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Abstract: Collaboration and engagement while coding are tal ele nents for children, yet very little
is known about how children's engagement and collabora.'~n nmpact their attitudes toward coding
activities. The goal of the study is to investigate how --!!___...ion and engagement moderate
children’s attitudes about coding activities. To do so, we . ~signed an study with 44 children
(between 8 and 17 years old) who participated in « tun- ..., coding activity. We measured their
engagement and collaboration during the activi*v by . :cording their gaze, and their attitudes in
relation to their learning, enjoyment, team-work 3" incention by post-activity survey instruments.
Our analysis shows that there is a significan’ -..~dar_ting effect of collaboration and engagement on
children's attitudes. In other words, highly engay g and collaborative coding activities significantly
moderate children's attitudes. Our findir=- highlight the importance of designing highly
collaborative and engaging coding act’ sities fc * children and quantifies how those two elements
moderate children's attitudes.



Coding Games and Robots to Enhance Coi.-nu.ational
Thinking: How Collaboration and Fag . ~ment
Moderate Children’s Attit:des?

Abstract

Collaboration and engagement while coding a.. vital elements for children, yet
very little is known about how children’s »ngagement and collaboration impact
their attitudes toward coding activities. The god' of the study is to investigate how
collaboration and engagement moderat. c'.ilarens attitudes about coding activi-
ties. To do so, we designed an stuc . witi 44 children (between 8 and 17 years
old) who participated in a full-day codi g «ctivity. We measured their engagement
and collaboration during the activ."v v, - .cording their gaze, and their attitudes in
relation to their learning, enjoyment, te.m-work and intention by post-activity sur-
vey instruments. Our analys’s »>..~ws that there is a significant moderating effect
of collaboration and engag ‘ment ¢ 1 children’s attitudes. In other words, highly
engaging and collaborati' e coa..*, activities significantly moderate children’s at-
titudes. Our findings b"zhl"ght “he importance of designing highly collaborative
and engaging coding ‘ ctivi. >« (or children and quantifies how those two elements
moderate children’s a.."tudes.

Keywords:

eye-tracking; cc npv .ational thinking; coding activity; programming; informal
learning; attitr des; cildren programming; interaction design and children;
collaborativr eyr -tracking

1. Intro ‘uctior

Caildre v’s engagement during a learning activity, is considered the holy grail
of lec'ning 95]. It is associated with several important aspects of the design and
irnlemeutation of contemporary learning activities and is clearly associated with
stu leuts attitudes [33]. Engagement changes over time and is dependent on inter-
venti s, social interactions and changing contexts [27]. In collaborative learning
activities, the level and quality of collaboration between young students has also
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been found to have direct influence in the quality of learning p. ~cesses and per-
sistence [11] as well as in improving students attitudes (e.< ., aYout inathematics)
[41]. Thus, when investigating learning activities for ch. dre., it’s important to
look closely how collaboration and engagement might -_.>dera.> the interplay of
other important attitudes.

Computational thinking and coding activities for y. o ,tudents are becom-
ing an integral part of contemporary informal lear ding .. different contexts (e.g.,
in makerspaces, after school activities, museums, «bra .es etc.). It is evident
that young students should begin developing comy. “tational thinking skills early
[101], and thus, more and more organizations .'~sign 2 1d deliver coding activities,
as part of their curriculum or their outreach , ~ogian. Properly designed coding
activities for children have shown to be k=~~~ I  since they enhance problem
solving skills, critical thinking and creativi.,” among other [7]. The design of
these activities is important to enhance <u.. ~~ration and engagement in a mean-
ingful way [101], yet very little is kno " n about the role of collaboration and
engagement and their connections w'u. otuer attitudes that empower children’s
participation (e.g., positive attitu'~< likc enjoyment, intention etc.).

Therefore, in this contribution w ~ seek to investigate how collaboration and
engagement moderate the relationship between central attitudes of children when
coding (i.e., team-work, ir ention to participate, perceived learning and enjoy-
ment).

To tackle the aforem _nti-.ned proposition, we conducted a study with 44 chil-
dren participating to a fu.. < ay r oding activity. We used eye-tracking techniques to
measure their engag: ment and collaboration during the activity and post-activity
surveys to measure cheir . “titudes in relation to learning obtained, sense of enjoy-
ment, team-work anc intention to participate in a similar activity in the future. By
investigating the 01, of collaboration and engagement we provide a quantified ev-
idence of hov those .70 important elements moderate other attitudes and enable
various insig 7ts .or f 1e design of future coding activities. In particular, our paper
makes the “~llow -2 contributions:

e We oreser ¢ insights from a study that collects data related to children’s be-
aaviour (eye-tracking) and attitudes (surveys) during a coding activity.

e "We ¢} ow that collaboration and engagement moderates the relationship be-
“veen children’s attitudes

1. e remainder of the paper is organized as following. The second section
presents the related work on investigating the relationship between attitudes and
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behaviour in primarily educational/organizational settings. 11.~d section high-
lights the conceptual model and research hypotheses of ¢ur »er. The fourth
section provides the methodology of the study, the codii. ar dvity, participants,
variables used for the analysis and the analysis itself The 1."*h section shows
results from data analysis, and the last section discus ies the ‘mplications of the
results and concludes the paper with future work and li1. *tat* jns.

2. Related work

2.1. The importance of attitudes in learning ¢ ~tivities

An important issue related to the success « € coung activities is their adoption
by children. A number of models and the~+=*~~ - e been developed and utilized
to understanding the relationships between wu ~ attitudes towards a new technolo-
gies and the experiences and outcome. u: . =g the technology (e.g., UTAUT or
its initial form Technology Acceptarce I, ~del-TAM, [19]). TAM is a model con-
necting the ease of use, intention to sc, user behaviour and the usage outcomes
(enjoyment, engagement, learnir ~ *» name a few). Various studies have used this
model as a basis for their analyses « - extending the basic model given by Davis
(1989) [19].

