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Abstract

Four students in University of Joensuu were studied abobuglging performance
with Jeliot 3 a Program Visualization tool. Two of the fourfigipants were defined as
novice and two as experts in debugging. Background infdomatbout programming

and Jeliot 3 experience was gathered from the participaftsd entering the debug-
ging session. Each of the participants also attended a gm@atest in order to gather
information about how well they understood the binary trggegram output and if

they were able to find errors in a very small program. Both @gee and think-aloud
protocol from the debugging sessions were recorded fandurnalysis. It was found
that eye-gaze data helps in interpretation of think-alowdqgzol recorded from a de-
bugging session. It was found that gaze-data gives thetinscof attention and it is

possible to receive the reasons for actions via think-aldudas found that the eye-
gaze was not consistent with the think-aloud protocol insaifithe cases. This way,
it was found, that one of the participants had incorrect mggions about the program
when debugging. It was found, that the activities for theioes were more of a bug-
driven than for the experts who were firstly interested inarathnding the program. It
was found that making oneself familiar with the program vode and secondly via vi-
sualization helped in understanding the program and locaiie bugs. Staying strictly
to the visualization gave the poorest results and using swalization at all gave the
second worst results in locating the bugs. This suggesttdvibualization by itself

was not a sufficient way of debugging but used along with atiygresentations it was
quite efficient. It was noticed that the experts found morgshihhan the novices, but
both the experts were not equally efficient in debugging.

Key words: debugging strategies, psychology of programming, eyéimge program
visualization, Jeliot 3



Tiivistelma

Nelja Joensuun yliopiston opiskelijaa osallistui tutkkeaen, jossa tutkittiin suori-
utumista virheiden etsintéa- ja korjaustehtavassa Jelibet®koneohjelmien visual-
isointiymparistossa. Tutkimuksen neljasta osallistigj&aksi maariteltiin koodivirhei-
den etsinnassa ja korjauksessa noviisiksi ja kaksi asiijatigsi. Tutkimukseen os-
allistujilta kerattiin taustatietoa liittyen ohjelmointa Jeliot 3 kokeneisuuteen en-
nen virheiden etsintd- ja korjausistuntoja. Kukin osaliis suoritti esitestin, jonka
kautta keréattiin tietoa osallistujien ymmarryksestéy#n binaaripuihin, ohjelmatu-
losteisiin ja suoriutumisesta virheiden etsinnassa gignehjelmasta. Kunkin osal-
listujan silmien liikkeet ja 4dneen ajattelu nauhoitattiirheiden etsinta- ja korjau-
sistunnoista analysointia varten. Nauhoitetusta datastaittiin, ettd silman liikkeet
auttoivat tulkitsemaan &aneen ajattelua. Silman liikkdavaittiin selviavan huomion
kohde ja toiminnan tarkempien syiden selvidvan aaneetehjata. Katseen kohteen
ei havaittu aina olevan siséllollisesti yhtenevainen aanajattelun kanssa. Taman
havainnon ansiosta eraalla tutkimukseen osallistunbistenattiin olevan erheellisia
tulkintoja ohjelmasta virheiden etsimisen ja korjaukséwm@a. Virheiden etsimisen
havaittiin ohjaavan noviisien toimintaa kun taas asiatijimiden havaittiin ensisijais-
esti pyrkivan ohjelman ymmarrykseen. Havaittiin, ettdusttiminen ohjelmaan en-
sisijaisesti ohjelmakoodin ja toissijaisesti visualisun kautta, auttaa ohjelman ym-
martamisessa ja ohjelmavirheiden paikantamisessa. t{iiéyen ainoastaan visual-
isoinnissa johti heikoimpiin ja visualisoinnin hyddyntétta jattdminen johti toiseksi
heikoimpiin tuloksiin ohjelmavirheiden paikantamisesgsualisoinnin ei todettu yk-
sistaan kaytettyna olevan riittava tapa virheiden etsss4 ja korjauksessa, mutta vi-
sualisoinnin merkitys tehostui kaytettaessa sitd muidégstapojen ohella. Asiantun-
tijoiden havaittiin I6ytavan noviiseja enemman koodieitiéd, mutta heidan ei havaittu
olevan kesken&én yhta tehokkaita virheiden etsimisedsiijgamisessa.

Avainsanat: virheiden etsinta- ja korjausstrategiat, ohjelmoinnipiadogia,
silmanliikejaljitys, ohjelman visualisointi, Jeliot 3
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1 Introduction

Code debugging is a process by which errors in or malfunstadithe code are elimi-
nated. These errors are called bugs. A person eliminatengugs is called a debugger.
Sometimes a debugger finds the bugs and makes the progranprepesly and some-
times not. Unfortunately, the debugger may add new bugseaadde is she/he does
not understand the consequences of his/her actions toalyegon.

When a student has no or little experience in programmingutcbe that he/she will

not succeed in debugging either. Poor debugging perforenanthat is, finding no or

small number of bugs or making the code even worse — is coregidies an indicator
of novice skills. On the contrary, good performance in degfiug means that the goal
of being an expert has been reached. It should also be kephahthat being an expert
does not mean that there is no room for further development ey deepening or
widening the performance skills.

In addition, knowing how to write programs does not guaram@tgood performance in
debugging that demands an understanding for the programs{®W, 1996). Further-
more, the skill of being able to debug program codes of otisea® expert character-
istic, because it requires the ability of identifying whatle purpose of the program
code, finding the lines that cause the malfunction, and amgptye required knowledge
in order to fix the code.

Everybody entering the field of programming is a novice. THacation, teaching
and learning abilities are playing an important role. Hinahovices are becoming
well performing experts that are capable of adapting theiwkedge in many kinds of
programming and debugging challenges. Learning the dldikbugging, in particular,
depends on capability to read and understand programssicigpa suitable strategy
and analysis of the deeds and their justifications (Winslt®86). Debugging, too,
can be seen as a problem solving skill, as the expertise growlse basic knowledge
and general problem solving skills (Winslow, 1996). To wré flawless simple Java
program, a programmer has to know about the semantics amaxsy@onsistent use
of gained knowledge and skills results into better probleiaisg skills and ways of
applying the knowledge acquired (Winslow, 1996).

When a programmer has more experience and he/she realiz¢samehthe solutions
to consider in each task, he/she is able to act in more flexibls. A programmer



is no longer a "prisoner” of too simplified example progranmsl @lependent of the
information they offer. When new and more demanding taskdased and the use
of more efficient ways of problem solving are applied, expergrows challenge by
challenge (Winslow, 1996).

Research concerning debugging (Gugerty & Olson, 1986) aogrgm comprehen-
sion (Koenemann & Robertson, 1991) is not a new research fiate of the freshest
approaches is to use visual attention tracking tools toigeoa way of following a
participant’s eye-gaze while performing comprehensioediiarik et al., 2006) or de-
bugging (Romero et al., 2003). Using this approach in imtgipg, evaluating and
analysing debugging strategies with the help of eye-gat®, dlae general research
questions are as follows:

1) How debugging strategies can be revealed using eye-gdaeddring debugging
with Jeliot?

2) What kinds of special observations can be noticed on thergls of comparison of
eye-gaze and think-aloud protocol during debugging sassioJeliot?

3) What kinds of differences can be found in levels found inkkaloud protocol of
novice and expert programmers? 4) What kinds of differese@sbe found in levels
found in think-aloud protocol of good and poor performindpdggers?

5) Are there any regularities that reveal dependence betesrtain levels of good and
poor debugging?

Based on the research questions previously reviewedtliterzand results of previous
research results, the hypotheses for this study are asvillo

1) It was supposed that experts develop faster, wider angeded an understanding
about the Java program. If this results is true, the resaltsbe seen as consistent
with the characteristics of expertise. When the hypotleekizsults turn false, it raises
a contradiction between the results and the accepted viesxpdrtise. The contra-
diction should then be discussed in order to find the explanathat resulted in this
conflicting situation.

2) Expert programmers were expected to be more efficientgtgdyg, it means they
are supposed to spend less time and find more bugs in given Tilme hypothesis is
also based on the expertise characteristics (Haapas#&ld).28n expert should be able
to perform more effectively compared to a novice. On the ok@and, there is some



evidence arising from the previous studies that does notgly support this hypoth-
esis (Romero et al., 2003) or suggests, that the relatiomdegt good performance in
programming and debugging is not so straightforward (Ahraddh & Elliman, 2005).

3) It was assumed that eye-gaze helps in revealing the pnofibddving process when
debugging. If this hypothesis is true, it encourages uséggesgaze in future studies,
too.

4) Eye-gaze data was also thought to give a deeper view ok-#hiud protocol in
each of the debugging sessions. If this hypothesis is tgiagleye-gaze data side by
side think-aloud data could also be considered in follovanglies.

This work includes analysis of four students that were idfiedtas two novice and two
expert debuggers according to the performance in debuggagions. Background
information was gathered about programming experienceeapdrience with Jeliot
3 Program Visualization tool. The participants also ateshd pre-test that revealed
how well a very small program was understood and if any enare found in it.
The participants were introduced to the Jeliot 3 beforehartke main data for this
study was gathered during each of the debugging sessions.ddlbugging session
consisted of reading the instructions that included a ltésfcription of the program,
the current and the correct output. When the participantready, he/she would enter
the Jeliot 3 and start browsing the code or visualize it if tgdn The participants were
asked to think-aloud during the session. Debugging sessiere recorded with think-
aloud protocol audio and visual attention video data. Agatg similar to Bloom’s
Taxonomy for the think-aloud protocol was designed andiaddbr the analysis of
the data.

Chapter 2 contains the theoretical background of debuggiaged issues like knowl-
edge, comprehension, learning and problem solving. IntiaediChapter 2 involves
theory about relations between eye-gaze and cognitionot Bls also introduced.
Chapter 3 describes the experiment in concern. Chapter tiosrresults from the
four debugging sessions. Chapter 5 involves discussiotialilay, validity and re-

searcher’s view are also included. Chapter 6 includes foratlasions about the work.



2 Theoretical background

2.1 Knowledge and Comprehension

Without a doubt, novice programmers have problems whemileguhow to program.

The most frequent problems are the ones related to the bafsppregram design —

that is, loops and arrays (Garner et al., 2005). When a pmoglaes not function

properly, a programmer is required to find what is the reasshmina the problems

and trying to create a flawless program by fixing the bugs. Ifag@mmmer has no
understanding of the code he/she can not expect to know winelaug lies within the

source code. Debugging is based on a comprehension of teethdnd (Wiedenbeck,
1999). As a result, comprehension and debugging are closlated as tasks included
in programming. There are several philosophical views lier source of knowledge
and for example according to the constructivists, new kedgé should be built on the
prior knowledge, understanding and previous experiendélsg¢n, 1996). But let us

firstly review some of the philosophical views.

Understanding and knowledge are bind together when the imigdstentially consid-
ered to work as a whole (Reid, 1986). Philosopher John Lokedthat all the ideas
come from experience but all the knowledge doesn’t (Hami@v,8). On the other
hand, Kant believed that all the knowledge does not come &xperience but through
experience. In addition, understanding through objeatixeerience must adapt to
particular priori principles that are absolute and exigareless of the empirical study.
Aristotle believed scientific knowledge is dependent on firgiciples that offer a basis
for other sciences (Hamlyn, 1978). In Plato’s opinion knedge is a direct awareness
of the thing in question and all learning is recollection.cBé&ction means that the
soul has lived many lives and seen a lot (Hamlyn, 1978). Thblpm is that the soul
has forgotten the previous knowledge but it can be recalleshvacing it in the present
time. As it follows, there is no real new knowledge and thgédren knowledge is ac-
tually untouchable because the reminiscence should ondiei present and should
also include knowledge from the past. Knowledge used tooperf a certain task
can be old with no need for further experience — that is, arpoionew information
obtained from a new experience and combined into existirmviedge and under-
standing. Plato compared a newborn’s mind to an empty wagttand Locke into
tabula rasa — that is, an empty board being a basis for groaipgrience (Hamlyn,



1978).

What does it require for a student to acquire knowledge, tataleding and program-
ming comprehension? To understand programming a futuggrgnomer has to know
the basic nature of programs. A program is both syntacticahat is, formed by a
text with certain grammar rules — and each sentence has @rceneaning — that
is, semantics (Hoc et al., 1990). When debugging, a progemmsriacing the task in
separating syntactical errors from the semantically onddearning different ways on
how to solve those errors.

Program comprehension can be performed in both a bottomaip Bop-down fashion.
According to the bottom-up theory, program comprehensiatgeds hierarchically
from the patterns of operation seen as higher-order chuwkartls the complexity of
the whole program while a semantic internal representasibuilt (Hoc et al., 1990).

When applying the means of top-down, the internal represientis built starting from

the general function of the program proceeding via hypabetesting and altering it
until the entire program elements agree with the final impdovypothesis.

2.2 Problem solving and Debugging strategies

Debugging is an example of a problem solving processes. |d&osolving includes
cognition, knowledge, data processing and learning (Hs&lpa2000). A problem
solving process consists of understanding the given pnobteorking with the prob-
lem, planning the solution for it, putting the solution batto practice and under
control, and remembering this process (Haapasalo, 2000).

Generally, problem solving requires a problem and cortssStwf a problem space
(Haapasalo, 2000). A problem space consists of all the Iplessiages from the begin-
ning of the task to the conclusion. All the operations betwibe stages, where novices
and experts behave in different ways, are included. It has feund that novices are
stuck with individual stages and use a great amount of teeources. This means that
all the knowledge and skills in use for analyzing the statygs)g to apply definitions
and specific contextual strategies. A novice is unable tdreeeonnections and simi-
larities between definitions and stages, so he is likely targe cognitive chaos while
trying to operate each individual data element as a sepainatek.



An expert sees the whole problem space due to both use ofajetitegies and the
main principles related to the information area the probiemttached. An expert is
able to connect conceptual, procedural and general mettiodriation in a suitable
way. He is also capable of making intentional semantic chumkt of knowledge
and definitions. This way he could process a greater amoumtfaimation while
automation of certain accustomed functions. In additionegpert has the ability to
self control, intuition and to make forward aiming plans iays of hypothesis and
deduction (Haapasalo, 2000).

Learning happens when active selection is made from thelpestata that should be
learned, the selected data is internalized, interpret asidh@ated into the former data
structures (Engestrom, 1988). Wanted outcome of learninggss is holistic high

quality knowledge that occurs as clear structures and rsodidh quality knowledge

has high transfer (Engestrém, 1988). This means, that tbelkalge has a wide range
of applicability and it is constructed of principles and cepts suitable for solutions
of variety of problems. High quality knowledge also workseal life as the principles

are known how to apply in practice and it is not easily forgottKnowledge is not of

high quality if it does not meet and explain the reality (Estgé&m, 1988).

A problem solving task such as debugging or writing runngbégrams requires both
theoretical and former practical knowledge and capacigpoly this knowledge into
variety of cases. The ability of applying knowledge intofeiént contexts is called
transfer (Rauste-von Wright & von Wright, 1994). Poorlynséerable knowledge or
skills can only be used in the same context once learned @idge, 1988). Cor-
respondingly, when a piece of knowledge or skill is well sfemable he/she has the
ability to think outside the box and use these in huge amofiobotexts and cases
(Engestrom, 1988). It is found that obtaining more effextigsults requires learning
in similar context to what the skill or knowledge is known te bsed in the future.
The more varying are the ways of training and learning suddifeerent variations of
certain rules, the better the transfer is going to be.

It has been found that neither novice nor expert programragopn debugging in a
random way (Gugerty & Olson, 1986; Romero et al. 2003). @emagularities in
debugging process — strategies — are found.

Debugging strategies found by Gugerty & Olson (1986) arevshia Figure 1. First a
participant was having an introduction to the program — ihdte/she red the program



description’s paper and viewed the code. In the next steppérticipant formed a
hypothesis about the possible bugs in the code and a gedesabf the program. The
participant tested the hypothesis via modifying the cogeceting it or finding support
from the description’s paper that included the purpose efgitogram. If testing the
hypothesis did not result in finding an error, the participaturned with the paper of
the description or went on viewing the code. In Gugerty & @lIstudy (1986), novice
and expert programmers did not act any different but novieesied more time to do
the same as the experts. In addition, novice programmetsradbund the bugs in the
first try and novices also added new bugs into the programevadl@bugging — that is,
testing the hypotheses for the existing ones.

INTRODUCTION

l

HYPOTHESIS IDEA
MODIFY

THE CODE

TESTING EXECUTE
THE CODE

PURPOSE
DESCRIPTION

|

FOUND
ERROR

Figure 1: Debugging strategies found by Gugerty & Olson )98

Strategies discovered by Romero et al. (2003) are shownguaré&i2. Introduction,
where the participant browsed the code, resulted in a ®tuathere the participant
found a piece of a "suspicious code”. At times, the partiotpaported about an error
based on the "suspicious code” that he/she had been found.dfror was found, the
participant would return in browsing the code. The paraais also made compar-
ison between the code and the other representations — thaeivisualization and
the output of the code. It was also found, that the less espeeid programmer spend
less time in code browsing and used different represemwfiequently. The more
experienced programmer spend most of the time in code bmgvesid spotted several
suspicious pieces of code that did not lead in finding thelvagk. Both the less and
more experienced programmers were as accurate in debugpgngf the more expe-
rienced programmer was more skilled in translating betwkerent representations,
had more programming experience and better verbal skillsrdll, the less and more
experienced programmers did not significantly differ inutging performance.
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Figure 2: Debugging strategies found by Romero et al. (2003)

The think-aloud method has been used when researching bluggiag strategies to
reach the thoughts and as a means of bringing the problernmggivocess in a more
reachable form (Romero et al., 2003). Practically, durimg debugging process a
programmer tells everything that comes into his/her mindenthying to find bugs and
make corrections to the code.

The think-aloud method requires interaction between thopland spoken language
(Haapasalo, 2000). This requirement is one of the basiaoivigm solving. Thinking
aloud is also one way of improving metacognitive skills (pasalo, 2000). Metacog-
nition is cognition about cognition (Yzerbyt et al, 1998urthermore, metacognitions
are control strategies that are consciously used in cdinggohnd monitoring infor-
mation processes and problem solving (Haapasalo, 2000}Yaddgnitions have an
executive force, because they start or reject a partictdategy. Thinking aloud helps
in understanding the problem and increases the speed iorpenfice of mental oper-
ations. Thinking aloud helps in estimation of steps towaalsing the problem and
it highlights the final goal. Furthermore, thinking aloudju&es the association and
finding of new connections that have relevance for the smuti

When trying to find out how the knowledge develops while regdi code, there should
be some formal way of interpreting the think-aloud protdtom code viewing ses-
sion. Bloom’s Taxonomy is one of the ways for evaluating h@vedoped knowledge
does a programmer have about a program (Buckley & Exton,)2008s method has
six levels with different degrees of difficulty and proficegrfor cognitive domain (Xu
& Rajlich, 2004). The levels are knowledge based: recathmehension, application,
analysis, synthesis and evaluation (Buckley & Exton, 20@3) therecall-level, the
learning and remembering happens in the same context wilemand for greater un-
derstanding. Itomprehensiotevel a learner should be able to give a linguistic trans-
lation for the given material, reorder the material acaogdio different relationships
included and make predictions based on the materiaappiicatiortlevel the learned



knowledge should be able to use also in completely diffecemntexts. Inanalysis
level a learner should be able to classify the data elemdriteavhole data, see the
connections between the elements and the basic princliésold the elements as a
whole. Insynthesidevel a learner should be capable of combining new infolonat
with the former learned. Finally, the level e¥aluationconcerns criteria and standards
that are used in an acceptable degree according to thedearne

2.3 Eye-gaze and Cognition

What we see affects our cognitive processes and the actieritake based on these
matters. It is found that a newborn is able to recognize arithienfacial gestures
seen done by an adult person (Meltzoff & Moore, 1977). A newlsees the gestures,
interprets how the similar gestures could be made with éididice and via sense of
touch turns these interpretations into motoric action (&tgf & Moore, 1977). We get
information through our eyes and our visual interests areailed through our eye-gaze
direction. The visual information is processed in our bsaand the questions caused
by the received information most likely gives the next dii@t for the eye-gaze. An
eye fixation or an eye fixation time is closely related to the-ggze. In a fixation,
eyes move to stabilize the image of an object on the retingr(&a1998). During a
fixation, lasting from 200 ms to 300 ms, visual system exgadtcodes and interprets
the features of the viewed object.

