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,QYHVWLJDWLQJ(\H0RYHPHQWVLQ1DWXUDO/DQJXDJHDQG
&6RXUFH&RGH±$5HSOLFDWLRQ([SHULPHQW
3DWULFN3HDFKRFNDQG%RQLWD6KDULI
'HSDUWPHQWRI&RPSXWHU6FLHQFHDQG,QIRUPDWLRQ6\VWHPV
<RXQJVWRZQ6WDWH8QLYHUVLW\
<RXQJVWRZQ2KLR86$
SUSHDFKRFN#VWXGHQW\VXHGXDQGEVKDULI#\VXHGX
$%675$&7

,QGHSHQGHQW9DULDEOH7\SHRIVWLPXOXV VRXUFHFRGHDQG
QDWXUDOODQJXDJHWH[W 
'HSHQGHQW 9DULDEOHV $ VHW RI OLQHDULW\ PHDVXUHV IURP
%XVMDKQHWDO>@7KHOLQHDULW\PHDVXUHVLQFOXGH
x 9HUWLFDO 1H[W 7H[W 7KH SHUFHQWDJH RI IRUZDUG
VDFFDGHVWKDWHLWKHUVWD\RQWKHVDPHOLQHRUPRYH
RQHOLQHGRZQ
x 9HUWLFDO /DWHU 7H[W 7KH SHUFHQWDJH RI IRUZDUG
VDFFDGHVWKDWHLWKHUVWD\RQWKHVDPHOLQHRUPRYH
GRZQDQ\QXPEHURIOLQHV
x +RUL]RQWDO/DWHU7H[W7KHSHUFHQWDJHRIIRUZDUG
VDFFDGHVZLWKLQDOLQH
x 5HJUHVVLRQ 5DWH 7KH SHUFHQWDJH RI EDFNZDUG
VDFFDGHVRIDQ\OHQJWK
x /LQH 5HJUHVVLRQ 5DWH 7KH SHUFHQWDJH RI
EDFNZDUGVDFFDGHVZLWKLQDOLQH
(OHPHQW &RYHUDJH UDWLR RI ZRUGV ORRNHG DW  DQG 6DFFDGH
/HQJWK GLVWDQFHEHWZHHQHDFKVXFFHVVLYHSDLURIIL[DWLRQV 
ZHUHXVHGWRPHDVXUHWKHGLIIHUHQFHVEHWZHHQQRQQRYLFHV
DQGQRYLFHV7KHOLQHDULW\PHDVXUHVZHUHXVHGWRDQDO\]H
UHDGLQJ VW\OHV EHWZHHQ VRXUFH FRGH DQG QDWXUDO ODQJXDJH
WH[W

,VWKHUHDQLQKHUHQWGLIIHUHQFHLQWKHZD\SURJUDPPHUVUHDG
QDWXUDO ODQJXDJH WH[W FRPSDUHG WR VRXUFH FRGH" 'RHV
H[SHUWLVH SOD\ D UROH LQ WKH UHDGLQJ EHKDYLRU RI
SURJUDPPHUV"  :H FRQGXFW D FRQWUROOHG H[SHULPHQW ZLWK
QRYLFHDQGQRQQRYLFHSURJUDPPHUVZKLOHWKH\UHDGVPDOO
VKRUW VQLSSHWV RI QDWXUDO ODQJXDJH WH[W DQG & VRXUFH
FRGH  7KLV VWXG\ LV D UHSOLFDWLRQ RI DQ HDUOLHU VWXG\ E\
%XVMDKQ>@EXWXVHV&LQVWHDGRI-DYDVRXUFHFRGH7KH
VWXG\ ZDV FRQGXFWHG ZLWK  VWXGHQWV ZKR ZHUH HDFK
JLYHQWHQWDVNVDVHWRIVHYHQSURJUDPVDQGWKUHHQDWXUDO
ODQJXDJHWH[WV8VLQJVHYHUDOOLQHDULW\PHWULFVSUHVHQWHGLQ
DQ HDUOLHU VWXG\ >@ ZH DQDO\]H WKH H\H PRYHPHQWV RQ
VRXUFHFRGHDQGQDWXUDOODQJXDJH7KHUHVXOWVLQGLFDWHWKDW
QRYLFHVDQGQRQQRYLFHVERWKUHDGVRXUFHFRGHOHVVOLQHDUO\
WKDQQDWXUDOODQJXDJHWH[W:HGLGQRWILQGDQ\GLIIHUHQFHV
EHWZHHQQRYLFHVDQGQRQQRYLFHVEHWZHHQQDWXUDOODQJXDJH
WH[W DQG VRXUFH FRGH 2XU ILQGLQJV DUH GLVFXVVHG ZLWK
UHVSHFWWR%XVMDKQ¶VVWXG\DORQJZLWKIXWXUHZRUN
&&6&21&(376
 +XPDQFHQWHUHG FRPSXWLQJ a (PSLULFDO VWXGLHV LQ
+&,

3DUWLFLSDQWV DQG 7DVNV 7KLUW\WKUHH SDUWLFLSDQWV ZHUH
UHFUXLWHG IURP WKH LQWURGXFWLRQ WR SURJUDPPLQJ DQG GDWD
VWUXFWXUHV FODVVHV  7KH VWXG\ ZDV FRQGXFWHG LQ WKH VL[WK
DQG VHYHQWK ZHHN RI FODVVHV 7KUHH QDWXUDO ODQJXDJH WH[WV
DQG VHYHQ &VRXUFH FRGH VQLSSHWV ZHUH XVHG )LIWHHQ RI
WKH SDUWLFLSDQWV ZHUH IHPDOH ZLWK DERXW  RI WKHP PDOH
7KHQXPEHU RI ZRUGVUDQJHG IURP  WR LQ WKHQDWXUDO
WH[WV7KHOLQHVRIFRGHLQWKHVQLSSHWVUDQJHGIURPOLQHV
XS WR  OLQHV RI FRGH 7KH FRQVWUXFWV XVHG LQ WKH VRXUFH
FRGH WDVNV ZHUH LIHOVH DYHUDJH GLYLVLRQ ZKLOH ORRS
GLYLVLRQ DQG WKH PRG RSHUDWRU $IWHU HDFK WDVN WKH
SDUWLFLSDQWZDVDVNHGWRDQVZHUDFRPSUHKHQVLRQTXHVWLRQ
VXFK DV ZULWLQJ D VXPPDU\ ILOOLQJ LQ D EODQN RU SLFN D
PXOWLSOH FKRLFH DQVZHU 7KH\ ZHUH QRW DEOH WR YLHZ WKH
FRGHVQLSSHWVZKLOHDQVZHULQJWKHTXHVWLRQ

.(<:25'6
H\H WUDFNLQJ VWXG\ & SURJUDP FRPSUHKHQVLRQ QDWXUDO
ODQJXDJH
 ,1752'8&7,21
,Q%XVMDKQHWDOFRQGXFWHGDQH\HWUDFNLQJVWXG\RQ
KRZ SHRSOH UHDG FRGH YV QDWXUDO ODQJXDJH WH[W >@ 7KH\
IRXQG WKDW QRYLFHV UHDG VRXUFH FRGH OHVV OLQHDUO\ WKDQ WKH
QDWXUDOODQJXDJHWH[WV,QDGGLWLRQWKHH[SHUWVZHUHIRXQG
WR UHDG FRGH HYHQ OHVV OLQHDUO\ WKDQ WKH QRYLFHV ,Q WKLV
SDSHUZHUHSRUWRQDUHSOLFDWLRQRIWKH%XVMDKQHWDOVWXG\
EHFDXVHZHZDQWHGWRGHWHUPLQHLIWKHLUUHVXOWVVWLOOKROGIRU
&RQDGLIIHUHQWVDPSOH
 (;3(5,0(17$/'(7$,/6

$SSDUDWXV $ 7RELL ; H\H WUDFNHU ZDV XVHG WR FROOHFW
WKH GDWD 7RELL 6WXGLR ZDV XVHG WR LQWHUIDFH ZLWK WKH H\H

7KHPDLQSXUSRVHRIWKHVWXG\ZDVWRFRPSDUHWKHUHDGLQJ
DQG FRPSUHKHQVLRQ RI QDWXUDO ODQJXDJH WH[W DQG &
VRXUFHFRGH7KHYDULDEOHVDUHPHQWLRQHGEHORZ
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(0,3µ1RYHPEHU%HUOLQ*HUPDQ\

