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Reading behavior and the effect of embedded selfiesrole-playing
picture e-books: An eye-tracking investigation

Abstract

Digital and interactive media platforms, such dseks, are becoming important
tools in reading and education. In particular, yniete-books can embed multimedia
effects such as sound, animation or personalizeg&s, with potential benefits for
learning and engagement. However, little is knowoua how such e-books are read,
and most designs remain untested. In this studiyreovative type of role-playing
picture e-book entitled “The Prank in the Fores#isvwdesigned which provides three
different role-playing approaches: emotive selffest allow the reader to appear as
one of the main characters and were varied acaptdithe story development, a
fixed selfie that was the same on each page, selie. Sixty-five students were
randomly assigned to the emotive selfie, fixedisgind no selfie groups. To
understand students’ online reading processes,diieimovements were tracked. The
results showed that the emotive selfies attradtesi#on to the main character and
also promoted scanning between text and pictundg;ating a better integration of
the written and pictorial information. The selfiesign led to distinct scanpaths, and
this was patrticularly true when emotive selfiesevembedded which responded to
the context. Self-report questionnaires of readnugivation and engagement
demonstrated that this condition was also the miegaging design for readers. We
conclude that emotive selfies can boost reading@ament since they encourage the
reader to observe the development of the story ttamole he/she chose to play, and
we discuss how embodying the reader within thelgcgpcan enhance role-play
activities with the potential for improved educaiib outcomes. We suggest this
emotive selfie role-playing design could be applied-book user interfaces to create
more interaction and personal meaning for the msade

Keywords: evaluation of CAL systems; improving slasm teaching; media in
education; teaching/learning strategies

1. Introduction

Literacy is not only one’s ability to read and writt is also the basis for learning
other subjects, and is an essential ability fonviddials to understand the information
they might retrieve from the Internet. In this efaapid development of online
information and digital media, digital reading dffefent media platforms has



become one of the major ways of receiving inforora{Zickuhr & Lee, 2014). When
faced with numerous and fragmentary reading souleamers tend to lose interest or
may not focus appropriately on reading. For examiple(2010) pointed out that in a
digital reading environment, readers tend to spessltime on in-depth reading and
concentrated reading. Therefore, good readingesfies or interactive designs are
needed to help learners to read more effectivelyedticiently (Hyman, Moser, &
Segala, 2014). It is essential to propose newanstese designs and investigate their
effects on enhancing reading motivation or readimgcentration in the era of digital
reading.

Past studies have indicated that learners becomeised in the reading
environment when they are reading for curiositgdiag for engagement, and reading
for particular challenges. Reading for engagemesdma that readers read an
interesting and quality book and thus feel ableawcentrate and are satisfied
(Gambrell, 2011; Wang & Guthrie, 2004). Therefdreading engagement” is one of
the crucial elements of successful reading. Garh{@ell, p. 173) proposed seven
principles for improving reading engagement, inahgdoroviding learners with
activities that “are relevant to their lives.” Margand Van der Weel (2016) also
proposed that personal meaningfulness is an impogtament to increase motivation
for reading. Through relevant or personally meafuhigeading activities, learners can
have opportunities to engage in sustained readidgasocially interact with others
about the text that they are reading.

Picture e-books are an increasingly popular kinceatling material that may
embed various multimedia effects such as souncaamdation effects (Hawkins,
2000; Van Kraayenoord & Paris, 1996). In additioratousing readers’ interest
through pictures, such e-books also contain inteageatures such as recitation,
animation, or full-text searching, which furthettexxd the capability of paper-based
picture books (Morgan, 2013; Roskos, Brueck, & Waain2009). However, even
though picture e-books have many advantages, seseanchers have proposed that
multimedia effects might cause distraction from rib&ding process, and therefore
interrupt learners’ reading flow and engagementg&ant, 2015; Jorge, Cybis, &
Matos, 2014; Yokata & Teale, 2014; Sargeant, 20b3)rder to make reading
“relevant to learners’ lives” (Gambrell, 2011) toprove reading engagement, this
study proposes the innovative use of selfies mleplaying picture e-book. We
investigate the reading process and the effedtsi®fnnovation on reader behavior
and engagement. We are interested in reading ancing at all levels, and e-books
are relevant across age groups. In the present stedocus on university students.



1.1. Incorporating role-playing with selfies in thee-book reading process

Generally speaking, reading is a static activior &ample, learners read
materials assigned by instructors to acquire kndgée Learners with high reading
motivation are able to gain pleasure or a sense@mplishment during their reading
process. However, learners with low reading moiwvaimight find reading a rather
boring or unattractive activity (Grant, 2004; Grimasv, Dungworth, McKnight, &
Morris, 2007). Therefore, one main question inieating reading literacy or
improving reading achievement is how to enhancenéa’ reading motivation.
Nowadays, e-book reading is a popular way to erhasading motivation, through
the use of interactive multimedia effects (KoraS&amir, 2007; Korat & Shamir,
2008). However, many studies have pointed outitmatltimedia effects (such as
hotspots and graphic animations) are not appliedgaty, they might become an
obstacle to the reading process (e.g., distracgader from the story, interrupting the
flow of the story, decreasing reading comprehensioimducing cognitive overload,
Schugar, Smith, & Schugar, 2013; Takacs, Swartu&,R2015). Accordingly,
instructors should pay attention to the utilizatadnnteractive picture e-book features
while designing content or activities (Sargeant,20rokata & Teale, 2014). Many
studies about interactive picture e-books havegseg that content-related
interactive design can effectively enhance readuogjvation and achievement
(Hyman, Moser, & Segala, 2014; Kao, Tsali, Liu, &n4a2016; Woody, Daniel, &
Baker, 2010). For example, Kao, Tsai, Liu, and Y&@)L6) indicated that providing
proper guidance, prompts, and feedback which daeeckto or coherent with the
story content can effectively enhance learnerglirepmotivation and story
comprehension.