Furthermore, eye fixation is closely connected to the cohmarsion. A theory based
on immediacy and eye-mind assumptions was based on an fofjagkea. When a per-
son was reading, the interpretation about the text was ddrilstihe eye was fixated
(Just & Carpenter, 1976). It was also assumed that fixatiamefye did not end before
processing of a word was complete. As a conclusion, fixatroe teflected how long
it took to extract and interpret the object — that is, the wialdted information. It has
been suggested that the higher the amount of fixations iséatan a certain element,
e.g. a code representation in program visualization iatesfthe more important the
element is (Bednarik et al., 2006). It has also been fountfitketion duration could
become greater due the demand for difficult cognitive preiogsin order to perform
the given task (Goldberg and Kotval, 1999).

Eye-gaze has been used to study how novice programmers beteélped via ex-



pert programmers’ eye-gaze movements recorded while dglmigakes place (Stein
& Brennan, 2004). Eye movements have been studied in regpllie ways a less and
more experienced programmer differ in viewing a short amdgdex algorithm written
in Pascal (Crosby & Stelovsky, 1990). In addition, the eyatfon connection to the
performance of simple cognitive tasks, e.g. sentence eatidn that are being carried
out by operational memory has also been studied (Just & GwRE976). Program
comprehension in the Jeliot 3 visualization system haslasn studied with the help
of eye-gaze behavior information (Bednarik et al., 2006)e Telation with problem
solving in visuo-spatial and causal domains involving rakimhagery to the effective-
ness of Attentive User Interface was also studied with tHp bEeye-gaze tracking
(Yoon & Narayanan, 2004).

It is possible to make conclusions about the cognitive gsee behind the given task
when the context and order of the visual targets includedheanva (Bednarik et al.,
2006). To make an eye-gaze visible and to revisit these aye-ghovements it is
relevant to use a device designed for this task — that is, artregker (Bednarik et
al., 2006). An eye tracker estimates the direction of gagaally has accuracy of 1
degree, samples the data at 50-500Hz and must be caliboateeery user individually
(Bednarik et al., 2006).

2.4 Jeliot 3

Jeliot 3 is software developed at the University of Joen$at visualizes program
execution and is supposed to aid in specifying feasible naraglevelopment models
(Moreno et al., 2004). In Jeliot, objects and their fieldsslrewn in a notation, sim-
ilar to UML, of class diagram (Bednarik et al., 2006). Refare semantics of Java
language are illustrated via treating references to theatbno different than treating
other variables (Bednarik et al., 2006). Variables sitdatalifferent scopes are visual-
ized in a separate fashion. "For example, method framesuovtite local variables of
the method, objects contain the fields and static varialbeseparated in their classes”
(Bednarik et al., 2006). In addition, no difference is bemgde between the roles of
variables and it is capable of automatic visualization géoboriented programs (Bed-
narik et al., 2006).
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Figure 3: User interface of Jeliot 3. (1 = code editor; 2 = colpganel; 3 = visualization
view; 4 = output console)

User interface of Jeliot 3 is shown in Figure 3. Before vigalon can take place
the user needs to write or load a program written beforehawdcampile it. The
code appears in code editor. As it follows, a visualizati@wopens and shows the
program execution via "play” button of control panel. Thetol panel includes other
options that make it possible to view animation faster owslo step by step or non-
stop, halt the animation to make a closer look of ongoingasibm, exit the animation
somewhere in the middle or watch the animation from the begagito the end or look
backwards the animation via execution history. The maippse of the Jeliot, offered
for novices, is to increase understanding of the progranréMo et al., 2004). Jeliot
helps a student to see the main ideas among all the compédtinformation via call
tree visualization that shows previous and current metlatid (Bednarik et al., 2006).
In history view, mentioned before, a user can go back to tbeipus execution stages
step by step and get a better understanding of the progracntexkso far (Bednarik et
al., 2006). In addition, students using Jeliot 3 gain a maderwocabulary related to
programming structures and concepts (Ben-Bassat Levy, 0413).

Program comprehension in Jeliot 3 program visualizati@tesy has been studied and
previous work shows that novice and expert programmers nisea#ion in the same
extent (Bednarik et al., 2006). It was also found that theyas# the animation was
favoured more among the novices. Novices, too, needed rmeetd comprehend
a feature that was animated at the moment. In addition, bimgcbetween different
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representations was effected by programming experienaengarly significant way.
Novices and experts were found to use different representain a similar amount.
The affective effects of program visualization have beadisd with the help of Jeliot,
too (Ebel & Ben-Ari, 2006). The results showed that prograsualization did have
positive effects on the students in means of diminishedsamglined behavior during
the lessons.

Jeliot 3 is, by no means, the only program visualizationesyst There is a various
amount of student aid tools developed in different unitesi Algorithm Animator

and Programming Toolbox or AAPT, for example, was develdjpelelp student in

learning how to program in Turbo Pascal and besides the éioimiaallows program

developing all the same (Sanders & Gopal, 1991). JACOT wesldeed to visualize
Java programs (Leroux et al., 2003). In addition, SIAMOA waseloped to design,
debug and visualize algorithms written in Smalltalk or Rag¥an de Veire et al.,

1998). As it can be concluded, existence of several othds that were developed to
fulfill the similar novice aiding expectations to the Jelos apparent.
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3 Experiment

The data was gathered from recorded debugging sessionslboeatory setting. Be-
fore the session the participants were given an introdydemson to Jeliot and its
features. All the participants filled a background questare with questions con-
cerning age, sex, glasses, starting year of university atgut; major, minor, Java
programming, other programming and Jeliot experiencetédieincluded three tasks:
1) pointing the right output, 2) drawing a binary tree and 8pugging of a program
with 13 lines of code. Total amount of points was seven: twimfgofrom the first
and second task and three points from the third task. In tgabimg of a session an
individual in question was given a description about thegpaim written in Java pro-
gramming language. The program description constitutetti@idescribed problem,
description about how the program should work, task desaridor the participant
and both the current and correct output.

The participant was also given instructions verbally by sbpervisor in the session.
The supervisor asked the participant to read the paper tluct®ns and start the
debugging session when ready. The participant was alsal ask&ink aloud during
the session and to report if he/she had found a bug with. Tihgdtnhe/she was asked
to give about the found bug were: the line and the class, waated it and a possible
fix to it. The dialogue that the participant had with the swpsar, the monologue given
by the participant and the activities seen on the screenimt 3senvironment — with
mouse and eye movements — were recorded.

3.1 Participants

Six of the recordings were selected for a closer observatidnfortunately, two of
these recordings were severely damaged and only four ofri@al recordings were
taken into this study. The participants were four studentdysng in University of
Joensuu. Three of them had Computer Science as a major arad thean had major
of Mathematics. In table 1 there are the background infaonand the pre-test re-
sults of the four participants on each of the rows. "Par#aoif) stands for the symbol of
each participant, "Major” for major subject in studies aiirior” for minor subjectin
studies. "Java exp” stands for Java language programmiperiexce in months and
"#Jprogram” for the amount of written Java programs. "Otlaeg” stands for experi-
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ence of other programming languages in months. "Jeliotidgdor if the participant
knows what Jeliot is (Y) or does not (N). "prev.” stand for lifet participant has pre-
vious experience with Jeliot (Y) or not (N). "#Jeliot” stantbr how many times the
participant has used the Jeliot before. "Pre-test” staod&k points gained from the
three tasks — that is, giving the righ output, drawing a binage and debugging a
small program.

Table 1: Background information and pre-test results of the
participants.

Participant| Major | Minor | Java | #Jprogram| Other | Jeliot | prev. | #Jeliot| Pre-
exp lang test
P1 CS 4 10 1 Y N 7
P2 MAT | CS 5 100 Y N 3
P3 CS MAT | 0.5 10 24 Y N 1 7
P4 CS EDU | 18 30 50 Y Y 50 6

3.2 Settings and Task

One complete program with 113 lines of code was presentduetparticipants (see
Appendix 5). Program included 10 bugs (Table 2) but the nurob@ature of bugs
was not stated for the participants. The remote Tobii ETRI(B®HZ) eye tracker was
used to track the eye movements. It made no contact with thigipants and is built
inside a TFT panel to make it invisible and mute during therdng. Key strokes,
mouse clicks, audio and video were recorded for each session

The experiment was done in a quiet usability laboratory. @dréicipants were situated
in an ordinary office chair near the experimenter faced th@ ET display. In addition,
an automatic eye-tracking calibration was done — that esp#rticipant followed one
shrinking point at a time situated all around the screen.tdta number of points was
sixteen and the calibration was done until the highest ptesaccuracy was reached. In
a session a participant was given the instructions, clgkiire "start” — button enabled
the use of Jeliot and the experimenter announced when twotesinvas left until the
end — that is, around 16 in minutes or 960 in seconds.
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The bugs within the source code are shown in table 2. 1 poistgiven from each of
the clearly found bugs and 0.5 points were given in case oesamsertainty.

Table 2: Bugs within source code.

Bug Correct

B1 12:psex pname

B2 age>18 age<18

B3 sum= sum = sum + people[i].age

B4 58:people.lenght numberOfPeople

B5 DESC 31:initial value

B6 44:print outside else inside

B7 50-51:if if (NextPersonlndex = (numberOfPeople-1)
B8 0->i 79: peopleli]

B9 if->while 105: while(i < children.numberOfPeople)
B10 110:printinside the loop outside

3.3 Method: Protocol of (data) analysis

The specific technique for verbal analyses consists of ljadiad the protocols, 2) seg-
menting the protocols, 3) developing or choosing a codimgse or a formalism, 4)
operationalizing evidence for coding, 5) depicting the pegpformalism, 6) seeking
pattern and coherence in the depicted data, 7) interprétmgattern and its validity
and 8) repeating the whole process (Chi, 1997). The metHims ren the qualitative
data, but the analyses are quantified (Chi, 1997). The psamfethis work towards
the qualitative and quantitative analysis started by ngitut the dialogues and mono-
logues recorded during each debugging session. Raw ddtal@acalso corrupted
recordings that were disqualified leaving only four usalvlesoto proceed with.

Reducing the protocols can be made by "choosing” a subseherasis of some
"noncontent” criterion e.g. changes in activity or speechi( 1997). None of the files
including sessions in textual form was completely codeder@twere mouse clicks,
pauses, talk belonging to the experimenter, backgrounses@nd sections involving
technical problems left uncoded.

In segmenting the protocols, the defining cut can lay in "gpsition, a sentence, an
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idea, a reasoning chain, a paragraph, an interchange orisodepe.g. a particular
activity (Chi, 1997). During the coding process, the moshdeding task was to no-
tice in what a participant was referring to. It may have bdendase that there were
several defining cuts inside one sentence. In addition, tecipemt could have started
a reasoning chain in one point of the session, view some aspgcts in the middle
and return in solving the unfinished chain later on. Basiségmentation can be in se-
mantic features — that is, content of the utterances detesrthe segment boundaries
(Chi, 1997).

After segmenting follows the coding as the codes developedld meet the formal-
ism representing the knowledge (Chi, 1997). In this worl, ¢bding categories were
developed in revealing the understanding he/she has thoatighe debugging session
and the means he/she is trying to solve the given debuggsikg @perationalizing ev-
idence for coding is deciding which utterance belongs tactvicategory or code (Chi,
1997). Finding evidence required several times of retyyhiack to the data because
new categories or codes were found. It was also becomingmetillat mental models
and knowledge hiding in the verbal data was not a straigivdicdt task to perform.

Depicting the mapped formalism presents "the data to théeaad” and "shows if
some patterns can be detected in the depicted data”(Chi)1%8bles 3 to 7 with the
coding and examples were made to clarify the meaning for thestence. Seeking
pattern and coherence in the depicted data in taxonomitaegaaes is easily per-
formed via bar graphs (Chi, 1997). Graphs were drawn fronttited data to give a
more illustrative view about the possible problem solvinggesses included. Special
attention was given for blurry situations where a partioipsas confused e.g. content
of monologue differs from the actual seen event in animatioterpreting the pattern
in the depicted data depends on the hypothesis, the resspagstions and the theoreti-
cal orientation (Chi, 1997). Validating and interpretatzan be performed confirming
it with additional evidence (Chi, 1997). The last stage isepeat the whole process
when recoding is needed e.qg. different questions are bsieggChi, 1997).

3.4 Coding schema

First, the coding was done manually while hearing the tlaldud protocol and follow-
ing the textual version. Codes were based on suggestiohe aiéntor of this Master’s
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thesis, made before the coding task was done. This gaveimpraty view of the way
the textual data was supposed to code. Follow up of the eye-geordings of the
sessions gave support or demand for changing the way of éweops coding. When
a part of textual data, that should have been coded, did nt fite present codes, a
new code was defined. Also the similar cases having simildingan all the various
sessions was manually checked up.

Level of utterance

Level of utterance states how profoundly does a participanidle the information
seen and interpreted into think-aloud. In other words, d ittformation processing
is superficial or it includes conscious effort to gain a betiederstanding about the
program.

Level of utterance was divided in six categories accordingtiether the data was 1)
just’pointing’ e.g. reading the program code, 2) explagrtime meaning or finding hid-
den meaning e.g. "ais increased by one”, 3) reasoning "weertmanother person”,
4) asking questions, 5) guessing or 6) validating the exacuwaif the code.

There were difficulties in defining levels of utterance. Ifdle was guessing and
pointing or explaining the meaning and reasoning. Therslight differences between
explaining the meaning and reasoning, too. Sometimes thredsaf insecurity in think-
aloud protocol showed it was a case of guessing.

Table 3: Category and levels of utterance.

Category | Level Example

Utterance 1| "pointing” NULL

Utterance 2| explaining  thel Nyt se hakkee niitte iat. — It is fetching their ages
meaning

Utterance 3| reasoning Nyt se yhistaa niita ikia — It is joining the ages

together.

Utterance 4| asking questions| Onko childrenilla description. — Does "children
have a "description” or Mikas tuo oli. — What was
that?
Utterance 5| guessing Seuraava tyyppi siind ryhmassa vissiinki tuo. |—

Next character in that group is probably that on

®
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Table 3: Category and levels of utterance.

Category | Level Example

Utterance 6| validating Mina lasken nyt noita ikia tuosta yhteen. 35 plus
40. Plus 10. Siit tulee 85, 90. — I'm adding those
ages in there up. 35 to 40. To 10. It makes 85, 90.

Origin

Origin stands for the representations related to the pmgdhat are found in think-
aloud protocol. When the origin of think-aloud protocol @ihd, it is more easy to
find out what are the roles or sources of information of défdrrepresentations for
different participants.

Origin was divided in six according to whether the data bgtoto 1) code 2) output 3)
instructions 4) visualization 5) comparing code with vi&egion or 6) referring both
output and visualization.

Compared to level of utterance origin was easier to defingefleeless, levels 5 and 6
are sorts of special cases where it was not possible to dividesentence into smaller
fragments to define e.qg. first part is about code and the ladttvisualization. Levels
5 and 6 do not exclude the possibility of comparison in othemtgpof think-aloud
protocol. In other cases, the comparison or referring isedona way the different
levels can clearly be separated.

Table 4: Category and levels of origin.

Category | Level Example
Origin 1 code boolean isAChild.
Origin 2 output Ni joo se tulostaa sitten niita sieltd. — Oh yes syre.

It prints those from there then.

Origin 3 instructions minkahan takkii se laittaa female sukupuolen [si-

ihen. Kuin niin. — Why does it put "female” gen
der in there. Why’s that?

Origin 4 visualization Okei. Nyt sinne nimet menee ainaki ihan oikejn.

— OK. At least, the names are going just rightly|in

there.

18



Table 4. Category and levels of origin.

Category | Level Example
Origin 5 code <-> visual{ Ja se tekee ne sitten tuolla. — And it makes th
ization in there then.
Origin 6 output & visual-| Nijoo se tulostaa sitten niita sieltd. — Oh yes su
ization It prints them from there then.
Error

em

Error is met in a situation when a participant mentions tatething is not right e.g.
in the code. When error related topics are found in thinks:dleession, it helps to
interpret in what extent does a participant focus on findagef lines of code also
when he/she is not actually finding the real bugs. On the dihed, error related
think-aloud protocol may help following the processes tmsdinding the bugs.

Error was divided in four according to whether it concerngthé location of an error,
2) error situation, 3) source of an error or 4) fix to an error.

Error includes a special case where levels of utteranceiginare not coded. That

is when a bug is found and the line and class is given. In othsesof level 1 e.g.
he/she states a line and class for a bug that is no real, lefvetgyin and utterance are
defined. When level 1 is used in a question, level of originattetance are also coded

taa

within.
Table 5: Category and levels of error.

Category | Level Example

Error 1 location Rivilla 19. — On the line 19.

Error 2 situation No tossa nyt ainaki o virhe. Jos se tot- palaut
tosi tossa. — Well, an error lies there at least. If it
returns true in there.

Error 3 source Tossa, tossa person-luokassa toi lapsijuttu jo

on ika on yli 18. Nii ei se kylla lapsi. Lapsi silloi
00. — In there, in that "person” class by that ch
thing if it is age is over 18. Not a child then. It
not a child then.

-
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Table 5: Different categories and levels.

Category | Level Example

Error 4 fix Eli kdannetédan toisinpéain toi. — So that is turned
the other way around.

Gaze

Gaze was divided in two levels according to whether the @aent is 1) having a
contradiction between what the participant sees and wiishédéells to see or 2) having
a contradiction between what a participant sees and whshé&ekpects to see.

Gaze level 1 is closely connected to the error or locatiommiréhat should have been
spotted. Gaze level 2 is closely connected to the mental imadedeas about what
happens next in animation or what should be written in theecddinfortunately, the

present mental model collides with the seen causing camiusiusing further attention

or not.
Table 6: Category and levels of gaze.
Category Level Example
Gazel sees <> tells Se on lapsi. — It's a child.
Gaze 2 sees <> expects | Ei taija. — Maybe it’s not.

Plans and comments

Plans and comments include sorts of verbal side notes foexperimenter or for
the participant him/herself. Think-aloud in this sense alo be a remark when e.g.
going from browsing the code into starting to visualizingfans and comments are
also referring to a self aware talk — that is, stopping for ameat for planning what
should be done next. Plans and comments can e.g. revealagaart's opinions about
visualization or provide self given explanations for prasactions.

Plans and comments was divided in according to whether thieipant is 1) explain-
ing what he/she is doing, 2) commenting or 3) planning fuaaton.

Plans and comments involves coding the level of origin, tioevels of utterance are
not coded side by side but level 3 can be seen as a higher leuetecance like ex-
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plaining the meaning or reasoning. This category can beexgd to levels of error
e.g. location of an error, too.

Table 7: Category and levels of plans and comments.

Category | Level Example

Plans and is doing Jos ihmettelet, et m& oon hiljaa, ni en mMa

comments oikeestaan ajattele. Kayn vaan tata koodia lapi] —

1 If you are wondering about me being silent. Well,
I’'m not actually thinking. I'm just going through
this code.

Plans and comment Onpas hassakka. — What a mess.

comments

2

Plans and future actions Yks vaihtoehto ois ruveta tutkii noita tulosteita |ja

comments ruveta sen perusteella selvittaa, etta mika sielld on.

