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Abstract

This exploratory study used eye-tracking methodology to examine how elementary
teachers study a multimedia model of reading development. Seven experienced teachers
and 11 pre-service teachers participated. Visual attention, prior knowledge, and post-task
scores were analyzed using quantitative and qualitative methods. Significant differences
between the two groups were found with respect to fixations, scan paths, and pre- and
post-task scores. Where experienced teachers focus their attention and the paths of their
visual behaviour can inform the design of material that supports novice teachers’ under-

standing of how children learn to read.

Keywords: teacher learning, multimedia learning, eye-tracking methodology, reading

development, reading instruction

Résumé

Cette ¢tude exploratoire a utilisé une méthodologie de suivi du regard pour examiner com-
ment les enseignants du primaire étudient un modéle multimédia de développement de la
lecture. Sept enseignants expérimentés et 11 enseignants débutants ont participé. L’attention
visuelle, les connaissances préalables et les résultats postérieurs a la tache ont été analysés

a ’aide de méthodes quantitatives et qualitatives. Des différences significatives entre les
deux groupes ont été constatées en ce qui concerne les fixations, les chemins d’analyse et
les résultats avant et apres la tache. La ou des enseignants expérimentés concentrent leur
attention ou leur regarde peuvent influencer le développement des matériaux pour aider les

enseignants débutants a mieux comprendre comment les enfants apprennent a lire.

Mots-clés : apprentissage de 1’enseignant, modele multimedia, attention visuelle,

développement de la lecture, instruction de la lecture
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Introduction

Learning opportunities for teachers, whether face to face or online, often include differ-
ent types of multimedia, such as video, text, images, diagrams, sound, and animation. Of
concern is the limited research available on the validity and value of multimedia learning
resources for enhancing teacher knowledge and practice in reading instruction. Meth-
ods such as interviews and surveys can offer information about how teachers view their
learning. These self-reported measures, however, are limited to participants’ recollection
of past events and affected by the social desirability of responses, and do not capture

the moment-to-moment variations in cognitive processes (Alemdag & Cagiltay, 2018).
As such, it is important to obtain data about teachers’ behavioural patterns and thought
processes during learning without any interruptions; interrupting learners to ask them
what they are doing and why may severely alter what they do. One method that can avoid
the limitations of self-reporting measures and document cognitive processes that occur
during learning is eye tracking (Beach & McConnel, 2019; Desjarlais, 2017; Johnson &
Mayer, 2012).

The use of eye-tracking methodology to study teacher learning has the potential to
generate comprehensive data about teachers’ learning processes, which, in turn, can con-
tribute to more effective instructional approaches and learning support tools. Eye-tracking
methodology is based on the assumption that there is a correlation between how long
something is fixated and how long it is processed (Just & Carpenter, 1980). The argu-
ment is that visual attention and cognitive processing occur almost simultaneously so that
information is perceived and processed at a cognitive level (Scheiter & Eitel, 2017). In
eye-tracking research, measures of visual attention include fixation counts (the number of
times fixations are directed toward a specific area known as the “area of interest” or AOI),
fixation duration (sustained attention of an AOI), and patterns of saccades (scan paths).
Educational research using eye-tracking technology has shown that fixations—including
duration, frequency, location, and sequence—are meaningful measures for understanding

learning behaviours and processes (Desjarlais, 2017).
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Current Study

This exploratory study used eye-tracking methodology to investigate the patterns of
visual behaviour and cognitive processes of experienced elementary teachers and pre-ser-
vice teachers in an initial teacher education program while they studied a visual model
called the “Reading Pyramid,” which shows key concepts in reading development and
instruction (Ontario Institute for Studies in Education [OISE], 2012). The key compo-
nents highlighted in the Reading Pyramid are essential to every beginning reading pro-
gram (August & Shanahan, 2006; Castles, Rastle, & Nation, 2018; Graham, McKeown,
Kiuhara, & Harris, 2012; Hjetland, Brinchmann, Scherer, & Melby-Lervag, 2017) and
include phonological awareness, alphabet knowledge and phonics, morphological aware-
ness, word recognition, reading fluency, vocabulary development, and reading compre-
hension strategies. Similar to The Cognitive Foundations of Learning to Read Framework
(Wren, 2000), the Reading Pyramid illustrates the building blocks of reading by organiz-
ing these components into two main groups—print-related skills (those that promote the
ability to recognize words) and language-related skills (those that support the ability to
make meaning of text). In combination with accompanying text, the Reading Pyramid
appears on a professional development multimedia website called the Balanced Literacy
Diet: Putting Research into Practice in the Classroom (http://www.litdiet.org). This web-

site uses the metaphor of a healthy diet to provide a context for teachers to understand
how the various components of reading development (the “food groups,” according to the
healthy diet framework) work together to support reading comprehension (OISE, 2012).
Research shows that combining presentation modes can greatly enhance learning
(e.g., Kennedy, Driver, Pullen, Ely, & Cole, 2013; Kennedy & Thomas, 2012; Moreno
& Mayer, 2007); however, research that tracks teachers’ visual behaviours and cogni-
tive processes as they use multimedia is limited (Beach & McConnel, 2019). Moreover,
studies that examine the impact of teachers’ prior knowledge on multimedia learning and
whether particular patterns of behaviour during multimedia learning lead to enhanced
knowledge are rare. Given these gaps in the literature and the call for more studies to use
eye-tracking technology to track moment-to-moment processes that occur during learning
(Desjarlais, 2017; Scheiter & Eitel, 2017), the current study seeks to shed light on our
understanding of the effective use of multimedia learning tools by elementary teachers.

