fifteen lines of code. If there was 
an error present, the subjects had to write down a short description of it. If the code produced an 
output, they were instructed to write the programs output.  

After the data collection, the tasks were scored. If the participants classified the code correctly as 
functional or erroneous he or she got one point. Furthermore, if they could give a detailed description 
of the error or the correct output, they could score a second point. These scores were used for a 
comparison of the novices and the advanced programmers and for further analysis.   

3.2 The “Analyzer” 
A problem was that the experiment required the use of a text editor to present the stimuli to the 
participants. This should create a natural feeling and provide the possibility for the participants to 
interact with the source code in a more active way. After that, all data was recorded as video which 
makes the analysis challenging as the most commonly used software (e. G. SMI BeeGaze or Tobii 
Studio) only offer limited possibilities to analyse video files.  

In many situations, the researchers have to create own programs to accelerate and simplify the data 
analysis. The software “Analyzer“ allows the user to analyze eye tracking data, which is also the main 
functionality. This data consists of fixations, which have a duration and x- and y-coordinates. It has to 
fulfill certain specifications in order to import the data to the software correctly. The analyzed data is 
shown on a stimulus. Fixation areas, also named areas of interest, are indicated with colors. The color 
density of the AOIs increases according to the aggregated fixation duration in this area. AOIs can be 
created by the user. Furthermore, they can be exported to reuse them later again. The results, which 
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are shown on the stimulus, can be exported either as a picture or the data itself in Microsoft Excel. 
The user gets to know the exact fixation duration and the number of fixations for every created AOI. 

4 RESULTS 
Due to limited time and resources, only two tasks from the previous study are selected for a more in 
depth-analysis. One of them is an erroneous code, the other one produces an output. These were 
chosen because of performance differences between the two groups. As a result of these differences, 
there might be expertise related characteristics for both groups as well.  

4.1 Preparing the analysis 
For the analysis of the previous study, the trials were divided into two phases [1]. The same 
separation will be used for this analysis. All phases are calculated for each task and for each 
participant individually. The two phases are defined as: 

• Phase 1 – Reading: The time between the start of the task and the first character written for the 
response.  

• Phase 2 – Response: This phase starts right after the first character has been written. It is the 
time between the first character and the last keypress in the task. 

Both phases are analyzed separately. For the whole process, only the “Analyzer” and IBM SPSS are 
used. In a first step, the “Analyzer” divides the codes in 29 AOIs of the same size and extracts further 
information from the raw data about each AOI. It counts how often and how long the AOI was fixated 
by the participants.    

After this, the extracted data will be divided and analyzed in IBM SPSS. There are four variables: 

• Average number of fixations in the reading phase: This variable gives the total number for 
all fixations a participant has done in the reading phase. The results presented in table 1 and 2 
are the mean values for each group.  

• Average fixation duration in the reading phase (in seconds): This variable is the sum of all 
fixations in the reading phase. For each group, the mean value was calculated.  

• Average number of fixations in the response phase: This variable gives the total number for 
all fixations a participant has done in the response phase. The results presented in table 1 and 
2 are the mean values for each group.  

• Average fixation duration in the response phase (in seconds): This variable is the sum of 
all fixations in the response phase. For each group, the mean value was calculated. 

Based on the points the participants have scored, they are divided in three different groups. In case of 
the erroneous code, the first group has not scored any points. They have not detected the error and 
thus there is also no description. The second group found the error, but failed to describe it. The third 
group found the error and gave a detailed description of it. If the source code produces an output, the 
first group will also consist of all participants who have not scored a single point. The second group 
will have all programmers, who have recognized that the code is functional, but their answer is not 
completely correct. So, they have scored one point. If the participants answer that the code is 
functional and the response is correct, they score two points and will be part of group three. For each 
group, statistical standard analysis will be conducted and interpreted.   

4.2 Eye movements in an error-detecting task 
For the in-depth analysis, task 5 is selected. Novices score .470 points on average in this task, the 
advanced group has a mean of 1.035 points. It is a relatively big performance difference and it should 
be examined.   