3 — One option would be to start taking a closer

look of those outputs and based on those start find-
ing out what is the matter in there.

How to interpret the charts

The results include charts about found categories for e&t¢heoparticipants. The
categories in the charts are identified with different linBlse X-axis reflects the time
in seconds and the Y-axis presents the levels of each of tkgarées as numbers (Table
8). The numbers on Y-axis have no inherent order — that iy, éine merely names.
For example 2 can be interpreted as "explaining the mearohgtterance, "output”
of origin, "situation” of error, "sees<>expects” of gaze '‘@omment” of plans and
comments.

Summary charts show the proportions of each of the diffelerdls of each of the
categories in each of the sessions. The categories arédfigi@ntith different colors
shown in the bars. Now, X-axis presents the names for eadiedétvels as numbers
(Table 8) and the Y-axis stands for the proportions used ifeerdnt category levels.
For example dark blue bar in x=1 and Y=70 shows that level &ds representation
of 70 percentage of the origin during a debugging session.
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Table 8: Y-axis of other than the summary charts. X-axis of

the summary charts.

Valug Utterance | Origin Error Gaze Plans and
comments
"pointing” | code location | sees<>tells is doing
explaining | output situation | sees<>expects comment
the mean-
ing
3 reasoning | instructions| source future ac-
tions
4 asking visualization fix
questions
5 guessing | code <->
visualiza-
tion
6 validating | output &
visualiza-
tion
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4 Results

Coded data includes both two novices P1 and P2 and expertsdPB4 Maximum
amount of points in pre-test was total 7 (Table 9).

Table 9: Pre-test scores vs. found bugs.

Participant | Pre-test | Bug 1.0 Bug 0.5 | Total
Bugs

P1 7 Bl 1

P2 3 B6 B7 15

P3 7 B2 B3 2

P4 6 B1 B2 B7 B4 3.5

In the following, the results are presented giving a corstand general view of each
of the debugging sessions. The different levels of eachatdek-aloud protocols are
described and presented as graphs, too.

4.1 Participant P1

General view

The participant P1 reads the instructions and runs the d@mmmaAfter the first run

finishes, the participant runs the animation the second firhe participant P1’s origin
of think-aloud protocol is mainly on level 4 "visualizatib(Figure 15, Table 10). The
participant does not "ask questions” on level 4 of utteramateis "guessing” on level
5 a lot (Figure 15, Table 10). There is more of level 2 "explagnthe meaning” and
level 3 "reasoning” compared to level 1 "pointing” (Figurg, Table 10). Reporting of
an "error situation” on level 2 that is not related in findifgetbug is connected with
level 3 "reasoning” in T(601, 606, 676, 694 and 712) and I&/&guessing” in T(188,

236, 260, 612, 669 and 695) of utterance (Figure 4, Figur&8jporting of a "source
of an error” on level 3 is connected with level 3 "reasoning’utterance in T(580)
(Figure 4). There is a lot of gaze related situations durgg’first animation” and the
"second animation” (Figure 4, Figure 5, Figure 15, Table. i3vel 1 "sees<>tells”

of gaze is connected with level 2 "explaining the meaningT{@#31, 937, 939) and
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level 3 "reasoning” in T(412, 930) of utterance (Figure 4ue 5, Table 10). Level 2
"sees<>expects” of gaze is connected with level 1 "poiritingr (460, 479) and level
5 "guessing” in T(669) of utterance (Figure 4, Figure 5). (Réghe gaze level 2 are
only given on the level 4 "visualization” of origin (Figure #able 10) in T(371, 536
and 557).

Introduction
The participant P1 reads the instructions silently for 5$sels.
Gaze in general

During the "first animation” (Figure 4), there are some |eivsituations "sees <> tells”.
Rest of the gaze concerns level 2 where the participant “‘seexpects”.

In T(455), the participant expects program to print namesskas NULL printed in
T(460) and in T(479).

When animation is showing calculation of average age thiecgzant expects to see 4
in T(535) but the animation shows different in T(536). In 3§, when calculating the
average age the participant expects program to add ages B(E37) program is seen
to act different.

During the "second animation” (Figure 5), the balance betwihe amount of levels
is opposite to the "first animation”. There are more level 2gysituations where the
participant "tells different from seen”.

In T(667), the participant P1 expects the following stagesiters operating with the
name but in T(669) program is seen to act different. Situatim T(930), T(937)
and T(939) consider the same situation about boolean mé&tiAGhild and the return
statement "return (age > 18)". The participant is explagrtimat the program is showing
that the age in question is not under 18. ">" is seen as "<” dngk” is seen as "false”.

Gaze about "age”

This particular session includes an interesting situatiwhere the participant P1 sees
> 18 and interprets it as < 18 when testing whether a persomderiaged — a child.

1) During the "first animation” (Figure 4) in T(321) the paipant P1 tells that program
verifies persons as being children. When the program vesfEson who is over 18

24



as a child, the participant experiences confusion with thgang situation in T(325).

2) In T(370), the participant P1 expects that a person isosidered as a child — 40
< 18 = false — but in T(371) the animation shows different — 408>= true.

3) In T(412) a conflict occurs when the participant P1 telisplerson is a child when
program tells the age is 10 > 18 = false.

4) In T(431) a conflict occurs when the participant P1 tellsB<when in fact anima-
tion shows 5 > 18 = false.

5) During the "second animation” (Figure 5) starting fron®37) P1 tells, that the
program is comparing whether the age is < 18 and the resulgfigise when animation
shows 35 > 18 = true.

In that first situation when the person is tested as under,dgedoarticipant has no
contradiction between told — "it checks if they are childrehit’s older then..” —
and seen — 35 > 18 = false. Anyhow, the participant is confireedthis fact affects
the following actions in the animation. At the second time flarticipant is hesitating
if the interpretation about what is happening in the aniorais correct. At the third
time the participant is quite sure that 10 > 18 = false meaatsalperson is proven to
be a child. At the fourth time the participant tells fluently-5.8 = false as being "5
is less than 18”. Later during the second run the participelig whit no doubt quite
the opposite as seen. Even if in the beginning the partitibas an opportunity to
construct an authentic model the outcome is little by Igti@ngthening mental model
where the participant sees the expected.

Finding the bug B1

During the “first animation” (Figure 4) the participant Plogpthat "name” variables
are saved falsely in the structure in T(188). The partidipsusure that "names” are
falsely saved in T(606) and assumes that the names were vext aqall in T(612).

During the "second animation” (Figure 5) the participatistihere is something wrong
with the "name” in T(669). The participant finds out that theygposed "name” for the
person was not used in T(676). The participant tells thereagain something wrong
with the "names” in (694). The participant reports that thegpam takes gender twice
when a "name” should have been in process in T(712). Theqggaatit locates the
error (Figure 5) in the code in T(740) and gives it a fix in T(y.4Bhe participant gives
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error the line number in T(748) and the class in T(752). Ths &nd only bug — a
statement where "psex” should be "pname” — is found during prarticular session
in a whole.

Faulty piece of a code

During the “first animation” (Figure 4) the participant Plsames that the number of
family members, that is value for variable "numberOfPetpkecalculated falsely in
T(236).

During the "first animation” (figure 4) the participant Pllsghere is something wrong
when calculating the "average age” e.g. ages are not addedT(p60). The partici-

pant finds the source for the error — "ages” — are not added wgnwhlculating the
"average age” in T(580). The participant is sure that thee&gvere not added up in
T(601).

Levels of Utterance

Utterances (Figure 4, Figure 5) vary from 1 "pointing”, 2 &iping, 3 reasoning and 5
guessing. The minority is just reading the code and moretaff@iven to explaining,
reasoning and guessing.

Origin

Origin of think-aloud protocol is mostly on level 4 "visuadition”. The participant P1
refers to level 2 "output” during the "first animation” (Figr14) and level 1 "code”
when finding the bug B1 during the "second animation” (Figbixe
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Figure 4: Levels of categories during the "first animatioetformed by P1. See chapter 3.4 and Table 8 for more detansdarpreting the
charts.



P1 Second animation
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Figure 5: Levels of categories during the "second animat@nformed by participant P1. See chapter 3.4 and Table ghfime details in
interpreting the charts.



4.2 Participant P2

General view

The participant P2 begins with reading the instructionse pérticipant concentrates on
the code and instructions during the rest of the session p@heipant P2’s origin of
think-aloud protocol is mostly on level 1 "code” and leveli@structions” (Figure 16,
Table 10). Level 3 "instructions” is connected to the levéleéasoning” in T(395, 630,
635, 691 ), 4 questions in T(397, 677, 919), 5 guessing in{,(884), 6 validating in
T(906) of utterance (Figure 6). Level 3 "instructions” ofgin is also connected with
level 1 "explaining the deeds” in T(721) and level 2 "comnientT(113) of plans
and comments (Figure 6). All the levels of utterance are (B&plire 16). The most
used levels of utterance are "reasoning”, "guessing” arskifey questions” (Figure
16, Table 10). The most used level of error is "location” (Kig16). "Error locations”
on level 1 when not related in finding the bugs are connecté level 1 "is doing”
in T(719, 721) and level 2 "comment” in T(872) of plans and coemts (Figure 16,
Table 10). "Error locations” not related to finding bugs al®aonnected with level
1 "pointing” in T(851, 863), level 3 "reasoning” in T(884kg\el 4 "asking questions”
in T(847,917, 919) and level 5 "guessing” of utterance in2I(8895, 907) (Figure 6).
There is two appearances for gaze during the debuggingsd$sgure 16, Table 10).
Gaze on level 2 "sees <> expects” in T(354) and T(357) is oahnected with level 1
"code” of origin (Figure 6).

Introduction

The participant P2 makes oneself familiar with the insiar quite a long time — 150
seconds — before starting to operate with the Jeliot. Theggaent is also concerned
if instructions are truly understood.

Getting started

The participant P2 seems to be a little bit of lost in the bemig of code browsing.
Generally, the participant starts to read the code from #gnming and tries to find
some sense in the code — that is, he/she finds similaritiesdeetinstructions and the
code.

Starting in T(180), the participant P2 tells that booleakcltsld returns age if it is
over 18 (Figure 6). Actually it returns true but the partammp should have seen the
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connection between isAchild and over 18 years old — thabhesgtis something wrong
with this part of the program.

Finding the bug B6

Starting in T(387), the participant P2 tells trying to sofk@m the code why the output
seen in instructions is falsely female instead of male (Fedd). Starting in T(719),
the participant tells trying to solve where in the code rsstiie output with such an
amount of gender. Starting in T(917) the participant is tjoasg the causes for the
output with female and male. Starting in T(941), the pagocit suggests that after
leaving "p.print” out on the line 44 genders do not appeahsdutput anymore. The
first bug B6 "print outside else” is found.

Deduction of average age

Starting in T(467), referring to the average age and theutsitpeen in instructions
the participant P2 is adding the ages seen in the code upréF&JuAs it follows, the
participant looks outside the code to the instructionsttidgin T(626), the participant
starts to deduct how the average age is calculated base@ amibunt of people — 4
—, ages given to each person and false average age seennsttinetions — 1.25 —.
The participant P2 concludes that Abel's age of 5 is dividétl w. Starting in T(895),
the participant reports, that error where Abel’'s age of Sugdd with 4 resulting into
1.25, occurs on the line 111.

Finding a spelling mistake

Starting in T(677), the participant P2 start to question Vilge” is written starting
with an upper-case letter seen as the present output ingtrad¢tions and with a lower-
case letter in the code (Figure 6). Starting in T(884), theigpant reports that the
typing error occurs on the line 110.

Finding a "bug”

Starting in T(827), the participant P2 starts guessing # error is included on the
lines 101 and 102 and suggests replacing some of the codéfauitily” (Figure 6).
Starting in T(863), the participant states class beingugio

Finding the bug B7
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Starting in T(1006) the participant P2 is guessing if thereamething wrong with

the if statement due to "NextPersonindex = 0” situated irxtRerson” method on the
lines 50 and 51 (Figure 6). The second bug B7 — "if” — duringtthébugging session
is partly found.

An unexpected is seen

There is one situation (Figure 6) where the participant 3 skfferent to expected
about name "Cain” in T(354) and T(357).

Levels of Utterance

All the levels of utterance from 1 to 6 are used (Figure 6). padicipant P2 is solely
using level 6 "validating” when solving what happens wheagram is computing the
average age in T(467) — T(474) and in T(905) — T(906).

Origin during the session

The origin of talk aloud is mostly referring to the code andhe instructions, at times
(Figure 6). The reference to the instructions is made wherp#rticipant P2 is con-
cerned in understanding the instructions in T(113). Reifsgeto the output of the
instructions is made when P2 is finding reasons in the codal¢e butput seen in in-
structions for sex in T(395), T(397), T(721), T(830), T(9a&d T(944). Another sim-
ilar situation of false output detection concerns averageia T(630), T(635), T(906).
Origin is about instructions when a spelling mistake is fimT(677) and T(691).

Plans and Comments

The participant P2 uses level 1 "is doing” of Plans and commérigure 6) when
telling the reason for being silent while browsing the cad&({261) and when starting
to take a closer look on one of the methods in T(316). LevekXting” is also used
when the participant explains starting to detect false wdpsexes in T(387), T(719)
and T(721). The participant uses level 2 "comment” whenrgj\a fix to an error in
T(843). Level 2 "comment” is also used when the participarneiling how difficult
the program is when trying to find out where the bugs are intafag in T(872).
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4.3 Participant P3

General view

Debugging session constitutes of reading the instructioode browsing and getting
a more profound understanding of the program with the helpisfalization. The
participant P3’s origin of think-aloud protocol is mainlig@ut code and visualization
(Figure 7, Figure 8, Figure 17, Table 10). Level 4 "asking gjions” of utterance
seems to be the skeleton for the session. The participastaakk of questions and
finds the answers via level 1 "pointing”, 2 "explaining the aneng”, 3 "reasoning”
or level 5 "guessing” (Figure 17, Table 10). "Location”, tisation” and "source” of
error are included (Figure 17). The participant talks orelgwof error not related
in finding the bugs when asking one "question” (Figure 7) abeporting in T(70)
and "commenting” (Figure 8) the lack of errors in T(905). @am level 2"sees <>
expects” in T(421) refers to level 1 "code” of origin and in5AG and 882) to level 4
"visualization” of origin (Figure 7, Figure 8, Figure 17,{dla 10).

Introduction

During the introduction the participant P3 is concerned asick more questions com-
pared to the novices. The participant reads the instrugtion 110 seconds that is
between the times novices used for this task. Debuggingosesenstitutes of the

"beginning” and "stepping in animation”. The "beginningidludes reading the in-
structions and browsing the code when "stepping in animatiocludes using the

possibilities granted by animation and comparing the codkd animation.

From code to visualization

The participant P3 starts browsing the code from the topsfihé meaning for the
methods, which methods belong to which class and what happehe main method.
In the code, "description” causes questions starting ilt#Fj&nd "people” in T(424)
(Figure 7). After this the participant executes the aniorain T(480).

Levels of Utterance

In the "beginning” (Figure 7) and "stepping in animation’igbre 8) the participant
P3 is talking mostly on the levels of 2 "explaining”, 3 "reasng” and 4 "asking ques-
tions”.
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Origin

In the "beginning” (Figure 7) origin concerns mostly levékcbde” but the "questions”
before entering Jeliot 3 are about level 3 "instructionsT({6) and T(12). During the
"stepping in animation” (Figure 8) the participant P3 is nmaka lot of comparison
between the "code and visualization” on level 5 or "outpud &isualization” on level
6. In addition, there is a lot of change between level 4 "vigation” and level 1
"code” (Figure 8).

Gaze

In the "beginning” in T(421), while browsing the code the p@pant P3 is confused
about "People” (Figure 7). In "stepping in animation” in B the participant P3
"expects to see” the description but sees different (Figlrén "stepping in animation”
in T(882), the animation does not do the "expected”.

Finding the bug B2

The participant P3 finds the first bug B2 that is "age>18" in3gP(Figure 8). The
participant reports class being "Person” on the line 19 @6P).

Finding the bug B3

The second bug B3 is found in T(982) on the line 61 is "Sum=" g@ncludes the
error in calculating the average age (Figure 8).

Plans and Comments

The participant P3 "explains” present deeds on level 1 in"leginning” (Figure 7)
and "comments” code on level 2. "Stepping in animation” (Fig8) involves "com-
menting” complexity of the visualization in T(783), "visigation” in T(800), lack of
"errors” that are being found in T(905) and how the partioidegas some understanding
of the program in T(989).
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4.4 Participant P4

General view

The participant’s debugging session consists of six smaéetions: reading the in-
structions, running the animation for the first time, gejtio know the program by
reading the code, running the animation for the second tietarning back to read-
ing the code, running the animation for the third time. Theipgant P4’s origin of
think-aloud protocol is mainly about code and visualizat{bigure 18). The partici-
pant uses mainly the level 3 "reasoning” and 2 "explaining nireaning” of utterance
(Figure 18). The participant is "guessing” only in T(220)g&re 11) related to "code”
and in T(747) (Figure 12) related to the "visualization”.r&l sections of session in-
clude error related talk (Figure 9, Figure 11, Figure 12)\dls of error that are related
to found bugs are situated in "intermezzo” (Figure 11). Hrsituation” of the "be-
ginning” in T(126) is connected to the "instructions” (Figuo). "Error situations” in
the "second animation” in T(736, 728 and 755) are conneaé€disualization” and
"reasoning” (Figure 12). There are no signs of gaze (Fig&je 1

Introduction

The participant P4 reads the instructions for 107 secoratsgibetween the times of
the two novices.

Incorrect code and Bugs
1) The participant P4 notes that interoutputs are overlyedon(126) (Figure 9).

2) The first bug B1 — "psex” — is found on the line 12 in class Bars T(222)
during the "intermezzo” (Figure 11).

3) The second bug B2 — "age>18" — (Figure 11) is found on the W7 in class
Person in T(280).

4) In T(364), the participant notes that there is somethimgng on the line 39 in
Include method and class Group (Figure 11). The participdnotes that maybe it is
correct in T(388).

5) The third bug B7 — "if” — (Figure 11) is found in T(474) on thi&e 50 in "If”
clause and class "Group”.
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6) The participant notes that "age” is falsely computed i5IK) (Figure 11).
7) The fourth bug B4 — "people.lenght” — (Figure 11) is paffityind in T(557).

8) During the "second animation” (Figure 12) the participBd notes that "Descrip-
tions” are not going to the right places in T(738). The pgsaat also notes that calcu-
lating the number of children fails in T(755).

Levels of Utterance

The "beginning” (Figure 9) involves utterances of level 4Kmg questions” and 3
"reasoning”. During the "first animation” (Figure 10) utégrces are in 1 "pointing”
and 2 "explaining the meaning”. "Intermezzo” (Figure 1aives levels 1 "pointing”,

2 "explaining the meaning”, 3 "reasoning” and 5 "guessinghe "second animation”
(Figure 12) is mostly in level 3 "reasoning”. The "intermea’ (Figure 13) has levels
1 "pointing”, 2 "explaining”, 3 "reasoning” and 4 "asking gstions”.

Origin

In the "beginning” (Figure 9) the participant P4 origin ofrtk-aloud protocol is on
level 1 "code” and level 3 "instructions”. During the "firsnanation” (Figure 10)

origin is on level 2 "output” and level 4 "visualization”. Ding the "intermezzo”
(Figure 11) where code browsing is done the origins are ogl [eVcode”, 2 "output”

and 3 "instructions”. During the "second animation” (Figut2) the origins are in
"code”, 2 "output”, 3 "instructions” and 4 "visualization’’Instructions” on level 3
is due the situation where the participant is comparing wugp the "instructions”

(female, male, male, male) in T(674) to the "output” of theualization (Eve, Adam,
Cain, Abel) in T(680) (Figure 15). During the "intermezzd (Figure 13) when the
participant returns to code browsing the origin is solelyiewel 1 "code”. During the
"third animation” (Figure 14) the origin is on level 4 "vislieation”.