Attitudes have been cer ral in ‘ducational research for several years. For in-
stance, in an organizational 1. ~rni” g context, humans’ intention to use new tech-
nology was found to be -,0si‘.vely correlated with their motivation to learning and
transfer learning [24) 1. - a0tk er study, perceived enjoyment is another element
that has been reporte to be ciusely associated with intention. This association has
been reported in studies « “ncerning both the teachers [100] and young students
[2]. In another s‘ua, pre-service teachers showed that the perceived enjoyment
was positively a.~or rated with their intention to use new technology [100]. Fi-
nally, in the context ¢ gaming it is found that the intention to play games had a
positive sigr fic .nt ¢ srrelation with the enjoyment in the games [106].

Enjoyr~nt a..7 iearning are also associated, this has been proven through dif-
ferent st dies i1, educational settings [9; 58; 26]. For instance, in a face-to-face
class abou* dat-. analysis where the teacher focused on the dialectic relation be-
twee . thec 'y and data, the students who enjoyed this method, believed that it
helpc 1 then with their learning [9]. Similarly, based on the surveys in another

7~ fo tace classroom setting, the results stipulated a positive correlation between
en, v nent and learning performance [65]. The results from a survey about a
web-. 1sed class management system, showed a positive correlation between en-
joyment and the learning goal orientation [58]. In a reading study with eighth




graders, the authors found the correlation between the enjoymec. ¢ in 1eading text
and the perception about learning to be significantly posi «ve [26). In a study
based on PISA tests, the perceived enjoyment was positi, ~ly correlated with the
science knowledge, for students across different count~_5 (U. A, Columbia, Es-
tonia, Sweden) [1].

One of the most intuitive relations, among the varic < o~ astructs included in
TAM, is between enjoyment and engagement whe'. it ¢ ... es to technology usage.
These studies (mostly using survey data) were conuucted at different educational
levels, such as pre-university level [54], high school [32], primary and secondary
levels [107; 53]. Therefore, if an experienc. »rovid :s enjoyment to the partic-
ipant, it is likely that it would also be enga_ng .u long-term. For example, a
study using PISA tests showed (N > 400. ™" =7 ountries) a positive correlation
between activation enjoyment and engageme, © with learning science [1]. Consid-
ering high school students in different ca.. {'0-13 grade) the students showed a
positively significant correlation between “ieir enjoyment at and engagement with
the school [32]. This correlation wcs .'<0 consistent across the different years.
In a study with children aged bet—==n ", and 8 years using educational games, the
children who enjoyed the games a1~ showed higher levels of engagement than
the children with lower levels ~f enjoyment [53]. Among pre-university students,
the results showed a negativ . corre. ition between disengagement and various con-
structs such as enjoyment at . ~hoc. and class participation [54]. In a study with
tangible user interfaces .nvriving children, the results showed a positive corre-
lation between childrens ~.gag 2ment with the tangible game and their perceived
enjoyment [107]. B -ther, wihin a teacher-student laboratory paradigm [70] the
students who repoi.ed h._h levels of enjoyment also reported high levels of en-
gagement. To sur im. rize, from the literature it is evident that attitudes are highly
associated with .>= .doption of a learning activity by young students, as well as,
the learning ¢ stainea rom the activity.

2.2. Engaeeme,.* c 1d collaboration in learning

Man; studie ' have reported a positive relation between collaborative learning
and engag mer. [8; 73; 36; 35]. In a collaborative learning scenario with clickers
in thr class oom, there was a significant positive association between engagement
and ¢ ~tive | .arning [8]. The proponents of Computer Supported Collaborative
L ~~rning (CSCL) argue that introducing technology to facilitate the collaboration
m,h’ increase engagement with the learning activities and hence learning out-
come. [73; 35]. Jarvela and Jarvenoja [36] identified engagement as one of
the key factors for the success of self-regulated learning. Kreijns and colleagues
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[44] argue that there might be two different ways in which m.1al cngagement
and learning are related. First, because of mutual engag' me 1t inuividuals can
gain knowledge that could not be done prior to the colla o1 don. Second, mu-
tual engagement facilitates the co-creation of knowledge _.ad he ~ce leads to better
individual learning outcomes.

Furthermore, Lipponen and colleagues [51] highligi.® the .1ieed of engagement
in collaborative learning by stating that just by put .ng * .. or more individuals to-
gether one cannot foster collaborative learning, one .aoul-. make the collaborative
task active enough to engage the collaborators. Eng ~ocement has also been shown
to be related with team work [105; 28; 48; ~™1. In ¢ group writing study, there
were negative effects of restricted communic~tion vver engagement of students
within different groups [28]. A study witk »~~'"=~ players, showed that with pos-
itive attitude towards the team work, novice layers showed more willingness to
come to practice [105]. Similar results we. ~~ported in the context of basketball
players [48]. In a study with education.’ robotics, the authors found a positive
correlation between group work and « ng~eement levels with robots [40].

2.3. Eye-tracking as a means to un.'~rstand engagement and collaboration

Eye-tracking provides a direct access of users’ attentional patterns to the re-
searchers. Eye-tracking has oeen wed in multiple educational settings to provide
an understanding of cogritive nre .esses responsible for learning and collabora-
tion [91]. Eye-tracking aas veen historically known as a data source to measure
engagement in various rc. < arck contexts. Shagass et. al. [84], Navab et. al. [59]
and Sanchez et. al. 78], uscd eye-tracking to detect attentional disengagement
in psychotic, autistic, anu Jepression-effected patients, respectively. Eye-tracking
has also been us’ a ) capture the engagement in marketing studies (for a com-
prehensive revic.” s e [104]). Dalzel and colleagues [17] used eye-tracking to
compare the - ngagen.>nt patterns in a intelligent agent based learning scenario.
Moreover, it has alsc been used to measure engagement in learning scenarios (for
a compreb~sive < view see [63; 46]).