In this case (see figure 2), the code is erroneous and the program is not compileable yet, because the 
last statement (red marked) is throwing an error while compiling. Either, the "EXIT_SUCCESS" has to 
be supplanted by a "0" or the header "#include <stdlib.h>" has to be added in the head of the program 
(marked red).  The program code shows the algorithm of how to calculate the area of a circle. If 
everything is correct, the user should type in the radius of the circle and after this, the program 
computes it and gives out the circular area.  
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Figure 2. The selected erroneous task 

After the program is corrected, it is compileable and runnable. However, there is a second error in the 
program. In the statement, where the radius is scanned there is missing a &-sign before the variable 
(marked green). It is called address operator and gives you the address of a variable in the program. If 
the address operator is not used in this case, the program crashes. Otherwise, the program runs 
properly and shows the circular area correctly. In addition, the pointer-variable *pradius is superfluous 
and is not needed in the program (brown marked).  

The following table will provide further information on the overall performance of the three groups.  

Table 1.  Participants fixations in an error detecting task 

Group 
Average number of 

fixations in the 
reading phase 

Average fixation 
duration in the 
reading phase  
(in seconds) 

Average number of 
fixations in the 

response phase 

Average fixation 
duration in the 

response phase  
(in seconds) 

Group 1 
(0 point) 
N = 13 

140,38 42,54 150,08 51,44 

Group 2 
(1 point) 
N = 3 

221,33 63,03 63,33 22,71 

Group 3 
(2 point) 
N = 7 

160,00 42,35 379,71 108,66 

Overall 
N = 23 151,58 43,70 223,17 70,63 

Group 1 consists of ten novices and three advanced programmers. The next group only has three 
novices and the last group has 5 advanced and 2 novice programmers. Due to a software malfunction 
of the eye tracker, the data of one experienced participant is unusable. 

The first group shows a quite identical performance in both phases. Due to the high number of novices 
in this group it is likely that the participants are having a more natural reading behavior and tend to 
read the code more like prose.  

Group 2 needs on average the most fixations in the reading phase (221,33) and the programmers 
spend more time in this phase for fixations (63.03 seconds). Compared to the reading phase, they 
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only spend little time for fixations in the response phase (22,71 seconds). This indicates that they are 
scanning the code for an error and as soon the error is detected, they start to compose their response.  

The third group has the most points scored and the shortest time spent in the reading phase (42.35 
seconds). In contrast, they take almost two minutes of time in the response phase (108,66 seconds) 
and they perform an intensive scan of the source code. They have a mean value of 379,71 fixations in 
this phase. Referring to the findings of Uwano et al. [18] it is quite plausible that the participants 
perform a form of the scan pattern. 

As a general result it can be noted, that the more successful participants have a considerably higher 
number of fixations than the underachiever. This finding is also shown in a correlation between the 
scored points and the number of fixations in the response phase (.429; p=.028). The more points a 
participant’s scores, the more fixations he or she has in the response phase. Surprisingly, there is no 
correlation between the scored points and the fixation duration in the reading phase. An analysis of 
variances was conducted as well, but it shows no significant results. 

4.3 Eye movements in an output-oriented task 
The study does not only deal with error detection. It is also aiming to get a deeper understanding for 
programmer’s ability to comprehend source code. As described before, this is regarded as the key 
competence for a successful top-quality review [21,22]. These skills are tested by task two. It was 
selected because novices and advanced programmers almost performed identical. The novices 
scored 1.13 points in this task and the experienced subjects had 1.11 points on average.  

The program in this example (see figure 3) is not compileable yet. The main()-method is missing and 
has to be added (shown as the purple part in the source code). After doing this, the program is 
runnable and can be compiled. It depicts no special algorithm, but it shows how an integer variable 
can be incremented and decremented. An incrementation means to increase the value of a variable by 
1 and the drecrementation means to reduce it by 1.  

 
Figure 3. The selected comprehension task 

The incrementation and the decrementation in the red marked statements are not working properly, 
because the plus and minus signs are behind the variable. It is a so called Post-Increment (Post-
Decrement) and will be executed after the statement has finished. The statements, where the plus and 
minus signs are in front of the variable are working as supposed in this step. The output in this 
statement reflects this also. Two of the last four operations are executed one step later, thus in the last 
four cases the output of the variable is always 4.  

For both phases the same analysis is performed as mentioned earlier in 4.1. Its results can be found 
in table 2. 
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Table 2.  Participants performance in an output-oriented task 

Group 
Average number of 

fixations in the 
reading phase 

Average fixation 
duration in the 
reading phase  
(in seconds) 

Average number of 
fixations in the 

response phase 

Average fixation 
duration in the 

response phase  
(in seconds) 

Group 1 
(0 point) 

N = 5 
52,80 17,64 129,60 41,01 

Group 2 
(1 point) 
N = 11 

124,55 49,83 141,45 51,51 

Group 3 
(2 point) 

N = 7  
105,43 32,55 207,71 66,81 

Overall 
N = 23 

103,13 37,57 159,04 53,88 

If the groups are compared to those in task one, the different skill levels are more mixed. There are 2 
novices and 3 advanced participants in group 1. Group 2 consists of 9 novices and 2 more 
experienced programmers and group three has 3 beginners and 4 advanced participants. The data of 
one novice programmer was not recorded by the eye tracker.  