Plans and Comments

Plans and comments is used through the session. In the fhegin(Figure 9) on
level 3 the participant P4 is "planning future actions” inLI8) and T(120) that con-
cerns how the debugging tasks should be started. Durindfitsednimation” (Figure
10), the participant uses level 1 "is doing” when he/she @laring what he/she is
doing at the time. In "first animation”, also, he/she usegl@mwhen he/she is "com-
menting” about dislike towards animations in general in90()L The "intermezzo”
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(Figure 11) involves a level 2 "comment” where the participills how introduction
to the code takes fifteen minutes in T(587). During the "sdcanimation” (Figure
12) the participant explains the deeds being done and "cartghabout animation.
In T(694) the participant makes a suggestion about imprevesto the animation —
that is, break points that could be included to Jeliot. Théigpant also mentions the
lack of improvements made in code via fixing the bugs noticefdde. In the "third
animation” (Figure 14) the participant P4 explains the ddszing done on level 1 and
in level 2 when "commenting” how visualization takes a lotiafie in T(950).
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4.5 Summary

According to the background information, the participahsRidies Computer Science
as a major, has 4 months of Java experience with 10 writtegranes and has never
used Jeliot (Table 1). In addition, the participant has omatim of experience with
other programming languages. The participant performh Wigh scores from the
first tasks where the right output should be given, the setasidwhere a binary tree
is drawn and the third task of finding the errors in the givedecdHigh scores in pre-
test give an impression that the participant P1 understemmiething about debugging
even he/she has little experience on programming. Neuvegkeonly one bug is found
(Table 9).

The participant P2 studies Mathematics as a major and c@npaience as a minor
(Table 1). The participant has 5 months of Java programmxpgreence with 100

written programs. According to the amount of written pragsathe participant could
be called as an expert programmer but results from the ptesk®w some signs of
poor debugging skills. The participant performs well witle first task (right output),

the second task (binary tree) fails and the third task (dgimgg gives one point. Total
points are three out of seven, that suggests he/she doesndetstand much about
debugging. It also remains uncertain how demanding tho8eviiten programs truly

were. The total amount of found bugs is 1.5 (Table 9).

The participant P3 studies Computer Science as a major atitematics as a minor
(Table 1). The participant has 0.5 months of Java programrexperience with 10
written programs and has used Jeliot once before. Thisnrdtion implies that the
participant is a novice programmer in Java but on the othed llae participant has
24 months of experience in other programming languages etschgaximum of seven
points from the pre-test. This suggests a good understgratiout reading the code
and debugging. The total amount of found bugs is 2 (Table 9).

The participant P3 studies Computer Science as a major atitematics as a minor
(Table 1). The participant has 0.5 months of Java programrexperience with 10
written programs and has used Jeliot once before. Thisnrdtion implies that the
participant is a novice programmer in Java but on the othed llae participant has
24 months of experience in other programming languages etschgaximum of seven
points from the pre-test. This suggests a good understgratiout reading the code
and debugging. The total amount of found bugs is 2 (Table 9).
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The participant P4 studies Computer Science as a major aruagon as a minor (Ta-
ble 1). The participant has 18 months experience in Javagmoging with 30 written
programs. In addition, the participant has 50 months of egpee on other program-
ming languages and 50 times of using Jeliot. The participdrdeems to be an expert
programmer according to this information and debuggindss auccessful. The par-
ticipant performs with full points in the first (the right quit) and second task (binary
tree) but the third task (debugging) gives only two points @futhree. Nevertheless,
the total sum of points reaches six out of seven. The totalataf found bugs is 3.5
(Table 9).

Some observations can be made about the differences bethe@articipants. The

participant P2 is the only to use "validating” (Table 10). ¥vhcomparing percentage
quantities it becomes clear that "explaining the meaniagthé most popular within P1
(Figure 15 - Figure 18). P2 gives the least attention for laixpng the meaning” and

P4 uses firstly "reasoning” and "explaining the meaning’dedisecondly with signif-

icantly lesser frequency. "Reasoning” is also popular agredhof the participants and

its frequency to "reasoning” differs radically with P4. Iddition, P2 gives the most
attention to "reasoning” and the least for "explaining theaming” but the difference

between different levels of utterance is not as striking &sfor P4. P2 uses "guess-
ing”, "asking questions”, "validating” and "pointing” qte evenly over "explaining the

meaning”. P2 uses "explaining the meaning” clearly leskantall the other partici-

pants do. "Pointing” is nearly as popular with all of the papants. The participants
P1 and P2 use "guessing” clearly more than P3 and P4 do.

The focus of origin is truly standing out for each of the pap@ants (Figure 15 - Figure

18). P1 favors "visualization” when other participantsdavcode”. P2 also refers

secondly to "instructions” when P3 and P4 refer secondlyhtolevels that include

visualization. "Output” is the least mentioned by all of {herticipants. P2 and P4 are
the ones significantly using "instructions”. Neverthe|eR2 is merely using "code”

besides "instructions” when P4 uses a variety of repreientin addition. P1 and

P2 use fewer or in lesser degree of variety of levels of onglien P3 and P4 give the
most attention to "code” and refer to the other levels, too.

P1 and P4 are mostly referring to error "situations” when Rgys "location” and P3
is evenly referring to "location” and "source” of an errorigbre 15 - Figure 18). P1

makes some references to "location”, "source” and "fix”,.t&oror related references
of P3 concern quite evenly about "location”, "source” anduation”. P3 is the only
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not to suggest any fixes to the code. In addition to "situatid?d refers to "source”,
"location” and "fix”, too.

There are several references about "sees<>tells” and<segpects” with P1 (Table
10). The few and only gaze situations for P2 are about "semg3ects”. P3 expe-
riences a couple of times confusion between he/she is seewat he/she was ex-
pecting to see. P3 does not get confused about what he/sharsgés telling at that
very moment. P4 does not have situations when he/she wdldtifterent from what
he/she is seeing.

Plans and comments are used by P2, P3 and P4 (Figure 15 - Biguré3 and P4
refer to "comment” the most when P2 is mostly explaining wiefshe "is doing”. P2
is also making comments when P3 and P4 are also referring tdoing”. P4 is the
only to refer to "planning future actions”.
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Note: See chapter 3.4 and Table 8 for more details in intengyéhe charts.
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Note: See chapter 3.4 and Table 8 for more details in intengyéhe charts.
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Table 10: Total values of the talk aloud levels for each of the
participants.

Category Total | Total | Total | Total
P1 P2 P3 P4
Utterance
1 "pointing” 8 6 10 7
2 explaining the meaning| 38 3 33 17
3 reasoning 28 14 36 52
4 asking questions 0 7 24 4
5 guessing 13 10 4 2
6 validating 0 6 0 0
Origin
1 code 3 44 70 73
2 output 1 0 0 4
3 instructions 0 12 2 6
4 visualization 86 0 19 14
5 code<->visualization |0 0 16 0
6 output & visualization | O 0 1 0
Error
1 location 3 14 5 4
2 situation 11 5 2 10
3 source 1 3 5 6
4 fix 2 4 0
Gaze
1 sees<>tells 5 0 0 0
2 sees<>expects 6 2 3 0
Plans and comments
1lis doing 0 5 1 4
2 comment 0 3 6 14
3 planning future actions | 0 0 0 2
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5 Discussion

Remarks on debugging performances

The participant P1 uses mainly visualization and fails ibudging. According to the
background information P1 has the opportunity in succéskfbugging but the se-
lected strategy does not work. One possible explanationdiolg merely visualization
could be the results of the excitement caused by the whalatgin. Other possible
explanation could be that the participant is not too famikéh the Jeliot or may have
an understanding that browsing the code is not acceptablielend, the participant
chooses an unexpected way of trying to find the bugs by unfanaibde visualization
and does not get familiar with the code.

The participant P2 spends a lot of time getting to understia@given instructions and
looking for hints about bugs by comparing the instructigoaper to the code. As it
follows, the participant is likely to see the introductiomdathe output included as a
basis for conclusions. The participant uses mathematkdé s finding the bugs —
that is, he/she deducts how the average age should be ¢attgli@en the true out-
come and the way program actually does it. After comparieg'tlutput” to the code
and when trying to see all the differences and similarities garticipant is likely to
see the minor details including the typing mistakes, toe participant has no earlier
experience on Jeliot. Working in a strange Jeliot enviramnneight explain why the
participant trusts so much in instructions’ paper with itstt®n output and does not
test the program with animation. It might be the case thap#récipant P2 does not
know how to or is not familiar with visualization environntsn It could be assumed
that the participant practices debugging normally in a nebeetext based environment
with the code and output. The only tool for deduction, befanay be the comparison
of similarities and differences between the code and theututn addition, the math-
ematical deduction seems to fit due to major studies and iainicipant does not use
animation it has to be "animated” using the mind.

Unexpectedly, the participant P3 uses the animation afékimy oneself familiar with
the code and, this way, has the opportunity to gain a bettdenstanding about the
program when comparing the code to what is happening in thealization. In the
"beginning” P3 reads the code as what it should be. Laterssiea the code is seen
as it actually is when a clearer understanding of it is redch&he participant P3
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executes animation when the information received solelthercode is not enough to
provide complete understanding. The participant triesstoagbetter understanding of
the program by comparing the code to the animation. Theqgieatit uses pauses and
stepping to get the most of the animation. The participaatss thinking aloud more
constantly than the novices P1 and P2. There are none ofrierate periods of times
that the novices have. The participant P3 has a more of areanid hands on attitude
in getting a wider view of the program. Debugging sessionasnhy getting to know
the code by browsing it and getting more familiar with thegyeon via animation.
The two bugs are spotted "accidentally” after knowing thdecbetter. There is only
few references related to errors in think-aloud protocébteefinding the bugs. Thus,
debugging seems to be more of a systematic act — that is, & doeinclude wild
guessing if the bug lies here or there. The participant P83 doegive any suggestions
about how to fix the found bugs.

Experience in Java and Jeliot may explain how the parti¢ipdnis so comfortable
using Jeliot, has time for self reflection, planning futucti@ns. The participant also
makes a comment about Jeliot e.g. how to improve and makegdetmfaster by
involving break points to the code so the animation could Smmewhere else than
from the beginning. During the session the participant mestlack of comfort with
the animations in general and understanding the animaitidarnand knowledge from
the code. This is shown in the way the participant reads gbyehe code, after finding
an error gives it a fix and from time to time performs the cod#wanimation to see
if there really are any improvements done. As a conclusitiar &nowing the code,
the participant has no need to see the whole code via animiatibonly those points
of code where the bug may lie. The participant P4 has a verytaa and precise
attitude on debugging. The participant is self aware of thegs being done. The
only quiet longer period of time is during the "first animatiovhen the participant
mentions that to understand animation is to understand. cbtie participant is the
only one to rewrite code seen in Jeliot 3 code view.

Programming vs. Debugging

When talking about novices and experts in programming oelsudging, the distinc-
tion is not always so clear. Results of this work suggestalstuident having a lot of
programming experience is not necessarily an expert ongdgig. It should also be
noted, that the number of written programs does not alwadlisae skilled a program-
mer is. For instance, the participants P1 and P3 have bottew(i0 Java programs but

52



P3 have 24 months of experience in other languages, too.diti@ad the participant
P2 has written 100 Java programs in 5 months but the pamitipé has written 30
java programs in 18 months. A novice programmer can alsceguacin theoretical de-
bugging but fail in practice as the participant P1 did. Theipgants P3 and P4 both
have several months of experience on other programmingiéges, too, when the
other participants are mostly familiar with the Java progmang language. The best
debugger P4 has the longest and widest experience on progngmvith Java and
other programming languages. Ahmadzadeh & Elliman (200%sfthat most of the
good debuggers are good programmers when not even half gbtie programmers
are good in debugging. The key issue is the knowledge abeutdtie. Because the
participants P1 and P2 have the shortest programming experihey are referred as
novices and P3 and P4 are seen as experts in programming.oVioe programmers
prove themselves as novice debuggers and the expert progmamnas expert, or at least
better, debuggers.

Debugging strategies

It was meant to find how debugging strategies can be reveaied eye-gaze data
during debugging in Jeliot (1st Question). When a partigipsnot speaking, all there
is to follow is his or hers eye-gaze. It may give some cues tbategies e.g. the
participant is repeatedly looking some part of the code;ggze disappears — that is,
instructions are viewed and eye-gaze returns back to tlke bificode viewed before.
It is difficult to make any certain conclusions about a pgraat’s strategies based on
his or hers eye-gaze alone. In addition, in this study, emeglata is analysed, only,
when it is not convergent with the think-aloud protocol og fharticipant is confused
about what he/she is seeing at the moment.

Debugging strategies found by Gugerty & Olson (1986) as shwsfore (2.1) were as
follows. Introduction results to hypothesis and idea of phegram. A Hypothesis is
tested via modifying the code, executing it or finding supfrom purpose description.
If testing does not conclude to found error follows retugnia the introduction.

Strategies discovered by Romero et al. (2003) were showvl) {{2.a following na-
ture. Introduction results to "suspicious code” that isrfdu If "suspicious code” is
not involving an error then comparison is made between dlicton and different
presentations of the code.
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The first step in this experiment is introduction. Reading description and seeing
the differences between the current and the correct ougpatpart of the settings.
The participants reads the introductory descriptions arcalowed to enter Jeliot 3
environment afterwards. Participants P2, P3 and P4 gldrecbdginning of the code
while reading the instructions before clicking the starttbn and entering the Jeliot.

Debugging strategy of the participant P1 is similar to Gyge& Olson’s (1986) find-
ings. The participant P1 begins with the paper of instrungtiand tries to get a possible
idea of the errors in the program. P1 uses animation, spe&savhere something is
wrong and returns to rerun the animation once again to getaae look of the faulty
points seen in visualization.

Debugging strategies of the participants P2 and P3 areaitailfindings of Romero
et al (2003). The participant P2 starts with the instruciongetting a possible idea
of the errors. P2 browses the code and looks for support theriiypotheses in the
instructions and aims in finding the bugs. The participandét@&s with the instructions
in getting some ideas about the errors. P3 browses the caddatan on compares the
code to the animation. This way P3 attempts to find some stfgrathe hypotheses
and find the bugs.

The participant P4 is using kind of a mixture of both stragegiresented (Gugerty &
Olson, 1986; Romero et al., 2003). The participant startis getting familiar with the
instructions. This way he/she can get a possible idea ofrtheseand makes plans how
to start the debugging. P4 decides to get started with threatian, but returns briefly
in browsing the code. When P4 finds an error, he/she gives a fixanhd rewrites the
code. P4 uses the animation to see if the changes, that wele, imave fixed a bug.
The participant uses the output in the instructions in gettiints about the bugs and
compares the outputs in the animation and the instructions.

The selected strategies influence on the debugging penfmen&oo. The novice P1
relies mainly on the visualization and the other novice B&t& mainly on the code but
uses instruction strongly on the side. The expert P3 relaalgnon the code but uses a
lot of visualization and makes comparison between thesedme@sentations. The ex-
pert P4 relies mainly on the code but uses the visualizatiotput and the instructions
in realizing what is wrong with the program and if the fix foetbode gives the wanted
results. It is possible that getting to know the program \ddecand secondly via vi-
sualization helps in giving a better understanding aboaipttogram and later finding
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the bugs. Staying strictly to the visualization gives thenest results for the novice
P1 and using no visualization at all gives the second wossiit®for P2 in finding the
bugs. These considerations imply that visualization bglfiis not a sufficient tool in
debugging but when it is purposefully used along with otle@resentations it is rather
efficient.

Eye movement vs. Think-aloud protocol

In the beginning of the research, one of the questions wasnikesspecial situations
could be found via comparing the gaze-data to the thinkebpyatocol(2nd Question).
Generally, if a participant is talking while viewing e.g tbede, it is possible to find
some connection between these two. Think-aloud protocgl pnavide the reasons
for the object of eye-gaze e.g. a participant is looking fusveer for faulty output in
certain lines of code or asking questions about what is bagglized at the moment.
Generally, the participants have the same origin — thahéscbde, output, instructions
or visualization — in both but in some occasions gaze-daththimk-aloud protocol
together revealed misconstructions about the seen. Thieengd situations were
coded as two levels of "gaze”. The participant P1, espsggibls a clearly evident
misconstruction about the way the program works when it Ehealidate when the
person is under aged or not. As a matter of fact, the categamg with the levels 1
"sees<>tells” and 2 "sees<>expects” were due to the prabléw participant P1 had.

Level 2 gaze could be seen as being closely connected to the&hmeodels or ideas
about what happens next in animation or what should be writiehe code. The
present mental model is conflicting with the seen and causeflision. In addition,
confusion attracts further attention or the conflict is passith no particular attention
at all. Anyhow, the participant can not be said being ignbadoout the fact that under
aged are under eighteen or "< 18”. As stated in the resultafg@h 4.1) participant is
going in the right direction with the interpretations butdte ended up to the opposite
direction and stayed there the rest of the debugging sesMagbe the false mental
model is so strong that the participant ignores the laterecbrclues completely. The
correct clues have no value because the participant iskgpssi sure that the program
does not have any problems in this matter. This can also b&idened as a learning
situation: the first and wrong way is difficult to relearn irite right way later. Fur-
thermore, what you see does not necessarily mean that yenpiiet the information
received from the seen the correct way.
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The participants P2 and P3 have some situations of gaze ehdégees<>expects”.
A participant has had some expectations about what is goihgppen or what he/she
should be seeing next. When the expectations are found waopaticipant becomes
confused about what is the right way he/she should be thirddoout the program after
all. In situations involving level 1, the participant can $een as denying clear facts.
In situations involving level 2, the previously construtfacts are questioned.

Levels of think-aloud protocol vs. novices and experts

In the beginning of the research a question (3rd), about @wnbvice and expert
programmers differ in think-aloud protocol, was statedribgithe research it became
clear that the best debuggers are the ones who have the ardekingest experience
on programming. The participant P2 makes an exception,tbrduld be assumed
that he/she has not written very demanding 100 programs inriihm. Consequently,
in this study, the experts are experts in programming ancebudging. Finding the
answers to the following questions becomes more relevamerelwere two research
questions (4th and 5th) that concerned the connection leettie levels of think-aloud
protocol and debugging performance. Novice debuggers BParare making more
comments related to errors when not finding the real bugs aocsddo notions that are
made by the participants P3 and P4. This suggests that thigiestof the novices dur-
ing the debugging sessions are more of a bug-driven thareaxperts, that are firstly
concentrating on understanding the program. The participa finds bugs when read-
ing the code and P3 finds the bugs after the code is red and &ginTdovices use a
lot of guessing in think-aloud. In addition, novice P2 usasgging mostly related to
error and also when reporting the bugs. It is possible, thotigat some people speak
in a way that sounds like they are guessing when they arelpcas&ing careful ques-
tions. The participant P1 thinks-aloud mostly things mdiato visualization and the
other participants related to the code. The participantrfeBR4 talk in several differ-
ent levels of origin than do the participants P1 and P2. Theggzant P3 is the one
closely comparing visualization to the code and the pgict P2 is the one validating
manually the things he/she sees the program calculate. artieipant P1 has the most
problems in seeing correctly what is there in the programnithe participant P4 does
not have this sorts of problems. The participant P1 does a&erany comments when
the participant P4 is commenting a lot.

About hypotheses
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It was supposed that expert programmers develop fasteerwaiad deeper of an un-
derstanding about the Java program (1st Hypothesis). Terieeded in finding the
bugs and the total amount of bugs could give some directiaefdeveloping un-

derstanding. Novice participants do not significantlyefifih debugging performance
compared to the expert P3 when the number of found bugs iooed. Participant

P4 is the only expert that clearly finds more bugs than anyr gthicipant does. The
participant P4 also finds the bugs in a relatively early stafgas/her debugging ses-
sion compared to the other participants who find their bugheatast stages of their
debugging sessions.