In order to increase the level of interactivity@arning, one approach is to let
learners participate in activities such as roleAplg. Role-playing is a pedagogical
method which can enhance learners’ sense of engagemd participation.
Role-playing can help learners feel immersed itteaBon more easily, enhancing
their motivation, and therefore improving theirf@ag outcomes (Peterson, 2010;
Shapiro & Leopold, 2012). For instance, Kalidasl@0Oet learners join theatrical
activities in groups. They found that role-playisdhelpful for learners’ expression,
learning achievement and teamwork skills. In otdencrease reading engagement,
this study attempts to incorporate role-playingwitoes into an e-book design, to
make reading activities relevant to the reademfigdves (Gambrell, 2011) and create
personal meaningfulness for the readers (Mangea&dér Weel, 2016). In the past,
role-playing activities were often performed on gt@ge or in the theater, and the
interactive dialogue and vivid expression of thareleters greatly contributed to the



success of their engagement with the role (Tombak4).

In the process of designing this study’s “role-phaye-book,” knowing that
readers would not have many body movements or iggsstising the limited
interactive features of e-book reading devices. (€2@ds), we came up with a design
to allow readers to express different emotionattieas to different scenes in the
story by using the photo-taking functions of thadieg devices. Through these
photo-taking functions, readers can use theireseti role-play the main characters in
the story which might encourage them to be morelired in reading. A selfie is a
self-portrait photo (Qiu, Lu, Yang, Qu, & Zhu, 2015Some studies have pointed out
that the action of taking a selfie indicates thsiefor self-identity (Hancock &
Toma, 2009; Nadkarni & Hofmann, 2012). Taking salffor the story characters
might help to build or enforce relationships betwé®e readers and the characters.
Furthermore, there is already some evidence tlfeg¢sean enhance learners’
learning achievement and engagement. For exanmpéepedagogical study on
Economics, students were asked to integrate thHies into their assignments. They
could review their consuming behavior in daily lifem their personal perspective
and build up a relationship between themselveslaméconomic concepts in the
textbook. This was associated with better perfolgeaand engagement in economics
(Al-Bahrani, Holder, Moryl, Murphy, & Patel, 2016A.recent study also found that
travel photos combined with selfies are more irgkeng than normal travel photos,
perhaps because they enhance attention to andesngagwith the photo (Dinhopl &
Gretzel, 2016; Lyu, 2016).

This study proposes an innovative, role-playingyre e-book design, which
allows learners to take a selfie with their camegaipped tablet and to merge their
selfie into the image of the role that they chowsplay. Recent studies indicate that
selfies enhance individuals’ affirmation and id&a#tion with a role, and that they
are an innovative mode of self-expression for yop@gple aged 18 to 25 (Hancock
& Toma, 2009; Nadkarni & Hofmann, 2012; Watson, Bm& Driver, 2006). In a
role-playing activity, the emotional expressiortlué characters should also be
considered. Traditionally, dialogue and stagingleaitors or actresses to develop
their sentiments and to engage in role-playing @sees (Tombak, 2014). In Kalidas
(2014), it was learners’ engagement in emotionialptaying which enhanced their
confidence and performance. Thus, in the presadysas well as using simple selfies,
we designed “emotive” selfies to encourage learteepday the role with multiple and
appropriate emotions. By focusing users’ attentinrihe role that they played, they
will feel more related to the characters. With Ermotive Selfie approach, the
connections between learners and the story platsidibe further enhanced. Learners



can take a selfie with the proper emotional expoasswhich match the development
of the story and their interpretation of the ch&gds inner world. We hoped that this
would arouse learners’ reading motivation and eoédheir reading engagement.

1.2 Eye-tracking, learning and multimedia reading

Research into e-book reading activities usually useerviews or questionnaires
to investigate reading performance at the endrefding task. Therefore, they are
usually unable to thoroughly evaluate learnersdie@ processes in real time (Muir,
& Hawes, 2013; Muir, Veale, & Nichol, 2009). Sonesearchers have adopted a
think-aloud protocol to understand students’ regdiout students might not be able to
think aloud fluently or in a way that accuratelfleets their reading process.
Eye-tracking, which can record learners’ attentigstributions without interrupting
reading, has great advantages for analyzing lesinpercesses of reading and
integrating textual and graphic materials (Heg&94.0). Indeed, eye-tracking has
already been frequently used in education and ilegunesearch (Mayer, 2010; Chien,
Tsai, Chen, Chang, & Chen, 2015; De Koning, TahliRilers, & Paas, 2010;
Knoblich, Ohlsson, & Raney, 2001), in domains sashext reading in language
learning (Ma & Li, 2015; Sharmin, Spakov, & R&il2815), calculation in
mathematics (Lin & Lin, 2014; Knoblich, Ohlsson,Raney, 2001), and learning
knowledge of science (Mason, Pluchino, Tornator&rigési, 2013; Tsai, Hou, Lali,
Liu, & Yang, 2012; Canham & Hegarty, 2010; Schmidtigand, Kohnert, &
Glowalla, 2010).

Lai et al.’s (2013) meta-analysis collected andsifeed studies about
eye-tracking and learning into seven themes inolyithhe examination of information
processing, the effect of particular types of mstion and the exploration of
individual differences between learners. Tsai ef2112) used eye-tracking
technology to observe college students’ eye movésnehen dealing with scientific
multiple-choice questions. They analyzed factoas thay influence the responses and
the four options through fixation time to understdine subjects’ visual behavioral
transfer patterns. Canham and Hegarty (2010) asd aye-tracking techniques to
explore junior high school students’ reading preessn receiving complex
Meteorological map information. They found that wistudents read a
meteorological map, they spent more time readiegagsociated key information area.
Yang, Chang, Chien, Chien, and Tseng (2013) inyat&d the learning process of
undergraduates with different subject majors. T¢tmypared eye movements in
response to different types of information suckvasds, pictures, concept maps and
sheets. It was found that when students were guglede instructor’s narration,



attention distributions were mostly in the texteereather than in the graphic area.
Colliot and Jamet (2018) used eyetracking to exarthe effects of adding teacher
videos to e-learning content. They found that sttslepent 25% of the time looking
at the teacher video and that this enhanced retenfithe material without negative
effects on motivation or cognitive load. In the @t of multimedia webpages,
Beymer, Orton and Russell (2007) investigated nifleaence of relevant pictures, and
irrelevant advertisements, on text comprehensitthofigh there were no effects on
actual comprehension, relevant pictures were loakedore often than adverts.
Interestingly, the looks to the adverts had a nmegative impact on the reading of the
text, even though they happened less often, and asmociated with readers returning
to re-read content. In the present study, we wiae@ncerned with multimedia
reading involving both text and graphics, and se-&gcking was an appropriate
technique for us to more deeply probe the wayrégeders might be influenced by the
role-playing picture e-book design.