3HDFKRFNHWDO

WUDFNHUWRJDWKHUJD]HV7KH,97IL[DWLRQZDVXVHGDVWKH
IL[DWLRQILOWHURQWKHUDZJD]HGDWD
 5(68/76$1'2%6(59$7,216
,Q RUGHU WR DQDO\]H WKH UHVXOWV ZH ILUVW XVHG EyeCode DQ
$2,JHQHUDWLRQWRROWKDWWDNHVDQLPDJHZLWKIL[DWLRQGDWD
WR FUHDWH OLQH DQG ZRUG DUHDV RI LQWHUHVW PDSSHG WR WKH
IL[DWLRQ https://github.com/synesthesiam/eyecode/ 
$ VLJQLILFDQW GLIIHUHQFH p    ZDV IRXQG DPRQJ
QRYLFHV UHDGLQJ 17 YV 6& LQ DOO WKH OLQHDULW\ PHDVXUHV
H[FHSWIRUUHJUHVVLRQUDWH7KHVDFFDGHOHQJWKDQGHOHPHQW
FRYHUDJH ZDV DOVR VLJQLILFDQWO\ GLIIHUHQW p   DQG
p   EHWZHHQ VRXUFH FRGH DQG QDWXUDO ODQJXDJH DPRQJ
QRYLFHV ,Q WKH FDVH RI QRQQRYLFHV DOO WKH OLQHDULW\
PHDVXUHV ZHUH VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ  VRXUFH DQG
QDWXUDO ODQJXDJH S    1R VWDWLVWLFDO GLIIHUHQFH ZDV
IRXQG EHWZHHQ QRYLFHV DQG H[SHUWV LQ DQ\ RI WKH OLQHDULW\
PHWULFVEHWZHHQVRXUFHFRGHDQGQDWXUDOODQJXDJHWH[WVIRU
DOO WKH WDVNV FRPELQHG 6HH )LJXUH  IRU WKH EDU FKDUWV
VKRZLQJ WKH DYHUDJH EHWZHHQ WKH OLQHDULW\ PHDVXUHV IRU
QRYLFHV 7DEOH  VXPPDUL]HV WKH GHSHQGHQW YDULDEOHV DQG
WKHLUPHDVXUHPHQWVDORQJVLGH%XVMDKQHWDO¶VVWXG\
7DEOH6XPPDU\DQG&RPSDULVRQWR%XVMDKQHWDOVWXG\>@
%XVMDKQHWDO6WXG\
7KLV6WXG\
5HJUHVVLRQ5DWH
5HJUHVVLRQ5DWH
6&17 
6&17 
1RYLFHV
1RYLFHV
1RQQRYLFHV
([SHUWV
(OHPHQW&RYHUDJH
6&17 
1RYLFHV
([SHUWV

)LJXUH$YHUDJHOLQHDULW\PHDVXUHVIRUDOOQRYLFHV

(OHPHQW&RYHUDJH
6&17 
1RYLFHV
1RQQRYLFHV

 &21&/86,216$1')8785(:25.
7KHSDSHUGLGILQGLQKHUHQWGLIIHUHQFHVLQWKHZD\QRYLFHV
UHDG QDWXUDO ODQJXDJH WH[W FRPSDUHG WR VRXUFH FRGH 7KH
VDPHDSSOLHGWRQRQQRYLFHV+RZHYHUZHGLGQRWILQGD
GLIIHUHQFH ZLWK RU ZLWKRXW FRQVLGHULQJ WDVN W\SH  IRU
QRYLFHV DQG QRQQRYLFHV KRZHYHU QRQQRYLFHV DOVR UHDG
FRGHOHVVOLQHDUO\WKDQQDWXUDOODQJXDJHWH[WV

1RYLFHV PRVWO\ IROORZ VWRU\ 1RYLFHV PRVWO\ IROORZ VWRU\
RUGHU YV H[HFXWLRQ RUGHU RI RUGHU H[HFXWLRQRUGHUZDVQRW
SURJUDP
DQDO\]HG 
'LIIHUHQFH IRXQG LQ OLQHDULW\ 1R GLIIHUHQFH IRXQG EHWZHHQ
PHWULFV EHWZHHQ 6& DQG 17 6& DQG 17 LQ DQ\ OLQHDULW\
H[FHSWOLQHUHJUHVVLRQUDWH 
PHWULFV

$VSDUWRIIXWXUHZRUNZHDUHORRNLQJLQWRDVHFRQGSKDVH
RIWKHVWXG\ZLWKWKHVDPHJURXSRIVWXGHQWVWRGHWHUPLQHLI
H\HPRYHPHQWVGLIIHUDWWKHHQGRIWKHVHPHVWHULQGLFDWLQJ
LIDQ\OHDUQLQJKDVRFFXUUHG

:HVHHWKDWWKHUHLVPXFKGLVSDULW\EHWZHHQWKHUHJUHVVLRQ
UDWH DQG HOHPHQW FRYHUDJH LQ RXU VWXG\ FRPSDUHG WR WKH
%XVMDKQ HW DO VWXG\ 5HJUHVVLRQ UDWH LV DOPRVW GRXEOH IRU
QRYLFHV DQG VLPLODULW\ IRU H[SHUWV ,Q WKH %XVMDKQ HW DO
VWXG\ ZH GLG IL[DWLRQ FRUUHFWLRQ PDQXDOO\ EHIRUH UXQQLQJ
(\HFRGH RQ WKH VWLPXOL ,Q WKLV VWXG\ ZH GLG QRW GR DQ\
PDQXDO IL[DWLRQ FRUUHFWLRQV DQG XVHG WKH GDWD DV LW ZDV
UHFRUGHG $OO GDWD ZDV UHFRUGHG RQO\ DIWHU D JRRG
FDOLEUDWLRQ ZDV REWDLQHG KRZHYHU LW LV SRVVLEOH IRU WKH
DERYH QXPEHUV WR EH GLIIHUHQW DIWHU WKH FRUUHFWLRQV DUH
PDGH

$FNQRZOHGJPHQWV
:H ZRXOG OLNH WR WKDQN 7HUHVD %XVMDKQ IRU KHOS ZLWK
UXQQLQJ Eyecode RQ WKH VWLPXOL :H ZRXOG DOVR OLNH WR
WKDQNDOOWKHSDUWLFLSDQWVWKDWWRRNSDUWLQRXUVWXG\
5()(5(1&(6
>@ 7 %XVMDKQ 5 %HGQDULN $ %HJHO 0 &URVE\ - + 3DWHUVRQ &
6FKXOWH, et al. (\H 0RYHPHQWV LQ &RGH 5HDGLQJ 5HOD[LQJ WKH /LQHDU
2UGHULQICPC)ORUHQFH,WDO\SS
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The main aim of this study is to determine whether
inexpensive black-and-white ereaders are a viable
alternative for information technology (IT) textbooks. The
IT students at the university where the study was
conducted programme in Visual Studio®, which
automatically provides them with syntax highlighting.
However, currently it is not uncommon for textbooks to
be provided in black-and-white format which is different
to what they are used to seeing in the integrated
development environment. The question then arises as to
whether this is a disadvantage to students while studying.
The prevalence of online resources which could replace
hard-copy textbooks could be a better solution.
Additionally, textbooks are traditionally expensive, more
so than the electronic equivalent, hence it might be
financially prudent to use electronic resources. Hence,
tablets and ereaders could be used as a medium to deliver
academic texts. The question now is whether a cheaper
black-and-white electronic device will suffice or whether
there is a need for a more expensive device capable of
rendering colour.

highlighting ([2]) but once again they did not experience
significantly more difficulty reading the code ([2]).
Since syntax highlighting does not appear to affect the
reading behaviour of students, it appears to be immaterial
(from an objective standpoint) whether the code presented
uses syntax highlighting or not.
The current phase of the study is investigating whether the
device used has an effect on code reading. Factors such as
page breaks, rotation, quality of display could influence
the reading behaviour. Therefore, data is currently being
collected on a number of devices in order to determine
whether the device itself plays a role. This will answer the
initial question as to whether resources could be provided
on an electronic device and of what stature the device
should be.

References
[1] Beelders, T.R. and du Plessis, J-P. (2016a). Syntax
highlighting as an influencing factor when reading and
comprehending source code. Journal of Eye
Movement Research, 9(1), 1-11.

Therefore the initial phase of the study investigated
whether there was any difference in reading behaviour of
students who read a piece of source code with or without
syntax highlighting ([1]; [2]). Findings suggest that while
the code with syntax highlighting is more aesthetically
pleasing, it does not make the code easier to read ([1]).
Participants reading code without syntax highlighting did
however enter a more concentrated reading phase faster
than their counterparts who received the code with syntax

[2] Beelders, T.R. and du Plessis, J-P. (2016b). The
influence of syntax highlighting on scanning and
reading behaviour for source code. In Proceedings of
SAICSIT 2016, Johannesburg, South Africa.
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Open Gaze and Mouse Analyzer (OGAMA) [10] allows to create
and export this character string directly as a part of the scanpaths
module. The user only needs to draw Areas of Interest or generate
a grid and OGAMA displays the character strings and calculates
Levenshtein distances between them. This calculation does not take
into account the different lengths of strings, so only the strings are
used in our tool called ScanGraph. So our tool disregards this
calculation and uses just the string for its own calculations.
Although OGAMA allows also a recording of the data, in the
majority of cases we are using SMI device and software for creation
of experiments and recording of the data. Recorded raw data can be
converted into OGAMA import format and analyzed here. To do
this conversion, we have developed a simple tool called
SMI2OGAMA.

ABSTRACT
The contribution will introduce two web tools for analysis of eyetracking data. The first one – SMI2OGAMA is a simple tool for
conversion of data recorded with SMI software. Outputs of this tool
can be directly imported into OGAMA – open-source application
for analysis of eye-tracking data. OGAMA allows creating a
sequence of visited Areas of Interest. This file can be used directly
in our second tool called ScanGraph. ScanGraph allows finding
participants with a similar strategy of stimuli inspection. The
application performs a scanpath comparison based on the String
Edit Distance method, and its output is a simple graph. Groups of
similar sequences/participants are displayed as cliques of this graph.

KEYWORDS
Eye-tracking, Conversion, Scanpath comparison, Web application
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SMI2OGAMA

SMI2OGAMA is a web application developed in PHP and is
available at http://eyetracking.upol.cz/smi2ogama/. Its use is very
simple. User exports gaze positions as raw data from SMI BeGaze
as single files for each participant. The zip file with these raw data
is uploaded into SMI2OGAMA and the conversion to OGAMA
format runs on the server. After a couple of seconds, the zip file
with converted files is downloaded. In the next phase, user imports
these files into new OGAMA project (one by one, because
timestamps are not unique). Finally, stimuli images are copied into
SlideResources folder of OGAMA. The interface of
SMI2OGAMA contains more information about this process
including illustration figures (Fig 1).