Experts were expected being of a more of an efficient debsggethat is, spend
less time and find more bugs in given time in task of debuggimgl (Hypothesis).
Surprisingly, finding bugs does not seem to be extremely fassxperts either. P4 is
the only one that seems to locate the bugs quite easy wheingehaé code. Anyhow,
experts find more bugs compared to the novices. Neverthaless if participant P3
gets high scores in pre-test, the outcome from the debuggisgjon is only 0.5 bugs
better than for the participant P2 who get the lowest predesres. In addition the
expert P4 finds the bugs in a relatively early stage of delmggsgssion when the other
expert P3 find the bugs near the finish. Both the novices P1 2diehétheir bugs in a
later stages of their sessions.

It was assumed that eye-gaze helps in revealing the way® qirtiblem solving pro-
cess when debugging (3rd Hypothesis). If the think-alowdqmol is the only source
of data, it will be uncertain what is really happening wheradipipant is quiet or not
referring with unequivocal terms to the objects of talk. @htdinately or not, analysis
considering the eye-gaze data is focusing mostly on thatsitus when eye-gaze was
conflicting with the think-aloud protocol. This way it is npbssible to make any re-
liable conclusions about the relations between think-Gilewtocol and eye-gaze as a
whole. Eye-gaze data was, also, supposed to give a deepetiovigink-aloud protocol
(4th Hypothesis). If there were no eye-gaze data, it woulgthmeen difficult to find
out if any of the participants have made any of the misinttgirons they do. Thanks
to eye-gaze data, it was possible to find interesting saonatihere participants do not
interpret correctly what they are seeing at the moment.
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5.1 Reliability, Validity and Researcher’s view

Reliability is met when no or very little errors or randomsésincluded (Nurmi et al.,
2006). Secondly, reliability can be shown by making two frexstly done measure-
ments giving equal results (Nurmi et al., 2006). Data wabe&yaid mechanically but
writing the think-aloud out, coding and analysis, desgite graphs from coded data,
was done manually. Human errors are possible but minimab ,Ahe coding between
the different sessions and similar situations are muligbigcked for human errors.

Ecological validity is met when the measurements meet thé werld situations
(Nurmi et al., 2006). Think-aloud is supposed to show theirthoughts during the
debugging session. Nevertheless, it is not a question d@ldifeedebugging situation:
experimenter is following you, time is limited, the numbébags is unknown and you
want to perform as good as possible because your performaneeorded for future
use. These facts may conclude to nervousness and stregsle Pedorm better or
poorer under some stress. This may also have an effect dadlond — that is, a per-
son is likely being silent or starts to bubble. On the otherdhahink-aloud might have
an effect on getting a better understanding of the code. ysuestions, wondering,
reading or commenting aloud the visualization, instrutticmutput or the code results
to a more of a self conscious perspective.

In addition there are some problems during the sessions ah@23. Interruptions are
due to some problems with visual tracking tool and havingritjet version of Jeliot
on use. This may have some effect on the performance durendehugging session.
That is, time meant for debugging is reduced by the interon@nd the participant’s
attention and mind is focusing on secondary issues instieid anain ones.

For ethical reasons and making the participants anonyntbes)ames and sexes are
not mentioned. When a study involves qualitative approaebearcher’s subjective
view shows in some measures in analysis and interpretatidrese are several views
according to several viewers and appendix includes origgxéual data from the four
think-aloud protocols to make more interpretations if rezedn addition, preconcep-
tion concerning the four participants’ level of expertise minimized by concentrating
firstly on the data received from the sessions and secondiy thik pre-test result are.
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6 Conclusions

The idea of this work was to study about the debugging procEsevice and expert
programmers. It was found, that the eye-gaze data helpteirpietation of think-aloud
protocol recorded from a debugging session (1st Questi@axe-data together with
think-aloud protocol helps in finding situations where tieduagger is denying the seen
or has mismatch about the seen and the things he/she is iexpecrsee (2nd Ques-
tion). Gaze-data offers the opportunity to see the focus@itgention and it is possible
to find the reasons for actions of the debugger via thinkglothe participants who
were seen as novice programmers performed also poorly inggdéty and vice versa.
This is why answering to the 4th question gives also an answire 3rd question.
It was found, that the novice debuggers talked about erisswahen not reporting
a bug (4th Question and 5th Question). In addition, the reodiebuggers also made
guestions more than the experts did. Only one of the two éxiebuggers was clearly
developing faster, wider and deeper of an understandingrtbeices according to the
amount of found bugs and the time spent in finding them (1sothgsis). The expert
debuggers found more bugs than the novices but both thetexpere not substantially
efficient (2nd Hypothesis). Eye-gaze was helpful when agpant did not make any
think-aloud. Eye-gaze helped in finding incorrect situagian problem solving pro-
cesses when debugging (3rd Hypothesis). Conflicting simabetween eye-gaze and
think-aloud protocol were found thanks to the eye-gaze @dteHypothesis). A prob-
lem about the work was that there was no standard codingmsyseteely on. Therefore,
future work should consider validating and verification e turrent codes and make
improvements if necessary. Future interest is, also, stgdgbout the possible moti-
vation aspect of the Jeliot 3 in program comprehension orablpm solving tasks e.g.
debugging. In this study, the analysis of the eye-gaze datalimited only to those
situations when a participant did not correctly interphet seen or was not expecting
something he/she saw. It could be considered, that the sinalf the eye-gaze data
with the think-aloud protocol could be more extensive irufatstudies. In addition,
the reasons that could make a good programmer a poor debtmgdrbe considered
to study in the future. The causality of a contradictory aiitons, where a debugger
tells different from the seen, could also be included infetstudies.
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Appendix 1: Textual data P1

Note: The times are in seconds.

1 xxx outo &&ni taustalla xxx

2 - xxx hiljaisuus xxx

31 xxx outo &ani taustalla xxx
32 - xxx hiljaisuus xxx

39 xxx outo &&ni taustalla xxx
41 - xxx hiljaisuus xxx

56 xxx hiiren liikutus xxx

58 xxx start-klikkaus hiirella ja kaynnistysaani xxx
59 xxx hiiren napsaus xxx

62 xxx hiiren liikutus xxx

66 xxx hiiren napsaus xxx

67 - xxx hiljaisuus xxx

68 xxx outo dani taustalla xxx
69 - xxx hiljaisuus xxx

76 mmm

77 xxx outo &&ni taustalla xxx
78 - xxx hiljaisuus xxx

81 xxx muu, "Ajattele vaan aéaneen." xxx
83 - xxx hiljaisuus xxx

85 mh

87 xxx nielaisu xxx

88 Nyt se luo sen olion.

90 - xxx hiljaisuus xxx

93 Ja.

94 - xxx hiljaisuus xxx

95 Neljalla hengella.

95 - xxx hiljaisuus xxx

100 mmm

102 - xxx hiljaisuus xxx

114 xxx outo &ani taustalla xxx
115 xxx hiiren liikutus xxx

116 xxx hiiren napsaus xxx
117 xxx hiiren napsaus xxx
118 xxx outo &ani taustalla xxx
119 xxx hiiren napsaus xxx
120 - xxx hiljaisuus xxx

124 mh

125 - xxx hiljaisuus xxx

126 xxx hiiren napsaus xxx Nyt lisd& uuden henkilon.
129 xxx hiiren liikutus xxx

132 xxx hiiren napsaus xxx
133 xxx hiiren napsaus xxx Nyt se lisaa taas.
136 xxx hiiren napsaus xxx
137 - xxx hiljaisuus xxx

138 xxx hiiren napsaus xxx
139 xxx hiiren napsaus xxx
140 - xxx hiljaisuus xxx

142 xxx nielaisu xxx

143 mmm xxx hiiren napsaus xxx
145 xxx hiiren liikutus xxx

146 - xxx hiljaisuus xxx

151 xxx hiiren napsaus xxx Lisaa henkilén.
152 - xxx hiljaisuus xxx

155 xxx outo &ani taustalla xxx
156 - xxx hiljaisuus xxx

157 xxx outo &ani taustalla xxx
158 - xxx hiljaisuus xxx

159 mmm

160 xxx hiiren liikutus xxx

165 xxx hiiren napsaus xxx
168 xxx hiiren napsaus xxx
169 - xxx hiljaisuus xxx

174 mh

176 - xxx hiljaisuus xxx
181 mmm

182 xxx hiiren napsaus xxx
184 mh
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185 - xxx hiljaisuus xxx

185 xxx hiiren napsaus xxx

186 xxx muu, "Ajattele vaan aéneen." xxx
188 Ainaki se taitaa nimet tallentaa véérin ihan.
190 xxx vetdéd henkeé xxx

191 xxx hiiren napsaus xxx

192 phh

195 xxx hiiren napsaus xxx

196 xxx hiiren napsaus xxx

197 xxx hiiren napsaus xxx

198 xxx hiiren liikutus xxx

201 xxx hiiren napsaus xxx

203 xxx hiiren napsaus xxx

205 xxx hiiren liikutus xxx

206 xxx hiiren napsaus xxx

207 xxx hiiren napsaus xxx

208 xxx hiiren napsaus xxx

210 xxx hiiren napsaus xxx

213 mmm

214 - xxx hiljaisuus xxx

214 xxx hiiren liikutus xxx

218 - xxx hiljaisuus xxx

226 Nyt se laskee xxx hiiren napsaus xxx perheen jasentehiioen napsaus xxx méaé
232 xxx hiiren napsaus xxx

233 xxx hiiren napsaus xxx

234 - xxx hiljaisuus xxx

236 Jonka se xxx hiiren napsaus xxx tais laskee vaarin.
238 - xxx hiljaisuus xxx

241 xxx hiiren napsaus xxx

242 - xxx hiljaisuus xxx

243 mmm

245 - xxx hiljaisuus xxx

248 xxx epaselva "No ni." xxx

249 - xxx hiljaisuus xxx

259 xxx hiiren napsaus xxx

260 - xxx hiljaisuus xxx

277 mh

279 Nyt se kay nyt niita perheen jasenia lapi.
281 - xxx hiljaisuus xxx

285 mmm Nyt se lisaa niité lapsia sinne.
286 - xxx hiljaisuus xxx

289 Ko

290 Sen xxx hiiren napsaus xxx lapsijoukon.
291 xxx hiiren liikutus xxx

294 xxx nielaisu xxx

295 - xxx hiljaisuus xxx

299 xxx hiiren napsaus xxx

301 xxx hiiren napsaus xxx

302 - xxx hiljaisuus xxx

304 xxx hiiren napsaus xxx

305 - xxx hiljaisuus xxx

310 mmm Nyt se.

312 Lahtee varmaan kdymaéan taas noita lapi.
314 - xxx hiljaisuus xxx

316 Henkildita.

317 - xxx hiljaisuus xxx

321 Joo. Nyt se kattoo onko ne lapsia.

322 - xxx hiljaisuus xxx

325 Jos se on totta, etté se on vanhempi, niin se
327 - xxx hiljaisuus xxx

329 mmm

330 - xxx hiljaisuus xxx

357 mmm 358 Nyt se on xxx hiiren liikutus xxx lisdnny sita hiditten ma:
362 - xxx hiljaisuus xxx

366 xxx hiiren napsaus xxx Kattooko xxx hiiren napsaus xxx biiren napsaus xxx toise henkilén, onko se lapsi. xxx hiimapsaus xxx Ei 0o.
371 Eiku.

372 - xxx hiljaisuus xxx

381 xxx hiiren napsaus xxx

382 xxx hiiren liikutus xxx

385 xxx hiiren napsaus xxx

386 - xxx hiljaisuus xxx

399 xxx outo &ani taustalla xxx

& jotenki yhella.
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400 - xxx hiljaisuus xxx

402 xxx hiiren liikutus xxx

405 Nyt se kirjottaa sita loo..silmukkaa vielaki. Kattoawean. Nyt kattoo vaan sen xxx epaselva "end.." xxx lapserarSapsi.
414 xxx hiiren liikutus xxx

415 - xxx hiljaisuus xxx

418 xxx hiiren liikutus xxx

420 Nyt.

423 Pyorayttany menee uuvestaan silmukkaan.
425 - xxx hiljaisuus xxx

431 5 on pienempi kuin 18.

434 - xxx hiljaisuus xxx

440 mmm

441 - xxx hiljaisuus xxx

443 Nyt se on.

445 Nyt se lahtee silmukasta ulos.
447 xxx vetda henkea xxx

448 Nyt se pallauttaa sen lasten. Lapset mitka se |oyti.
451 - xxx hiljaisuus xxx

453 xxx hiiren liikutus xxx

455 Nyt sen pitas tulostaa kait lapsien nimet.
457 - xxx hiljaisuus xxx

460 NULL

461 xxx hiiren liikutus xxx

464 - xxx hiljaisuus xxx

468 xxx hiiren napsaus xxx

469 xxx hiiren liikutus xxx

470 mmm

471 xxx nielaisu xxx

472 xxx hiiren liikutus xxx

474 xxx hiiren napsaus xxx

475 xxx hiiren liikutus xxx

478 mmm

479 NULL

483 xxx hiiren liikutus xxx

488 xxx nielaisu xxx

489 - xxx hiljaisuus xxx

493 xxx outo aani taustalla xxx
494 - xxx hiljaisuus xxx

496 mh xxx outo aani taustalla xxx
497 - xxx hiljaisuus xxx

500 mmm

501 Nyt se ottaa nuo lapsien xxx epselva "ja" xxx. Tutkii.
504 - xxx hiljaisuus xxx

514 xxx nielaisu xxx

515 - xxx hiljaisuus xxx

517 mh

518 - xxx hiljaisuus xxx

522 Nyt se laskee sita keskiméaarasta ikkee.
524 - xxx hiljaisuus xxx

526 mmm

527 - xxx hiljaisuus xxx

529 Tuolta se hakkee.

531 - xxx hiljaisuus xxx

532 Nolla.

533 - xxx hiljaisuus xxx

535 Nelja. Eiku.

537 xxx hiiren liikutus xxx

539 Nyt se hakkee niitte iat.

541 Silmukassa.

542 - xxx hiljaisuus xxx

545 xxx hiiren liikutus xxx

554 xxx nielaisu xxx

556 Nyt se yhistaa niité ikia, mutta.
558 - xxx hiljaisuus xxx

560 Eiko se laske niité yhteen.

563 - xxx hiljaisuus xxx

568 xxx hiiren liikutus xxx mmm
570 - xxx hiljaisuus xxx

574 xxx nielaisu xxx

576 xxx hiiren liikutus xxx

578 Viis jaettuna neljalla.

580 Se ei laskenu yhteen niita ikia. Se vaan si- lisas ne &iihéullee tuo virhe ainakkii.
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588 - xxx hiljaisuus xxx

593 xxx hiiren liikutus xxx

594 mmm

596 xxx hiiren liikutus xxx

597 - xxx hiljaisuus xxx

599 xxx hiiren liikutus xxx

601 Joo. Ainakkaa se ei noita xxx hiiren napsaus xxx ikiadaskyhteen.
606 Ja nimetki naemma laitto xxx hiiren napsaus xxx vaarin.
610 xxx 7 kertaa hiiren napsaus xxx

612 Se ei nimié& tainnu laittaa etes.

614 xxx hiiren liikutus xxx

628 xxx nielaisu xxx

629 xxx hiiren liikutus xxx

631 Nyt se luo sen uuven perheen.

633 xxx hiiren liikutus xxx

634 Ryhma.

635 xxx hiiren liikutus xxx

636 Perhe.

637 xxx hiiren liikutus xxx

639 4 henkee.

640 xxx hiiren liikutus xxx

648 - xxx hiljaisuus xxx

654 Nyt se tekee lapsiryhman.

656 - xxx hiljaisuus xxx

661 Nyt se luo aidin.

663 xxx hiiren liikutus xxx

664 New person.

665 xxx hiiren napsaus xxx

667 Sitte 0 nimmee.

669 Ei taija.

671 String pname.

672 - xxx hiljaisuus xxx

676 Ei xxx hiiren napsaus xxx hakenu xxx hiiren napsaus xgtatu
678 - xxx hiljaisuus xxx

679 xxx hiiren napsaus xxx

680 xxx hiiren napsaus xxx

683 xxx hiiren napsaus xxx

684 xxx hiiren napsaus xxx

685 xxx hiiren napsaus xxx xxx hiiren napsaus xxx
687 xxx hiiren napsaus xxx xxx hiiren napsaus xxx
691 xxx hiiren napsaus xxx

694 Nimeé. xxx hiiren liikkutus xxx Ei tainnu. xxx hiiren liikus xxx
698 xxx hiiren liikutus xxx Nyt se taas tekee uuve henkilén.
701 - xxx hiljaisuus xxx

704 mmm

705 xxx hiiren liikutus xxx

706 String pname.

708 Hakee ian, sukupuolen. Se hakee. Ottaa sukupuolentkedikka se olis pitanyt ottaa nimi.
714 xxx hiiren napsaus xxx

717 xxx hiiren napsaus xxx

721 xxx hiiren liikutus xxx

722 xxx hiiren napsaus xxx

723 mmm

725 xxx hiiren napsaus xxx

728 Nyt se sijott.

732 Hakee ian.xxx hiiren napsaus xxx

735 pagen

736 - xxx hiljaisuus xxx

739 xxx hiiren liikutus xxx

740 Tuossa on virhe. Nel. Psex sen pités olla &a pname.
746 xxx muu, “Eli sano vaa rivi." xxx

748 O66. Rivi 14.

751 xxx muu, "Luokka." xxx

752 Luokka xxx hiiren liikutus xxx 66 Person.

755 xxx muu, "J00." XXX

756 xxx hiiren liikutus xxx

758 xxx hiiren napsaus xxx

759 - xxx hiljaisuus xxx

769 xxx hiiren liikutus xxx

771 mmm

772 - xxx hiljaisuus xxx

777 xxx hiiren liikutus xxx
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778 - xxx hiljaisuus xxx

782 xxx muu, "Yrité vaan aéneen ajatella." xxx

784 Joo-o.

785 Nyt se taas luo niita.

786 Nyt se on luonu sen perheen.

788 - xxx hiljaisuus xxx

797 mmm

798 Nyt se lahtee kdymaan sita perhetta lapi.

800 - xxx hiljaisuus xxx

809 mh

810 - xxx hiljaisuus xxx

814 xxx nielaisu xxx

815 - xxx hiljaisuus xxx

819 mmm

820 - xxx hiljaisuus xxx

824 xxx outo &ani taustalla xxx

825 - xxx hiljaisuus xxx

830 Se kay nyt tas silmukoita lapi.

832 - xxx hiljaisuus xxx

839 xxx kello xxx

841 xxx muu, "2 minuuttii jaljella." xxx

842 Joo.

843 Se kay sita tuolla silmukalla lapi.

845 - xxx hiljaisuus xxx

846 xxx nielaisu xxx

847 - xxx hiljaisuus xxx

854 xxx hiiren liikutus xxx

857 Tutkii xxx epaselva "™ xxx xxx hiiren napsaus xxx pertses
859 xxx hiiren napsaus xxx xxx hiiren napsaus xxx
860 - xxx hiljaisuus xxx

878 xxx hiiren napsaus xxx

879 xxx hiiren napsaus xxx

880 - xxx hiljaisuus xxx

882 xxx hiiren napsaus xxx

883 Nyt se xxx hiiren napsaus xxx lahtee hakemaan niitadapsi
886 - xxx hiljaisuus xxx

888 Neljan kokonen

890 - xxx hiljaisuus xxx

891 xxx hiiren napsaus xxx
892 xxx hiiren napsaus xxx
900 xxx nielaisu xxx

901 mh

902 Nyt se luo. Taulukon tais luoda.
905 Johon se laittaa ni. xxx epaselva
911 - xxx hiljaisuus xxx

920 Silmukka niin pitkdan ku on pienempi ku tuo perheen koko.
925 Se menee siihe silmukkaan.

927 Hakee ensimmaisen.

928 - xxx hiljaisuus xxx

930 Eiku tuo. Se haettu ei 0o koska se nyt vertaa onko se pigentoi se.
937 18 pienempi tai alle 18. Ei ole.

941 xxx vetaa henkea xxx

942 - xxx hiljaisuus xxx

954 xxx outo &ani taustalla xxx

XXX niita perheesitafaittaa.

