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How Signaling Principle Affects Learning: An Eye Tracking
Study

Sinyal ilkesinin Ogrenme Uzerindeki Etkileri: Bir Goz
Hareketleri izleme Calismasi
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Abstract: Studies examining the effects of signaling principle on learning mostly used data sources such
as interviews, achievement tests and think aloud protocols. There is, however, limited research on the use
of quantitative measures to promote findings from interviews and think aloud procedures. This study aimed
to investigate the effects of signaling principle on learning by supporting the results with the eye movement
data. Participants included 34 Information and Communication Technology (ICT) pre-service teachers
divided into experimental and control groups randomly. Participants were presented with two types of MS
Power Point presentations with and without highlighted clues as multimedia material. Participants’ pre-test,
post-test, and retention test scores were measured. Participants’ gaze behavior (fixation duration, fixation
counts and time to first fixation) during the presentation of instructional material was also recorded. The
results revealed that while the experimental group had higher scores than control group in the post- and
retention tests, there was no significant difference between the two groups. The analysis of eye movement
data showed that signaling directed the attention of the students on relevant information and decreased
students’ cognitive effort. Results revealed that both eye movement data and achievement scores were
consistent with each other.
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Oz: Sinyal ilkesinin 6grenme iizerindeki etkisini arastiran ¢alismalarda, genel olarak gériisme, basari
testleri ve sesli diislinme yontemleri kullanilmaktadir. Ancak, bu ¢alismalarda nitel verileri destekleyecek
nicel veriler kisithidir. Bu ¢aligmanin amaci, sinyal ilkesinin 6grenme iizerindeki etkisini g6z hareketi
verileriyle destekleyerek incelemektedir. Calismada, Bilgisayar ve Ogretim Teknolojileri Egitimi (BOTE)
boliimiinden 34 6grenci katilimci olarak yer almistir ve katilimeilar kontrol ve deney grubuna rasgele
atanmigstir. Deney grubuna katilan 6grencilere 6nemli noktalar izerinde vurgulamalar yapilarak sinyal ilkesi
uygulanmig MS Power Point sunular1 gosterilirken kontrol grubuna ayni sunularin iizerinde vurgulamalar
yapilmamis hali gosterilmistir. Veri toplama asamasinda katilimcilara 6n test, son test ve hatirlama testi
uygulanmistir. Ayrica, ¢alisma sirasinda katilimcilarin géz hareketleri verileri (sabitleme siiresi, sabitleme
sayisi ve ilk sabitleme siiresi) kaydedilmistir. Calisma sonuglari incelendiginde, deney grubundaki
ogrencilerin son test ve hatirlama testi sonuglaria goére kontrol grubundaki 6grencilerden daha yiiksek
puanlar aldiklari tespit edilmistir ama iki grup arasinda anlamlt bir farklilik bulunamamaistir. Goz izleme
verilerinin analizine gore ise, sinyal ilkesi kullanimi 6grencilerin dikkatini ilgili kelimelere yoneltmis ve
bilissel yiikiinii azaltmistir. Dahasi, basari test sonuglarindan ve géz izleme verilerinden elde edilen bulgular
birbiriyle tutarli sonuglar ortaya koymuslardir.

Anahtar Kelimeler: Coklu ortam 6grenme kuramu, sinyal ilkesi, vurgulama, géz hareketleri izleme yontemi

Introduction

The advances in ICTs and learning sciences enhanced the design of traditional learning materials
(e.g., printed books) with varied forms of multimedia elements such as pictures, animations,
videos, sounds, etc. However, to organize these elements in a multimedia learning material,
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enhance learning, and decrease cognitive load at the same time, researchers investigated several
design patterns. Mayer’s Cognitive Theory of Multimedia Learning (CTML) provided principles
to design multimedia learning materials (Mayer, 2013). Research revealed positive effects of
multimedia learning principles on learning (Mousavi, Low & Sweller, 1995; Owens & Sweller,
2008; Scheiter & Eitel, 2010). Most of these studies used traditional data collection tools (e.g.,
interviews, think aloud) to explain the cognitive processes associated with learning with
multimedia. Recently, researchers used eye tracking as a method to gather data regarding
quantitative measures such as fixation duration, fixation counts and time to first fixation to
promote qualitative data obtained from the interviews and think aloud procedures. In many
learning studies, interviews which were based on think-aloud procedures were widely used as for
data collection tools to explain cognitive processes during learning (Ariasi & Mason, 2011; Sorug,
2015). According to Amadieu, Mariné and Laimay (2011), these studies can be supported by
using eye tracking technique in order to provide objective eye movement data such fixation
duration and fixation counts.

Multimedia Learning and Cognitive Load Theory (CLT)

With the enhancements in ICTs, the traditional teaching methods started to incorporate visual
elements such as charts, videos, animations, photos and illustrations (Mayer, 2013). Multimedia
learning can be asserted as learning deeply from words and pictures instead of words alone
(Mayer, 2005b). Multimedia principle constructs the basis of multimedia learning (Mayer,
2005a). For example, studies revealed that learners studying text with visual elements showed
better performances than the ones who studied text alone (Anglin, Vaez & Cunningham, 2004;
Fletcher & Tobias, 2005; Vekiri, 2002). However, putting words and pictures together does not
guarantee and enhance meaningful learning. According to Mayer (2005a), understanding how to
use words and pictures together is crucial to provide ways to maximize learning effectiveness
(Mayer & Moreno, 2008; Sorden, 2012). Mayer’s (1997) CTML is an interdisciplinary
explanation to support maximizing effectiveness of learning.