INTRODUCTION

The beginnings of interest in distinctive scanning patterns can be
found in the study of Noton and Stark [8], who reported a qualitative
similarity in eye-movements when people viewed line drawings on
multiple occasions. The scanpath comprises sequences of alternating
saccades and fixations that repeat themselves when a respondent is
viewing stimuli. One of the most frequently used methods is String
Edit Distance, which is used to measure the dissimilarity of character
strings. As Duchowski et al. [5] mentions, scanpath comparison
based on the String Edit Distance introduced by Privitera and Stark
[9] was one of the first methods to quantitatively compare not only
the loci of fixations but also their order.
When using String Edit Distance, the grid or Areas of Interest (AOI)
have to be marked in the stimulus. The gaze trajectory (scanpath) is
then replaced by a character string representing the sequence of
fixations with characters for AOIs they hit. A sequence of
transformations (insertions, deletions, and substitutions) is used to
transform one string to another. Their similarity is represented as the
number of transformation steps between two analyzed strings [1].

Figure 1: Interface of SMI2OGAMA web application
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multiple stimuli and calculates the similarity of the participants
across them.

SCANGRAPH

ScanGraph (http://eyetracking.upol.cz/scangraph/) uses visualization
of cliques in simple graphs (Fig 2). It displays the simple graph with
cliques. These cliques show similar sequences based on the input
parameter of the degree of similarity. ScanGraph was developed in
PHP and C# (Backend) and D3.js (Frontend).

4

CONCLUSIONS

Two web applications are briefly described in this contribution. The
first one – SMI2OGAMA allows to convert data recorded by SMI
software into the environment of OGAMA. In OGAMA, character
strings representing the sequences of visited Areas of Interest can be
generated. These sequences are used as an input into the second
described application – ScanGraph. ScanGraph allows calculating
similarities of these sequences (and hence of the participant's
trajectories) using three algorithms. Results are displayed as cliques
of a simple graph.

The calculation of similar groups could be described in several steps.
At first, the distance matrix is constructed using Levenshtein distance
[6], Needleman-Wunsch algorithm [7] or Damerau-Levenshtein
distance [3]. However, it is not appropriate to use the absolute value
of the distance to comparing the similarities. Hence, the values are
normalized. Each of the element  of the matrix is divided by the
higher value of the length of strings  and . The next step is creation
of the adjacency matrix, which depends on the user’s choice of
“advised graph”, parameter p or percent of possible edges.

ACKNOWLEDGMENTS
The preparation of this publication has been supported by the Internal
Grant Agency of the Palacký University in Olomouc (project
IGA_PrF_2016_008, Advanced monitoring, spatial analysis and
visualization of urban landscape).

“Advised Graph” is a graph with 5 % of possible edges and the
corresponding value of parameter  The second option is
a construction of user-defined graph according to parameter or %
of edges. The higher value of     , the higher similarity of
the given sequences.
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The output of the ScanGraph is a simple graph and listed cliques of
this graph (right part of the fig. 2). After clicking on the list, selected
clique (a group of similar participants) is highlighted and their
character strings are displayed at the bottom. In the case of fig. 2, the
parameter was set to 0.6, so groups of participants whose sequences
of visited AOIs were similar to at least 60% are displayed. Biggest
clique contains three participants. All three of them were
Noncartographers (which is indicated by their color).

Figure 2: Interface of ScanGraph web application
Detailed information about its principles and possibilities was
described in [4]. Since the publication of this article, several updates
were performed. Damerau-Levenshtein distance that takes into
account the transpositions of adjacent characters. A heuristic
algorithm for clique finding is not needed anymore. Cliques are now
found with the use of Bron-Kerbosch algorithm [2]. In the first
version of ScanGraph, only analysis of one stimulus was possible.
Now, the tool allows to read zip files with character strings for
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structure while providing the same functionality – “beauty” is
composed from simple functional components, “beast” essentially
has a single monolithic component. The SRES score for each is
computed and compared to a range of other metrics. SRES
contrasts in its simplicity and focus on features analogous to those
of natural text with other software readability metrics that have
been proposed (see section 2). However, it correlates well with the
quality of object-oriented example programs as perceived by
human experts and is proposed as a useful tool for helping
educators in the selection and development of suitable example
programs.
This paper proposes a study of readability of code examples
typical of those presented to novices in introductory programming
courses, focusing on comprehensibility. Following the philosophy
of SRES, surface level presentation will not be the focus of the
study, as these are essentially independent of the code itself and
can be easily changed if the code is read in a code editor.
Arguably, indentation and spacing are also at surface level of
readability, and can typically be amended automatically in code
editors without changing the code itself (unless they are
syntactically significant in the programming language).
Comments will also not be considered here. Interestingly, Börstler
and Paech [5] studied the influence of comments and found that
these influence perceived readability but not comprehension.
Finally, differences in readability between different programming
languages is not within the scope of this proposal, which is limited
to Java, a language that is widely used in introductory courses[3].
Readability studies typically record perceived readability as
informed by the participants and comprehension, as measured by
the performance on comprehension tasks. Eye movement data will
add a further dimension to this study, allowing observation of, for
example, total time spent on a reading task, time spent on specific
features of the code, and patterns and strategies evidenced in the
gaze data, which can be analysed according the coding scheme
developed during a previous EMIP workshop [2].
Possible research questions are:
• Does a readability ease score analogous to a natural language
reading ease score predict the readability of code examples
used in teaching novice programmers?
• Can differences in reading strategy of functionally equivalent
code examples be observed in eye movements provide
evidence of reading ease?
• What features of such code examples influence readability?

ABSTRACT
This paper describes a proposed study of readability of code
examples designed to support learning programming. The study
focuses on measuring readability for comprehension. It considers
only code structure rather than presentation and relates perceived
readability and comprehension to a simple reading ease score and
to eye movements during code reading. Characteristics of the
example programs to be used in the study are described. Insights
are sought into the value of metrics and eye movements in
evaluating readability.

Categories and Subject Descriptors
K.3.4 [Computer and Information Science Education]:
Computer science education, information systems education

General Terms
Experimentation, Human Factors.

Keywords
Computing education, code reading, eye tracking

1. INTRODUCTION
Examples are valuable tools in teaching programming. Example
programs work as role models and must therefore
be consistent with the principles and rules we are teaching.
Börstler et al [3] noted that it is often difficult to find or
develop examples that are both well aligned with pedagogical
principles and practices and that correctly illustrate the principles
and guidelines of the object-oriented paradigm. Example
programs should also be understandable by learners with the level
of expertise for whom they are designed. An important aspect of
understandability is readability. If code has a high level of
readability then it is easy for the reader to recognize syntactical
elements which leads to the ability establish relationships between
those elements and build a mental model of the operation of the
code.
Readability of text depends on its content and its presentation, and
this is true for code as it is for natural language text. Presentation
aspects, such as type size and font, influence readability at the
level of legibility. Hargis [10] describes this as the surface level of
readability, and described readability for comprehensibility as
being at a higher level, influenced more by aspects such as
sentence structure and length, and vocabulary.
Börstler et al [4] proposed a simple metric, Software Readability
Ease Score (SRES), to measure code readability, analogous to the
Flesch reading ease score [8] which is widely used for natural
language text. This metric focuses on readability for
comprehensibility. They present two versions of an example
program (“beauty” and “the beast”) which differ largely in overall

2. OTHER READABILITY MEASURES
Buse and Weimer [6] implemented a tool that assesses readability
of programs with a model constructed using machine learning
techniques based on ratings of readability of code snippets made
by 120 human participants.
Posnett et al. [12] propose a somewhat simpler model that
calculates readability from code metrics (Halstead’s volume, lines
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and Entropy). They assert that this model actually outperforms the
BW model.
CLOZE tests, in which humans are asked to fill in missing
elements from text with every nth word obscured, have also been
long used to measure text readability. Such tests have been
proposed in relation to program code as a technique for assessing
comprehension [9], although not specifically for measuring code
readability.
Dorn [7] introduced a “generalizable” model, which includes
visual, spatial, alignment, and linguistic features, and includes
aspects such as syntax highlighting, variable naming and
structural. Building on that work, Scalabrino et al. [13] present a
set of textual features based on source code lexicon analysis and
assert that textual features complement structural ones to improve
the accuracy of code readability models.

Listing 2. Alternative version of the method shown in Listing 1.
So which, if either, is the “beauty” and which is the “beast”?
SRES, like the Flesch score, is based on two metrics – Average
Word Length (AWL) and Average Sentence Length (ASL). The
interpretation of these has been adapted for code, so that AWL is
influenced by lexeme length (for example identifiers, key words),
while ASL corresponds to the number of words per statement.
The weighting given to AWL is very low in SRES, in contrast to
natural reading scores. This seems reasonable as long identifiers
don’t generally carry the same implication of complexity as long
words in natural language, and in fact can carry information to aid
readability compared to very short identifiers. Hofmeister et al.
[11] focused specifically on identifier length and semantics and
showed that identifier names using proper words lead to a faster
comprehension, evidenced through defect detection, than
identifier names using abbreviated words or single letters. For this
reason, SRES might favour Listing 2. However, the short
definition given by Boerstler et al. for ASL also refers to number
of words per block, which would presumably favour Listing 1.
Note that these are observations based on the general philosophy
of the metric – the specific strategy used to calculate SRES for the
example programs will be based on the detailed description given
by Abbas [1].
A set of examples has been developed, drawn from course
materials used in an introductory Java programming module. In
each case, functionally equivalent versions have been prepared
which differ in the structure of the code. The examples do not
differ in variable names or method names, except where
additional variables or methods are required to accommodate
difference in structure. Other presentational aspects, including
indentation, line spacing, spacing around operators, positioning of
opening braces, and syntax highlighting will be consistent in all
examples and the way they are displayed to the participants.
Equivalent examples do differ in aspects of structure. These relate
closely to code features that are likely to affect comprehensibility,
and which Sedano found to be the most significant, other than
identifier names, in a study of perceived code readability [14]:
• Structure of and conditions in control flow statements
• Decomposition by extracting methods, similar to Börstler’s
“beauty and the beast”

3. CHARACTERISTICS OF EXAMPLES
Examples for novice programmers may be designed to illustrate a
specific syntax feature, or a programming technique which makes
use of a feature. Listing 1 shows an example method used to
illustrate the implementation of an algorithm using an if-else
statement in Java. The preamble to the example would be a
discussion of the rules which apply to the problem domain
(calculating an energy bill) and how these might be expressed as
an algorithm. The learner would be expected to understand from
this example the way in which the code has implemented the
algorithm and the role of the if-else statement in this.
$ %
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Listing 1. Version 1 of a method that implements a simple
algorithm using an if-else statement and returns the value
calculated using the algorithm
This example could equally well be written as in Listing 2, which
is functionally equivalent. In this version named constants are
used to replace numbers, and there are variables holding
intermediate values during the calculations. The latter change has
the effect of dividing evaluation of the expressions into evaluating
a larger number of simpler expressions and combining the results.
There are, of course, other variations possible adopting specific
aspects of the approach shown either of the two listings, and a
range of versions will be studied.