955 - xxx hiljaisuus xxx
956 - xxx hiljaisuus xxx
958 Ko-

959 xxx kello xxx

960 xxx loppu xxx
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Appendix 2: Textual data P2

Note: The times are in seconds.

0 xxx melua xxx

2 xxx muu, "Tossa on ohjeet..sita." Xxx

4 xxx melua xxx

97 xxx vetaa henkea xxx

98 xxx melua xxx

107 xxx muu, "Sie voit sit koodia katella, ni vaa paina siéittia sielta.”
111 - xxx hiljaisuus xxx

113 Laittas viela tuon kertaalleen, etta varmasti on sigtemartany tuon.
114 xxx muu, "Saa siihe palataki, etta ei se." xxx
120 - xxx hiljaisuus xxx

131 xxx outo &ani taustalla xxx

132 - xxx hiljaisuus xxx

146 xxx hiiren liikutus xxx

150 xxx start-klikkaus hiirella ja kaynnistysaani xxx
152 xxx muu, "Tosiaan ajattele vaan aéneen sitten koko Méé.naat ja mité mietit." xxx
159 Joo. Vaan ei oikein nyt ma tarkastan nuo tietojasenstauo
165 M& meen tohon a- alustusvaiheeseen.

167 xxx kréhom xxx

168 xxx vetdéd henkeé xxx

170 - xxx hiljaisuus xxx

172 xxx kréhom xxx

173 xxx outo &ani taustalla xxx

180 boolean isAChild.

183 Palautt- palauttaa ian jos se on yli 18.

188 - xxx hiljaisuus xxx

190 Print metodi

191 Tulostaa nimen.

192 - xxx hiljaisuus xxx

200 xxx krohdm xxx

201 - xxx hiljaisuus xxx

216 xxx hiiren napsaus xxx

217 - xxx hiljaisuus xxx

220 xxx hiiren napsaus xxx xxx hiiren liikutus xxx
222 - xxx hiljaisuus xxx

232 xxx outo &ani taustalla xxx

237 xxx vetaa henkea xxx

240 - xxx hiljaisuus xxx

243 xxx hiiren napsaus xxx

244 - xxx hiljaisuus xxx

245 xxx hiiren napsaus xxx

246 - xxx hiljaisuus xxx

247 - xxx hiljaisuus xxx

250 xxx hiiren napsaus xxx

251 - xxx hiljaisuus xxx

253 xxx hiiren napsaus xxx

254 - xxx hiljaisuus xxx

261 Jos ihmettelet, et mé oon hiljaa, ni en ma oikeestaatelgakayn vaan tata koodia lapi.
268 xxx muu, "J00-0." XXX

269 xxx muu, "Kerro vaan, etta mita ajattelet" xxx
272 - xxx hiljaisuus xxx

273 xxx hiiren napsaus xxx

274 - xxx hiljaisuus xxx

288 xxx hiiren napsaus xxx

290 xxx hiiren liikutus xxx

291 - xxx hiljaisuus xxx

313 No tuossa on tuo xxx hiiren napsaus xxx keta yrittas satinetodi. xxx hiiren napsaus xxx
316 Katotaanpas sita xxx hiiren napsaus xxx lapi.
319 - xxx hiljaisuus xxx

329 xxx krohdm xxx

330 - xxx hiljaisuus xxx

336 xxx hiiren napsaus xxx

337 - xxx hiljaisuus xxx

340 xxx hiiren napsaus xxx

341 - xxx hiljaisuus xxx

342 xxx epaselva "Cain" xxx

344 - xxx hiljaisuus xxx

346 xxx krohom xxx
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347 - xxx hiljaisuus xxx

348 Elikka tuossa on joku Cain ja sit tuolla on Cain.
354 Ootahan.

355 - xxx hiljaisuus xxx

357 Ei. Ei 0o.

419 xxx epaselva "Onha meilla tuossaki Cain." xxx

361 - xxx hiljaisuus xxx

364 xxx muu, "Nyt kylla haittaa se." xxx

366 Torni, vai?

367 xxx muu, " xxx epaselva "Hiiri-" xxx kasi tuota." xxx
368 Jaa.

369 - xxx hiljaisuus xxx

370 xxx hiiren napsaus xxx

371 xxx muu, "Yrita vaikka hiirella véaha" xxx xxx hiiren naguss xxx Xxxx muu, "osottaa sita, etta." xxx
374 xxx hiiren liikutus xxx

375 - xxx hiljaisuus xxx

379 xxx muu, "Ja ajattele vaan" xxx epaselva "riveja" xxx xamu, "aéaneen." xxx
381 - xxx hiljaisuus xxx

382 xxx hiiren napsaus xxx

383 mmm

384 xxx hiiren napsaus xxx

385 xxx hiiren napsaus xxx

386 xxx hiiren napsaus xxx

387 Mina yritan selvittaa.

388 Etta, minkahan takkii tuossa yrittaa kovasti xxx epaséthild” xxx in the firstFamily olla ni. Pitas tulostaa mies, niin minkahan takkii se laittaa female sukupuolen
siihen. Kuin niin.

401 xxx hiiren liikutus xxx

402 xxx hiiren napsaus xxx

403 - xxx hiljaisuus xxx

404 xxx vetaa henkea xxx

407 - xxx hiljaisuus xxx

424 xxx hiiren napsaus xxx

425 - xxx hiljaisuus xxx

442 xxx hiiren napsaus xxx

443 xxx muu, "Jos vaha siirryt oikeelle xxx hiiren likutusx ni ei oikein toinen silma xxx hiiren napsaus xxx meinagyd. xxx hiiren napsaus xxx No, ni. Se on parempi.
XXX

449 - xxx hiljaisuus xxx

450 xxx muu, "Tai no siirry taas véha oikeelle." xxx

454 xxx muu, xxx epaselva "Nojaat sen varaan."xxx JOo.xxx
457 - xxx hiljaisuus xxx

467 Mina lasken nyt noita ikia tuosta yhteen.

470 35 plus 40.

473 Plus 10.

474 Siit tulee 85 90.

478 Joo.

479 - xxx hiljaisuus xxx

482 xxx hiiren liikutus xxx

483 - xxx hiljaisuus xxx

484 firstFamily piste include mum, dad, bigBrother, littteBher.
489 Joo.

490 - xxx hiljaisuus xxx

491 xxx hiiren napsaus xxx

492 xxx hiiren napsaus xxx

493 xxx muu, "Kierratko taas vaha sinne oikeelle."

495 xxx outo aani taustalla xxx

499 - xxx hiljaisuus xxx

510 xxx hiiren napsaus xxx

511 children piste get discrapson. xxx hiiren napsaus xxahAo
515 xxx hiiren liikutus xxx

517 xxx hiiren napsaus xxx

518 - xxx hiljaisuus xxx

523 xxx hiiren napsaus xxx

524 xxx hiiren liikutus xxx

525 - xxx hiljaisuus xxx

530 xxx hiiren napsaus xxx

531 - xxx hiljaisuus xxx

535 xxx hiiren napsaus xxx

536 - xxx hiljaisuus xxx

483 xxx hiiren liikutus xxx

544 xxx hiiren napsaus xxx

545 - xxx hiljaisuus xxx

549 xxx hiiren liikutus xxx
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550 - xxx hiljaisuus xxx

552 xxx hiiren napsaus xxx

553 - xxx hiljaisuus xxx

560 xxx hiiren napsaus xxx

561 xxx hiiren napsaus xxx

562 - xxx hiljaisuus xxx

569 xxx hiiren napsaus xxx

570 - xxx hiljaisuus xxx

571 xxx hiiren napsaus xxx

572 - xxx hiljaisuus xxx

583 xxx hiiren napsaus xxx

584 xxx hiiren napsaus xxx

585 - xxx hiljaisuus xxx

603 xxx hiiren liikutus xxx

604 - xxx hiljaisuus xxx

619 xxx hiiren napsaus xxx

620 - xxx hiljaisuus xxx

621 xxx hiiren napsaus xxx

622 xxx hiiren liikutus xxx

623 - xxx hiljaisuus xxx

626 Elikka, ku ihmisia oli 4. Ja.
630 Virheellinen tulos sitte keskiméaéaréinen ika.
635 Keskimaarainen ika on 1,85.
639 Tarkottaakohan se sité sit, etté se jakaa tuon Abelid:1&n
642 - xxx hiljaisuus xxx

647 xxx vetaa henkea xxx

649 - xxx hiljaisuus xxx

658 xxx hiiren liikutus xxx

659 - xxx hiljaisuus xxx

660 xxx muu, "Jatka vaan sita daneen ajattelua." xxx

661 - xxx hiljaisuus xxx

662 xxx hiiren napsaus xxx

669 xxx hiiren napsaus xxx

670 Minka ihmeen takii se tuo taalla kun lukee tuo AverageAge hiiren liikutus xxx niin age on pienella, mut miks se tslaa sen isolla xxx hiiren liikutus xxx
alkukirjaimella.

681 xxx hiiren napsaus xxx

682 - xxx hiljaisuus xxx

684 mmm

685 - xxx hiljaisuus xxx

687 xxx hiiren napsaus xxx

688 xxx muu, "Siina on kylla ihan kirjoitusvirhe, etta." xxx

691 Nii. Pakko olla.

692 - xxx hiljaisuus xxx

696 xxx hiiren napsaus xxx

698 xxx epaselva " "
699 xxx muu, "Vois mainita xxx epaselva " xxx " tuosta ohjeesxx

703 - xxx hiljaisuus xxx

707 xxx hiiren napsaus xxx

708 - xxx hiljaisuus xxx

718 xxx hiiren napsaus xxx

779 Pitaa et-. Koitan ehtii, ettd misté se tulostaa tuotahii®en napsaus xxx sukupuolta noin kovasti.
725 xxx hiiren napsaus xxx

726 xxx hiiren napsaus xxx

727 xxx hiiren liikutus xxx

XXX

728 xxx vetaéd henkeé xxx
729 - xxx hiljaisuus xxx
730 xxx hiiren napsaus xxx
731 - xxx hiljaisuus xxx
737 xxx hiiren napsaus xxx
738 - xxx hiljaisuus xxx
746 xxx hiiren napsaus xxx
747 - xxx hiljaisuus xxx
751 xxx hiiren napsaus xxx
752 - xxx hiljaisuus xxx
763 xxx hiiren napsaus xxx
764 - xxx hiljaisuus xxx
769 xxx hiiren napsaus xxx
770 - xxx hiljaisuus xxx
784 xxx hiiren napsaus xxx
785 xxx hiiren napsaus xxx
786 xxx hiiren napsaus xxx xxx hiiren napsaus xxx
787 - xxx hiljaisuus xxx
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806 xxx hiiren napsaus xxx

807 xxx hiiren napsaus xxx

808 - xxx hiljaisuus xxx

812 xxx hiiren napsaus xxx

813 - xxx hiljaisuus xxx

815 xxx hiiren liikutus xxx

816 - xxx hiljaisuus xxx

824 xxx hiiren napsaus xxx

825 xxx hiiren napsaus xxx

826 - xxx hiljaisuus xxx

827 QOisikohan yks virhe tuossa, etta. Etta suo- tulostaaltiéren in the first family are.
835 Ottas nama tasta pois, ni naa. children is get discréaft.

840 Kirjottas vaan family tilanne.

843 Ei mulla oikein muuta tuohon oo. Oikein muuta kehitella.

845 xxx muu, "Sano vain rivi" xxx

847 Mita?

848 xxx muu, "Etta sano vaan rivi ja luokka" xxx
851 101 ja 102 on rivit.

853 - xxx hiljaisuus xxx

857 Ja, jaa.

858 - xxx hiljaisuus xxx

860 xxx muu, "Jos saat sita tosiaan, etta xxx epaselva
863 Sitten tuo group nayttés olevan tuo luokka.
867 - xxx hiljaisuus xxx

872 Hankala ohjelma, kun ei akkiseltaan paase jyvalle td4igsa ois mikaki virhe.

877 - xxx hiljaisuus xxx

878 xxx hiiren liikutus xxx

880 xxx hiiren napsaus xxx

881 - xxx hiljaisuus xxx

884 Nii ja sit xxx hiiren napsaus xxx tuo kirjotusvirhe tuasscx hiiren liikutus xxx niinku rivilla 110. xxx hiiren nass xxx Tuo tuo average age kohalla.
891 xxx hiiren napsaus xxx

892 xxx muu, "M-m" xxx

ek "

893 - xxx hiljaisuus xxx

894 xxx hiiren napsaus xxx xxx hiiren liikutus xxx

895 Siis tda varmas- rivilla 111 on myos yks virhe. Koska ibesti tuo tamanhetkinen ohjelma ni jakaa 4:lla tuon Abigin 5 jaettuna 4lla on 1,25. Siina lienee virhe.
909 - xxx hiljaisuus xxx

912 xxx hiiren liikutus xxx

914 Mutta, xxx hiiren napsaus xxx mutta.

917 Mista. Mista se tulostaa nuo femalet ja malet tuohon xixemnapsaus xxx alkuun.
922 - xxx hiljaisuus xxx

928 xxx hiiren napsaus xxx

929 xxx hiiren liikutus xxx Sitte.

930 xxx kello xxx

931 xxx muu, "2 minuuttia on viela jalella" xxx

933 - xxx hiljaisuus xxx

936 xxx hiiren napsaus xxx

937 - xxx hiljaisuus xxx

938 xxx hiiren liikutus xxx

939 - xxx hiljaisuus xxx

941 Joo, joo. Tuossa rivilla nelkyténelja vissiin tuo pappois, ni se jattas tuon suku- sukupuolet tulostelematta.
950 xxx hiiren napsaus xxx

951 - xxx hiljaisuus xxx

953 xxx vetaa henkea xxx

954 - xxx hiljaisuus xxx

958 xxx hiiren napsaus xxx

959 - xxx hiljaisuus xxx

965 xxx hiiren napsaus xxx

966 - xxx hiljaisuus xxx

980 xxx hiiren napsaus xxx

981 - xxx hiljaisuus xxx

999 xxx hiiren napsaus xxx

1000 - xxx hiljaisuus xxx

1002 xxx hiiren napsaus xxx

1003 - xxx hiljaisuus xxx

1006 Just tuossa nextPerson-metodissa hi varmaan tussééa. Tuo ehto on varmaan jotenki vaarin maaritelty.
1015 Kun sen laittaa NextPersonindex = 0 niin se varmaamtidsetuon.

420 No en tiia, mut joka tapauksessa tuossa nayttas oletain fuiikkaa kylla.

1025 Etta rivilla 50 ja 51.

1027 - xxx hiljaisuus xxx

1033 xxx hiiren napsaus xxx

1034 xxx hiiren napsaus xxx

1035 - xxx hiljaisuus xxx
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1036 xxx hiiren napsaus xxx

1044 xxx hiiren napsaus xxx

1050 xxx kello xxx xxx hiiren napsaus xxx
1051 Aha xxx loppu xxx
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Appendix 3: Textual data P3

Note: The times are in seconds.

3 xxx muu, "Elikka nyt voit alottaa ne." xxx

4 Elikka pitaaks nyt klikata nyt ekaks tasté vai? Vai pitaghs lukee ekaks toi?
8 xxx muu, "Voit lukee niita ohjeita ekana.”

9 Joo.

10 - xxx hiljaisuus xxx

12 Naita ei tarvii ajatella viela aédneen naita ohjeita? gko?

14 xxx muu, "Ei tarvi." xxx

15 Ok. No sitte.

16 xxx vetaa henkea xxx

17 - xxx hiljaisuus xxx

26 xxx muu, "Se riittda, ku ajattelet sitte 4aaneen ku alotat

28 Ok.

29 - xxx hiljaisuus xxx

70 Elikka siis taa luokka niin siis aina taalta taa. Nimi jiestaas toi ja sitte ja mika rivi joo. xxx muu, "Sen voi senkia sisallon xxx epaselva xxx J00." Xxx
79 Ok. Ok. Ok.

82 xxx outo &&ni taustalla xxx

93 xxx Mhhy xxx

94 - xxx hiljaisuus xxx

101 Tuossa.

102 - xxx hiljaisuus xxx

106 xxx Mhhy xxx

107 Katotaan kuinka kay.

110 xxx hiiren liikutus xxx xxx start-klikkaus hiirellé jadynnistysaani xxx
111 Joo-o.

113 Eli tos on toi xxx hiiren liikutus xxx Person-olio.

117 xxx hiiren napsaus xxx

118 Siella on ika ja nimi ja xxx hiiren napsaus xxx sukupuoli.

123 Ja xxx hiiren napsaus xxx tuo palauttaa sitten tiedéésix hiiren liikutus xxx, onx se xxx hiiren napsaus xxx &kaien tai isAChildi. xxx hiiren liikkutus xxx Ja.
132 xxx hiiren liikutus xxx

134 Toi on se tuo tulostus.

136 xxx hiiren liikutus xxx

137 Joo.

138 xxx hiiren napsaus xxx

139 Sit se taa xxx hiiren napsaus xxx ryhmitysjuttu.

143 - xxx hiljaisuus xxx

145 Mika tas on. Montako niita xxx hiiren liikutus xxx on déeja.

151 xxx hiiren napsaus xxx

152 Jaa-a

153 - xxx hiljaisuus xxx

155 Mitas muuta. Ryhma ja lisataan jotain ja.

161 xxx hiiren napsaus xxx

162 Seuraava tyyppi siind ryhmassa xxx hiiren napsaus ssiinki tuo.
166 - xxx hiljaisuus xxx

168 xxx hiiren napsaus xxx

169 - xxx hiljaisuus xxx

170 1&n keskiarvo.

172 - xxx hiljaisuus xxx

178 Lasketaan.

180 xxx muu, "xxx epaselva xxx vanha versio téasta ohjelmészse

184 Ai jaa. xxx naurahdus xxx

185 xxx hiiren napsaus xxx xxx hiiren liikutus xxx

187 Jaaha.

187 xxx hiiren napsaus xxx xxx hiiren napsaus xxx

188 xxx muu, "Taa on se uusin. Ei." xxx hiirennapsaus xxx xiiveh napsaus xxx xxx hiiren napsaus xxx
191 xxx epaselva xxx nyt tuo asken.

192 xxx hiiren napsaus xxx xxx muu, "Ootahan nyt." xxx xxx@ii napsaus xxx xxx hiiren liikutus xxx
194 Se on nytte se oikee. xxx hiiren liikutus xxx

196 Jaaha. Joo. xxx hiiren liikutus xxx

198 xxx muu, "Jatka vaan." Xxx

199 Noh. Mut-. Mmm. Joo. xxx Mhhy xxx

202 xxx hiiren liikutus xxx

203 Mihink&han xxx hiiren napsaus xxx ma nyt xxx hiirennassaxx jain. xxx hiiren liilkutus xxx Noh. xxx hiiren liilkutugxx Katotaan.
206 xxx hiiren napsaus xxx

207 Toi on toi ryhma taas ja.

211 Seuraava.
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214 Hetkinen xxx hiiren napsaus xxx naa kuuluu niinkun xxkeim napsaus xxx kaikki tdhan Group-luokkaan.
221 - xxx hiljaisuus xxx

222 Jaaha.

223 - xxx hiljaisuus xxx

224 Sitte perhe.

227 - xxx hiljaisuus xxx

229 Siella on sitten niita xxx hiiren napsaus xxx lapsi-x}xem napsaus Xxx.
235 Jaa-a.

236 - xxx hiljaisuus xxx

242 Palauttaa jotain.

244 Sit on main.

246 xxx hiiren napsaus xxx

247 xxx hiiren napsaus xxx

248 xxx hiiren napsaus xxx

249 Elikka ekaks tehaan se perhe. Ja.
252 sitten lapset. Ja.

256 Toi on

257 xxx hiiren napsaus xxx

258 - xxx hiljaisuus xxx

259 henkild.