CTML emphasizes three kinds of processing: Extraneous, essential and generative
processing. These processes are similar to what is proposed in Cognitive Load Theory (CLT)
(Sweller, Ayres & Kalyuga, 2011). The explained types of processing imply three instructional
design goals such as managing essential processing, fostering, generative processing and reducing
extraneous processing (Mayer, 2013). For conducting the latter instructional goal, there are five
multimedia principles including coherence, redundancy, contiguity, temporal contiguity, and
signaling (Mayer, 2008). All these principles are important to reduce extraneous processing.
However, the current study focused on investigating the signaling principle.

Moreno (2007) explained signaling principle as learning better from a coherent summary
highlighting relevant words and pictures than from a longer version. In addition, Mautone and
Mayer (2001) defined signaling as presenting cues to learners in an effective way to process the
instructional material (Mayer, 2013). Many studies showed that providing highlighted words or
cues resulted in better performances by directing learners’ attention to the important parts of the
instructional material (Doolittle & Altstaedter, 2009; Jeung, Chandler & Sweller, 1997; Mautone
& Mayer, 2001; Moreno, 2007). Signaling principle can help students to focus on important points
in a multimedia material and decrease their cognitive load. Research that examined the effects of
signaling principle on learning by reducing cognitive load mostly used measures such as
interview, think-aloud or learning outcomes to provide information about cognitive processes
(Techaraungrong, Suksakulchai, Kaewprapan & Murphy, 2017). With the advancements of eye
tracking measures, recently, researchers suggested the use of direct measures such as eye
movement data with fixation counts and fixation duration to explain cognitive processes related
to learning and cognitive load (Henderson, Brockmole, Castelhano & Mack, 2007). In other
words, eye movement data can support qualitative findings such as interview and think aloud by
providing more direct measures.
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Eye tracking research in multimedia design

Eye tracking is a technique that provides objective measures of learners’ real-time cognitive
processes (Lai et al., 2013; Paas, Tuovinen, Tabbers & Van Gerven, 2010; van Gog & Scheiter,
2010). There are many parameters such as fixation counts, fixation duration and time to first
fixation to interpret the eye movement data. Fixation count indicates how many times the user
fixates on the specific area while fixation duration measures the duration of each individual
fixation on the specific area. For example, fixation duration can be indicator of difficulty or
cognitive complexity of task (Henderson et al., 2007; Raney, Campbell & Bovee, 2014).
Moreover, the study conducted by Hannus and Hyonéd (1999) indicated that there is positive
correlation between total fixation time of participants on relevant information and their
performances. Besides, time to first fixation indicates how long it takes before participant fixates
on relevant area for the first time. Time to first fixation parameter for relevant information can be
used to measure the efficiency of visual search for it (Hyon4, 2010).

Research presented different interprations of fixation duration and fixation counts in
multimedia design. For example, some studies revealed that participants investing less mental
effort can have longer fixation duration during the task (Amadieu, van Gog, Paas, Tricot &
Mariné, 2009; van Gog, Paas & Van Merriénboer, 2005). However, other studies showed that
total fixation duration was longer in non-cueing group rather than cueing group because students
spent more effort to understand the material (van Gog, Kester, Nievelstein, Giesbers & Paas,
2009). Fixation duration and fixation counts parameters interpreted differently in eye tracking
studies conducted in multimedia learning principles, particularly with the investigation of the
signaling principle. For example, some studies showed that total fixation duration on relevant
information was significantly longer for cueing group than non-cueing group. (Amadieu et al.,
2011; Boucheix, Lowe, Putri & Groff, 2013; Jamet, 2014; Ozcelik, Arslan-Ari & Cagiltay, 2010).
Participants in cueing group focused on highlighted words more than non-cueing group. In other
words, signalling principle directed the attention of participants to relevant words more (Moreno,
2007).

The aim of this study is to investigate effects of signaling principle by using test scores
of participants and eye movement data such as fixation duration, fixation counts and time to first
fixation. It is important to show similarities between eye movement data and test results because
eye movement data can provide information about cognitive load of participants according to
their performances on tests. However, there are different point of views about relationship
between cognitive load and eye movement data namely fixation duration and fixation counts in
the literature. The current study follows the idea, that is, lower cognitive load results in lower
fixation duration and fixation counts (Hyoné, 2010). Time to first fixation parameter is another
way to provide information about cognitive load by presenting time for catching relevant
information (Hyon4, 2010). In addition, eye movement data can present quantitative data besides
test scores. In previous learning studies, qualitative techniques such as interviews and think aloud
providing information about cognitive processes of participants by depending on their discourses
were preferred by different researchers (Ariasi & Mason, 2011; Sorug, 2015).

Hypothesis on the effect of signaling principle in multimedia design

In the current study, three main hypotheses were set:

HI: Signaling by highlighting the key words of the subject in multimedia material results in higher
test scores for experimental group than control group.

H2: The time spent for catching relevant information is lower for experimental group than control
group.

H3: Experimental group’ fixation duration and fixation counts are lower than control group during
task, but higher than control group on relevant information.