1.3 The present study

In this study, we utilize eye-tracking to understatudents’ reading processes
(online) and questionnaires to understand thefiopmance after the reading task
(offline) (Lin & Lin, 2014). We expected that stude who used the multimedia
role-playing features would engage with the e-bdifflerently, and that this would
influence their eye movements. The aims of ourystuere to:

1. Record and analyze the influences of differetg-playing picture e-books on
reading processes with eye-tracking, and 2. Unaledsthe influences of different
role-playing picture e-book approaches on learmeesling motivation and reading
engagement.

According to these aims, we will answer the follogiresearch questions:

1. Do eye movements differ when learners read piativeoks using three
different role-playing approaches? Specifically, tested how attention to
the main character varied when it incorporatedfees®/e measured the time
spent fixating on different areas of interest am@canpaths involved in
shifting between graphics and text.

2. Do different role-playing approaches influence teais’ reading motivation
and engagement with the main character?

2. Method

In this study, students were randomly assignedods three groups: the



“Emotive Selfie” group, the “Fixed Selfie” group tire “No Selfie” Group. Each
group had different access to the available funetity of our designed e-book, that
IS, incorporating multiple selfies, a single setfteneither within the story content.
This study aimed to explore whether these thrdereiiit approaches of role-playing
would have varying degrees of impact on the stuglattention distribution during
reading (by using the eye tracker) as well as erstbhdents’ reading motivation and
reading engagement performance, assessed by usrguestionnaires (Figure 1).

Insert Figure 1 about here

2.1 Pilot study

A pilot study was conducted before the presemtysthight, ninth-grade students
(14-15 years old) were recruited as the particgarhe procedure was mostly the
same as the present study, but the reading mateagdifferent. The material used in
the pilot study was mostly based on the familidiie Red Riding Hoodtory plot.

The results indicated that the Emotive Selfie grep@ent more time fixating the main
character. We used the pilot study to refine oongt and design in a number of
ways. For example, the graphics we want to anatgzeel to be non-overlapping, or it
would be hard to separate them into different acéasterest for eye-tracking
analyses. A potential problem in the pilot studys\lzat the story we adopted was
familiar to most of the participants. This high degof familiarity likely had an
influence on reading performance and eye movemé&htsefore, we chose to design
an original story for the present study.

2.2 Participants

We recruited 65 undergraduate or graduate stude®dt4 years old) from
different universities in northern Taiwan as thee@rch participants. We removed the
participants who had valid eye-tracking data fesléhan 80% of the study time,
leaving a total of 46 successful participants, bbm 15 were randomly assigned to
the Emotive Selfie group, another 15 to the Fixeti&group, and 16 to the No
Selfie group. These participants had valid eyekirerdata for 93.06% of the time,
demonstrating a good data collection rate.

2.3 The role-playing picture e-book The Prank in the Forest”



In our pilot study, we found that the story.iftle Red Riding Hood"was too
simple and that most of the students had a pripression of the story and characters.
Students were unlikely to gain any new insightsudltioe over-familiar plot.

Therefore, in the present study, the reading naltess changed to an original story
“The Prank in the Forest,Which was loosely based dittle Red Riding Hood

Picture e-books are suitable for all ages. In shisly, we designed a picture
e-book for undergraduate and graduate studentwvemphasized the ability to
reflect on and judge characters’ actions in a cemplay. Our chosen story subverts
the stereotypical roles and asks readers to quetsteomorality of characters’ actions.
For example, the wolf is not necessarily “big aad’) and students are encouraged to
question their assumptions about this charactehdped that the experience of
reading this picture e-book would help readers gagaore actively with the
information they read and start to think from diéfiet perspectives. There are two
different main characters (Ruby and Wolf)Tlihe Prank in the Foredor the students
to choose for role-playing. They were instructedetad from the perspective of the
role that they chose. Ruby is a naughty girl wkedito do mischievous acts, while
Wolf is an innocent character who is misunderstopéveryone else. In the story,
these two main characters go through a seriesasftevogether, but from each
character’s personal viewpoint. Therefore, we de=igwo corresponding versions of
a picture e-book from each of the two roles’ défetr narrating perspectives. For
example (see Figure 2), on Page 8 of Ruby’s ver&toby found herself hungry and
decided to eat the candy house belonging to anotteacter (“Pig Brother”). She
murmured “The candy house is so yummy.” On therdtlaad, on Page 8 of Wolf’s
version, Wolf found that he was too late to catctbyr Ruby disappeared again. Wolf
shouted “Ruby, where are you? Come out!” The sémding is intentionally designed
as open-ended, providing space for students toimaamnd discuss possible endings
by themselves.

Insert Figure 2 about here

In order to encourage learners to devote moretaiteto the story, this study
proposes an innovative role-playing process. Triuslved using readers’ own selfies
for the main characters. To achieve this purpdsefdaces of the main characters were
replaced with selfies in the first two groups, kemained as drawing portraits in the
no selfie mode. There were therefore two diffestaty versions either from Ruby’s
or Wolf’s narrating perspective and for each versioere were two modes: one with



selfies and one without. The selfie mode was ugettido Emotive Selfie group and
the Fixed Selfie group, while the no selfie modeswsaed by the No Selfie group.

The Emotive Selfie group used several selfies ptace the blank area of the
main character in different scenes of the role-plgypicture e-book. The facial
expressions of the selfie were changed along \Wwetdevelopment of the storyline.
This means the selfie was changed regularly. Famgike, the main character may
have been happy for two pages in a row, beforegihgrio become angry on the third
page. In contrast, the Fixed Selfie group used onbysingle selfie that did not
change according to the story (the same imageaegldne blank area of the main
character in all the scenes of the role-playingupece-book). The No Selfie group
used the no selfie mode in which the original dregsiof the main characters in the
role-playing picture e-book were used. It shouldhbted here that we called all of
these three conditions “role-playing reading” siceach group they could all read
the story from a chosen character’s perspectiviewiih different access control of
the selfie mechanism.