4. CONCLUSION
Readability is an important aspect of code examples developed to
support the learning novice programmers. Instructors could
benefit significantly from having the means to evaluate, in a
simple way, the readability of their example programs, or from
having guidelines based on evidence of what aspects of simple
code most strongly in similar examples. The study proposed here
will evaluate the usefulness of a simple reading ease metric for
predicting readability. Eye-tracking and gaze data may have a
valuable role to play in providing insights into the process of
reading code examples where the same functionality is expressed
with different structures and syntax. There are, of course,
significant challenges in determining cognitive processes in code
reading from gaze data, and it is hoped that valuable insights will
be gained through the focus on readability.

$ %
&
   )  3-*"/,!
   )  3+."10!
   )3.*!
!
!
3#!
$43   )%
&
3(   )  !
'

&



10

[9] Garner, S. 2005. The CLOZE procedure and the learning of
programming.Proceedings of International Conference on
Learning, Granada, Spain, 5-13.
[10]Hargis, G. 2000. Readability and computer
documentation. ACM Journal of Computer Documentation
(JCD), 24(3), 122-131.
[11]Hofmeister, J.C., Siegmund, J. and Holt, D.V., 2015.
Influence of identifier length and semantics on the
comprehensibility of source code. Department of
Psychology, University of Heidelberg, Germany.
[12]Posnett, D., Hindle, A., & Devanbu, P. 2011. A simpler
model of software readability. In Proceedings of the 8th
working conference on mining software repositories (pp. 7382). ACM.
[13]Scalabrino, S., Linares-Vásquez, M., Poshyvanyk, D. and
Oliveto, R., 2016, May. Improving code readability models
with textual features. InProgram Comprehension (ICPC),
2016 IEEE 24th International Conference on(pp. 1-10).
IEEE.
[14]Sedano, T., 2016, April. Code Readability Testing, an
Empirical Study. In Software Engineering Education and
Training (CSEET), 2016 IEEE 29th International Conference
on (pp. 111-117). IEEE.
.

5. REFERENCES
[1] Abbas, N., 2010, January. Properties of “good” java
examples. Masters thesis, Umeå University, Umeå, Sweden.
[2] Bednarik, R., Busjahn, T., and Schulte, C. 2014. Eye
movements in programming education: Analyzing the
expert’s gaze. Technical report, University of Eastern
Finland, Joensuu, Finland.
[3] Börstler, J.,Nordström, M. and Paterson, J.H. 2011. On the
Quality of Examples in Introductory Java Textbooks. Trans.
Comput. Educ. 11, 1, Article 3.
[4] Börstler, J., Caspersen, M. E., & Nordström, M. 2015.
Beauty and the Beast: on the readability of object-oriented
example programs. Software Quality Journal, 1-16.
[5] Börstler, J. and Paech, B., 2016. The Role of Method Chains
and Comments in Software Readability and
Comprehension—An Experiment. IEEE Transactions on
Software Engineering, 42(9), pp.886-898.
[6] Buse, R. P., & Weimer, W. R. 2010. Learning a metric for
code readability.Software Engineering, IEEE Transactions
on, 36(4), 546-558.
[7] Dorn, J., 2012. A general software readability model. MCS
Thesis available from (http://www. cs. virginia. edu/~
weimer/students/dorn-mcs-paper. pdf).
[8] Flesch, R., 1948. A new readability yardstick. Journal of
Applied Psychology, 32(3), p.221.

11

Ambient and Focal Attention During Source-code
Comprehension
Position paper
Pavel A. Orlov

Peter the Great St. Petersburg Polytechnic University
Department of Engineering Graphics and Design
195251, Polytechnicheskaya,
St.Petersburg, Russia

paul.a.orlov@gmail.com
ABSTRACT

focal vision–corresponds with long ﬁxations and short saccades’ amplitude [10, 8].
The target inspection is a volitional act of the subject;
hence, the focal vision corresponds with the “top-down” visual attention process and may be interpreted by the direct control theories of visual attention [9, 4]. Ambient vision is less costly and dominates in parallel search, while
focal attention is required for serial search in visual searching tasks [3, 2]. The domination in parallel search can be
explained by the “bottom-up” attentional process, when a
pop-out eﬀect provides faster target localization [7].
The evaluation of the ambient and focal modes of vision
may provide insight into source-code comprehension. However, I did not ﬁnd such studies in the psychology of programming ﬁeld.

This preliminary analysis of ambient and focal attention during source-code comprehension uses the methodology of Krejtz et al. [2]. I applied the original formula to the source-code
reading tests and found that subjects who program less than
one hour per month use ambient-like vision. At the same
time, focal vision usage dominates in subjects who do no
programming at all. Level of English proﬁciency and gender
play important roles: subjects with a high English level use
ambient vision; subjects with a low English level in perform
focal vision mode. Females use ambient-like vision more
than males. Finally, I open the discuss about the role of
ambient/focal attention during source-code comprehension.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous;
J.4 [Social and behavioral sciences]: Psychology; D.2.8
[Software Engineering]: Metrics—complexity measures,
performance measures

Keywords
Eye movements, eye-tracking, ambient vision, focal vision,
source code comprehension

1.

2.

AMBIENT AND FOCAL ATTENTION
EVALUATION

I am following the methodology of Krejtz et al. to identify
ambient and focal attention from eye movement data [2].
The authors presented the Coeﬃcient K as the diﬀerence
between zero-score values of the ﬁxation durations and saccadic amplitudes (see Formula 1). The positive and negative
values of the Coeﬃcient K indicate focal or ambient viewing,
respectively.

INTRODUCTION
Ki =

Analysis of eye movements during source-code comprehension allows researchers the opportunity to evaluate visual attention. Following the idea that gaze position goes
through the attentional visual object, the place of gaze ﬁxation, ﬁxation durations, and scanning pattern are frequently
used metrics for analysis. However, the question remains as
to why the programmer turns their attention to the next
source-code element – that is, why do they select it? Was
this selection determined by the source-code structure and
“bottom-up” attentional process, or was it a volitional act
that corresponds to “top-down” approach?
There are two modes of acquiring information during perception of visual stimuli: exploration and inspection [9, 5].
The scene exploration process is employed when a subject
looks for a target in the visual scene and makes short ﬁxations and long saccades to ﬁnd it. After the ambient phase,
when a potential target has been found, the subject inspects
it and determines whether it is a target. This second stage–

ai+1 − μa
1
di − μd
−
, such that K =
Ki (1)
σd
σa
n n

Ki was calculated for each ﬁxation with duration di and
saccadic amplitude ai+1 that goes after the it h ﬁxation –
where μd , μa are the mean ﬁxation duration and saccade
amplitude, respectively, and σd , σa are the ﬁxation duration
and saccade amplitude standard deviations, respectively, computed over all n ﬁxations [2]. Mean ﬁxation durations and
saccade amplitudes were calculated for all subjects and for
all stimuli.

3.

RESULTS AND DISCUSSION

The analysis was conducted on the open eye-tracking data
by the EMiPWS group (in publishing). Data from 209 subjects were reviewed. Fixations, saccades, and blinks were detected by the algorithm described by Engbert and Kliegl [1]
in the saccade package (the package is available at
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fact that the stimulus was formed using a mix of Java programming language and English. Subjects with have higher
English levels obtain the semantic information easily.







 

https://github.com/tmalsburg/saccades) for R programming
language [6]. I’ve included Java programmers only and excluded data from 5 participants because of an anomaly in
ﬁxation duration detection.
A two-way ANOVA of the mean Coeﬃcient K revealed
that the frequency of programming has a statistically signiﬁcant eﬀect (F(4, 386) = 5.838, p < .001). The eﬀect
of the frequency of Java programming was also signiﬁcant
(F(4, 386) = 2.644, p = .033). Not surprisingly, I also found
a signiﬁcant interaction between the frequency of programming and the frequency of Java programming (F(16, 386) =
1.768, p = .034).

 

















 









 





 

     
    


 

Finally, it was found that programmer’s gender plays an
interesting role against the ambient-focal vision modes. Gender had a signiﬁcant eﬀect (a one-way ANOVA: F(1, 409)
= 15.8, p < .001) on the K Coeﬃcient. Female subjects
perform using ambient vision more than focal vision during
source-code comprehension. Conversely, male programmers
use focal vision rather than ambient vision (see Figure 4).









Figure 3: Means of K Coeﬃcient by English level.

Figure 1: Means of K Coeﬃcient by frequency of
programming.