Method

This experimental study included 34 pre-service ICT teachers who were assigned randomly to the
experimental and control groups. The experimental group received MS Power Point presentation
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consisting of highlighted clues or words, while the control group received MS Power Point
presentation with non-highlighted words. Independent variable of the study was studying with
Power Point presentation, while dependent variable was the test results that included pre-test,
post-test, retention test results, and eye tracking data such as fixation duration, fixation counts and
time to first fixation.

Participants studied the subject, network typologies, using two kinds of MS Power Point
presentations. After determining the target group, participants were asked to sign inform consent
form to show their willingness for the current study. Three weeks before the study started,
participants were given a pre-test related to the topic to determine whether or not they had prior
knowledge about the subject. After studying the subject with a presentation based material
consisting of highlighted and non-highlighted words, students were given a post-test. During the
study, participants’ eye movement data were recorded via embedded eye tracking device (Tobii
1750) and analyzed via Tobii Studio, the software of the related eye tracker device. After three
weeks from the actual study, a retention test was applied to determine their maintained knowledge
about the subject studied.

Participants

Participants were 34 pre-service teachers (male: 21; female: 13) who studied instructional
technology in a large public university. The preservice teachers (16 freshmen, 7 sophomores, and
11 junior) were selected from the ones who did not take the “Computer Networks and
Communications” course, to be sure that participants did not have any prior knowledge about the
selected subject. In addition, pre-test was applied to be sure that participants had similar
knowledge about the selected subject. These students were divided into the experimental and
control groups randomly (group 1: 11 male, 6 female, group 2: 10 male, 7 female). The first group
students studied the material consisting of text element with highlighted words, the other group
studied the material consisting of text element with no highlighted words.

Task and material

The designed presentation took two forms. In the first one, the material was prepared by using the
text including highlighted words (See right side of the Slides 1, 2, 3, 4, 5, and 6 in Figure 1). In
the second presentation, the material was prepared by using the same text with no highlighted
words (See left side of the Slides 1, 2, 3, 4, 5, and 6 in Figure 1). The content of the materials was
adopted from the course “Computer Network and Communications”. The content was examined
by three subject matter experts who were the instructor and the teaching assistants of the course
to ensure that the content presented in the material covered correct and enough information about
the selected topic. Each presentation used in the study consisted of eight slides. The main subject
was “topology of networks”, and three of the topologies were selected to cover the multimedia
material according to the recommendations of the experts. At the beginning part of the
presentation, two slides were provided for the title and definition of the main subject. While
covering this topic, three subtopics, namely star (See Slides 1 and 2), bus-line (See Slides 3 and
4) and ring topologies (See Slides 5 and 6) were provided with two slides for each. The first slides
of subtopics explained the typology (See Slides 1, 3, and 5) and the second ones provided detailed
information about the advantages and disadvantages of topology types (See Slides 2, 4, and 6).
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Yildiz Topolojisi (Star)

Bu topolojide agdaki iletigimin g
Igin bir markesi birim bulunur
istasyonlar bu merkezi birime baglans.

Bir istasyondan digerine gondar
ance bu merke: birime gelir, bur;
yanlendirilir.

filini dizaniame vetaneiine sahip bu
i birim, hub ve: htar {switch)
rak adlandinir.

Yildiz Topolojisi (Star)

Bu topolojide agdaki iletisimin gergeklesmesi
igin bir merkezi bulunur ve bitin
istasyanlar bu merkez birime baglanir.

Bir istasyondan digerine gonderilen bilgi
once bu merkez birime gelir, buradan hedefe
yénlendirilir.

AR trafi diizenleme yetenegine sahip bu
merkezi birim, hub veya anahtar (switch)
olarak adlandirilir.

Slide 1. Star Topology 1

Yildiz Topolojisi (Star)

Avantajlar:

=B ar agi

= Ak yeni bir istasyon eklemek gok kolayder,

= Aj yonetimi gok kolaydir

Dezavantajlan:

= Merkezl birimdeki hub da olugacak bir
arza, hub a bagh butin istasyonlan devre
dia birakr.

= Her Bir istasyon igin ayr bir kablo gekilmes!
Berekic Bu da mallyeti ve kablo kifliliging
arttinr,

Yildiz Topolojisi (Star)

Avantajlan:
= Bir &

= AZ yeni bir istasyon eklemek cok kolaydir.

= Ag yonetimi cok kolaydir.

Dezavantajlan:

= Merkezi birimdeki hub da olusacak bir
aniza, hub a bagh biitiin istasyonlar: devre
dis1 biralar.

= Her bir istasyon igin ayri bir kablo cekilmesi
gerekir. Bu da maliyeti ve kablo kirliligini

artts

Slide 2. Star Topology 2

Ortak Yol Topolojisi (BusLine)

Ortak yol topalojisinde, tim iy istasyonlanmn
drerinde oldufu bir hat (omurga) meveuttur.
BOLn Btagyonlar hataki tim mesajlan
inceler ve kendine ait mesajlan abir. Hattaki
ligh akg Cift yGniidar. Bilgl her iki yonde
Herleyerek hatta yaysr.