Eye- racking has been widely used to measure collaboration in different dual
eye-tracki. o ex_eriments. In the past studies, collaboration and engagement mea-
sures have heen used to correlate the collaboration levels to various constructs
like « xpertis > [38], collaboration quality [37], task based performance [87] and
le~*ning vutcomes [81]. Two synchronous eye-trackers can be used for studying
the o ze of two persons interacting to solve a problem. It gives a chance to under-
stana ‘he underlying cognition and social dynamics when people collaborate to
solve problems at hand [62]. In a collaborative task of finding bugs in a program,
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Stein et. al. [99] showed that the pairs who had their gaze dispi.._'ed w their part-
ners took less time in finding the bugs than those pairs wto 1.2d no information
about their partners’ gaze. From a collaborative concept r.."n .xperiment , Liu et.
al. [52] found that the gaze data of the pair is predict" . of ..~ expertise in the
collaboration. The authors framed the whole interactio 1 as a s« quence of concepts
looked at. The authors then use Hidden Markov Models ‘~ n~_dict the outcome of
post-test and achieved an accuracy of 96.3%.

Eye-tracking has been used to capture commun..atior and referencing in col-
laborative scenarios, which are essential for creating ~nd maintaining mutual ground
among collaborators. Grounding is an essent.. ' part ¢ [ the communication [13].
Clark and Brennan define grounding as the “~oo.unation of process” — which
entails sharing information (or common g~~~  which includes mutual knowl-
edge, beliefs, assumptions [14; 15]. In a dua: ~ve-tracking experiment, the authors
measured the time lag between the sp *anc = '0o0king and referring at a specific
actor and the listeners looking at the sa. ¢ actor. This time lag was termed as
the cross-recurrence between the par.c.pancs. The average cross-recurrence was
found to be between 1200 and 147" mi'iseconds. This time was consistent with
the additions of eye-voice span [31] .~d voice eye-span [3]. The cross-recurrence
[16] (the amount of time spent hv the collaborators while looking at the same ob-
ject) is one of the most com .10n m. asurements to assess the collaboration quality.
Recently, Sharma and colleay ~=s _87] proposed a temporal and more distributed
and robust version of th . crr ss-recurrence known as gaze-similarity (the amount
of time spent by the co..~".ora ors while looking at the same set of objects in a
given time window) Thus, cye-tracking is an established approach to quantify
both collaboration «nd ei._;2gement during an activity.

2.4. Eye-tracki;.~ a a means to understand cognitive processes during collabo-
rative lec rning

Collabo: 'tiv. ey -tracking has been used in previous research in collaborative
learning s~-=ar1o. ‘0 shed light on the socio-cognitive mechanisms responsible for
learning zains s 'ch as, joint-attention [37; 93] , mutual understanding [79; 21],
misunders ~ndi-,gs [12], memorization [82]. In a pair programming study with
colleorati” = eye-tracking data, the results depicted that the students which were
able » prov.de correct answers to the comprehension questions had more joint-
a**~ntion (measured by cross-recurrence or gaze similarity) than the students who
cou'd not give correct answers [37; 93]. Furthermore, in a collaborative con-
cept . “ap study, the joint-attention was found to be correlated with the learning




gains of the pair [88]. In a similar study with collaborative conc *nt miaps, partic-
ipants’ gaze on a Knowledge Awareness Tool (KAT) to ascess the peer’s domain
expertise was reported to be correlated with high levels ¢. mr.tual understanding
between the pair [79]. Mutual understanding had bee show. to be one of the
main socio-cognitive construct responsible for high I:vel co laborative learning
outcomes [55; 21; 61; 49]. Sangin and colleagues [R0] ~<ed 4 knowledge aware-
ness tool (KAT) to inform the pair about their partr ers’ "... owledge about a certain
topic in a collaborative concept map task. From u.c gaz: data analysis, the au-
thors found that there was a positive correlation bev. 2en the gaze on the KAT and
participants’ relative learning gain.

In terms of collaborative eye-tracking an’ diawvgues during the collaborative
learning situations, Cherubini and collea~~~ - _wed that the distance between
the places looked at by peers is predictive o1 ~eir level of misunderstanding [12].
The misunderstanding was measured b, u.. ~*~takes (made by the listener) in dis-
ambiguation the (speaker’s) verbal refere.  ces in a shared learning system, which
was a detrimental factor for the learn.ny ~uwcome [12].

In a collaborative learning t- - the gaze of the peers was indicative of the
processed responsible for memoriz.“on and analysis of new concepts [81]. In
a similar study the unbalanced narticipation (division of labour, as measured by
eye-tracking) was found to } e nega ively correlated with learning gains of the col-
laborating pairs [82]. Moreov.~ sk.uring gaze among collaborating peers, resulted
in a better division of la»our [10], better understanding of the content [89], and
better attention spans tic~. the students [86]. In this contribution, we attempt
to use the gaze as a neasurenient of the behaviour of the peers and examine the
effect of a certain behavic'r on the relationship between the different attitudes of
children towards ou ng.