261 xxx hiiren napsaus xxx

262 xxx hiiren liikutus xxx

263 Tos on xxx hiiren liikutus xxx aiti ja
266 - xxx hiljaisuus xxx

267 isé ja

268 pojat.

269 xxx hiiren napsaus xxx

270 xxx hiiren napsaus xxx

271 Ja sit ne lisataan sinne

272 - xxx hiljaisuus xxx

276 perheeseen. Ja.

277 xxx hiiren liikutus xxx

278 xxx hiiren napsaus xxx

279 Sit lasket-.

280 Katotaan niit xxx hiiren napsaus xxx lapsia.
284 - xxx hiljaisuus xxx

288 Joo.

289 xxx hiiren napsaus xxx

290 xxx hiiren liikutus xxx

291 - xxx hiljaisuus xxx

292 xxx hiiren napsaus xxx

293 xxx Mhhy xxx

295 Sitte.

297 Yks yrittaa hakee niita lapsia, mut sitte ei onnistukaan
304 - xxx hiljaisuus xxx

306 xxx hiiren napsaus xxx

307 xxx hiiren liikutus xxx

308 Mitas tossa on.

309 xxx hiiren napsaus xxx

310 xxx hiiren napsaus xxx

311 xxx hiiren liikutus xxx

313 xxx hiiren napsaus xxx

317 Katotaas. xxx hiiren napsaus xxx
321 xxx hiiren napsaus xxx

324 - xxx hiljaisuus xxx

325 Description hiiren napsaus xxx elikka sille perheellenmeta nyt mitaéan xxx hiiren napsaus xxx nimea.
338 xxx hiiren napsaus xxx

339 - xxx hiljaisuus xxx

342 Children xxx hiiren napsaus xxx hiiren napsaus xxx dpgon. Mikés tuo oli.
345 xxx hiiren napsaus xxx

347 xxx hiiren napsaus xxx

349 xxx outo &ani taustalla xxx

350 - xxx hiljaisuus xxx

353 xxx Mhhy xxx

356 xxx hiiren napsaus xxx

357 xxx hiiren napsaus xxx

358 - xxx hiljaisuus xxx

362 xxx Mhhy xxx

364 - xxx hiljaisuus xxx

368 xxx hiiren napsaus xxx

369 xxx hiiren liikutus xxx

370 Mikés. xxx hiiren liikutus xxx
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373 Noh.

374 xxx hiiren napsaus xxx

375 xxx hiiren napsaus xxx

376 firsFamily,

377 children,

379 get description. Mikas tuo nyt on.
382 firsFamily

383 xxx hiiren liikutus xxx

384 getChildren

385 xxx hiiren napsaus xxx

386 Elikk& se on niinkun tuo. xxx hiiren liikutus xxx
391 Tuo metodi, milla ne haetaan siihen.
398 Duoda duoda.

399 - xxx hiljaisuus xxx

403 xxx hiiren napsaus xxx

408 Tuossa jossain se on nyt maaritelty tuo, ettéd neon ajisid.
414 Onkos taa nyt missa.

416 xxx hiiren napsaus xxx

417 xxx hiiren napsaus xxx

418 People on

419 tuolla.

420 xxx hiiren napsaus xxx

421 Eiku.

423 xxx hiiren napsaus xxx

424 Mika xxx hiiren napsaus xxx ihmeen.
429 people.

430 - xxx hiljaisuus xxx

433 xxx hiiren napsaus xxx

434 - xxx hiljaisuus xxx

435 xxx hiiren napsaus xxx

436 Eihan taélla oo koko ollenkaan.

439 - xxx hiljaisuus xxx

443 Dah.

444 - xxx hiljaisuus xxx

448 xxx Mhhy xxx

449 - xxx hiljaisuus xxx

455 xxx hiiren napsaus xxx

458 Noh. xxx hiiren liikutus xxx xxx hiiren napsaus xxx

460 Mitas naa nyt xxx hiiren napsaus xxx ees xxx hiiren napgaw on.

463 xxx hiiren liikutus xxx xxx hiiren napsaus xxx
465 xxx hiiren napsaus xxx xxx hiiren liikutus xxx
466 Tuota tuota.

468 xxx Mhhy xxx

469 xxx hiiren napsaus xxx

470 xxx hiiren liikutus xxx xxx hiiren napsaus xxx
473 xxx hiiren napsaus xxx

478 xxx hiiren napsaus xxx

480 xxx hiiren napsaus xxx xxx hiiren liikutus xxx
482 Tapahtuukos tassa yhtaan.

484 xxx hiiren napsaus xxx

485 xxx hiiren liikutus xxx

487 xxx hiiren liikutus xxx

488 Jottai.

490 xxx hiiren napsaus xxx

495 xxx hiiren napsaus xxx

497 Siina on perhe.

499 - xxx hiljaisuus xxx

500 xxx hiiren napsaus xxx

502 Sitten luodaan se.

504 - xxx hiljaisuus xxx

506 xxx hiiren napsaus xxx

508 xxx hiiren napsaus xxx

514 Niin joo se on xxx hiiren napsaus xxx tuolla.
517 - xxx hiljaisuus xxx

519 xxx hiiren napsaus xxx
520 Montako naita on.

521 xxx hiiren napsaus xxx
522 Niin.

523 xxx hiiren napsaus xxx
524 Tuossa xxx epaselva "™
526 - xxx hiljaisuus xxx

531 xxx epaselva "™

xxx luodaan.

Xxx menee sinne ihan ok.
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535 Missas taa nyt voisi olla.

537 xxx hiiren napsaus xxx

540 Nii. Jasilla on se xxx hiiren liikutus xxx kuvaus sielliommonen.
546 Eiku ei.

547 - xxx hiljaisuus xxx

551 xxx hiiren napsaus xxx

557 xxx hiiren napsaus xxx

558 xxx hiiren napsaus xxx

560 xxx hiiren napsaus xxx

561 xxx hiiren napsaus xxx

562 Mites taa nyt oikein on.

564 xxx hiiren liikutus xxx

565 xxx hiiren napsaus xxx

568 Tekeekohon

569 xxx hiiren napsaus xxx

570 xxx hiiren napsaus xxx

574 people.

575 xxx hiiren napsaus xxx

577 xxx hiiren napsaus xxx

578 xxx hiiren napsaus xxx

581 xxx hiiren napsaus xxx

582 xxx hiiren napsaus xxx

592 xxx Mhhy xxx

594 Kyl siita vois tuo.

596 xxx hiiren napsaus xxx

601 xxx hiiren napsaus xxx

602 xxx hiiren napsaus xxx

603 xxx hiiren napsaus xxx

604 Noi lapset.

606 xxx hiiren napsaus xxx Ryhma.

607 xxx hiiren napsaus xxx

609 Sit ne xxx hiiren napsaus xxx henkil6t.
612 xxx hiiren napsaus xxx

614 xxx hiiren napsaus xxx

617 xxx hiiren napsaus xxx

618 xxx hiiren napsaus xxx

620 xxx hiiren napsaus xxx

621 xxx hiiren napsaus xxx

623 Jaaha.

625 xxx hiiren liikutus xxx

626 Elikka noi ainaki xxx hiiren napsaus xxx menee tuonne.
629 - xxx hiljaisuus xxx

630 xxx hiiren napsaus xxx

633 xxx hiiren napsaus xxx

634 Ja se tekee ne xxx hiiren napsaus xxx sitten tuolla.
638 Jaaha.

639 xxx hiiren napsaus xxx

640 - xxx hiljaisuus xxx

646 Noin.

647 - xxx hiljaisuus xxx

650 xxx hiiren napsaus xxx

652 xxx hiiren napsaus xxx

653 xxx hiiren napsaus xxx xxx hiiren napsaus xxx
655 xxx hiiren napsaus xxx

656 Siella xxx hiiren napsaus xxx ja sit sama kaikille.
659 xxx hiiren napsaus xxx

660 xxx hiiren napsaus xxx xxx hiiren napsaus xxx
661 xxx hiiren napsaus xxx

662 xxx hiiren napsaus xxx

663 xxx hiiren napsaus xxx

664 xxx hiiren napsaus xxx xxx hiiren napsaus xxx
666 xxx hiiren napsaus xxx

667 xxx hiiren napsaus xxx

668 xxx hiiren napsaus xxx

669 xxx hiiren napsaus xxx

671 xxx hiiren napsaus xxx

672 xxx hiiren napsaus xxx

673 xxx hiiren napsaus xxx

674 - xxx hiljaisuus xxx

677 Mmm.

682 Elikka nyt siella on tuo.

684 Ja sit toi pikkuveli kans.
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628 - xxx hiljaisuus xxx

633 xxx hiiren napsaus xxx

698 Mitas se nyt rupes tekeméaan.

641 xxx hiiren napsaus xxx

642 xxx hiiren napsaus xxx

645 xxx hiiren liikutus xxx

706 Elikka jos.

648 xxx hiiren napsaus xxx

713 Tuota tuota.

656 - xxx hiljaisuus xxx

719 xxx hiiren napsaus xxx Jos ei 00.
720 xxx hiiren liikutus xxx

724 xxx hiiren napsaus xxx

727 firstFamily get children kun se lahtee.
729 xxx hiiren napsaus xxx xxx hiiren liikutus xxx
732 xxx hiiren napsaus xxx

736 Od0.tuota tuota

738 - xxx hiljaisuus xxx

743 xxx hiiren napsaus xxx

744 - xxx hiljaisuus xxx

745 xxx hiiren napsaus xxx

746 firstFamily getChildren xxx hiiren napsaus xxx ja xxxii liikutus xxx sit olevinaan katotaan jotain tuommostikka se nyt ois sitte.
755 xxx hiiren napsaus xxx

756 - xxx hiljaisuus xxx

762 xxx hiiren napsaus xxx

763 xxx hiiren napsaus xxx

764 - xxx hiljaisuus xxx

765 xxx hiiren napsaus xxx xxx hiiren napsaus xxx
766 xxx hiiren napsaus xxx

767 - xxx hiljaisuus xxx

768 xxx Mhhy xxx

769 Mités se nyt. xxx hiiren napsaus xxx
770 Niin nyt se laittaa ne sinne.

772 xxx hiiren napsaus xxx

773 xxx hiiren napsaus xxx

774 - xxx hiljaisuus xxx

775 xxx hiiren napsaus xxx

776 xxx hiiren napsaus xxx

777 - xxx hiljaisuus xxx

780 Jaaha.

781 xxx hiiren napsaus xxx

783 Onpas xxx hiiren napsaus xxx hassakka.
785 xxx hiiren napsaus xxx

786 Nii. xxx hiiren napsaus xxx Se nyt xxx hiirennapsaus aittda xxx hiiren napsaus xxx niita nyt tuonne.
790 xxx hiiren napsaus xxx

791 - xxx hiljaisuus xxx

792 xxx hiiren napsaus xxx

793 - xxx hiljaisuus xxx

794 xxx hiiren napsaus xxx

795 - xxx hiljaisuus xxx

797 xxx hiiren napsaus xxx

798 - xxx hiljaisuus xxx

799 xxx hiiren napsaus xxx

800 Ja sitten.

801 xxx hiiren napsaus xxx

802 xxx hiiren napsaus xxx

803 xxx hiiren napsaus xxx Lisaa.

805 xxx hiiren napsaus xxx

806 xxx hiiren napsaus xxx

807 xxx hiiren napsaus xxx

808 xxx hiiren napsaus xxx

809 xxx hiiren napsaus xxx

810 xxx hiiren napsaus xxx xxx Mhhy xxx
811 xxx hiiren napsaus xxx

812 xxx hiiren napsaus xxx

813 xxx hiiren napsaus xxx

814 xxx hiiren napsaus xxx

815 xxx hiiren napsaus xxx

816 Ja xxx hiiren napsaus xxx viela xxx hiiren napsaus xxx.yks
819 xxx hiiren napsaus xxx

820 xxx hiiren napsaus xxx

821 xxx hiiren napsaus xxx
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822 xxx hiiren napsaus xxx

823 xxx hiiren napsaus xxx

824 xxx hiiren napsaus xxx

825 xxx hiiren napsaus xxx

826 xxx hiiren napsaus xxx

827 xxx hiiren napsaus xxx

828 xxx hiiren napsaus xxx

829 xxx hiiren napsaus xxx

830 xxx hiiren napsaus xxx

831 xxx hiiren napsaus xxx

833 xxx hiiren napsaus xxx

835 xxx Mhhy xxx

836 Elikka nytpa ne on siina.

840 Nyt se rupee hakeen noitten lapsia.
842 xxx hiiren napsaus xxx

843 - xxx hiljaisuus xxx

844 xxx hiiren napsaus xxx

845 Elikka ekaks tuo tekee ton ryhman.
849 xxx hiiren napsaus xxx

850 - xxx hiljaisuus xxx

851 xxx hiiren napsaus xxx

852 - xxx hiljaisuus xxx

855 xxx hiiren napsaus xxx

856 xxx hiiren napsaus xxx xxx hiiren napsaus xxx
857 xxx hiiren napsaus xxx

858 - xxx hiljaisuus xxx

860 xxx hiiren napsaus xxx

861 Sitten mités se sitte tekee.

866 Tuolla String namessa oli jotain ihme.
869 xxx epaselva " xxx

870 xxx hiiren napsaus xxx Ni joo se tulostaa sitten niitéaie
875 Joo

876 - xxx hiljaisuus xxx

877 Téh.

878 xxx hiiren napsaus xxx

879 - xxx hiljaisuus xxx

880 xxx hiiren napsaus xxx

881 - xxx hiljaisuus xxx

882 Tassa nyt oo xxx hiiren napsaus xxx mitaan tolokkua tissémassa.
884 xxx hiiren napsaus xxx

885 - xxx hiljaisuus xxx

886 xxx hiiren napsaus xxx

887 - xxx hiljaisuus xxx

889 xxx kello xxx

890 xxx Mhhy xxx

891 xxx hiiren napsaus xxx

892 - xxx hiljaisuus xxx

893 xxx hiiren napsaus xxx

894 xxx muu, "Nii. Sullon en&a 2 minuuttia jalella." xxx
895 Joo-o0.

900 xxx hiiren napsaus xxx

901 - xxx hiljaisuus xxx

903 xxx hiiren napsaus xxx

905 Aika xxx hiiren napsaus xxx vahiin kylla jaapi virheen &a.
908 xxx hiiren napsaus xxx

909 people isAChild

910 xxx hiiren napsaus xxx

911 xxx hiiren napsaus xxx

912 Tuota. Mista se nyt oikein xxx hiiren napsaus xxx taddstxx hiiren napsaus xxx sen, etta onko.
918 Ai niin, se tuon ian perusteella. Niinpa xxx hiirennapsaxx tietysti.
921 xxx hiiren napsaus xxx

922 xxx hiiren napsaus xxx

923 xxx hiiren napsaus xxx

924 - xxx hiljaisuus xxx

925 xxx hiiren napsaus xxx

926 - xxx hiljaisuus xxx

928 xxx hiiren napsaus xxx

930 Ka siinahéan oli xxx hiiren napsaus xxx.
933 xxx hiiren napsaus xxx

934 xxx hiiren napsaus xxx

935 No niin.

936 - xxx hiljaisuus xxx
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938 No tossa nyt ainaki o virhe. Jos se tot-palauttaa tosatoFossa, tossa person-luokassa toi lapsijuttu jos sedamikli 18. Rivilla 19. Nii ei se kyllé lapsi. Lapsi silloin

0o0.
959 Jos se.

960 xxx hiiren napsaus xxx
962 xxx hiiren liikutus xxx
963 xxx hiiren napsaus xxx
965 Joo.

966 - xxx hiljaisuus xxx
975 xxx hiiren napsaus xxx
976 - xxx hiljaisuus xxx
980 xxx hiiren napsaus xxx
981 - xxx hiljaisuus xxx

982 Nii ja onhan tuossa, jos kattoo suoraan tota k mistaki itse

ki.Ni. Nyt vaha hahmottaa tata.Shin& vaan tossa rivilla 61 niin tyonnef

n vaan

tohon yhteen muuttujaan ni se ei kdy aina eiké sita plussataiiren likutus xxx siihen ollenkaan, niin se sitten jaksen vimesen ian niin si- silla niitten lukumaaralla, ni

siitdhan tulee ainaki toi kes- keskimaéarasen ian

1010 xxx kello xxx

1011 virhe.

1012 hih

1013 Loppu

1014 xxx muu, "Loppu’ XXx
1015 - xxx hiljaisuus xxx
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Appendix 4: Textual data P4

Note: The times are in seconds.

41 Eli nyt toa- ei 0. Niinku ei tarvihe ruveta korjaamaanaiiirheita, vaan etsia virheita, vai?
47 xxx muu, No. No jos haluat. Ihan xxx

49 Joo.

50 xxx muu, miten haluat.xxx

52 xxx hiiren liikutus xxx Mh-h.

54 - xxx hiljaisuus xxx

57 xxx vetaa henkeé xxx

60 - xxx hiljaisuus xxx

77 xxx outo &ani taustalla xxx

78 - xxx hiljaisuus xxx

83 xxx outo &&ni taustalla xxx

85 - xxx hiljaisuus xxx

90 xxx outo &ani taustalla xxx

91 - xxx hiljaisuus xxx

92 xxx outo &&ni taustalla xxx

97 xxx outo &&ni taustalla xxx

102 - xxx hiljaisuus xxx

105 Ok. xxx outo &ani taustalla xxx

106 xxx hiiren liikutus xxx

107 xxx start-klikkaus hiirella ja kaynnistysaani xxx

109 xxx vetaa henkea xxx xxx hiiren liikutus xxx xxx hiireiklitus xxx

111 Eli tuota.

112 xxx vetdéd henkeé xxx

113 - xxx hiljaisuus xxx

116 Tosta.

117 xxx hiiren liikutus xxx

118 Mistahan tata lahtis purkamaan.

120 Yks vaihtoehto ois ruveta tutkii noita tulosteita jaetassen xxx hiiren liikutus xxx perusteella selvittaa, etilia siella on. Kun toi esimerkiks noita xxx hiiren liikutus
xxx valitulosteita tekee xxx hiiren liilkutus xxx ihan seb&ti xxx hiiren napsaus xxx likaa. Mut katotaan nyt xxx éfiiikutus xxx et mita taa haluaa teknisesti teha.

135 xxx hiiren napsaus xxx

136 xxx outo &ani taustalla xxx
137 xxx hiiren liikutus xxx

138 Eli ajetaan sita.

138 xxx hiiren napsaus xxx

140 xxx hiiren napsaus xxx

142 xxx Duoda.

143 xxx hiiren napsaus xxx

144 Family.

147 Sitten xxx outo &ani taustalla xxx siella on.
151 xxx hiiren napsaus xxx

152 - xxx hiljaisuus xxx

153 xxx hiiren napsaus xxx

154 xxx epaselva Duupaduup. xxx
155 xxx hiiren napsaus xxx

156 xxx outo &ani taustalla xxx
164 - xxx hiljaisuus xxx

185 xxx outo &ani taustalla xxx
188 xxx hiiren liikutus xxx

189 xxx hiiren napsaus xxx

190 Joo.xxx hiiren napsaus xxx xxx hiiren liikutus xxx

191 Taytyy sanoa, et mé en ikiné ole kovin xxx hiiren napsaushirveesti noista xxx hiiren napsaus xxx animaatioistaréptanu kun koodia oppinu lukemaan, nii sita
melkein lukee xxx hiiren liikutus xxx mieluummin sit& xxxiren liikutus xxx koodia. Siit ei noista animaatioista enaisaa selvaa, et naa taa koodi pitaa ensiks ymmartaa,
ennen kun noista animaatioista xxx hiiren liikkutus xxx saa fiiren liikkutus xxx hirveesti mitaan.