Ancak; bu topolojide aym anda ik istasyonun

bilgi gndermesd durumunda bilgl trafigi
karpir. Bunu Bnlemek igin hattan paylagiming

Ortak Yol Topolojisi (BusLine)

Ortak yol topolojisinde, tim is istasyonlarinin
tizerinde oldugu bir hat {omurga) mevcuttur.

Biitiin istasyonlar hattaki tim mesajlari
inceler ve kendine ait mesajlan alir. Hattaki
bilgi akigi cift yGnludir. Bilgi her iki yonde
ilerleyerek hatta yayilir.

Ancak; bu topolojide ayni anda iki istasyonun
bilgi ghndermeasi durumunda bilgi trafigi
karisir. Bunu Snlemek icin hattin paylagimin

I ——
Slide 3. Bus-line Topology 1

Ortak Yol Topolojisi (BusLine)

Avantajlar
= Kablo yapis givenilirdir
=Yeni bir istasyon eklemek kolaydir.

Ortak Yol Topolojisi (BusLine)
Avantajlan:
= Kablo yapisi givenilirdir.
= Yeni bir istasyon eklemek kolaydir.

devre dig baralar.
= Anza tespiti zordur.

S

——|

a2 ;A

= Merker birime ihtiyag duyulmaz. | 1 =|’ A '? - Merkez birime ihtiyag duyulmaz. ']. 'i. :|- | |
Deravantajtan . Dezavantajlan:

= Maksimum 30 istasyon baglanabillr. | | ] 1 1 - 30 istasyon i I 1

= Bir istasyonun arzalanmas butin ofy =3 Sl = j l «Bir istasyonun arzalanmasi bitin o | =@ Sl = B l

devre disi birakr.
= Ariza tespiti zordur.

lide 4. Bus-line Topology 2

Halka Topolojisi (Ring)

Bu topolojide her is
alamandir va hal
istasyanlars ula:
Har istasyon halkada dolagan bilgivi ve hadef

adresi ali. Hedsf adres kend) adresi ise kabul
eder. Aksi takdirde gelan bilgi lem dig kalir.

Halkadaki bilgs akip tek yonludur, Yani
hatkaya dahil alan bilgisayariar gelen bilgivi

syon halkanin bir
olagan bilg bitin

Halka Topolojisi (Ring)

Bu topolojide her istasyon halkanin bir
elamanidir ve halkada dolasan bilgi butin
istasyonlara ulagir.

Her istasyon halkada dolasan bilglyl ve hedef
adresi alir. Hedef adres kendi adresi ise kabul
eder. Aksi takdirde gelen bilgi islem digi kalir.

Halkadak bilgi akis: tek y8nladir. Yani
halkaya dahil olan bilgisayarlar gelen bilgiyi

iletmekle goraviidir.

.|

iletmekle greviidir.

Slide 5. Ring Topology 1

Halka Topolojisi (Ring)

Avantajlary

= Madiyet] dirgiktir.

= Agda higbir calagma meydana gelmez.

= Performans yiksektir.

=Yenl bir istasyon eklemek kolaydir.

= Anza tespiti kolaydir.

Dezavantaflar:

= Malkaya dahil olan bir istasyonun
arzalanmas, afn cokmesine sebep
olur.

Halka Topolojisi (Ring)

Avantajlan:

= Maliyeti diistiktiir.

= Agda higbir gcakisma meydana gelmez

= Performansi yiiksektir.

= Yeni bir istasyon eklemelk kolaydir.

= Ariza tespiti kolaydir

Dezavantajlan

= Halkaya dahil olan bir istasyonun
anizalanmasi, agin ¢okmesine sebep
olur.

=

A5 =

Slide 6. Ring Topology 2
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Figure 1. Multimedia Material Slides

Apparatus

In order to collect data regarding participants’ eye movement, Tobii 1750 Eye Tracker device was
used. This device tracks participants’ eye movements and provides data about where the
participants look, and how long and how many times they look at which location using the
reflector and the infrared detector camera. The data rate of Tobii 1750 Eye Tracker device for
tracking is 50 Hertz. It provides screen recording and eye movement recording of users.

Data collection instruments

The data sources included pre-test, post-test, retention test and eye tracking data such as fixation
duration, fixation counts and time to first fixation. These instruments were applied before, during
and after the study. Figure 2 illustrates the procedure of the study.

Eye Tracking Task
Eye Movement Records

(Fixation Duration, Fixation
Counts, Time to First

3 I}Vteeks
ater
Studying the later
EEEs—— - [———————— % .
Pre-test material Post-test Retention test

Figure 2. Procedure of the Study

First, a test (used as a pre, post, and retention test) consisting of the same five multiple
choice questions was prepared in parallel to the highlighted clues provided in the material. The
instructor and the teaching assistants of the “Computer Networks and Communication” course
checked these materials in terms of their appropriateness for the level of selected participants.
After making revisions in the direction of suggestions, the test was piloted with three students
who did not participate to the study to make necessary adjustments regarding the clarity of the
questions. Then, the participants took the pre-rest three weeks before studying the multimedia
material. Pre-test was distributed as hardcopy after asking students’ voluntary participation to the
study. In addition to the multiple-choice questions, some demographic information such as
gender, grade level was also gathered.