   











 









 



  


 

    



Figure 2: Means of K Coeﬃcient by frequency of
programming in Java.
Figure 1 and Figure 2 show that the diﬀerence in the
means of the Coeﬃcient K is small. However, the ﬁgures
show a trend in which the K Coeﬃcient increases as programming frequency increases. Unexpectedly, I found that
when subjects do not program at all, their Coeﬃcient K is
quite high while subjects who program less than one hour
per month have Coeﬃcients K of less than zero. Subjects
who do not program at all still solve tasks correctly and
use mostly focal vision, which is similar for subjects who
program more than one hour a day. These two groups probably use the direct control of visual attention for diﬀerent
purposes.
A more ambient-like mode of vision was used by subjects who are proﬁcient in the English language (a one-way
ANOVA: F(2, 408) = 14.62, p < .001). Figure 3 shows that
subjects with a high English level have a K Coeﬃcient of
about zero, while subjects with a low English level have a
higher K Coeﬃcient. This result may be explained by that










 

Figure 4: Means of K Coeﬃcient by gender.
This preliminary analysis of the ambient-focal attention
opens a discussion of their role in source-code comprehension. Speciﬁcally, should we apply Formula 1 for such tasks
as source-code reading? How can the knowledge of ambientfocal usage be applied to software development issues for
educational purposes?

4.
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ABSTRACT

• reevaluate code analysis methods at any time of the
recording, e.g., the generatation of abstract syntax tree
of the source code document,

In this paper, we describe a subset of interaction events to
monitor in a code editor together with raw gaze data and information about the eye tracker device used in the program
comprehension study in order to completely reconstruct programmers’ activity with source code for any time of the
recording session afterwards. The motivation behind recording as much as possible, but still in the feasible amount, is to
avoid any bias that online preprocessing methods can bring
to the data, to allow reevaluation of methods used in the
data analysis, as well as to share the data with other researchers for possible replication studies or replay programmers’ work with source code without screencast recording,
as we show with our implementation of such player.

• reevaluate gaze-to-code mapping algorithms, e.g., mapping of gaze positions to the nearest AST element,
• replay the programmer’s gaze and interactions.

2.

Keywords
Program comprehension, Interaction monitoring, Eye tracking, Replication

1.

INTRODUCTION

Various tools for recording data can be used in program
comprehension studies with eye tracking, mostly based on
the goals of the study and size of the source code fragments
used in the study. Ranging from analytics software supplied by the eye tracker vendors with no speciﬁc support for
source code as a stimulus [1], e.g., Tobii Pro Studio, to direct integration with a development enviroment, e.g., with
the notable iTrace plugin for the Eclipse IDE [4]. Integration of eye tracking with a code editor allows us to conduct
studies closer to the real-world workﬂow of programmers.
Together with another Eclipse plugin Mylyn we may also
record how programmers interacted with code and employ
that in the study [3].
For our purposes of program comprehension studies [5],
we opt to use lightweight code editor, e.g., Microsoft Visual
Studio Code or Monaco Editor1 integrated in a website, and
record gaze data with an external tool using the Tobii Analytics SDK. Our approach is to record raw gaze data and all
the necessary ﬁne-grained interactions of a programmer with
source code in the editor and with the editor itself during
the experiment to allow us:

• Screen resolution and DPI settings,
• Code editor window:
– Size and position on the screen in pixels,
– Window focus and state changes,
– List of code editor viewports open in the window.
• Code editor viewport – includes source code document
contents and line numbers, scrollbars, etc.:
– ID of the viewport,
– Path to currently open source code document,
– Size and position in the window,
– Scrollbar visibility and size,

• completely reconstruct the state of the code editor at
any time of the recording afterwards,

– Focus changes.
• Code editor contents – the area containing source code:

• reevaluate raw gaze processing methods, e.g., ﬁxation
ﬁlters, gaze alignments, smoothing ﬁlters,
1

REQUIRED DATA FOR REPLICATION

To meet our requirements for data collection, we record
and store solely raw data provided by the eye tracker together with all state changes and programmers’ interaction
events in the code editor. No online data pre-processing
(such as online ﬁxation ﬁltering) is performed during the
recording to avoid any introduction of bias into the data.
This should be performed only afterwards as part of the
data analysis task.
Each raw gaze data sample contains positions of programmer’s gaze on the screen, eyes in space and validity of the
recording. We also store information about the eye tracker
device itself, ﬁrmware version, track box coordinates, calibration used for recording, and basic information about the
participating programmer.
To preserve the state and contents of the code editor over
time, we have identiﬁed the following subset of ﬁne-grained
interaction events:

– Size and position in the viewport,

https://microsoft.github.io/monaco-editor/

– Vertical and horizontal scroll position,

15

Figure 1: The MultiEye player displaying the recording of the program comprehension study with options
to annotate identiﬁed pattern in the gazeplot.
– Font settings – font family, size, line height, typical character width,

even replay the recording session. Currently, we work on
tools for conducting and analyzing program comprehension
studies in our UXI Group Lab (https://www.pewe.sk/uxi/)
with 20 workstations with Tobii X2-60 eye trackers. Proposed subset of data can be recorded in all current popular code editors, e.g., Eclipse, Microsoft Visual Studio,
Microsoft Visual Studio Code, and web editors like Code
Mirror, Monaco, etc.; and required raw gaze data can be
recorded using the SDKs of all major eye trackers manufacturers – Tobii and SMI.

– Text cursor position and selections.
• Code editor contents changes
– Source code changes, if reported by the editor,
– Keyboard events.
Recording the described data allows us to reconstruct
position of the code editor viewport on the screen, verify
whether the programmer’s gaze was within its boundaries
at any particular time and what code element he or she was
focusing on. Even if the programmer may have edited the
program source code, using these events we may replicate
the changes, perform code analysis, and partially automate
the task of coding the gaze with the coding scheme [1].

3.

5.

REPLAY AND DATA ANALYSIS

6.
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Recording all the relevant events in the code editor allows
us to reconstruct and replay the programming session. Such
player of program comprehension studies may be used for
visualizing data analysis results, e.g., gaze plot or heatmap
evolving over time with source code changes, switching attention between multiple source code documents.
Inspired by the Tobii Pro Studio software for analyzing experiment data, we work on the MultiEye player for replaying
and annotating recordings of program comprehension studies (see ﬁg. 1). The player displays gaze plot in source code
documents over time, together with changes in source code
and switching between documents, so the researcher may
easily annotate groups of ﬁxations with patterns based on
the coding scheme from the EMIP workshops [2].
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CONCLUSIONS

In this paper, we outlined minimal subset of data recorded
in program comprehension studies to allow other researchers
to replicate our study, reevaluate data analysis methods, or
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Abstract—A recent eye-tracking study indicates that novices
and experts use different strategies to comprehend source code.
We are planning to replicate these results to understand the
mechanisms behind the different strategies. To control for effects
caused by the used stimulus materials, we are proposing a static
code measure to differentiate source code. The suggested measure
expresses the expected linearity of reading the code. We are planning to observe novices in a longitudinal study along their CS1 programming course, and compare changes in their comprehension
strategies over time with the strategies of an expert sample. An
inexpensive eye-tracker will be used to obtain data about different
visual patterns.

novices’ reliance on linear text reading skills, or from properties
of the snippets presented. Thus, we would like to replicate the
study, while controlling for differences caused by the stimulus
material, to isolate and further understand the effect.
II. O PERATIONALIZING L INEARITY
To operationalize linearity of code snippets, we deﬁned and
evaluated a measure. Simply put, we describe a program’s
inherent structural linearity as a relation between the overall
jump length and the number of methods.
We built this measure based on the following reasoning:
Sequences of operations (i.e., statements) are read in the order
of their occurrence. Calls to structural units (e.g., routines,
functions, methods, etc.) cause deviations from this linear path,
requiring the reader ”to jump” to the deﬁnition of the symbol,
if it is locally available. A jump can be understood as a logical
saccade, that is, the reader’s forward movement from a method
call to the deﬁnition of the called method.
The idea is illustrated with an example in Listings 1 and 2,
which show equivalent codes with different levels of linearity.
When developers encounter a method call, they will have
to jump the deﬁnition of called method (e.g., for Listing 1,
from the call of inBetween to its declaration). The distances
(in number of lines) between all calls in a program and the
matching method declarations are summed and later divided by
the program’s average method length.
This implies that a program with very long methods is considered more linear than a program with fewer, shorter methods.
Jumping between a call and a called method’s signature makes
the program less linear, thus a program with many methods is
less linear than a program with fewer methods. Method length
affects the jump length. Long methods by themselves are more
linear than shorter methods, but also affect the length of each
jump.
To provide an example, Listing 1 shows a single jump (i.e.,
a single call to the additional method besides main), whereas
Listing 2 exhibits two jumps (i.e., call to both constructor
and method). For Listing 1 our measure is calculated like
this: The call and the method declaration are 6 lines apart,
and the average method length is 3.5 ((3 + 4)/2). Thus, the
snippet has a linearity score of 1.7. Listing 2 contains two
jumps (11 + 6 = 17), and has an average method length of

I. I NTRODUCTION
A recent eye-tracking study found that experts and novices
follow different paths while reading code [1]. The study reports several interesting differences between these groups. For
example, the novices’ saccades where on average shorter, and
they focused on 52.4% of presented code elements, whereas
experts’ saccades were longer, and more focused, covering
41.3% of the presented elements. Further, the authors found that
novices follow story reading order (i.e., a linear left-to-righttop-to-bottom reading progression similar to natural-language
texts), whereas experts exhibit less linear reading patterns. This
effect is likely based on experts’ increased experience. Experts
manage to identify and focus on relevant parts and are able
to switch between more complex contexts; thus, their saccades
appear more assertive.
To understand the described effects, we are planning a replication study. To this end, we analyzed the operationalization
of linearity, and found a difference regarding the linearity of
the snippets between experts and novices, as the authors also
noted. For example, the group of snippets seen by experts
had a median of 3 methods and a median length of 26 lines,
whereas the novice snippets had only a median 1.5 methods and
a median length of 15 lines of code. The snippets, which the
novices saw, contained fewer methods. The increased amount
of methods in the expert code snippets required experts to
jump more between different code entities than novices, who
saw mostly code with fewer methods, thus exhibiting fewer
saccades. We hypothesize that the amount of methods and
their structure (e.g., amount, location in the code, and spatial
relation between call and deﬁnition, etc.) may affect the order of
reading. This raises the question whether this effect results from
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((4 + 3 + 4)/3 = 3.6), and, thus, scores 17/3.6 = 4.9, and is
considered less linear than the code in Listing 1. These values
help to compare code snippets against each other on an ordinal
scale (i.e., Listing 2 is less linear than Listing 1).