210 Person-luokka.

212 Josta luodaan 4 oliota eli siihen tallennetaan siis noi
218 - xxx hiljaisuus xxx

220 ilmeisestikin henkilot.

222 Siella pitas olla nimi.

223 xxx vetaa henkea xxx

225 Eli.

226 xxx &hh xxx

230 xxx hiiren napsaus xxx

231 Ok eli tuota. xxx hiiren napsaus xxx xxx hiiren likutwex
233 Tuolla on. xxx hiiren napsaus xxx xxx hiiren likutus xxx
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234 xxx &hh xxx

237 xxx hiiren napsaus xxx

238 xxx ahh xxx

239 Nimeen xxx nappaimistélla kirjoitusta xxx annetaartauox nappaimistolla kirjoitusta xxx toi xxx hiiren liikkus xxx xxx &hh xxx sukupuoli tai.

245 xxx muu, Jos |6ydéat sano xxx

247 Eli

247 xxx muu, rivinumero xxx

248 rivi rivi kakstoista ja luokka Person.

251 xxx muu, Joo ja vika? xxx

253 Vikana oli se, etta ni- name-muuttujaan tallennetiiirdd sukupuoli vaikka sinne olis pitany tunkee se nimi. xiixem napsaus xxx Sen takia se ainakintulosti tuolta
ton femalen tuolla lopussa.

272 Mutta katellaan lisaa.

275 isAChild. xxx hiiren napsaus xxx Jos ik& on suurempaa k@8i xxx hiiren napsaus xxx Virhe. Person-luokka xxx hiilideutus xxx, rivi seitteméantoista xxx hiiren
liikutus xxx. ©&.isAChild-metodin nimi viittais siihen xxhiiren liikutus xxx, etta se palauttas truen, jos joku opsigia se on lapsi jos ika on alle kaheksantoista eika
suurempaa. Eli kdannetaan toisinpain xxx hiiren napsaxsoixxxx hiiren liikutus xxx

298 Ja printti xxx hiiren napsaus xxx niin printtaa oikeiti.gen jalkeen xxx hiiren liikutus xxx sen person-luokka xxikren napsaus xxx periaatteessa pitas olla kasassa.
307 xxx hiiren napsaus xxx

308 mmm xxx Mhhy XXX

310 xxx hiiren napsaus xxx

311 Family vois.

312 Family extendaa gruupppia Grouppi.
316 xxx hiiren liikutus xxx

317 Groupissa on Person-taulukko.

320 xxx hiiren liikutus xxx

321 Henkilémaara.

322 Miké on seuraava henkild.

325 mmm

327 description

328 Joo

329 xxx hiiren liikutus xxx

330 - xxx hiljaisuus xxx

331 xxx epaselva xxx People xxx epaselva xxx Person xxx fiisex People

337 xxx hiiren napsaus xxx

338 Luodaan tuo.

339 xxx hiiren napsaus xxx

342 Uus taulukko.

345 Missé ei o ketaan.

348 Sitten.

351 Lisataan sinne xxx hiiren napsaus xxx xxx hiiren napsanvakea.

355 - xxx hiljaisuus xxx

358 xxx ahh xxx xxx hiiren napsaus xxx

361 - xxx hiljaisuus xxx

364 Toi ei kylla 0o oikein. Nyt vaa ei osaa vield sanoa, etté&siihen pitas. Rivilla kolkytyheksan xxx hiiren likutusx on virhe. O. Include-metodissa, luokassa Group.
Ainakin minun logiikka sanoo, etté ei se voi olla toi numb#P€ople xxx hiiren napsaus xxx toi sijotuspaikka xxx hiirepsaus xxx xxx hiiren napsaus xxx vaan se pitaa
olla joku muu, mutta sit& pitaa kattoo kohta lissee.

385 - xxx hiljaisuus xxx
387 xxx suun maiskahdus xxx xxx outo &&ni taustalla xxx
388 Eikun xxx hiiren napsaus xxx hetkinen. Kyllahan se nyt kiiren napsaus xxx periaatteessa xxx outo aani taustedomn sita kaytetaan noin.

397 Aluks on 0 ja sitte on.
399 Joo, kyl se sittenki toimii. Ei siina o mitaan.
400 Se lisataan. Kyl se laskee sita xxx hiiren napsaus xoxtxa hiiren napsaus xxx oikein.

408 xxx vetaa henkea xxx xxx hiiren liikutus xxx
411 Mmm. nextPerson xxx hiiren liikutus xxx palauttaa xxidm likutus xxx seuraavan henkilon.

417 xxx hiiren liikkutus xxx.

418 xxx hiiren liikutus xxx

419 mmm xxx hiiren liikutus xxx

420 - xxx hiljaisuus xxx

425 people-taulukosta xxx hiiren liikutus xxx NextPersuiex plusplus.

432 - xxx hiljaisuus xxx

436 xxx hamm xxx Ja tuossa taas pitdis muistaa, ettd onkoxseepéselva xxx. Oliko se xxx vetaa henkea xxx plusplus cikaedlisséd. No, sen nakee kohta. Eli toi
xxx hiiren napsaus xxx plusplusa xxx hiiren napsaus xxxwt#tako se. Kerkiikd se vaikuttaa tohon vai vaikuttaakoasas seuraavaan ja kummin se pitda olla xxx hiiren
liikutus xxx, mut sita ei viela muista osaa kattoa.
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456 xxx vetda henkea xxx
458 NextPerson i-xxx epaselva xxx on pienempaa kun numiseale.
463 - xxx hiljaisuus xxx

464 Pienempaa tai yhta suurta, niin sitten nollataan.

471 - xxx hiljaisuus xxx

473 mmm xxx hiiren likutus xxx

474 Ei. Toi ei ainakaan luultavasti xxx hiiren napsaus xxx kiiren napsaus xxx toimi. Rivi 50 xxx hiiren napsaus xxafise, luokassa Group.

481 xxx hiiren napsaus xxx xxx hiiren liikutus xxx

483 0606 xxx hiiren liikutus xxx

484 Verrataan xxx hiiren liikutus xxx Personindexia xxx&ii liikutus xxx ja jos se on xxx hiiren liikkutus xxx pienen#gxx hiiren liikkutus xxx kun mika tahansa oikeestaan,
niin sitten nollataan.

494 Loogisesti ajatellen, nin jos se on suurempaa tai yhtéiaunin sit sen pitas varmaan hypata takasin nollaan. i &ni taustalla xxx Kun muutenhan se.
505 mmm

507 siita ei voi saaha ulos ku sen suurinpiirtein 1. tai 2ptgy

513 - xxx hiljaisuus xxx

516 Aa. Ikaa se ei osaa laskee oikein, mut sekin vois itsssssjahtua tosta samasta ongelmasta xxx hiiren napsausaoobiiren likutus xxx ja jollain tapaa.
526 xxx vetaa henkea xxx

528 mmm

530 Nollasta.

531 People length.

532 - xxx hiljaisuus xxx

535 Pienempaa kylla.

537 for-lause kunnossa.

538 Summaan xxx outo &&ni taustalla xxx lisataan
599 - xxx hiljaisuus xxx

542 iat.

543 - xxx hiljaisuus xxx

546 xxx outo aani taustalla xxx xxx hiiren liikutus xxx
548 xxx outo &ani taustalla xxx

550 xxx hiiren liikutus xxx

554 Mutta, niin.

xxx hiiren liikutus xxx

557 Ei se nyt xxx hiiren napsaus xxx ihan toimi xxx hiiren reypsxxx xxx hiiren liikutus xxx koska tuota.

562 - xxx hiljaisuus xxx

563 aaa xxx hiiren liikutus xxx

564 Siel ei valttamatta ois niin montaa niita, mutta. Tode@sesti xxx hiiren liikkutus xxx oletus on se ah, etta 66yhpen henkilditten xxx hiiren napsaus xxx maara on
vastaa sita mita se onki.

579 Joo.

579 - xxx hiljaisuus xxx

580 xxx vetaa henkea xxx

581 xxx hiiren liikutus xxx

585 Familyn pitas extendata se sitte.

587 Tatéa koodia lukiessa menee suurinpiirtein taa 6 viasianinuuttia, etté tan saa xxx muu, Mh xxx ymmarrykseen., Moi.

595 xxx hiiren liikutus xxx

596 xxx hiiren liikutus xxx

600 xxx hiiren liikutus xxx

602 No, xxx hiiren liikkutus xxx xxx hiiren napsaus xxx kataganyt valilla xxx epaselva ku & xxx xxx hiiren napsaus xxx kiiren liikutus xxx haittasko korjaukset vai xxx
hiiren napsaus xxx auttoko ne.

610 xxx hiiren liikutus xxx

612 xxx outo &ani taustalla xxx

617 xxx hiiren liikutus xxx

619 xxx outo &ani taustalla xxx

621 Okei. Nyt sinne nimet menee ainaki ihan oikein.
626 - xxx hiljaisuus xxx

631 xxx hiiren liikutus xxx xxx hiiren napsaus xxx
634 Se ei sinansa oo.

636 - xxx hiljaisuus xxx

638 xxx hiiren napsaus xxx

639 xxx hiiren napsaus xxx

640 xxx hiiren napsaus xxx

641 - xxx hiljaisuus xxx

642 Hirvee héta.

643 - xxx hiljaisuus xxx

654 xxx outo &ani taustalla xxx

656 - xxx hiljaisuus xxx

669 xxx hiiren napsaus xxx

670 Jaa-a.
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671 xxx hiiren liikutus xxx
672 Nyt se tulostelee varmaan noita. Noita, mitka on virlesteissa merkitty female, male, male, male.

680 Eve, Adam, Cain, Abel. Kylla.

684 - xxx hiljaisuus xxx

689 xxx outo &ani taustalla xxx

691 Duddaduo.

692 - xxx hiljaisuus xxx

694 Joskus Nikolle ehotin, etta tassa pitas iha ehottoroiatsemmone xxx hiiren likutus xxx semmone breakpoirtigioka pystys xxx muu, M-m xxx asettamaan. Et sen
sais niinku nuo tulosteet 6 xxx hiiren liikkutus xxx skipatt®i animaatio xxx hiiren liikkutus xxx siihen asti. xxx hein likutus xxx Koska xxx hiiren liikkutus xxx tassaki jos
tata haluaa kattoo naité xxx hiiren liikutus xxx lopputusidki, ni se vaikka animaation nopeus olis taysilla nii $egiitkaan tota pydorittelee.

778 xxx outo &ani taustalla xxx

723 Dumdum.

725 Joo-o0.

726 - xxx hiljaisuus xxx

736 Ok. Eli se ei viela noita teksteja tuolta ei saa. Chil-@iggionit ei mee tonne xxx outo &&ni taustalla xxx oikeigiaikkoihin, mutta la- osaisko se nyt noi lap- lapset
sitte laskee.

749 - xxx hiljaisuus xxx

755 Ei sinne painkaan.

747 - xxx hiljaisuus xxx

780 xxx vihellysta xxx

783 Yhtaan xxx hiiren likutus xxx korjausta xxx hiiren lilkus xxx ei viela saatu aikasiks. xxx hiiren napsaus xxx xiceh liikutus xxx Mikéas siina.
786 xxx hiiren napsaus xxx

787 xxx hiiren liikutus xxx

788 xxx hiiren liikutus xxx

789 mm-h-h-h-hh

790 xxx hiiren liikutus xxx

792 xxx hiiren napsaus xxx

793 xxx hiiren liikutus xxx

794 - xxx hiljaisuus xxx

796 mmm

797 xxx hiiren liikutus xxx

798 xxx hiiren liikutus xxx

799 xxx hiiren liikutus xxx

800 - xxx hiljaisuus xxx

802 xxx epaselva xxx

807 Eli eli.

808 - xxx hiljaisuus xxx

811 xxx hiiren napsaus xxx xxx hiiren liikutus xxx

812 Joo se kuttuu childrenista getDescriptionia, niin inslesei sitten anna sité ulos.
821 Onko childrenilla xxx hiiren liikutus xxx xxx hiiren kiutus xxxdescription.
824 - xxx hiljaisuus xxx

825 xxx hiiren napsaus xxx

826 xxx hiiren napsaus xxx Children-luokka on xxx hiireftitus xxx hetkinen.
831 xxx hiiren napsaus xxx xxx hiiren liikutus xxx

832 xxx hiiren liikutus xxx

834 xxx hiiren napsaus xxx xxx hiiren napsaus xxx

835 xxx hiiren napsaus xxx Grouppi.

896 xxx hiiren liikutus xxx

898 xxx hiiren liikutus xxx xxx hiiren napsaus xxx

899 xxx hiiren napsaus xxx Groupin xxx hiiren napsaus xxxctpsoni luodessa xxx hiiren napsaus xxx xxx hiiren liilkatxxx periaatteessa sinne pités sijottaa.
847 xxx hiiren napsaus xxx

848 - xxx hiljaisuus xxx

849 xxx hiiren napsaus xxx

850 - xxx hiljaisuus xxx

853 mmm

856 xxx hiiren napsaus xxx

857 xxx hiiren napsaus xxx

858 Eli toi firsFamilyn getChildrenin pités.

862 - xxx hiljaisuus xxx

863 xxx hiiren napsaus xxx

864 - xxx hiljaisuus xxx

865 firsFamily oli xxx hiiren napsaus xxx xxx hiiren napsaws family-luokkaa.
869 xxx hiiren liikutus xxx

871 Family. xxx hiiren liikutus xxx

873 xxx hiiren liikutus xxx

874 Tuossa xxx hiiren liikutus xxx.

877 xxx hiiren napsaus xxx

878 xxx hiiren napsaus xxx Periaatteessa sen sinne sed gistéiiren liikutus xxx, mutta xxx hiiren liikutus xxx mitekas xxx hiiren liikutus xxx se ei sitte xxx hiiren
liikutus xxx paase xxx hiiren liikutus xxx
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888 xxx kello xxx ulos.

890 XXX muu, 2 minuuttia. Xxx

891 Joo.

894 xxx hiiren liikutus xxx

895 - xxx hiljaisuus xxx

898 mmm

900 xxx hiiren napsaus xxx

901 xxx hiiren napsaus xxx

903 xxx hiiren liikutus xxx

904 xxx hiiren napsaus xxx Description xxx hiiren napsaus xx
906 - xxx hiljaisuus xxx

908 xxx hiiren napsaus xxx xxx hiiren liikutus xxx xxx hiirerapsaus xxx
910 xxx hiiren napsaus xxx

916 xxx hiiren napsaus xxx xxx hiiren liikutus xxx

918 xxx nappaimistolla kirjoitusta xxx

921 xxx hiiren liikutus xxx Ei kun en muista.

922 xxx hiiren napsaus xxx

923 xxx hiiren liikutus xxx

924 xxx hiiren napsaus xxx

925 Katotaas.

928 xxx hiiren liikutus xxx

929 xxx hiiren liikutus xxx

950 Tas ajamisessa menee 6h niin sanotusti turhaan aikka gesJos tietda mihinka kohtaan haluais menna, niin sitreganti vie jonkin verran turhaan aikaa.

967 - xxx hiljaisuus xxx

974 xxx hiiren liikutus xxx xxx hiiren napsaus xxx
976 xxx hiiren napsaus xxx

977 - xxx hiljaisuus xxx

980 xxx hiiren napsaus xxx

981 xxx hiiren liikutus xxx

982 - xxx hiljaisuus xxx

987 xxx hiiren napsaus xxx

988 xxx hiiren napsaus xxx

990 xxx hiiren liikutus xxx

992 xxx hiiren liikutus xxx

993 xxx hiiren napsaus xxx

994 xxx hiiren napsaus xxx

995 xxx hiiren napsaus xxx

996 xxx hiiren napsaus xxx

997 xxx hiiren napsaus xxx

998 xxx hiiren liikutus xxx

1000 xxx vihellysta xxx Voi xxx epaselva rakentaa viela xxx
1008 xxx kello xxx

1009 xxx hiiren napsaus xxx

1010 xxx muu, Ok xxx

1011 Joo.

1012 Ei. Ei hirveesti kerenny auttaa.
1014 xxx melua xxx

1019 xxx loppu Xxx
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Appendix 5: Source program

Note: During the visualization code lines are moved 2 linelsW e.g. line 1 becomes line 3. This is due the line 1 is forgiam jeliot.io.*; " and line 2 is empty.

1 inmport java.io.*;

2

3 public class Person {
4: public int age;

5: public String name;
6 private String sex;
7

8

9

public Person() {}

10: public Person(String pname, int page, String psex) {

11: age = page;

12: name = psex; //Bug!

13: sex = psex;

14: }

15:

16: public bool ean i sAChild() {

17: return (age > 18); //Bug!

18: }

19:

20: public void print() {

21: System out. printl n(nane);

22: }

23: }

24:

25: public class Goup {

26: protected Person[] people;

27: public int nunmber Of Peopl e;

28: private int NextPersonlndex;

29: protected String description = "NULL";

30:

31: public Goup(int n, String desc) {

32: peopl e = new Person[n];

33: nunber Of Peopl e = 0;

34: Next Per sonl ndex = 0; //BUG no initial value
35: }

36:

37: public void include(Person p) {

38: if (nunber Of Peopl e < people.length) {
39: peopl e[ nunber Of Peopl e] = p;

40: nunber Of Peopl e++;

41: } else

42: System out. print("Too many people in this group. "
43: + "Couldn’t include ");
44: p.print(); //Bug!

45: }

46:

47: public Person nextPerson() {

48: Per son next_person = peopl e[ Next Per sonl ndex++] ;
49:

50: if (NextPersonlndex <= nunber Of Peopl e) //bug!
51: Next Per sonl ndex = 0;

52: return next_person;

53: }

54:

55: publ i c doubl e get AverageAge() {

56: doubl e sum = 0;

57:

58: for (int i =0; i < people.length; i++) {
59: sum = peopl e[i].age; //Bug!

60: }

61: return sum/ people.length;

62: }

63:

64: public String getDescription() {

65: return description;

66: }

67: }
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68:
69: public class Fanmily extends G oup {

70: public Famly(int n, String desc) {

71: super (n, desc);

72: }

73:

74: public Goup getChildren() {

75: G oup children_group = new G oup(nunmber Of Peopl e, "children");
76:

77: for (int i = 0; i < nunberOfPeople; i++) {

78: if (people[i].isAChild())

79: chi | dren_group. i ncl ude(peopl e[ 0]); //Bug!
80: }

81: return chil dren_group;

82: }

83:

84: public static void main() {

85: Fam |y firstFamly = new Fami ly(4, "first famly");
86: Group children;

87: Per son next _person = null;

88: int i =0;

89: // Do NOT change the next 4 |ines

90: Person mum = new Person("Eve", 35, "fenale");

91: Person dad = new Person("Adani, 40, "nale");

92: Person bi gBrother = new Person("Cain", 10, "male");
93: Person littleBrother = new Person("Abel", 5, "male");
94:

95: firstFam ly.include(mum;

96: firstFam |y.include(dad);

97: firstFanm |y.include(bigBrother);

98: firstFamly.include(littleBrother);

99:

100: children = firstFanmily.getChildren();

101: Systemout.println("The " + children. getDescription() +
102: “inthe " + firstFamly.getDescription()
103: + " are:");

104:

105: if (i < children.number Of People) { //BUG

106: next _person = chil dren. next Person();

107: i+

108: }

109: next _person.print(); //Bug!

110: Systemout. println("Average age is " +

111: firstFanm |y. get AverageAge());

112: }

113:}
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