Second, two different eye tracking tasks were prepared. In each task, there was an MS
Power Point presentation (material) and the post-test. The material for the experimental group
consisting highlighted words and material for the control group consisting non-highlighted words
were used. In both tasks, the same post-test was applied to the participants. After studying the
multimedia material, the post-test embedded into the studied material, was implemented.
Participants’ answers were drawn or recorded to MS Excel automatically. During the whole eye
tracking tasks- studying material and answering post-test, participants’ eye movement data (e.g.,
fixation duration, fixation counts and time to first fixation) were recorded (See Figure 3). The aim
was to determine where they focused more with the calculation of fixation counts, how much time
they spent with the measure of fixation duration, and when they caught the relevant information
with the calculation of time to first fixation. During the eye tracking tasks, students had a control
over the tasks without the limitation of a specific time frame. They used their own time, they
passed slides and answered questions whenever they felt ready and progressed in their own pace.

Finally, participants completed the retention test three weeks after the eye tracking tasks
to check how experimental and control groups retained their knowledge they learned while
studying the material. The retention test was provided as hardcopy.
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Figure 3. Eye Tracking in Session

Data analysis

Students’ pre-test, post-test, and retention tests answers were scored by two of the researchers.
Students’ test scores ranged from 0 to 5 points. An independent sample t-test was conducted to
determine whether or not the experimental and control groups differed in terms of their pre-test
test results. Groups’ post-test and retention test results were analyzed through mixed ANOVA
(two-way repeated measures ANOVA). Eye movement parameters such as fixation duration,
fixation counts and time to first fixation were gathered via the eye tracking device. The eye
tracking software automatically provided statistical data according to the selected parameters.
Before calculating these parameters, area of interests (AOI) were determined for each highlighted
word and screens separately. Then, students’ fixation duration and fixation counts both during
task and on relevant information, and time to first fixation on relevant information were drawn
from the eye tracking software. Independent samples t-tests were conducted for each of these
parameters to determine if there was any difference between groups.

Validity and reliability

Several measures were followed to enhance the content validity. First, instructional materials and
the test contents were examined by three different subject matter experts to make sure that
appropriate and correct information for the selected “Network Topologies” topic was included.
Second, the instructional materials, pre-test and post-test were piloted with three pre-service ICT
teachers to provide clear and easily understandable content and questions. Then, students’
interpretations about unclear parts were revealed and revised. Third, students’ pre-test and
retention tests which were conducted as paper pencil test were scored by researchers. Finally,
different data sources such as test results and eye movement data were used to triangulate and
validate the data.

Results

Independent samples t-test and ANOVA results for pre-test, post-test, retention test, and eye
movement data such as fixation duration and fixation counts on during task and on relevant
information and time to first fixation for relevant information were combined and presented below
to promote each other.

H1: Signaling by highlighting the key words of the subject will result in higher test scores for
experimental group than control group.

To identify participants’ prior levels, their pre-test results were compared. The independent test
results showed that there was no significant difference between the experimental (signaling)
group (M = 1.53, SD = .87) and control (non-signaling) group (M = 1.65, SD = 1.37). Both
experimental and control groups had similar prior knowledge for the selected topic before the
study.
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A two-way repeated measures ANOV A was conducted to compare the effects of signaling
principle on post-test and retention test scores of both experimental and control groups. The
results indicated that the experimental group’s post-test (M = 3.89, SD = .93) scores were higher
than the control group’s post-test (M = 3.65, SD = 1.46) scores. In addition, the results indicated
that the experimental group’s retention test (M = 2.88, SD = 1.22) scores were higher than the
control group’s retention test (M = 2.65, SD = 1.54) scores. Results showed no significant
interaction between post-test and retention test scores of experimental and control groups, F(1,32)
=0, p > .05, partial 77°= 0. There was a significant main effect for test types, F (1, 32) = 18.76, p
<05, partial 77°=.37. The post-test scores (M =3.76, SD = 1.21) were higher than retention test
scores (M = 2.76, SD = 1.37). According to the results, experimental group had higher scores in
both post-test and retention test than control group. In sum, there was no significant difference
between groups’ performances on post-test and retention test, but experimental group had higher
mean scores for both tests than control group.

H2: The time spent for catching relevant information is lower for experimental group than
control group.

To examine how signaled words directed students’ attentions, time to first fixation of students on
relevant information was analyzed. Time to first fixation referred to time to catch highlighted
word. An independent samples t-test was conducted to determine whether signaling group and
non-signaling group differed in terms of their time to first fixation on relevant information. The
independent test results showed that there was no significant difference between the experimental
group (M = 8.23, SD = 1.77) and control group (M = 8.97, SD = 1.99). Experimental group spent
less time to catch highlighted words than control group. In other words, signaling by highlighting
directed students’ attention to relevant information.

Table 1.

The Results of t-test to Compare Groups’ Time to First Fixation
Groups n M SD
Signaling group 17 8.23 1.77
Non-signaling group 17 8.97 1.99

H3: Experimental group’ fixation duration and fixation counts are lower than control group
during task, but higher than control group on relevant information.