B. Materials
In a ﬁrst iteration, we are planning to replicate the results in
the study using the original code snippets. In a later iteration,
we investigate whether the measure suggested above is feasible
to differentiate other code snippets. We add further snippets,
ensuring that they are comparable based on their linearity, to
investigate whether experience or the properties of the code
account for inter-individual differences.
For our replication, we use a Tobii Eye-X eye tracker. The
tracker is unobtrusive, inexpensive, and offers sufﬁcient spatial
and temporal resolution to trace participants’ visual attention.
The measures suggested by the original authors, such as element coverage and saccade lengths, should be reproducible
with this apparatus.

Listing 1: Two methods
public class Interval {
public static inBetween(int number, int lower,
int upper) {
return (lower < number) && (number < upper);
}
public static void main(String[] args) {
Boolean result = inBetween(5, 1, 10);
System.out.println(result);
}
}

IV. E XPECTED R ESULTS
By replicating the original results, we aim to further understand differences between novices and experts. Other studies
have shown that experts and novices apply different strategies
(e.g., experts apply top-town strategies driven by beacons,
whereas novices rely on bottom-up comprehension strategies)
[2], [3]. The goal of our replication is to ﬁnd further support for
these processes and identify details of their mechanisms.

Listing 2: Complex structure
public class Interval {
int lower = 0;
int upper = 0;
public Interval (int lower, int upper) {
this.lower = lower;
this.upper = upper;
}

V. D ISCUSSION
The proposed measure represents a value that differentiates
different code snippets based on their linearity, that is, a reader’s
expected positional progression when reading the program. We
evaluated this measure for its face validity, in a pilot study. The
results are pending.
Our measure accounts for static differences in the code.
It is sensitive to subtle variations (e.g., insertions of empty
lines) and can be augmented to represent further structures that
affect linearity of code for example, ambiguous jumps (such as
overloads) are multiplied with the number of possible targets
for the jump, and loops, or recursive structures are penalized by
squaring the jump distance. These kinds of structures render the
program less linear.
Values for this measure form an ordinal scale or, in other
words, create a partial order: Values with similar integer parts
(e.g., 1.2 and 1.6) are considered similarly linear, as they reﬂect
minor differences, whereas larger differences (e.g., 2.4 and
8.6) indicate different progressions while reading the program
(e.g., a long method called from the top or the bottom of the
program).

public Boolean contains(int number) {
return (this.lower < number) && (number <
this.upper);
}
public static void main(String[] args) {
Boolean result = new Interval(2, 10).
contains(3);
System.out.println(result);
}
}

III. E XPERIMENT D ESIGN
This goal of this paper is to answer the following research
questions:
1) RQ1 : Do novices read code differently than experts?
2) RQ2 : Are differences best explained by participants’
strategies or properties of the stimulus material?
To answer these questions, we are planning the following
experiment:
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A. Participants
To replicate the original study as closely as possible, we
investigate a group of novices and experts. The novices are
part of a longitudinal study. To this end, we recruit them
from a programming course at the University of Passau, and
invite them to participate in the study before, during, and after
the course. By tracking the learning efforts of the students in
an educational setting, we control for the participant’s lack
of experience with reading less linear source code snippets.
Experts are recruited at an industry venue and via the Internet.

R EFERENCES
[1] T. Busjahn, R. Bednarik, A. Begel, M. Crosby, J. H. Paterson, C. Schulte,
B. Sharif, and S. Tamm. Eye movements in code reading: Relaxing the
linear order. In 2015 IEEE 23rd International Conference on Program
Comprehension, pages 255–265, 2015.
[2] N. Pennington. Stimulus Structure and Mental Representations in Expert
Comprehension of Computer Programs. Cognitive Psychology, 19:295–
341, 1987.
[3] A. von Mayrhauser and A. Vans. Program comprehension during software
maintenance and evolution. Computer, 28(8):44–55, 1995.

18

'R&RPSXWHU3URJUDPPHUV:LWK'\VOH[LD6HH7KLQJV
'LIIHUHQWO\"$&RPSXWDWLRQDO(\H7UDFNLQJ6WXG\
,DQ0F&KHVQH\

5D\PRQG%RQG

6FKRRORI&RPSXWLQJDQG0DWKHPDWLFV
8OVWHU8QLYHUVLW\
1HZWRZQDEEH\&RXQW\$QWULP%74%
1RUWKHUQ,UHODQG


6FKRRORI&RPSXWLQJDQG0DWKHPDWLFV
8OVWHU8QLYHUVLW\
1HZWRZQDEEH\&RXQW\$QWULP%74%
1RUWKHUQ,UHODQG


LUPFFKHVQH\#XOVWHUDFXN

UEERQG#XOVWHUDFXN
VFUHHQDQGDQHYDOXDWLRQVFUHHQDQGZHUHDVNHGWRYHUEDOL]HWKHLU
UHDGLQJDQGXQGHUVWDQGLQJRIWKHFRGH E\WKLQNLQJDORXG $IWHU
LQWHUSUHWLQJ HDFK SURJUDP VXEMHFWV ZHUH DOVR DVNHG WR UDWH KRZ
FRQILGHQWWKH\ZHUHLQWKHLUXQGHUVWDQGLQJRIWKHSURJUDP ORZ
KLJK  6XEMHFWV FRPSOHWHG D VKRUW TXHVWLRQQDLUH ZKLFK
FROOHFWHGWKHLUSHUVRQDOFKDUDFWHULVWLFVVXFKDVWKHLUSURJUDPPLQJ
H[SHULHQFH DQG SUHIHUUHG SURJUDPPLQJ ODQJXDJHV 7KH
TXHVWLRQQDLUHDOVRDVNHGWKHVXEMHFWLIWKH\KDGG\VOH[LDDQGLIVR
WR VHOIUDWH WKLV DV PLOG PRGHUDWH RU VHYHUH 7KH VWXG\ ZDV
DSSURYHGE\RXU)DFXOW\(WKLFV)LOWHU&RPPLWWHH

$%675$&7
,QWKLV H[WHQGHG DEVWUDFWZHGHVFULEH WKHHDUO\ VWDJHVRIDVWXG\
XVLQJ FRPSXWDWLRQDO H\H JD]H DQDO\VLV WR LQYHVWLJDWH WKH JD]H
EHKDYLRXURIFRPSXWHUSURJUDPPHUVZLWKG\VOH[LD

&&6&RQFHSWV
 6RIWZDUH DQG LWVHQJLQHHULQJa0DLQWDLQLQJ VRIWZDUH  6RFLDO
DQGSURIHVVLRQDOWRSLFVa&RPSXWLQJHGXFDWLRQSURJUDPV

.H\ZRUGV
(\H7UDFNLQJ*D]H$QDO\VLV3URJUDP&RPSUHKHQVLRQ'\VOH[LD

 48$/,7$7,9(2%6(59$7,216

 ,1752'8&7,21

(DFK UHFRUGLQJ VHVVLRQ ZDV UHYLHZHG E\ WKH DXWKRUV DQG XVLQJ
VSHFLILHGFULWHULDWKHVXEMHFW¶VXQGHUVWDQGLQJRIHDFKSURJUDPZDV
JUDGHG RQ D VFDOH RI  ORZ KLJK  8VLQJ WKH (0,3
FRGLQJ VWUXFWXUH DV D YRFDEXODU\ WRROER[ HDFK SURJUDP VHVVLRQ
ZDVFKDUDFWHUL]HGLQWHUPVRIWKHJHQHUDOSDWWHUQDQGVHTXHQFHRI
JD]H H[KLELWHG :KLOH UHFRJQL]LQJ WKH VXEMHFWLYH QDWXUH RI WKLV
DVVHVVPHQW LQLWLDO DQDO\VLV XVLQJ WKH FRGLQJ VWUXFWXUH GLG QRW
VKRZDQ\GLVWLQFWGLIIHUHQFHVEHWZHHQWKHWZRJURXSV

'\VOH[LDLVGHILQHGDVDVSHFLILFOHDUQLQJGLIILFXOW\ZKLFKDIIHFWV
WKH DELOLW\ WR UHFRJQL]H ZRUGV IOXHQWO\ DQGRU DFFXUDWHO\ FDXVHV
SUREOHPV ZLWK VSHOOLQJ DXGLWRU\ VKRUWWHUP PHPRU\ SKRQLF
VNLOOVPXOWLWDVNLQJUHPHPEHULQJLQVWUXFWLRQVDQGRUJDQL]DWLRQDO
VNLOOV >@ $SSUR[LPDWHO\  RI WKH SRSXODWLRQ OLYH ZLWK
G\VOH[LDDQGLQGLYLGXDOVZLWKG\VOH[LDH[SHULHQFHWKHFRQGLWLRQLQ
GLIIHUHQW ZD\V DQG WKHUH LV PXFK GHEDWH VXUURXQGLQJ LWV
LGHQWLILFDWLRQDQGVXSSRUW>@