3. Conceptv 4 v oder and research hypotheses

As precented . the previous section, relevant literature has shown positive
correlatic ns am 'ng the different constructs related to attitudes (intention to par-
ticipate, o titudr towards team work, enjoyment and perceived learning) and in-
dicat .rs of hehaviour (collaboration and engagement). Behaviour is seldom con-
side1 »d as 2 factor which can affect these relationships; rather it is considered
ac a facwo in the correlational analyses while most of these studies use subjec-
tiv > o sesudonnaires. In addition, eye-tracking has been widely used to provide a
direc. access of users’ attentional patterns and provide an understanding of cog-
nitive processes responsible for learning and collaboration [91]. In this study, we




propose objective measures of behaviour as a pivoting factor, ai. ' have a hypoth-
esis that behaviour can affect the strength and/or the polar.cy »f the relationship
between attitudes of children in coding activities. Therc ¢, we measured be-
haviour using eye-tracking data. Specifically, we used g-__ um._rmity to measure
the level of children’s engagement and gaze similarity o meas re Children’s level
of collaboration during the coding activity. Furthermoi. or. study is guided by
the following research question:

How does the gaze behaviour moderates the i watio iship between different
attitudes when it comes to coding activity with chu. >n?

In order to investigate the effect of childrc ~’s beh viour (capture via gaze) in
their attitudes (captured via survey responses, duiug coding activities (see con-
ceptual model in figure 1), we divide the ~~=-"" _hallenge into smaller hypothe-
ses, as described below. Responding to the 1. "lowing three hypotheses offers im-
portant insights into the general feasib, 1y . " *he problem. Specifically, our study
attempts to verify the following research . vpothesis:

n.~derator
Behaviour during
“nding Activity

Predictor ’ Outcome
Attitudes about the » Attitudes Resulted from
Coding Activity ‘ the Coding Activity

Figure 1: The Conceptual Model of our Study

e HI-. Chilai:n’s engagement (gaze uniformity) has a significant moderat-
ing effect on the relationship between children’s Intention and Enjoyment
Aurn,, ~ coding activity.

e HIb: ’hildren’s engagement (gaze uniformity) has a significant moderating
eticct on the relationship between children’s Intention and Learning during
a coding activity.

e H2a: Children’s level of collaboration (gaze similarity) has a significant




moderating effect on the relationship between children s "ean. Work and
Enjoyment during a coding activity.

e H2b: Children’s level of collaboration (gaze similari. ) has a significant
moderating effect on the relationship between  nildre ’s Team Work and
Learning during a coding activity.

In the following diagram presented in Figure 2 the cs arch hypotheses of our
study are summarized.

Engagement
Gaze Uniformity

OIS
\ \Hla /L Eniovme
. 'S . //

Moderating Effect = - = »

—__ N
™ Learning

Level of Collaboration
Gaze Similarity
.

N -
ANEREN ,HZ' o Enjoyment

.\ . -

~

-
-

\“ Learning ‘

Sigure 2: The research hypotheses of our study

4. Methodr .0g”

In thi section, we present the methodological details of our study, like, the
measure. 1ents u ed and the data analysis implemented.

4.1. he ccding activity

E xsed o'. the constructionist approach and its main principle, learning by do-
ir~ [72), we conducted a coding workshop at the Norwegian University of Sci-
en.* und Technology Trondheim, Norway. Our coding workshops are out-of-
schoc’ activities, in which children from 8 to 17 years old are invited in a spe-
cially designed room in the university’s premises to interact with digital robots,
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using Scratch for Arduino (S4A), and then code their own game . <ing che Scratch
programming language. At each workshop the children wrk for approximately
four hours. Five assistants with previous experience in s.™i’ar activities are re-
sponsible for instruction and the procedure for the wr. :shop. The workshop
consists of two main parts, interaction with the robot; and ¢ -eating games with
Scratch, described below.

Interaction with robots: During the first part of tk_ . oding activity, the chil-
dren interact with digital robots. The assistants gi.¢ a F.ief presentation of the
workshop’s activities. Then, the children use a p.er tutorial with instructions
(Figure 3) for how to make the robots react t. the ph sical environment with vi-
sual effects using simple loops of Scratch fo. Araumno (e.g. to make the tongue
of the snake robot move when there is les- "=+ =_a sensor). The first part of the
workshop provides a smooth start for the p.-ticipants as they playfully interact
with tangible objects. Showing the cc ‘ue. . ~1 with the physical world through
digital robots, gives an opportunity to the children to understand STEM subjects
better and handle difficult problems [ !. Tor chis activity children by using Scratch
for Arduino (S4A) are also intro'=~ed v~ Scratch logic while they get motivation
and inspiration. The duration of the .'~st part varies from 45 to 90 minutes. When
all the children have finished. they have a break before the next section begins.

dokker kan seftes sammen
Dersomto . ‘ker stdr reft etter hverandre
s skjer blinking sa raskt ot vi ikkke ser det

PPoAVE ]

F& “sre av lysene pd roboten il & blinke

Figure 3: Left: Example of the robots tutorial. Right: example robot.

Cre g games with Scratch: This section is the main activity of the work-
sh o 7 au 1asts approximately three hours, without the presence of the robots. The
goal ‘s to successfully develop a simple game, coding in Scratch. To achieve
this goal, the assistants give another paper tutorial with examples of all the ba-
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sic Computer Science concepts, possible loops they should use .~ coiaplete their
own game, and how to manage the process of game develor me 1t (Figure 4).They
were advised that, first, they should think and decide the 5 ~rv for their game and
then create a draft storyboard. When they had finished I ey sw.“ted coding using
Scratch. The children can ask for support from the ass stants /henever they need
it throughout the activity in order to successfully comp.~te *eir games. Finally,
the children reflected on and played each others g¢ mes

Fer & slette katten, hayrekiid pa den | det grée omrédet, og velg ‘delete’
For & & en ny figur, kdkk pd a.oerehmogsobeqedaesmn

ﬁm-r.mowdwsépoﬁpdoidemhrmwpbw

Figurer | Scratch hor flere kastymer. Et kostyme er et uiseende i en
figur. Dere kon byite mellom dom ved & bruiee (RERRTUTAEY eler

switch to costume costumeZ

En enmasjon mellom de tre ferste kostymene Ul en figur kon for ek-
sempel se sli ut:

et costurme)

Figure 4: Left: example of the tutorial; Midaic - children interacting with Scratch; Right: example
of developed game.