To determine cognitive load during task, both experimental and control groups’ fixation duration
and fixation counts were used. An independent samples t-test was conducted to determine whether
experimental group and control group differed in terms of their fixation duration (secs) during
task. The independent test results showed that there was no significant difference between the
experimental group (M = 79.92, SD = 19.02.) and control group (M = 87.68, SD = 29.03).
Moreover, an independent samples t-test was conducted to determine whether experimental and
control group differed in terms of their fixation counts during the task. The independent test
results showed that there was no significant difference between the experimental group (M =
392.65, SD = 60.98) and control group (M =420.29, SD = 25.90). In both independent samples t-
tests, total fixation duration and fixation counts of students in control group were higher than
experimental group. Students spent more effort to conduct the task and their cognitive load was
higher than the experimental group.
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Table 2.
Groups’ Fixation Durations and Fixation Counts during the Task
Parameters Groups M SD
Fixation duration Signaling group 79.92 19.02
Non-signaling group 87.68 29.03
Fixation counts Signaling group 392.65 60.98
Non-signaling group 420.29 25.90

In addition to cognitive load during task, cognitive effort on relevant information was
also investigated by fixation duration and count on highlighted words. Students’ cognitive effort
on highlighted words needed to be lower according to signaling principle. An independent
samples t-test was conducted to determine whether signaling group and non-signaling group
differed in terms of their fixation duration (secs) on relevant information. The independent test
results showed that there was no significant difference between the experimental group (M =
12.29, SD = 3.77) and control group (M = 12.10, SD = 3.82). Moreover, an independent samples
t-test was conducted to determine whether signaling group and non-signaling group differed in
terms of their fixation counts (secs) on relevant information. The independent test results showed
that there was no significant difference between the experimental group (M = 59.18, SD = 12.46.)
and control group (M = 58.30, SD = 15.44). Although there was no significant difference between
groups, fixation duration and fixation counts of students in control group were higher than
students in experimental group on relevant information. Students in control group spent more
effort to cover the highlighted words.

Table 3.
Groups’ Fixation Durations and Fixation Counts on Relevant Information
Parameters Groups M SD
Fixation duration Signaling group 12.29 3.77
Non-signaling group 12.10 3.82
Fixation counts Signaling group 59.18 12.46
Non-signaling group 58.30 15.44

In sum, independent samples t-tests results showed no significant difference for eye
movement data namely, fixation duration and fixation counts (both during task and on relevant
information) and time to first fixation (on relevant information) of groups. Students in control
group spent more effort to complete the task than students in experimental group in terms of their
fixation duration and fixation counts. Although the difference was not significant, students in
experimental group captured the relevant or signaled information more quickly than control group
by considering their time to first fixation. Parallel to this, they spent less effort to cover highlighted
(relevant) words by considering their fixation duration and fixation counts on relevant words.

Discussion

This study investigated the effects of signaling principle on learning of students by supporting the
test results with the eye movement data of participants via eye tracking technique. There were
three hypotheses: (1) signaling by highlighting the key words of the subject provides higher test
scores for experimental group than control group, (2) the time spent for catching relevant
information is lower for experimental group than control group, and (3) experimental group’
fixation duration and fixation counts are lower than control group during task, but higher than
control group on relevant information. The results were similar to the previous literature showing
lower fixation duration and fixation counts in the experimental group during task (van Gog et al.,
2009; Amadieu et al.,, 2009), but higher fixation duration and fixation counts on relevant
information (Ozcelik, Arslan-Ari, & Cagiltay, 2010; Boucheix et al., 2013; Jamet, 2014).
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However, similar to the results of Boucheix et al. (2013) and Ozcelik et al. (2010), there was no
significant difference between groups in terms of these parameters. In parallel, there was no
significant difference between the experimental and control groups’ post-test and retention test
scores but the experimental group’ scores were higher than the control group (Jamet, 2014;
Ozcelik et al., 2010). Higher fixation duration on relevant information may result in higher test
scores or better performances. Thus, the results of the current study were consistent with the
studies arguing that there was a relationship between total fixation duration on relevant
information and performances of test scores (Amadieu et al., 2011, 2009; Boucheix et al., 2013;
Hannus & Hyo6né, 1999; Jamet, 2014; Ozcelik et al., 2010; van Gog et al., 2005). In addition to
these, results showed that time to first fixation of experimental group were lower than control
group. Signaling by highlighting directed students’ attention to the relevant information. In other
words, student in experimental group spent less time to catch relevant information in the text.
This finding is in line with Ozcelik, Karakus, Kursun and Cagiltay's (2009) study on investigating
the effect of color coding on multimedia materials by using eye movement data. This study
indicated that first fixation time is lower for the color-coded material. As a result, eye movement
data of the current study were parallel to achievement scores and all of the data support each other.

One of the reasons why there was no significant difference in student outcomes could be
related with the target group and selected topic. Selected participants were familiar with design
issues and multimedia learning principles because of their background. This could result in having
low tendency to being affected by the selected principle, signaling. Although the selected topic
was taken from one of the courses they did not take yet, there might be small possibility that they
could carry out ideas about the questions. In other words, these students could have more tendency
to answer questions intuitively because of their background (Sabella, Cochran, Marx, Franklin &
Cummings, 2004).

In the literature, there were different points of views about interpreting fixation duration
and fixation counts terms. One of them argued that signaling principle decreases the effort used
in studying the multimedia material in parallel to fixation duration and fixation counts (Boucheix
et al., 2013; Jamet, 2014). The other view supported that signalling principle directs the attention
of participants to relevant words more and increases the fixation duration and fixation counts
(Moreno, 2007). Although the findings of the current study were parallel with the latter one, it
was hard to say which one is more acceptable or consistent. However, time to first fixation can
be more acceptable parameter to be considered (Hyoné, 2010). In the current study, time to first
fixation, the passing time for catching highlighted clue, was lower in experimental group than
control group. It indicated that highlighting guided the experimental group to catch the important
points faster than control group (Lai et al., 2013). It can be said that signalling directed students’
attention to the highlighted words and helped to catch more quickly than the control group.