The different e-books were designed to be as sirmdgossible. The number of
pages of both versions from different narratingspectives was the same (16 pages).
The layout of pictures and texts such as the pogfbrtion of the main characters,
the position/portion of other key graphics, andpbsition/number of words was
taken into account. Therefore, differences in gyout of pictures and texts in the two
versions of the picture e-book were constrainea tmnimum in order to reduce
possible interference with the eye-tracking datayses.

2.4 Procedure (see Figure 3)

After being randomly assigned to one of the thm@eigs, students could choose
the main character they wanted to role-play: Rubyolf. Students in the Emotive
Selfie group were instructed to take four selfiethwlifferent facial expressions for
the roles they chose to play. The students whoectmoplay Ruby took photos
showing angry, cunning, happy, and dumbfoundedesgions, while the Wolf
players took selfies expressing happy, confusagyised, and wronged (Figure 4).
Meanwhile, students in the Fixed Selfie group toaky one selfie with one fixed
expression. These selfies were embedded into tieeharacter portraits in the
corresponding scenes in the role-playing pictub®ek content. Students in the No
Selfie group simply chose the role they would pBgfore starting to read, the
students were asked to take the reading motivatietest questionnaire (see Section
2.7) and to go through the eye tracker calibrapimtedure. The main reading activity
lasted for 10 minutes. Students read and turnedspaitheir own pace, and this



reading process was recorded with the eye tragkter. that, they completed the
reading motivation posttest and reading engagenquegtionnaire (see Section 2.8).

Insert Figure 3 about here

Insert Figure 4 about here

2.5 Apparatus

We recorded eye movements and reading with the M&lhile Eye-XG, a
non-intrusive portable eye tracker that can tragkrovements using the principle of
infrared detection of pupil position and cornedlere The sampling rate is 60 Hz and
the accuracy of gaze direction measurement is 0.Bag iPad showing the
role-playing picture e-book content was held appnately 30 cm from the eyes of
the participants. Participants could move theirdsdaeely while wearing the Mobile
Eye-XG and performed the required task in a naemaironment setting. The system
was calibrated by asking participants to fixateawequence of points within the field
of view. The right eye of each participant was rded. The recorded eye tracking
data were wirelessly transmitted to a laptop alith video of the scene from the
participant’s point of view. GazeTracker for ASLsvwased in the follow-up data
analysis to re-construct a video clip of this scentl the targets of gaze
superimposed.

2.6 Eye movement measurements

Before analyzing the data, several areas of int¢f€3ls) were defined in order
to describe learners’ visual attention (FigureThie text AOI referred to the area of
text in the picture e-book. The main character A&drred to the area of the main
character the participant chose to role-play. Tiherokey graphics AOI referred to the
area of other graphics excluding the main characttire scene of the story. For
example, if the student chose to role-play RulgntRuby would be defined as the
main character AOI while other key graphics (susMlf, Mayor, Straw House,
Candy House, Lego House, etc.) would be definemtlaex key graphics AOIs in this
individual's data analyses. The AOI layout is shawirigure 5. The eye-tracking
indicators used in this study included Total FigatDuration, Total Fixation Count,



Percentage of Time Fixated on different AOls, anniider of Saccades between Text
and Graphics. Percentage of Time Fixated on theA®x referred to the percentage
of the learner’s fixation duration in the text A@vided by the total fixation duration.
Number of Saccades between Text and Graphics edferrthe number of gaze shifts
between the text and the main character or othegkaphics areas.

Insert Figure 5 about here

2.7 Reading motivation scale

We adopted the reading motivation scale revisedamg (2012). Yang (2012)
translated and revised the Motivation for Readingfionnaire (MRQ) developed by
Wigfield and Guthrie (1997), and used a Rasch mtmlekamine the revised MRQ,
reducing the number of questions from the origb¥altems to 24. The revised MRQ
contains questions on extrinsic motivation, intiirmaotivation, reading self-efficacy
and social factors. For example, two items frors tjuestionnaire are: (a) | talk to my
friends about what | am reading, and (b) My friesdmetimes tell me | am a good
reader. Items are scored on a 4-point Likert scalging fromvery similar, a little
similar, a little different andvery differentwith corresponding scores ranging from 4
to 1. A higher score indicates a higher level afdiag motivation, and vice versa. For
the internal consistency reliability of the scahes Cronbach’s. is .93.

2.8 Reading engagement scale

The revised overall-state measure of flow (Tsa@52@s used as the reading
engagement scale to understand learners’ degeggafjement in reading with
different role-playing approaches. Tsao (2005)dlaed and revised this scale based
on Pearce, Ainley, and Howard’s (2005) “surveyratte activities.” The survey is an
11-item questionnaire, including measurement ohta, interest, and enjoyment”
(Pearce et al., 2005). Example items from thiseszadlude: (a) | felt in control of
what | was doing during the picture e-book reaginacess, (b) | found reading the
picture e-book enjoyable, and (c) | found readimg picture e-book interesting.
Students responded using 5-point Likert scale gatranging fronstrongly agree,
agree, neutral, disagre@ndstrongly disagregwith corresponding scores ranging
from 5 to 1. A higher score indicates a higher I®feeading engagement, and vice
versa. The Cronbachésfor the internal consistency reliability of theabeis .77.

3. Results



3.1. General eye movement behavior in reading rolglay e-books

Two corresponding versions of a picture e-book femamnh of the two roles’
(Ruby and Wolf) different narrating perspectivesevdesigned (see Section 2.3).
Each version of the role-playing picture e-booktaored 16 pages. To ensure a fair
comparison, we eliminated pages that did not corahithree AOIs, and that did not
have complete collected data. The eliminated pages pages 1, 3, 7, 8, 9, 10, 14,
and 16; the remaining eight pages were analyzecagfeegated the data by summing
across these eight analyzed pages and began bgdaatkany global differences in
the number of fixations in each group (Table 1).