 48$17,7$7,9($1$/<6,6

&RPSXWHUSURJUDPPLQJLVSULPDULO\DWH[WEDVHGDFWLYLW\DQGDV
VXFK LW PD\ SUHVHQW DGGLWLRQDO FKDOOHQJHV WR WKH G\VOH[LF
SURJUDPPHU RYHU DQG DERYH WKH W\SLFDO FRJQLWLYH FKDOOHQJHV RI
VRIWZDUHGHYHORSPHQW7KHFKDOOHQJHVIDFHGE\SURJUDPPHUVZLWK
G\VOH[LD KDYH EHHQ GHVFULEHG ERWK LQ UHODWLRQ WR OHDUQLQJ WR
SURJUDP>@>@DQGZRUNLQJLQLQGXVWU\>@>@+RZHYHUWKHUHLV
OLPLWHG HPSLULFDO ZRUN RQ WKH SURJUDP FRPSUHKHQVLRQ VWUDWHJLHV
RI SURJUDPPHUV ZLWK G\VOH[LD &RQVHTXHQWO\ WKHUH DUH PDQ\
UHVHDUFKTXHVWLRQVWREHDGGUHVVHGLQWKLVDUHDIRUH[DPSOHKRZ
GR PRGHOV RI UHDGLQJ VXFK DV WKH 'XDO 5RXWH 0RGHO >@ DSSO\
ZKHQ UHDGLQJ SURJUDP FRGH" +RZ GRHV WKH YLVXDO DVSHFW RI
SURJUDP FRGH LQGHQWDWLRQ FDPHO FDVH DQG ,'( IHDWXUHV  DVVLVW
SURJUDPPHUVZLWKG\VOH[LD")XUWKHUPRUHFDQFRJQLWLYHDVVLVWDQWV
RU EHWWHU DUWLILFLDO LQWHOOLJHQW DJHQWV EH GHYHORSHG WR DVVLVW
QHXURGLYHUVHSURJUDPPHUV"

8VLQJ WKH 7RELL 6WXGLR Y  VRIWZDUH D UDQJH RI YLVXDOL]DWLRQV
DQGPHWULFVKDYHEHHQH[SORUHG

 +HDW0DSV
,Q )LJXUH  &DNH SURJUDP  ZH FDQ VHH WKDW WKH G\VOH[LD JURXS
JD]H FRXQW  VKRZV D GLVWLQFW KLJK YROXPH RI IL[DWLRQV RQ WKH
PRGXOXV RSHUDWRU RQ OLQH  ZLWK D IRFXV MXVW EHORZ WKH OLQH RI
FRGH )RU WKH FRQWURO JURXS JD]H LV IRFXVHG RQ OLQHV  DQG 
QDPHO\WKH)RUORRSKHDGHUDQGIROORZLQJ,IVWDWHPHQWFRQGLWLRQ
UHVSHFWLYHO\ZLWKDIRFXVDJDLQMXVWEHORZWKHOLQHVRIFRGH
)RUWKH&DOF$YJSURJUDPWKHFRQWUROJURXSJD]HLVLQWKHPLGGOH
RIWKHPHWKRGFRQFHQWUDWHGRQOLQH)RUWKHG\VOH[LFJURXSWKLV
LVPRUHYHUWLFDOO\GLIIXVHDFURVVOLQHV
)RU WKH 3ULQW5RZ SURJUDP WKH G\VOH[LD JURXS DQG WKH FRQWURO
JURXS ERWK H[KLELW JD]H ZKLFK LV FRQFHQWUDWHG RQ WKH RXWHU DQG
LQQHU)RUORRSVKHDGHUV,QWKHFRQWUROJURXSJD]HLVFRQFHQWUDWHG
GLUHFWO\ RQ WKH YDULDEOHV row LQ WKH RXWHU )RU KHDGHU  DQG col
LQWKHLQQHU)RUKHDGHU ,QWHUHVWLQJO\LQWKHG\VOH[LDJURXSWKLV
JD]H LV PRUH GLIIXVH DFURVV WKHVH WZR OLQHV DQG LV DOVR
FRQFHQWUDWHG³EHWZHHQ´WKHOLQHV EHWZHHQOLQHDQGOLQHV 

7KHH[SORUDWRU\VWXG\GHVFULEHGKHUHFXUUHQWO\LQLWVHDUO\VWDJHV
LV XVLQJ H\H WUDFNLQJ WHFKQRORJ\ WR JDWKHU GDWD RQ WKH JD]H
EHKDYLRXURISURJUDPPHUVZLWKG\VOH[LD

 678'<25*$1,=$7,21
6XEMHFWV UHFUXLWHG IURP RXU XQGHUJUDGXDWH FRPSXWLQJ FRXUVHV
ZHUHSUHVHQWHGZLWKWKUHHSURJUDPVEDVHGRQWKHSURWRFROXVHGLQ
WKH (0,3  ZRUNVKRS >@ UHIHUUHG WR KHUH DV WKH &DNH
&DOF$YJ DQG 3ULQW5RZ SURJUDPV  ,Q WKLV SKDVH RI WKHVWXG\ ZH
KDYHFRPSXWHUSURJUDPPHUVZLWKG\VOH[LDDQGLQWKHFRQWURO
JURXS5HFRUGLQJVHVVLRQVXVHGWKH7RELL[H\HWUDFNLQJGHYLFH
DQG UHODWHG 7RELL 6WXGLR VRIWZDUH Y  )RU HDFK SURJUDP
VXEMHFWV ZHUH SUHVHQWHG ZLWK DQ LQVWUXFWLRQ VFUHHQ WKH FRGH

&RPSXWLQJ KHDW PDSV ZLWKLQ WKH ILUVW  VHFRQGV RI YLHZLQJ FDQ
GHSLFWDSURJUDPPHU¶VDXWRPDWLFLQWXLWLRQDQG*HVWDOWSHUFHSWLRQ
LQXQGHUVWDQGLQJDSURJUDP)RUWKH&DNHDQG&DOF$YJSURJUDPV
D TXDOLWDWLYH SDWWHUQ LV WKDW WKH G\VOH[LD JURXS WHQG WR OLPLW WKHLU
VFDQ WR WKH LQLWLDO OLQHV LQ WKH SURJUDPV /LQHDU+RUL]RQWDO 
ZKHUHDV IRU WKH FRQWURO JURXS JD]H LV PRUH YHUWLFDOO\ GLVSHUVHG
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ABSTRACT
Understanding program comprehension is a fundamental
research question, which requires multiple methods to fully
understand it. In this paper, we propose to combine eyetracking and functional magnetic resonance imaging (fMRI)
study to gain additional data for interpreting programmers’
cognitive processes during top-down comprehension. In this
paper, we present a proposal for such a combined approach.

1

Figure 1: Time course of the BOLD response per condition
for BA 21.

INTRODUCTION

Eye-tracking is a promising technique to understand the
program-comprehension process. For example, the study of
Busjahn and others [1] compared eye movements of novices
and experts while reading code. Other novel approaches in
combination with eye-tracking have been studied to gain
insight into programmers’ cognitive processes. Fritz and others [4] combined multiple psycho-physiological measures (i.e.,
electroencephalography (EEG), eye-tracking, electrodermal
activity) to predict the task diﬃculty based on the participants’ response. Similarly, Lee and others [5] used EEG and
eye-tracking to predict the task diﬃculty and programmer
expertise.
Currently, we are conducting a study on top-down comprehension with functional magnetic resonance imaging (fMRI).
Neuro-imaging allows us to observe activated brain areas,
and, thus, derive associated cognitive processes during programming tasks. Previous studies have successfully used
fMRI [2, 3, 6], and we intent to explore a combination of
fMRI and eye-tracking. In our current study, we found that
fMRI alone is not suﬃcient to distinguish the ﬁne-grained
diﬀerences in cognitive processes without asking the participants to provide aloud protocols, which will interfere with the
comprehension process. Eye-tracking may provide additional
data to better understand how programmers comprehend
code by observing their exact eye movements throughout an
entire session in an fMRI scanner.
With our current study, we aim at understanding how
code aspects, that is beacons and layout, aﬀect top-down
comprehension. To this end, we asked participants to understand source-code snippets in a top-down process. To
enable participants to use top-down program comprehension,
we trained them on code snippets before the fMRI scanner

session. We created four diﬀerent versions of the code snippets to evaluate the role of beacons (present or not) and
layout (pretty-printed according to code conventions or disrupted, e.g., by adding obscuring line breaks). Additionally,
participants should locate syntax errors. As common in fMRI
sessions, each task (i.e., understanding a snippet or locating
syntax errors) was followed by a rest condition that provides
a baseline condition.
Preliminary analysis of the fMRI data showed that neither
beacons nor layout had a diﬀerential eﬀect on overall brain
activation. For example, we could not ﬁnd a signiﬁcant difference in the activation pattern when beacons were present
compared to when they were not present. Additionally, the
fMRI data showed no eﬀect between top-down comprehension and syntax-error ﬁnding, indicating that understanding
source code and locating syntax errors does not require different cognitive processes. These are interesting results that
seem to contradict common knowledge on program comprehension. However, fMRI data alone does not provide suﬃcient
information to explain these results.
One shortcoming of fMRI is the low temporal resolution.
Typically, the activation of a brain area happens in a matter of
seconds, but actual activity is happening considerably faster,
that is, within milliseconds. Thus, we cannot unravel rapid
processes during program comprehension (e.g., the initial
adjustment of a comprehension strategy when presenting a
manipulated source-code snippet). With eye tracking, we
plan to address this temporal gap. As example of what we
hope to better understand, we present the activation of one
brain area in Figure 1. The ﬁgure shows how the intensity
of the activation over the duration of one comprehension
task evolves, including 15 seconds before and after a task
(i.e., the rest conditions). We can see that independent of
the conditions, the change of activation increases to a peak
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after a few seconds, and then slowly drops to the level before
the task began. Two of the conditions (both with beacons
in the source code) show an initial higher BOLD response
peak at about 7 seconds. fMRI alone does not allow us to
explain this phenomenon. Eye-tracking could give us insight
how a participant forms a strategy during the comprehension
process when beacons are available and, thus, adjust their
approach to comprehend the code.