Conclusions and Future Directions

Current study is about investigating the effect of signaling principle on multimedia learning with
the help of eye movement data. The results of this study supported the idea that eye movement
data such as fixation counts, fixation duration and time to first fixation can help to figure out
students’ cognitive load. Eye movement measures can provide quantitative data about cognitive
processes of the participants as a complementary procedure to the interview and think aloud
methods. Findings from eye movement data can support the findings from achievement test
scores, namely post-test and retention test. In other words, both results from achievement scores
and eye movement data can be combined to interpret the results regarding the effects of signaling
principle on learning. Therefore, this study concludes that eye tracking results provide supportive
evidence for achievement scores of students to explain the significant contribution of signaling
principle to multimedia learning.

Current study was limited with the students of ICTs and they were from different grade
levels. Having participants from another field who were not familiar with design issues and
multimedia learning principles could result in significant difference between groups.
Furthermore, selecting target group from first grade level from the ICT field might also change
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the results since they are new in the field or the department. Moreover, the study was limited with
the specified subject “Network Topologies”. This might be a handicap for this study because
students could have interest for the selected subject since it was offered in their department and
field. Selecting different topic which was not relevant with their background and department
could change the results of the study. Future studies can be conducted with different target groups
or different topics which are not related to the participants’ academic interests.
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Uzun Oz

Giris

Teknolojinin gelismesiyle, basili kitaplar gibi geleneksel 6grenme materyalleri yerini resimler,
animasyonlar, videolar ve sesler gibi farkli ogeler ile zenginlestirilmis ¢oklu ortam &grenme
materyallerine birakmaya baglamistir. Bilgi ve iletisim Teknolojileri (BIT) alanindaki gelismeler
15181nda geleneksel 6gretim materyallerini yerini grafikler, videolar, animasyonlar, fotograflar ve
illiistrasyonlar gibi gorsel Ogeleri iceren materyaller almaya baslamistir. Ayrica yapilan
arastirmalar sonucunda gorsel Ogeler igeren metinleri okuyanlarin yalnizca metin iizerinde
caliganlara kiyasla daha iyi performans gosterdiklerini ortaya koymustur. Fakat &grenme
etkinligini en iist diizeye ¢ikarmanin yollarim saglamak i¢in kelimeleri ve resimlerin nasil
kullanacagimi da anlamak ¢ok Onemlidir. Burada, tutarlilik, gereksizlik, konumsal yakinlik,
zamansal yakinlik ve sinyal ilkesi gibi ¢coklu ortam 6grenme ilkeleri ortaya ¢ikmaktadir. Biitiin
bu ilkeler, ¢oklu ortam tasarimi sirasindaki gereksiz islemleri azaltmak i¢in onemlidir. Ayrica,
Ogrenme esnasinda olusan ve olusabilecek bilissel yiik diistiniildiigiinde, bir multimedya 6grenme
materyalinde Ogelerin tasarimi ve organizasyonu biiyliik 6nem arz etmektedir. Multimedya
O0grenme ortamlarindaki biligsel siirecleri agiklamak igin yapilan caligmalarda g¢ogunlukla
miilakatlar ve sesli diisiinme prosediirleri gibi geleneksel yontemler kullanilmigtir. Ancak bu nitel
verileri desteklemek i¢in kullanilabilecek nicel veriler basari test skorlartyla smirlidir. Son
zamanlarda ise goz izleme yOntemi, biligsel siire¢ler hakkinda bilgi saglamak i¢in kullanilmaya
baslanmistir. Goriigmeler ve sesli diisiinme tekniklerinden elde edilen nitel verilere ek olarak, goz
izleme ile elde edilen (sabitleme siiresi, sabitleme sayisi ve ilk sabitleme siiresi) nicel verileri de
caligmalarda kullanilmasi énem arz etmektedir. GOz izleme verileri ayni zamanda bilissel
siiregleri anlamaya yonelik objektif sonuglar sunabilmesi agisindan da biiyliik bir dnem
tagimaktadir. Bu ¢alismanin amaci, 0n test, son test ve hatirlama test sonuglarinin, goz izleme
yonteminden elde edilen sabitleme siiresi, sabitleme sayis1 ve ilk sabitleme siiresi gibi nicel
verilerle desteklenerek sinyal ilkesinin dgrencilerin 6grenmeleri lizerindeki etkisini incelemektir.
Go6z izleme yonteminden elde edilen veriler katilimcilarin nereye baktiklari, ne kadar siireyle
baktiklar1 ve istenen noktaya ilk defa bakana kadar ne kadar siire gectigi hakkinda objektif bilgiler
sunmaktadir. Burada amag, sinyal ilkesinin katilimcilarin verilmek istenen konunun &nemli
noktalarin1 yakalamalarma yardimecir olarak oOgrenmeye katki saglayip saglamadigim
belirlemektir.