Insert Table 1 about here

A one-way analysis of variance (ANOVA) was carr@d for each of these
dependent variables. Levene’s test was not statibtisignificant in either case, so
we assumed homogeneity of variance. There wasgndisant effect of group on the
total fixation durationf(2, 43) = 1.58p > .05) or in the total fixation coun&(2, 43)
=.91,p > .05). Readers of these three groups showedssitoilal fixation time and
count in reading the role-play e-books, perhapsibee all read the same number of
pages within the same time limit, even with differaccess to the selfie mechanism.
Our subsequent analyses investigated whether ksam#ée Emotive Selfie, Fixed
Selfie, or No Selfie group read differently and guessibility of more nuanced effects
on how each page was inspected.

3.2. Areas of interest analyses for comparing diffent role-playing groups

We investigated differences in eye movements bypaosmg the three groups of
readers. In particular, we summed the data achessigiht analysed pages and
examined the percentage of time that each partitg@ent fixating on the text, the
main character and the other key graphics. In eash participant means were
compared using a one-way analysis of variance (ANQOMth the between-subjects
factor of the type of selfie available. Levene'sttir homogeneity of variance was
not significant in each case (plb .05) and there were no significant discrepancies
from normality in any of the dependent variabldse Tesults showed that there were
significant differences in all three measures;dwHup post-hoc analyses were
performed using LSD (Least significant differentable 2).

The percentage of time spent fixating on the teQt Aevealed differences in the



amount of attention paid to reading between theetlgroups, with a large effect size
(F(2,43) = 48.19p < .001 2= 0.69). The effect sizes for partial eta-squaredew
classified into small (> .01), medium (> .06) andjéa(> .14) (Cohen, 1988). On
average, the no selfie group spent 82.42% of thee looking at the text, but this
was reduced in the fixed selfie group (68.46%) wad lowest in the emotive selfie
group (48.10%). Thus, selfies diverted attentiomyfvom the text, especially if they
were emotive.

We expected the role-playing picture e-book to haeegreatest impact on the
main character which was changed by insertingfees#lthe reader. The results show
that there was a significant difference amonghaté¢ groups in the percentage of
time spent looking at this main character, witlhwgé effect sizeH(2,43) = 96.55p
<.001mp2= 0.82). Participants in the emotive selfie comaitspent the most time
looking at this main character, for about one tlmfthe viewing time (33.58%) and
therefore almost as long as they spent reading¢hal text on the page. Participants
in the fixed selfie spent significantly less tini8(41%), but still looked at this main
character more than the no selfie group did. Theatite group only spent 5.36% of
their time looking at the main character, indicgtithat the students might not be as
interested in the character if they used the aaigilnawing for role-playing.

Insert Table 2 about here

We also investigated the amount of time spentifagabn the other key graphics
on the page. The result showed that there wasdisant difference between the two
selfie groups and the no selfie group with a lafect size, with the fixed and
emotive selfie groups spending more of the timatfng on the other key graphics
than the no selfie group di&(@,43) = 6.50p < .01,n2= 0.23). Apart from the main
character, all of the other key graphics on theepagained the same across all
modes. Therefore, differences in the number oftifoxes on these key graphics cannot
be due to changes to the visual properties ofrégsn, but must be due to other
reading processes. This implies that the selfiehaeism might encourage students to
spend more time reading other key graphics (sudthes characters or the main
scenery) than the group without selfies. One pssédason is that the students were
engaged in role-playing the main character, so thmyld see the scene from the main
character’s viewpoint. For example, a student whs wle-playing Ruby would
naturally spend some time looking at the world acbber.



3.3. Comparing different AOIs within each differentrole-playing group

To further investigate whether the selfie condsi@hanged the relative amount
of time dedicated to the different areas of intenee performed repeated-measures
ANOVA comparisons within each group (Table 3, 4,EE8ch ANOVA compared the
percentage of time spent on the text, the mainachar and the other key graphics.

In the emotive selfie group, participants spenteradrthe time on the text than
on the graphics, and more time on the main charédwe on the other key graphics.
This resulted in a significant effect of AOI, wighlarge effect sizeé~(2, 28) = 63.0p
<.001n,2=0.82). There was also a significant effect inftked selfie group, with a
large effect sizeR(1.19, 16.64) = 117.1% < .001,n,2= 0.89). However, in this group,
in addition to spending more of the time on the,tparticipants looked more at the
other key graphics than the main character witHigeal selfie, indicating that the
fixed selfie did not change students’ interesti® $ame degree as emotive selfies.
Finally, there was a significant effect in the mtfie group, with a large effect size
(F(1.06, 15.96) = 468.4 < .001,n,2= 0.97), confirming that on average participants
spent the most time looking at the text but alsa, tim the absence of any
manipulations, the other key graphics received mtention than the main character.
Therefore, all three groups spent substantial tiaeling the text; the possible reason
is that they still need to understand the developgroéthe story from the text itself no
matter under which role-playing mechanism. Howewnes, quite striking that the
emotive selfie group was the only condition wheaetipipants spent considerably
more time looking at the main character than abther key graphics, indicating that
changing emotions according to the story plot digriove students’ interest in
role-playing the main character.

Insert Table 3 about here

Insert Table 4 about here

Insert Table 5 about here

3.4. Sequential scanpaths when viewing e-book graigk



Figure 6 gives examples of the way that participameach group scanned one
of the pages (page 12) in the e-book. Circles atdifixations, with fixation order and
duration (in seconds). As demonstrated in the pressanalysis, participants in the no
selfie group tended to look mostly at the text, mglonly occasional fixations on the
graphics. In contrast, the participant in the exmesgelfie condition made several
fixations on the main character. This reader lodked at the text, before fixating on
the main character, then going back to the textthed the graphics for a second time.
This sort of back-and-forth suggests that thisigigdnt is integrating text and
graphics more extensively than the other partidgan