4.2. Participants

We conducted the stu » at « dedicated lab space at the Norwegian University
of Science and Techr ~logy Trondheim, Norway. Specifically, the study lasted two
weeks during Autumn 2u 4, with 44 children from the eighth to twelfth grades
(aged 8-17 years ola , 12 girls (mean age: 12.64, standard deviation (SD): 2.838)
and 32 boys (me. age: 12.35, SD: 2.773). Five workshops were held in total,
all following che samv process for the coding activity, addressed to novices in
coding. Son.~ c. the participants in the sample (13—-17 years old) were recruited
from the 1~.al sc.. 0ls who had applied to take part in our activity. The other set
of partic »ants (. —12 years old) were youngsters who attend local coding clubs as
an after-sc. ~0! .ctivity.The children were carefully selected regarding their age so
at ea .h of ti = workshops, the participants were at the same grade or within a small
age r.nge. .ll 44 children comprising the sample of this study were eye-tracked
v 'nteering their participation; the legal guardians provided a written informed
cowf at form for their child, giving permission for the data collection.
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Figure 5: The five areas of interests () fo. the screen, the sixth AOI was the robot.

4.3. Measures

As mentioned before, this study is one of the few so far utilizing children’s
gaze. We recorded childrer s gazc while they were coding using the Scratch en-
vironment during both parts . € the activity. The eye-tracking data was collected
using four SMI and one fob'i eye-tracking glasses. The sampling rate for all the
eye-tracking glasses wa. <.t to oe 30 Hz for the binocular eye-tracking. The av-
erage accuracy for b sth SMu and Tobii glasses was 0.5 degrees at a distance of
40 Centimetres. Tle vi. "2l field was divided into six areas of interests (AOISs).
Five of them are -u. wn in the Figure 5. Once we have the gaze data on these
six AOIs, we ex =ac ed the following variables to include in our analysis for this
contribution:

Level of Co'2oration: To measure the level of collaboration of children
during tt 2 codi. g activity, we calculate the gaze similarity. Gaze similarity cap-
tures the ropo don of the time spent by the participants looking at the similar
set 0" AOIr in a given time window. This is computed as the cosine similarity of
the v *ctors ¢ omprising of the proportion of time spent in each AOI within a given
time wWinuuw.
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Figure 6: A typical example of computing gaz. s milarity from the time spent on the different
AOIs.

Engagement: To measure er~2cen. nt of children during the coding activity,
we calculate gaze uniformity. Gaze . ~iformity captures the uniformity of the time
spent on all AOIs. The distribution is computed as a vector of length six (there are
six AOIs) comprising of the propo. ‘ion of time spent in each AOI. The uniformity
is computed as the inverse o, ~ Ku'back-Leibler divergence between the original
proportionality vector 2 «d 7 ununorm distribution with the same minimum and
maximum limits as the ¢ < mal vector.

o X
Und,ormity(X,Y) =>_ X;log )

i
Y;

At the end o1 “*: activity, the children completed a paper-based survey. The
survey gather .d f>edbuck on the childrens attitudes regarding the coding activity.
The childrei. ve.e as<ed to rate their experience with the coding activity regarding
their four J.ifere..” variables: team work, their intention to participate in future
similar ¢ tivitie: , their enjoyment during the activity and how much they thing
they learnc ' & _., perceived learning). For all the measures, we used a five-point
Like t-scalc questionnaire. Table 1 shows the operational definitions of the four

facto. -

=1

4.« Tsata Analysis
L. *his contribution, we address the following analysis question: “how does the
behaviour moderates the relationship between different attitudes when it comes
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Figure 7: A typical example of computing gaze uni"~rmi,  m the time spent on the different
AOIs.

to coding?”. Figure 1 shows the relat’_~ hetwcen the constructs, measurements
and variables used in this study. To fin.' ".ow the behaviour affects the relation
between the different attitudes towa <~ co.'ing, we chose to conduct moderator
analysis [47]. Moderator is a variable hat affects the strength and/or direction of
the relationship between two variac'=s. u1 terms of ANOVA or correlational anal-
yses, this variable is added as an independent variable that does not have a direct
effect on the dependent vari «ole, -ut when combined with the main independent
variable, shows a significa._ inter: ction effect. In the present analyses, we use
intention and team worl as the .adependent variables; enjoyment and learning
as the dependent variat ~s: and gaze behaviour (similarity and uniformity) as the
potential moderator v riable.

5. Results

5.1. Descripti-e ke lts

Childrer exrcess>d high learning and enjoyment (4.7/5 and 4.6/5, respec-
tively) for the c_di".g activity. Additionally, they expressed slightly lower inten-
tion and ttitud. s towards team work (4.4/5 and 4.2/5, respectively). High levels
of these «‘titude s indicate positive views concerning their learning performance
and Fcnefs regarding their engagement with coding activities. The descriptive
stati: tics abr ut childrens attitudes and eye-tracking measures are summarized in
Table -.

Tc assess the correlation between individual items on the questionnaire, Pear-
sons -orrelation coefficient between the factors was used. Pearson quantifies the
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Table 1: The attitudinal factors and their respective questions, operational defi.. “ons and sources.