Yontem

Bu calismada deneysel desen kullanilmistir. Katilimeilar 34 Bilgisayar ve Ogretim Teknolojileri
Egitimi (BOTE) boliimii 6gretmen adayindan olusmaktadir. Katilimcilar deney ve kontrol grubu
olarak rasgele iki gruba atanmiglardir. Deney grubuna katilan &grencilere 6nemli noktalar
tizerinde vurgulamalar yapilarak sinyal ilkesi uygulanmis MS Power Point sunular1 gosterilirken
kontrol grubuna ayni sunularin iizerinde vurgulamalar yapilmamis hali gdsterilmistir. Bu
deneysel calismada bagimsiz degisken sunu tiirleriyken, bagimli degisken 6n test, son test ve
tutma test sonuglar1 ve géz izleme yonteminden elde edilen sabitleme siiresi, sabitleme sayisi ve
ilk sabitleme siireleridir. Caligmada veri toplamak amaciyla, 6n test, son test, hatirlama testi ve
g0z izleme yontemi kullanilmistir.

Bulgular

Sonuglar, verilen gorevin gergeklestirilmesi esnasinda deney grubundan elde edilen sabitleme
sliresi ve sabitleme sayilarinin, kontrol grubundan diisiik oldugu gostermektedir. Ancak, énemli
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noktalar igeren bilgiler iizerindeki sabitleme siiresi ve sabitleme sayilar1 incelendiginde deney
grubundaki katilimcilarin  kontrol grubuna gore daha yiiksek degerlere sahip olduklar
goriilmektedir. Fakat uygulanan analizler sonucunda bu gbz verileri (sabitleme siiresi ve
sabitleme sayilar1) agisindan deney ve kontrol grubu arasinda anlamli bir fark bulunamamistir.
Ayrica, uygulanan analizler sonucunda deney ve kontrol gruplarinin son test ve hatirlama test
puanlar1 arasinda da anlamli bir fark bulunamamistir. Ancak, testler sirasinda elde ettikleri
puanlara bakildiginda deney grubunun test puanlar1 kontrol grubunun puanlarina gére daha
yluksektir. Dahasi sonuglar gostermistir ki, konu ile ilgili 6nemli bilgiler iizerindeki sabitleme
stiresinin daha uzun olmasi1 daha yiiksek test puanlari veya daha iyi performanslar elde edilmesine
imkan saglayabilmektedir. Bunlara ek olarak, deney grubunun 6nemli bilgiler iizerindeki ilk
sabitleme siiresi kontrol grubuna gore daha az bulunmustur. Bu, katilimcilarin konu ile ilgili
(vurgulanan) 6nemli kelimeleri daha ¢abuk yakaladiklar1 anlamina gelmektedir. Diger bir deyisle,
ilgili sdzciiklerin vurgulanmasi &grencilerin dikkatini ilgili sdzciige yonlendirmistir. Gruplarin
test sonuglar1 arasinda anlamli bir fark bulunmasa da, géz hareketi izleme yontemi ile elde edilen
verilerinin (sabitleme siiresi, sabitleme sayilar1 ve ilk sabitleme siiresi) sonuglari test sonuglariyla
paralellik gostermistir.

Tartisma ve Sonuc¢

Sonuglar, gruplarin son test ve hatirlama testi puanlari ile sabitleme siiresi, sabitleme sayilart (hem
gorev sirasinda hem de konu ile ilgili 6nemli bilgiler iizerinde) ve konu ile ilgili 6nemli bilgiler
iizerindeki ilk sabitlemeye kadar gegen siire verileri arasinda anlamli bir fark gostermemistir. Elde
edilen analiz verileri sonucunda anlamli bir fark bulunmamasinin nedeni, hedef grup ve segilen
konu ile iligkili olmasi muhtemeldir. Se¢ilen katilimcilar akademik alanlarindan dolay1
multimedya 6grenme prensiplerine asina olmalari da anlamli bir farklilik bulunamamasinin
sebebi olabilir ve bu durum katilimcilarin sinyal ilkesinden etkilenme egiliminin diismiis
olmasina yol agmis olabilir. Ayrica, bu ¢alismada verilen sunular i¢in secilen konu "Ag
Topolojileri" ile sinirlidir. Segilen konu katilimcilarin heniiz almadiklar derslerden biri olmasina
ragmen, Ogrencilerin sunular sonrasinda uygulanan basar testlerindeki sorularla ilgili fikir
yiiriitme ihtimalleri yiiksek olabilir. Bagka bir deyisle, bu 6grenciler akademik alanlarindan dolay1
bilmedikleri sorular1 sezgisel olarak cevaplamig olabilirler. Bu nedenle, benzer bir ¢alisma
multimedya 6grenme prensiplerine agina olmayan farkli bir katilime1 grubuyla gergeklestirilirse,
anlamli sonuglar elde edilmesi miimkiin olabilir. Gelecekte farkli hedef gruplarla ve katilimcilarin
akademik alanlariyla ilgili olmayan farkli konularda ¢alismalar yiiritiilebilir. Ayrica, gelecekte
yapilacak aragtirmalarda goz izleme verilerinin diger 6lgme aracglar ile birlestirilmesi biligsel
siirecler ve coklu ortam o6grenme ilkeleri hakkinda daha kapsamli bilgiler elde edilmesini
saglayabilir.
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