Insert Figure 6 about here

Figure 6 suggests that participants in the setoeigs might be making more
transitions between text and images, over and ati@recloser engagement with
particular graphics. To investigate this, we acclateal this data across the eight
pages and analyzed the number of gaze shifts betthegext AOI and the graphics
AOls (including the main and the other key graplaicsas) made by each participant.
We compared the number of gaze shifts of the ttiifeerent conditions using a
one-way ANOVA (Table 6). Levene’s test for homoggnef variance was not
significant > .05) and there were no significant discrepanicees normality in the
dependent variable. There was a significant etieadbng groups, with a large effect
size F(2, 43) = 22.35p < .001 2= 0.51), showing that the different role-playing
approaches affected the transitions between tekgeaphics. Post hoc tests
demonstrated that participants in the emotiveeelbindition made more transitions
between text and graphic AOIs than either of tieiogroups. It is important to note
that it would be possible to observe a greater rerrobfixations on the selfie in this
condition without more gaze transitions (e.g.viégone simply spent longer looking
at the images at the beginning of the trial). Thisot what we observed, however.
Instead, participants in the emotive selfie grorgreot only looking at the main
characters more, they are looking at them througreading, proceeding back and
forth between text and main character/other keplgcs. A number of studies have
shown that scanning between elements can refleetter integration of written and
visual ideas. For example, Hegarty and Just (1888)d that readers of mechanical
diagrams tended to switch between the text andrihge, and that this was linked to
mental model construction (and more common in ncoraplex problems). Mason,
Tornatora and Pluchino (2013) asked school pupilead scientific material



featuring text and images. They argued that “irdtge transitions” — saccades which
moved attention between the text and the imagere wmest important for learning.

In the present study, we therefore consider thatgrexumber of transitions indicative
of improved integration between text and graphacs] these may also reflect the
role-playing nature of the selfie in the story.

Insert Table 6 about here

Our analysis of gaze transitions does not captuyareore complex patterns of
scanning between the different elements on a pgagelternative way of
investigating viewing differences between condiiggto use a scanpath comparison
(see Dewhurst et al., 2018; Anderson, Andersong#tone, & Bischof, 2015). This
method allows us to investigate patterns in thieskdjuence of fixations on our
regions of interest.

To do so, we used the string edit distance (or hskein distance) to compare
people in different conditions scanning the sangep&ull details of the string edit
distance algorithm are given elsewhere (Foulshabn&8erwood, 2008; Anderson et
al., 2015). Each scanpath is represented as g siricharacters (in our case,
representing each gaze on a region of interesttéekts M = main character; and K =
other key graphics). Any other fixations were oatttTwo scanpaths can then be
compared by calculating the number of edits (addiagroving or replacing a
character) required to turn one string into theeptRigure 7 shows two simple
example scanpaths. The first indicates that therobs looked at the text, followed by
the other key graphics (e.g., Mayor), then lookackiat the text, before looking at
the main character (e.g., Wolf). This gives a seqaef TKTM. The second scanpath
results in a string of TMKT. Comparing these steimgquires two edits, and this is
normalized over the length of the longest strind #ren subtracted from 1 to give a
similarity index of 0.5. Strings which are complgtdifferent will have low similarity
scores close to zero, while two identical strinyg @ score of one.

Insert Figure 7 about here

We took all of the scanpaths from one represemgtage (page 12) in the three
different conditions (1 scanpath in the no selfieup was missing; therefore, there



was a total of 45 sequences, with a mean lengh) ahd compared them against each
other. In particular, we examined the similarityva@en strings in one group with
those in the other groups (a total of 3 sets offanmsons: the emotive selfie group vs.
the fixed selfie group, the emotive selfie groupthe no selfie group, and the fixed
selfie group vs. the no selfie group). We then arachthe average similarity of each
set of comparisons, using a one-way ANOVA, to datee which scanning sequences
were more similar to each other.

The results showed a significant effect of compueritype, with a small effect
size F(2, 672) =4.82p < .01,n2 = 0.01; see Table 7). The lowest average simylarit
score was that between the emotive selfie grouglado selfie group (M = 0.38,
SD = 0.14), and this comparison was significarglsslsimilar than the comparison
between the fixed selfie group and the no selfeaigr(M = 0.43, SD = 0.21). It was
also less similar than the comparison betweenvibeselfie groups (M = 0.40, SD =
0.16), although this difference and the remainiagga comparison was not
statistically significant. This pattern of resultslicates that the sequence of regions
fixated in the emotive selfie condition was paréely distinct. Along with the
evidence from regions of interest and transitidtmsyggests that the emotive selfie
condition, in particular, changed the way that pegganned the key elements on the

page.

Insert Table 7 about here

3.5. Reading motivation

Table 8 shows the average post-test reading mimtivatores for each group.
These were compared across groups using a one-W&PAA, with the pre-test
scores as a covariate. There was no interactiongleet the three groups in the
post-test (2, 59) = 1.80p > .05), indicating that the assumption of homoggrad
the regression slope was met. The ANCOVA resultvgbthat there was a significant
group effect, with a medium effect sizg2, 61) = 3.29p < .05,n,2= 0.10), with
participants in the emotive selfie group showing lighest average scores.
Interestingly, this analysis shows that readingivation increased when a
role-playing e-book with selfies was used, but amhen the inserted selfies
interacted with different emotions and the stomylof the role-playing picture e-book.



Insert Table 8 about here

3.6. Reading engagement

Table 9 shows the reading engagement scores, bagbé “overall state
measure of flow” questionnaire. Scores were contpaith a one-way ANOVA, and
Levene’s homogeneity of variance assumption was(pret05). The average reading
engagement scores were significantly affected bys#ifie manipulations group, with
a large effect sizeéH(2, 62) = 6.33p < .01,n,2= 0.17). In this analysis, participants in
both the emotive and fixed selfie groups showetiériggngagement than participants
in the no selfie group.

Insert Table 9 about here

Taken together, the results clearly show that ekbeath integrated selfies have
effects both on the visuo-cognitive processes wewin reading and on self-reported
feelings of motivation and engagement. It is patdy noteworthy that, on all of
these measures, the emotive selfie condition shaleechost integration between text
and graphics (in the eye movement measures) arfughest motivation and
engagement. We propose that these effects aredhe adding of the emotive selfie
to the illustration. This addition allows the learno better integrate the elements of
the story, increasing involvement and tension ag #re the “main character”. In
Mangen and Van der Weel’s (2016) multidimensionaifework for reading, reading
is allocation of attention resources and also aatiemally influential experience.
Therefore, requiring a link between the selfie #r@lemotional content of the story
may particularly boost engagement, allowing theleedo appreciate the atmosphere
of the narrative.