Factor Operational Definition Item/Qu stic . Source

Please inu.~ «te if you
Perceived  The degree to which children learns u new things during

learning indicate their performance. the c ding a: tivity 451
(N-*at«l very much)
The degree of children s ISYF )icate how .m1.10h
. o1 .. . vou w2t to attend similar
Intention willingness to participate in a . N [30]
similar activity cou g activities in the future
' (No* at all Very much)
Please indicate how much
The degree to which child. u you enjoyed your
Enjoyment indicate their enjoyment during  participation in the coding [30]
the activity activity
(Not at all Very much)
The degree to which c. ilu.~n Please indicate how much
Team Work 1nd1c?1te t.helr enjp;-l.v:\ - f you enjoyed working in a 96]
working in a team dui.. g the team
activity (Not at all Very much)

strength of the relationst .p b>twecn the variables. Table 3 shows the pairwise cor-
relations among attitude “vard , team work, intention to participate, learning, and
enjoyment. We obse’ ve that ..l the correlations are significant and positive. This
allows us to procee 1+ wi. the investigation for the moderation effects. In the fol-
lowing subsectior , . ‘¢ present four different moderation analysis for the different
variables measu. ‘ng attitudes and behaviour.

5.2. Level o’ Co'.aberation as Moderator

First, we foc_ < on the relation between attitude towards team work and learn-
ing; we t :stif ti.'s relation is significantly moderated by the level of collaboration
of the pai ‘cipar ts. Table 4 shows the model fitting details and the Figure 8 (left)
show , the trends for the main effect (dashed line) the high collaboration (blue line)
and ihe low collaboration categories (red line). We observe a significant interac-
tion eftec. of collaboration and attitude towards team work on the learning. From
Fi_ur. 5 (left) it can be observed that the relation between the attitude towards
team work and learning is stronger for participants who experienced high level
of collaboration. Thus our data provide strong evidence that children’s level of
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Table 2: Descriptive statistics for the variables used in this contriu. ““on.

Mean Std. Dev. M.inir--m Maximum

Uniformity (0-1) 0.48 0.35 004 0.97

Similarity (0-1) 0.34 0.26 N0~ 0.96
Intention (scale 1-5) 4.45 0.73 ) 5
Team work (scale 1-5) 4.24 0.87 2 5
Enjoyment (scale 1-5) 4.55 0.21 4 5
Perceived Learning (scale 1-5) 4.65 C 9% 1 5

Table 3: Pearson correlation matrix for the attitude v ~riab.. - v ¢d in the analysis. *** p-value <
.001; ** p-value < .01; * p-value < .05

K Z 3 4
Team Work 1 - 027% 032%  0.30%
Intention to Participate 2 - - 0.45%*%  0.56%**
Learning T - - 0.65%**
Enjoyment a - - - -

collaboration during coding activities moderates the relationships between their
attitude about team-work ar J lean. ng (accepting H2b).

Second, concerning the 1. ~der cing effect of the level of collaboration for the
relation between attitud . to'/ards team work and enjoyment, Table 4 shows the
details for the model a..? the figure 8 (right) shows the trends similar to that
of Section 5.2. We - nserve « significant moderating effect of collaboration and
attitude towards te.m w. -k on the enjoyment. From Figure 8 (right) it can be
observed that the .e. tion between the attitude towards team work and enjoyment
is stronger whe.. ths participants experience high levels of collaboration than in
the case parti .1pants .xperience low levels of collaboration. Thus our data pro-
vide strong  vid .nce hat children’s level of collaboration during coding activities
moderates *he 1.'» 1onships between their attitude about team-work and enjoy-
ment (ac :epting H2a).

5.3. Lngagement as a Moderator

L. vestig: ting how engagement moderates the relation between intention to
p-rficipawe and perceived learning, Table 5 shows the details for the model and
the F zure 9 (left) shows the trends similar to that of Section 5.2. We observe a
signi,’ ~ant moderation effect of engagement and intention to participate on per-
ceived learning. From Figure 9 (left) it can be observed that the relation between
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Table 4: Testing the moderating effect of the level of collaboration, on the team . vtk to enjoyment
and team work to learning relationships.

Model for Perceived learning
Estimate Error t-value p-v2’ae h, pothesis
intercept 4.62 0.10  38.71 .0C)01

Team work 0.44 0.18 2.42 01
Similarity 033 043 077 ., 12bAccepted
interaction 1.20 0.58 2.04 .04
Model for Enjoymen.
intercept 4.62 0.10 445~  .0r001
Team work 0.36 0.15 5.6 .02
Similarity ~ -045 033 5o 17 23 Accepted
interaction 1.43 0.67 2.1 .04

intention to participate and perceive ' '=an.ing is stronger when the participants
experience high engagement than in tho case the participants experience low en-
gagement. Thus our data provide s.ong evidence that children’s level of engage-
ment during coding activities moderates the relationships between their intention
to participate in the activity .nd lc tning (accepting H1b).

Finally, we consider hov. enga ;ement moderates the relation between inten-
tion to participate and er ,oyment, I'able 5 shows the details for the model and the
Figure 9 shows the trern.'s <.mil « to that of Section 5.2. We observe a significant
moderating effect of :ngage. ent in the relationship between intention to partic-
ipate and enjoymer ¢. 1.~m Figure 9 (right) it can be observed that the relation
between intentior .. narticipate and enjoyment is stronger for the highly engaged
participants thar the case of non-engaged ones. Thus our data provide strong ev-
idence that cb’idren . level of engagement during coding activities moderates the
relationships bet veen their intention to participate in the activity and enjoyment
(accepting Hla,
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6.0

Perceived Learning
Enjoyment

Attitude towards team work Aftitude towards team work

Figure 8: Trends from the models shown in the ™t ¢ 4. The red and blue lines show fitted model
with low and high collaboration (gaze sim: . -ity) \ ‘lues, respectively. The dashed line shows the
main effect.

6. Discussion and Conclusions

We presented analysis ¢ ( data ‘rom a study with children coding games and
interactive robots. We captu.=d hildren’s behaviour while coding using eye-
trackers. Moreover, we alsc captured their attitude towards coding using ques-
tionnaires. In this conti.> tior, we investigated the role of gaze-behaviour as a
moderator for the re” »tionship between the different attitudes. The results show
that gaze-behaviow: does oderate the relationship between the attitudes about a
coding activity w'ch e ones resulted from the coding activity.