2

signiﬁcant oﬀset of the eye-tracking signal. Without
high accuracy of the eye-tracker, we lose critical information what part of the source code a participant is
looking at. Consequently, we need to decide to either
implement an online drift correction (e.g., looking
at one ﬁxed point during the rest periods) or to recalibrate and validate multiple times throughout the
experiment.
• Experiment Length The current experiment lasts 31
minutes. With pre- and post-measurements, the time
for a participant in the fMRI scanner adds up to
around 45 minutes. We gathered feedback from previous participants that the experiment is already at
the maximum of their concentration and that they
feel exhausted afterwards. This is understandable, as
participants have to lie as motionless as possible, but
have to concentrate on a cognitively demanding task.
If we add eye-tracking, the calibration and possible
re-calibration would lengthen the experiment further
and might lead to a declined performance during
the later programming tasks. Shortening the experiment as alternative would decrease statistical power,
making it more diﬃcult for us to detect relevant
eﬀects.
Before implementing the proposed additions to the experiment setup, we need to solve these questions.

METHODOLOGY

Combining multiple psycho-physiological measurements can
mitigate weaknesses of a single-approach study. For our study
design, we plan to add eye tracking to the fMRI scanner
to gain further insights into the programmers’ comprehension, especially when the evolvement of activation of a brain
area is not suﬃcient. The fMRI scanner has the option to
add an EyeLink 1000 Plus1 eye-tracker, which is able to
track eye movements at 1000 Hz monocular and with 0.25°to
0.5°average accuracy. The high temporal resolution and spatial accuracy allows us to record smallest eye-movements
while participants comprehend source code.
However, several adjustments to the experiment setup
need to be made. First, the stimulus software we use to
display the code snippets during the fMRI session (Presentation, available at http://www.neurobs.com/), has a plugin
to communicate with the EyeLink system. Consequently, the
stimulus software needs to incorporate receiving and storing
the eye-movement data, additionally to managing the snippet
display and response data. This needs to be tested with pilot
studies. Second, to initialize the EyeLink, we need to run a
calibration and validation process. This can either be done
with Presentation or directly with the EyeLink. We need
to evaluate, which method works more reliably. Third, we
need to add the preceding eye-tracker initialization before
starting the fMRI pre-measurements, which would make the
fMRI session longer. Currently, the session starts directly
with fMRI scans after a participant has been moved into
the scanner. Once the fMRI measurement has started, the
participant should be as motionless as possible to reduce
motion artifacts in the fMRI signal. However, the eye-tracker
calibration may need some head-position adjustments to succeed. Hence, we should perform the calibration only before
the fMRI measurement and avoid it while the experiment is
ongoing. Finally, we need to prevent drift of the eye-tracker.
Drift is the growing signal oﬀset over time. An ongoing drift
throughout the 31-minute fMRI session deteriorates the eyetracker’s accuracy, such that we cannot reliably measure
where participants are looking at.

3
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OPEN QUESTIONS

The proposed change to our experiment setup raises two
questions:
• Online Drift Correction or Re-Calibration The EyeLink system documentation describes a possible drift
for longer eye-tracking sessions. This could lead to a
1
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Abstract

We will address the following research questions:

Indentations are commonly seen as important layout-aspects
in code. To study the effects of indentations on gaze movement, we replicate a study about the relationship between
indentations and comprehensibility during which the participants’ gaze will be recorded via eye tracking. As a result, we
expect that there is also a relationship between indentations
and aspects of reading behaviour.

1.

1. Which level of indentation is optimal for program
comprehension?
With this question, we want to evaluate whether the results of the original study still hold today for modern
programming languages. This gives us valuable insights
about the effect of indentation, and allows us to evaluate
common coding conventions (and possibly give recommendations for updating them).
By using an eye tracker, we can determine the points of
ﬁxation on the code and saccades between them. Few
saccades should indicate a good level of indentation.

Motivation

Indentations in source code are an essential part of programming style. Developers use indentations to convey a program’s structure to human readers. Some languages even
embrace them in their syntax (e.g., Python). Indentations
are believed to improve readability and consequently ease
program comprehension. Shneiderman and others tested the
difﬁculty of comprehending a Pascal code snippet depending on the level of indentation (0, 2, 4, 6 spaces) [1]. In their
study, the participants had to read code and their comprehension was measured using a quiz with multiple-choice questions and them writing a short text about the program’s function. They found that an indentation of 2 to 4 spaces leads to
the best performance in terms of mean score in the comprehension quiz. This seems reasonable, because when there
is too much indentation, the program is shifted to the right
and scanning becomes more difﬁcult. On the other hand,
when there are no indentations, identifying associated parts
of code gets more difﬁcult due to the lack of visual structure
in the code.
While the results of this study are interesting, they are outdated, and do not reﬂect modern representations of source
code. In our study, we want to replicate the original study
with two changes:
First, instead of Pascal, we use Java, because it is one of
the most widely used programming languages today. Second, we will record the eye movements of participants with
an eye tracker to get an understanding of where participants
look, depending on the indentation.

2. What challenges do different levels of indentation
pose while reading code?
An optimal level of indentation can increase readability
of code, such that programmers can extract its meaning faster. When having none or small indentations in
the code, readers might take longer to understand the
general idea and structure of the code. This could cause
an increased number of saccades, as the readers have to
jump more in the code to ﬁgure out the overall structure.
On the other side, when there are very large indentations,
jumping between lines with indentations becomes longer,
which might fatigue the eyes too fast.

2.

Experiment Design

The experiment is designed as follows:
2.1

Material and Task

We use several Java code snippets and with various levels
of indentation, that is, 0, 2, 4, 6 and 8 spaces. We include
8 spaces, because the differences between the different indentations are quite small. For each code snippet, the participants’ comprehension will be tested. To this end, we intend to ask question about the output of the program (e.g.,
’What is the output of the program, if the input is 4?’) and
ask for a short textual description about the program’s function (e.g., ’Describe what the program does’). We also intend
to include a question about the appearance of variables in the
snippet (e.g., ’Does the variable length play a role in the program?’). These measures combined will allow us to evaluate
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• Relation between level of indentation and comprehension

whether a participant understood one snippet, as they test
both recognition and recall. There will be also a question
about the participant’s subjective rating of difﬁculty of the
program on a scale of 1 to 7. This can later be compared
to their score on the other questions, which could reveal,
whether the participants experienced the code as difﬁcult as
their results on the question might suggest. To evaluate the
participants’ programming experience, we will use an questionnaire [2], as experience inﬂuences the handling of unexpected (in this case unexpectedly indented) code.
2.2

(correct answers of the questions/ correct description of
the program’s function in the short text) to ﬁnd the optimal indentation
• Relation between level of indentation and points of ﬁxa-

tion on the code to determine, whether different indentations change the parts of the code on which the participants concentrate on
• Relation between level of indentation and numbers of

saccades to determine, which indentations make the participants jump more in the code

Participants

• Relation between level of indentation and length of sac-

The participants in our study will be both novices and experts differentiated by the questionnaire about programming
experience. We include both experience levels, because we
expect that experts might not be as much affected by missing
or excessive indentations as novices. Shneiderman and others found, for example, that novices are more uncomfortable
with non-intended code than experts.
2.3

cades to determine, whether which indentations require
the participants to make longer jumps in the code.
To this end, we examine statistic differences of the respective
factors depending on the level of indentation.

3.

Apparatus

In general, we expect to get similar results to the original study for the relation of code indentation and comprehension. The participant will probably also rate the difﬁculty of the code differently depending on the level of indentation, because novices are trained on correct style of
code and might feel uncomfortable with from their point
of view unusual indentation. Non-intended code should be
rated equally difﬁcult to comprehend by experts and novices,
as it does not give hints about the structure of the code.
Concerning the gaze movement, we expect that indentations
have an effect on saccades and their length, as a lack of
indentations probably makes it more difﬁcult to grasp the
structure of the code, whereas long indentations cause more
jumping between lines of code.

In our study, we use a Tobii-EyeX eye tracker. This tracker
is unobtrusive and easy to use, as it is attached to the screen
like a bar, and it samples with 60hz, which is sufﬁcient for
our measurements. Additionally, it has the advantage of a
low price and an easy installation.
2.4

Execution

Due to the eye tracking, we conduct our experiment with
one participant at a time. The participant will be informed
that he/she will be eye tracked and given Java programs
and questions about them. Next, the eye tracker has to be
calibrated and the recording will start. The participant is then
given the code snippets and answers the according questions
one after another within the given 20 minutes. At the end, the
participant completes the questionnaire about programming
experience.
2.5
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In our experiment, we alter the independent variable of indentation of the code snippet with 0, 2, 4, 6 or 8 spaces.
Programming experience is an independent variable in our
study as we want to measure the dependent variables also as
a function of experience.
As dependent variables, we measure comprehension as
described above. We determine the points of ﬁxation on
the snippet with their x- and y-coordinates. A ﬁxation occurs when the participant spends more then 0.3 ms on one
point.We also measure the number of saccades, which take
place when there is no ﬁxation, as well as their length, i.e.
the distance between their start and end coordinates.
2.6

Expected Results

Planned Analysis

The following relations concerning indentation will be analysed:
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