4. Discussion and conclusions

The innovative role-playing picture e-book usedhils study enables learners to
play roles within a story via selfies. In this wéyseems to make the reading process
an active and more engaging experience. It is htdpdhis application of selfies can
bring readers new experiences in interactive pgctabook reading. This design
satisfies some of the principles of reading engagem-making personal
meaningfulness from reading activities (Mangen & der Weel, 2016) as well as



providing learners with activities relevant to thieres and allowing them to “have
ample opportunities to engage in sustained readi@ginbrell, 2011).

To investigate learners’ attention during the reggrocess and identify which
elements of picture e-books might be affecting pinecess, the current study used
eye-tracking. The results showed that participesgasling an e-book with selfies spent
more time fixating on the main character, especiéthis selfie displayed emotions
consistent with the story. There was also evidéhatthey spent more time on other
key graphics than the no selfie group, despitddbethat these graphics were
identical between the versions.

The counterpoint to spending more time on the gcagh that readers in the
emotional selfie condition also spent less timehantext, both in absolute terms and
as a proportion of their viewing time. A potenttaincern, therefore, is that readers are
being distracted away from the text, and thatthight affect engagement and
reading comprehension. Importantly, understandmg-aook typically involves
looking at both the pictures and the text. This msghat increased looks to the selfies
or other graphics should not be seen as necesharityful to comprehension or
reading speed. Our eyetracking results show thétgeants frequently look between
text and images in order to understand and thikiathe page. In all conditions
there remain a high proportion of fixations on tiéxet. Therefore, the selfie conditions
are likely encouraging readers to understand tbeesby looking more at the graphics,
whereas readers in the no selfie condition are rikely to return and re-read the text.
Since the graphics were relevant for the task dewtanding the story, readers may
have been looking at them to gain extra informafeg., about the emotions of the
characters). Previous evidence suggests that todksk-relevant images can support
comprehension and do not necessarily make reattimgis(Beymer, Orton & Russell,
2007). It is also possible that participants ingb#ie conditions looked more at the
main character merely because it was novel, chabg®deen pages, or because they
were attracted to look at themselves. Howevergtlegplanations do not seem to
account for the increased looks to other graplmaswere observed, and neither do
they explain the increased engagement and motivatjoorted by readers in the
selfie conditions. Future studies could includé&taselevant selfies, and a formal test
of text comprehension, in order to understand bt why the selfies were being
inspected.

The emotive selfie group also made more transitbmig/een the graphics and
the text, and a scanpath comparison analysis steghest this condition produced
the most distinct eye movement patterns. This detates that the embedding of



emotive selfies in a picture e-book attracts sttgl@ttention to the main characters
and story details, but also that it prompts therexolore the connections between text
and graphics. Mason et al., (2013) reported thigih‘integrators”, who made the

most shifts between images and text, were thelbasters in an educational context.
This indicates that our approach might boost irgegn of the ideas in the e-book and
improve learning. In this respect, a selfie whiblamges to reflect the emotional
context was the most effective.

In both the emotive and fixed selfie conditiong thle-playing activity led
learners to be more deeply immersed in reading(doty to the reading engagement
and motivation questionnaires). This indicates #edfies improve students’
engagement with reading material and make theraatefin their role and the
characters. We suggest that, by giving studentstiaace to play roles in an
innovative way, the selfies attract visual attemtimaking reading more engaging and
also enhancing identification with a role.

The results of the reading motivation post-tesiastbthat the reading
motivation of the emotive selfie group was sigrafidy higher than that of the no
selfie group, but the reading motivation of thesfixselfie group was not significantly
higher than that of the no selfie group. This iatks that merely including a selfie
was not enough to improve the overall reading nadiiw. It may be that emotive
selfies were necessary for students to experidrecernotions of the role, so that they
would be curious about the development of the sargl understand the situations
that the main character faced. In other words,esttgdcould engage in the plots more
easily when reading with emotional selfies. Thisuigan turn allow them to integrate
the graphic and textual information and thus haaepér reading motivation (Lazar,
2014; Shapiro & Leopold, 2012).

4.1. Implications, limitations, and suggestionsftdure research

The present study is one of the first to examirelirey processes in interactive
e-books. It is also one of the only studies to @ramttention in multimedia stories
using eye-tracking. The results showed widespréfadte of the inclusion of selfies,
both on how attention was distributed during regdand on the self-reported
engagement of the participants. This is excellgiesce that such innovations
change the way that stories are read, and thatahi®oost engagement and
motivation.



In this experiment we did not measure reading cehmgmsion, and the story was
not designed with this aim (unlike a more convamiceducational text). In future
work it would be interesting to examine if read@@nprehension is increased with
higher engagement. Beymer, Orton, and Russell (2@€5cribed the impact of
different types of pictures on eye fixations on tévet, but found no differences in the
retention of the material. Increasing engagemedtraotivation is important, and we
expect multimedia content, such as our selfie aesgultimately improve
comprehension. However, examining this would nestee detailed post-test (and
potentially different materials).

Since our study tested undergraduate and graduwmtends, we remain cautious
about applying the results to other age groupficdigh e-books have potential to be
used across all ages, it is also the case tha wiéirbe different design constraints
for young and old readers. It is possible that-pdey may actually be even more
suitable in younger age groups, where comprehernsiess dependent on reading
speed. Investigating the effects of different typesole-playing on picture e-book
reading comprehension could be a promising futtueys It would be useful to
compare the results of such a study in both cmttiadult readers.

While further research would be beneficial to irigege the link between what
readers look at, how they engage with role-playnd other learning outcomes, it
seems that including emotive selfies can have dengsble benefits. As Mangen and
Van der Weel (2016) have proposed in their inteégedtamework for reading
research, interface characteristics are importapteparation for reading. Therefore,
this study can provide practical insights for uséerface design in picture e-books.
The user-interface of traditional e-book mainly cems how pages and text are
displayed, and might also feature access to cemtaitimedia effects such as sounds
and animations. Our results can lead to a recomatemdthat traditional picture
e-books could be transformed into role-playing onkse embedding interactive
elements such as emotive selfies (see Figure &)rdlk-playing reading design used
here has the potential for improved educationat@ues and could be widely applied
to different academic fields such as History, Esfglconversation in language courses,
and so on, particularly in stories and case stusligtsa first-person narrative.