The first bel. i-.ural measure is the level of collaboration (measure via gaze
similarity). T.e resu..s show that the level of collaboration affects the relation-
ship betwee * ctildr ns attitudes. High level of collaboration shows children’s
ability to s-~re u.~ .earning experience, this fosters their enjoyment from the pro-
cess. Mreover high level of collaboration also indicates high level of mutual
understanc*ne _ommon ground) [37; 16] and better division of labour[10], that
is cri ucal fc v group learning activities. In addition, through the collaborative pro-
cess f codi g, children share their learning by interacting and making decisions
te~=ther| 20]. This could reinforce learning (as also indicated from the perceived
lea m.ag measure). A few studies have also reported similar results where the lack
of sh. ved gaze among the participants turns out to be detrimental for children’s
learning (e.g., [85]).
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Table 5: Moderator effect model for perceived learning and enjoyment usiu, attitude towards
intention and gaze uniformity as the independent and moderating variz sles. =~ ~nectively.

Model for Perceived learning
Estimate Error t-value p-v2’ac¢ h, pothesis
intercept 4.70 0.10 4534 .00)01
Intention 0.63 0.14 4.33 noL .

Uniformity 025 036 -069 .0, 11bAccepted
interaction 1.44 0.48 2.98 004
Model for Enjoymen
intercept 4.06 0.08 53.5.  .0r001
Intention 0.66 0.11 5 .62 .0001 Hia Accepted

Uniformity -0.61 0.34 e .09
interaction 1.09 0.39 2,07 .008

The differences in children’s coa. . 'evi! of competence, even if they had pos-
itive attitude towards team work, made .hein feeling that they didn’t learn enough.
Differences in children’s coding cu moeience could have also made it difficult to
communicate and coordinate with the partner. This can be the reason that they also
enjoyed the activity less tha . thos > who were in more homogeneous groups, and
were able to communicate a..? coor Jinate well with peers. These results are inline
with the previous work -elated 1. learn new concepts and the gaze-togetherness
[82; 92]; and the lack ¢. o7 ze-t- getherness and the high levels of misunderstand-
ings [12].

The second bel aviv. ral measure we used was children’s engagement (mea-
sured via gaze un’ .. mity). Engagement moderated the relationship between chil-
drens attitudes / nfly ence of intention to participate to enjoyment and learning).
Higher engagr ment, “hows confidence and children explore different parts of the
interface an/. na' 1ga‘z in all parts of the screen [64]. Also, the activities were
designed in a n.. 2o _r that all parts of the interface were equally important for suc-
cess (tas! basec®. Children who pay equal attention to all the feel more successful
in learnii.~ the - oncepts than those who did not. Their familiarization with the
learn’.ug environment (Scratch) and being able to understand all its different parts
and  heir fu ctionalities influenced their enjoyment and learning. The ability of
accomp....ing a task provides an overall positive experience and offers positive
re."lt' une fun and enjoyment [69; 83].

Cnllaboration promotes better perspective taking and reflection among stu-
dents [56; 18], which in turn enables higher learning gains and better collab-
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Figure 9: Trends from the models shown in the ™b’e 5. The red and blue lines show fitted model
with low and high gaze similarity values, v ~ectiv 'y. The dashed line shows the main effect.

orative learning experiences [98; 7': v,; 66]. Moreover, the engagement with
collaborative tasks can offer opportunities for the children to learn the domain
related [42; 25; 57] as well us tn. collaborative skills[23]. These relations have
also been highlighted in the ~ase ¢ f pair-programming at a classroom level [6].
Collaboration among the studen.. has also been found to be fruitful in acquiring
other computer literacy -ki'.s[5".] beyond programming skills.

It is shown that ¢ ,-locaw. ” collaboration has certain educational benefits [68;
103] such as, exterr 4i.. “ion of thought processes [60] and reduced cognitive load
[43]. This suppor*. ~ur results where we found that relation between the attitude
towards team wr rk 2 1d learning is stronger for participants who experienced high
level of collatoratic ~ The groups with high levels of collaborative work and a
more positiv . att cud~ towards collaboration were able to talk about the program-
ming processes “nd concepts more than the groups with lower collaborative work
and henc . they vere able to achieve higher learning gains. By designing for these
mechanis ms onr can achieve higher collaborative outcomes [34]. For example,
while working together and sharing insights and problems with each other, the
peer. might >enefit from a reflection tool [76].

Oti..~ _.udies with collaborative learning with children have argued about the
beer . vl collaboration [77; 94; 4] specifically, in learning computational thinking
skili. [77; 39; 102]. Our results consists of two benefits over the previous studies.
First, most of the studies reported in Section 2 addressed the pairwise relations
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among behaviour and attitudes, while this contribution focuses . ® mure intricate
nature of the triumvirate relationship. Second, the behar 1oL+ was used in the
reported eye-tracking studies [84; 59; 16; 97] more as a , vor sss variable for the
plausible explanation of the relation between success/exr _ tises« ~llaboration/perception,
while our results show that it could be used as a moder tor. Tt. s fact will allow us

to provide feedback in real time to affect both attitudes a. 1 ev yeriences in positive
manner.

6.1. Theoretical and practical implications

Our results show that the behaviour is key ‘o unde “stand the relation between
attitudes towards learning, specifically when ** cowues to learning to code. Both
gaze similarity and gaze uniformity influr~~- ~* Idrens relationship among atti-
tudes. This highlights the importance of bo.™ individual and collaborative mea-
sures to understand learners behavior ¢ ', ~~ding activities and act accordingly
to enhance their learning experiences.