Because it seems to be obvious to the participants that the code will produce an output, group 1 is 
faster as in the error detection task. They just have a brief look at the code and only spend a few 
seconds for fixations (17,64) in the reading phase. The participants are taking more time for the 
response phase. This might be related to the source code itself. The code produces a line of numbers 
and the higher average number of fixations (129,60) indicates that the programmers are comparing 
each line of source code with their response. 

The performance of group 2 does not change from the reading phase to the response phase. In 
contrast to group 1, they invest more fixations (124,55) and more time (49,83 seconds) in the reading 
phase. This implicates a more careful strategy.  

The number of fixations and the sum of time, which is spent in fixations implicates that the third group 
is performing a scan pattern again. According to Uwano et al. [18], the programmers try to get an 
overview to the whole code. This overview is normally composed during the first 30% of the 
experimentation time. This is close to the time invested in fixation duration during the reading (32,55 
seconds) and the response phase (66,81 seconds).   

5 CONCLUSIONS 
According to the already described results and the findings of the previous study [1], advanced 
programmers are better in error detection. Surprisingly, there was no noteworthy difference between 
the two groups in giving an output. This might be due to the fact that students normally learn the 
basics of C programming language during their first term, but they do not have to attend further 
courses. The advanced participants in this experiment are mostly PhD-students who often teach C, so 
they have a deeper knowledge, more experience and maybe most important: a regular practice. For 
example, Ericsson, Prietula and Cokely [6] show that if a physician is out of training, his or her abilities 
to identify unusual diseases are decreasing. In contrast, if they regularly have to diagnose illnesses, 
their skills remain at the same (high) level. This means for the advanced programmers, that they 
gather experience from their teachings. They have to correct students works and this is related with 
error detection. This might explain, why they perform better in erroneous tasks.   

Some of the more experienced programmers even have practical experience as professional software 
developers in different companies. This explains why they write down more detailed and precise 
descriptions of the errors. In industry, a review always should be as accurate as possible, so that other 
programmers can find and fix an error as well [20-23].  

Furthermore, the findings are in line with the results as presented by Crosby and Stelovsky [17] or 
Yusuf et al. [19]. The more successful and the advanced programmers reviewing strategy also results 
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in different eye movements, compared to the novices and the less successful participants (see figure 4 
and 5, as published in [1]):  

 
Figure 4. Novice programmers first ten seconds [1] 

 
Figure 5. Advanced programmers first ten seconds [1] 

Especially in the beginning of the task, during the reading phase, the advanced and the most 
successful participants are more tending to skip through the code (figure 5). Before they take a closer 
look to single lines or elements of the code, they try to get an overview. This is related to the scan 
pattern as found by Uwano et al. [18]. In general, participants are more successful if they perform a 
basic scan and get an understanding for the structure of the presented code. 

It is also noticeable that programmers of group 3 are investing twice as much time in the response 
phase than in the reading phase. This is shown in both tasks. As mentioned by Nivala et al. [1], they 
are writing more detailed reports. The high number of fixations might also indicate a final review of the 
code and the own response.  

6 FUTURE RESEARCH 
One limitation of this study is, that all tasks are written in C. But there are more programming 
languages out there. So far, there is only one eye tracking study comparing source code reading in 
different languages [24]. Future studies should examine if there are similarities or differences in all 
languages. For example, it is still unclear, if patterns like “scan”, “retrace declaration” or “retrace 
reference” as mentioned by Uwano et al. [18] are present in all programming languages. Furthermore, 
comparisons between the eye movements while reading an object-oriented or a procedural 
programming languages should be considered as well. 

According to the findings of expertise research, there was no real expert among the participants [5-
10]. Some of them are close to these status, but are still missing some years of experience. For future 
studies, it should be considered to recruit professional software developers and testers from industrial 
companies. They should have broad experience about code reviews from their daily work and it is very 
likely, that there are further differences between the experts, advanced and novice subjects.   

Furthermore, it should also be considered to use advanced programmers gaze records for teaching 
programming and software engineering.    
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