Insert Figure 8 about here
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Figure Captions

Figure 1. Research framework

Figure 2. Two versions of the role-playing picterbook (left: Ruby’s perspective,
right: Wolf’s perspective)

Figure 3. Research procedure

Figure 4. The Emotive Selfie group took four salfigth designated facial
expressions for the roles they chose to play (Ryfy, Bottom: Wolf)

Figure 5. AOI layout of the role-playing picturebeek (if Ruby is chosen as the main
character)

Figure 6. Scanpath examples (page 12; left: ematifee, middle: fixed selfie, right:
no selfie)

Figure 7. Two example scanpaths, representingeiheenice of areas of interest
inspected in each case

Figure 8. A role-playing picture e-book design



Table Captions

Table 1. Descriptive statistics of total fixatioardtion and total fixation count
Table 2. ANOVA on percentage of time fixating orcle® Ol

Table 3. ANOVA for the Percentage Time Fixated dfecent AOIs, in the emotive
selfie group (N = 15)

Table 4. ANOVA for the Percentage Time Fixated dfecent AOls, in the fixed
selfie group (N = 15)

Table 5. ANOVA for the Percentage Time Fixated dfecent AOIs, in the no selfie
group (N = 16)

Table 6. ANOVA of Number of gaze shifts between Tiext and Graphic AOIs
Table 7. ANOVA comparing the average scanpath anityl between conditions
Table 8. ANCOVA of reading motivation

Table 9. ANOVA of reading engagement



Table 1. Descriptive statistics of total fixation duration and total fixation count

Measure Group N Mean SD Min Max

Total Emotive selfie 15 42.64 12.00 23.61 66.04
fixation Fixed selfie 15 38.44 17.04 17.28 87.35
duration _

No selfie 16 34.16 10.12 16.03 55.21

(seconds)

Total Emotive selfie 15 121.40 2719 74 181
fixation Fixed selfie 15 110.00 34.07 58 198

count No selfie 16 107.69 2848 56 165




Table 2. ANOVA on percentage of time fixating on each AQI

Time spent fixating (%)

Areaof
) Group N Mean SD F(2, 43) Post hoc
interest
(1) Emotive selfie 15 48.10 7.18 48.19%** (3)>(2)>(1)
Text (2) Fixed selfie 15 68.46 12.15
(3) No selfie 16 82.42 9.35
(1) Emotive selfie 15 33.58 6.68 96.55**  (1)>(2)>(3)
Main
(2) Fixed sdlfie 15 13.41 6.93
character
(3) No sdifie 16 5.36 3.14
(1) Emotive selfie 15 16.64 484 6.50** 1), 2) > (3)
Other key
_ (2) Fixed sdfie 15 17.70 6.69
graphics
(3) No sdifie 16 10.81 5.57

**% n< 001, ** p<.01



Table 3. ANOVA for the Percentage Time Fixated on different AQIs, in the emotive
selfie group (N = 15)

Source of
o SS df MS F Post hoc
variation
Between AOIs 7440 2 3720.1 63.0%** T >M > Other
Within AQIs 1674 42 39.9
Subjects 21 14 15
Error 1653 28 59.0

T: text area; M: main character area
***p < .001



Table 4. ANOVA for the Percentage Time Fixated on different AOIs, in the fixed

selfie group (N = 15)
Source of
o SS df MS F Post hoc
variation
Between AOIs 28124 1.19 23656.8 117.2%** T > Other > M
Within AQOls 3364 42 80.1
Subjects 34 14 0.25
Error 3361 16.6 201.9

T: text area; M: main character areg;
***n < ,001; Within-subjects effects corrected using the Greenhouse-Gei sser

procedure



Table 5. ANOVA for the Percentage Time Fixated on different AQIs, in the no selfie

group (N = 16)

Source of
o SS df MS F Post hoc
variation
Between AOls 59179 1.06 55684.6  468.35*** T >Other >M
Within AOls 1925 45 428
Subjects 29.8 15 2.0
Error 1895 15.9 118.9

T: text area; M: main character area
***n < ,001; Within-subjects effects corrected using the Greenhouse-Gei sser

procedure



Table 6. ANOVA of Number of gaze shifts between the Text and Graphic AOIs

Group N Mean SD F(2, 43) Post hoc
(1) Emotive selfie 15 38.13 8.90  22.35%** (1)>(2)
(2) Fixed selfie 15 22.27 8.17 D>
(3) No sdifie 16 18.50 8.75

**% < 001



Table 7. ANOVA comparing the average scanpath similarity between conditions

Comparison type N Mean SD F(2, 672) Post hoc

(1) Emotive v. Fixed 225 0.40 0.16 4.82** (3)>(2)
(2) Emotivev. no sdlfie 225 0.38 0.14

(3) Fixed v. no selfie 225 0.43 0.21

** p< 01



Table 8. ANCOVA of reading motivation

Group N Mean SD Aa :Ztned ESr tr%r F(2,61) Post hoc
(1) Emotiveselfie 21 7295 1089 7208 076 329  (1)>(3)
(2) Fixed sdifie 19 69.16 883 70.75  0.80
(3) No sdfie 25 69.92 8.20 69.44 0.70

*p < .05



Table 9. ANOVA of reading engagement

Group N Mean SD F(2,62) Post hoc
(1) Emotive selfie 21 36.24 2.77 6.33** (1)>(3)
(2) Fixed selfie 19 35.47 3.04 (2)>(3)
(3) No seifie 25 33.16 3.31

**p< 01



Covariance

Reading motivation
Pretest

Dependent variable

Independent variable

Different role-playing e-books:
m Emotive Selfie group

m Fixed Selfie group

m No Selfie group

Quantitative analysis:
m Eye movement

v

m Reading motivation Posttest
m Reading engagement







Emotive selfie Fixed selfie No selfie
group group group
Take 4 Take 1
emotive selfies fixed selfie
Pretest (reading motivation) 3 min
Eye tracker calibration 5 min
S .
B Eye - :
Read role-playing picture e-book
; tracking epinelle

Posttest (reading motivation and reading engagement) 5 min
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Highlights

Embedding selfies within an e-book can enhance role-playing exercises
Readers |ooked more at the main characters when featuring selfies

Eye tracking aso showed distinct scanpaths reflecting text-picture integration
Including selfies boosted reader engagement and motivation

Emotive selfies which changed with the story were most effective