Considering the relationships bet 7c . Lie intention, learning and enjoyment;
and how they are moderated by ~~7e u.iformity, our results seem to extend the
Technology Acceptance Model (TAZ" [19]. According to TAM the perceived
ease of use, intention to use »nd the actual usage are correlated [19]. Our re-
sults suggest that the childr n witi high gaze uniformity on the interface have a
higher correlation between u.~ inf.ntion and enjoyment; and between the inten-
tion and perceived learr (ng than those children who have low gaze uniformity.
This shows that the gazc * :hay .our moderates the relationship between intention
to use technology ar ‘ the other attitudes (enjoyment and learning). This is inline
with TAM, which a.so su."vs significant correlations between the intention to use,
the behavioural v.e, nd the attitudes towards technology. In this contribution we
propose to use L.~ b :haviour as a moderator of the relationship between different
attitudes. Th . resulw, enhances our understanding of how children’s behaviour
can impact "ei’ atti ades towards a new technology, since most of the children
participati=7 in u.~> workshop were novices.

In pr ctical \ >rms, the gaze uniformity translates to exploring the interface in a
uniform n. nne- to learn most of the functions provided by the environment. Gaze
unifc /mity ~an be calculated in real-time, which could allow us to provide feed-
back while 'ae children are coding. This might enhance the learning experiences
a~- outcomes for them. Gaze uniformity can also be used to develop post-coding
rer.>c.1on tools as well. One can use the gaze data to show how the children ex-
plore!' the interface and help them understand what they missed. This might help
them to have better exploration and understanding in the future coding activities.
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In any collaborative scenario, where the coordination of tu. ~oliuborators is
essential for the successful completion of the task such as ¢ olic horauve program-
ming, collaborative problem solving, collaborative learnir. it 1s essential to have
a common ground between the team members [13]. A~_srdin, to the grounding
theory in communication [13] — grounding is basic tc all the communications —
and hence, it is important to have a measurement for the ~ror_ss of grounding the
conversations. Mutual gaze is the process by wt.ch *.. > or more collaborators
initiate and maintain the common ground [74]. Mu.ual g'.ze can be initiated by a
diactic gesture (verbal or physical) by one of the te«. ™ members [75]. When John
refers (talks about or points) at a certain part . € the S ratch interface to initiate a
conversation he has to look at that particular ; ~rt 0. wne screen. At the same time,
if following what John’s discourse, Susan '~~~ ~* he same part of screen to make
sense of what John is saying. This results in 2 ~7e similarity. Our results show that
the teams with high gaze similarity ha. a .."_“2r correlation between the attitude
towards team work and both learnine ana njoyment (Table 4 and Figure 8). This
is inline with results reported in pre " s 1esearch with collaborative processes
and conversations [87; 29; 16; 27! Tho results in the present contribution high-
light the importance of having a co..mon ground among collaborators at young
ages as well.

In practical terms, the noderau t effect shown by the gaze similarity could be
exploited to provide gaze-aw..~= fr cdback to the collaborating partners. In video
based learning scenarios gaz :-awareness has been shown to improve learning ex-
periences [90] and ovtce ~ es "36]. In collaborative problem solving sharing the
gaze of partners lea’ < to beuer collaborative outcomes [22; 29; 10]. Children
might benefit from uaving = additional support for sharing a common ground with
their team-mates su. e their verbal referencing capabilities might not be as good
as adults due to .-~k of experience.

6.2. Limitat ons

This st~y 15 “.e one of the few ones (to the best of our knowledge) to ex-
plore the relatic 1ship between the objective behaviour and the attitudes of chil-
dren towa. < cr ding activities. The eye-tracking data provided us a proxy for the
beha 1our. However, there were many difficulties faced while collecting the data,
whic. affec ad the quality of data in certain ways. For example the eye-tracking
g'~<<es are made to fit adult sized heads and the participants were eight to sev-
enve . years old. A few of the children obviously had small head sizes. This
creatc 1 a few problems while calibrating and post-processing the data. Another
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limitation of the current contribution comes from the fact that u.’~ was an experi-
ment conducted with a visual programming tool (Scratch) .na following specific
instructions and learning goals. Although, we would expe.* tt: findings to gener-
alize across other visual programming tools and coding __tiviu.s, it is difficult to
generalize for text-based programming environments a 1d forn 1l coding activities.

6.3. Future Work

This contribution opens up varied directions for .urthr ¢ extension of research.
First, this paper focuses on eye-tracking as an objec..’e proxy of behaviour, which
is not ideal for ecological validity and hence «.>= shov d explore other options for
behavioural proxy. Some examples are, faci.' feawres, interaction patterns with
the programming interface, arousal data ~~"'~~*z_ through devices such as wrist-
bands. Second, our results show that there 1s ~otential to use eye-tracking data to
provide feedback to children while the, aic ' ~*ning how to code. Our results can
provide a first step towards designirg a y ze-aware feedback system to enhance
the learning experiences and the lear. .. outcomes. Third, a logical extension of
the present contribution can be tc '~k 1, to the temporal dynamics of the gaze be-
haviour to observe how engagemen . nd collaboration evolve for different groups
of children with different char~~teristics (e.g., competence in coding, experience,
age groups etc.).

6.4. Conclusions

In this paper we presc < ap dytics to understand the relationships between at-
titudes and behaviov of chilaren while solving coding problems. We proposed to
use the behaviour, as mea. red by gaze, as a moderator of the relationship between
the different attit'.de. . The results show that the behaviour is an important factor
while examining v .h relations. We found that behaviour does moderates the re-
lation betwee . th» inw ntion to learn, attitude towards team work, enjoyment and
perceived le. *ni 1g. "Ae also demonstrate that the results are inline with existing
theories ar ' conw ".aporary research. This encourages us to work in this direction
for futur towar's enhancing our understanding about kids coding patterns.
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