Therefore, the three primary objectives of this study are to (1) determine elementary
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teachers’ learning patterns and processes as they study the Reading Pyramid and accom-
panying text, (2) examine the extent to which elementary teachers learn from the Read-
ing Pyramid and accompanying text, and (3) determine the extent to which elementary
teachers’ learning patterns and processes are related to what they learn. A secondary goal
of this study is to offer information about how eye-tracking methodology can be used to

study teacher learning.

Literature Review

Components of Effective Reading Programs

Stemming from Hoover and Gough’s (1990) simple view of reading, reading skills can
be organized into two main groups: decoding and linguistic comprehension. Decoding
skills are those that promote the ability to recognize words, while linguistic compre-
hension encompasses language-related skills that support the ability to make meaning
of text. According to the simple view of reading, both sets of skills contribute jointly

to reading comprehension. As the name implies, the simple view of reading provides a
relatively straightforward way of understanding the complexities of reading. As a result, a
framework outlining the cognitive foundations of learning to read was developed to give
teachers access to the relevant research, and to support teachers’ understanding of the
print- and language-related skills involved in reading development and how these skills
contribute to reading comprehension (Wren, 2000). The Reading Pyramid is a similar
visual representation illustrating how the building blocks of reading comprehension can
be divided into print-related skills (e.g., concepts of print, phonics, alphabetic princi-
ples) and language-related skills (e.g., phonemic awareness, vocabulary, background

knowledge).

Professional learning in reading instruction. Research shows a positive relation-
ship between teachers’ knowledge of the foundational reading skills outlined above and
student outcomes in reading (Cash, Cabell, Hamre, DeCoster, & Pianta, 2015; Cunning-
ham, Zibulsky, Stanovich, & Stanovich, 2009; Moats & Foorman, 2003; Piasta, Justice,

McGinty, & Kaderavek, 2012). Several studies have found that teachers who receive
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professional development in reading instruction based on the aforementioned reading
skills have students who perform significantly better on reading-related tasks than stu-
dents whose teachers did not receive the same type of information (e.g., Carlisle, Kelcey,
Rowan, & Phelps, 2011; Ottley et al., 2015; Piasta et al., 2012; McCutchen et al., 2002;
Moats & Foorman, 2003).

More recent studies examining teacher learning in the context of reading de-
velopment and instruction have documented how digital technology and multimedia
are viewed as effective and engaging approaches for enhancing teacher learning (e.g.,
Hughes, Liu, & Lim, 2016; Zottmann et al., 2013). For instance, studies that have exam-
ined the impact of video on teacher engagement have found that shared video viewing
between an instructor and education students engages pre-service teachers in the learning
process and enhances their pedagogical knowledge (Gaudin & Chalies, 2015; Sherin &
Russ, 2014). Similarly, in a study that investigated the role of virtual classroom environ-
ments in literacy education coursework, findings suggested that virtual classrooms show-
casing effective literacy practices provide novice teachers with an additional venue for
learning about instructional practices in reading (Beach, Martinussen, Poliszczuk, & Wil-
lows, 2018). Additionally, the use of podcasts (Ely, Kennedy, Pullen, Williams, & Hirsch,
2014), online modules (Martinussen, Ferrari, Aitken, & Willows, 2015), and social media
(Visser, Evering, & Barrett, 2014) in teacher education programs and professional devel-
opment have been explored in recent years. These studies suggest that learning through
multiple modes of information can lead to increased engagement with domain-specific
content. However, we do not yet have a comprehensive understanding of the learning
behaviours and processes that may or may not be occurring during teachers’ multimedia
learning. Furthermore, research has not yet evaluated whether elementary teachers actual-
ly learn from multimedia resources and can apply their learning to practice.

This study includes both pre-service and experienced elementary teachers to
examine differences in learning from multimedia based on teaching experience and
knowledge about reading development and instruction. Novice—expert studies show what
the results of successful learning might look like; experienced teachers have acquired
skills and knowledge that affect “what they notice and how they organize, represent, and
interpret information” (National Research Council, 2000, p. 31). Examining how teach-

ers at different stages of their career use multimedia resources and where they focus their
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attention can inform the design of material that supports teachers’ understanding of how

children learn to read.

Theoretical Framework: Multimedia Learning

Multimedia learning is an active process of understanding information presented in more
than one mode. During multimedia learning knowledge is constructed from words (spo-
ken or printed text) and pictures (static graphics, including illustrations and photos, or
dynamic graphics, including video; Mayer, 2014). The rationale is that people learn more
deeply from the combination of words and pictures than from words alone, and that they
do this by constructing a coherent mental representation from the presented material
(Mayer, 2014; Schnotz, 2014).

The cognitive theory of multimedia learning forms the basis of this rationale
(Mayer, 1997). Composed of three assumptions—dual-channel, limited-capacity, and
active processing—this theory is used to help explain how learners process visual and
verbal information (Mayer, 1997). Grounded in Paivio’s (1986) dual coding theory, the
dual-channel assumption suggests that humans process visual and auditory information
via two separate channels. The second assumption is based on Sweller’s (1998) cognitive
load theory and implies a limited amount of information that can be processed at a time.
Thirdly, the cognitive theory of multimedia learning assumes that humans actively select,
organize, and integrate incoming information to construct coherent mental representations
(Mayer, 2014). Individuals first attend to relevant elements in the multimedia material
(Mayer, 2014). This selection process forms the basis for the most relevant information
and is dependent on the task and learning goals. Organization of information occurs when
individuals make connections between units within the material, including the amount
of time spent fixating on material, and identify levels of importance. Finally, information
from textual and pictorial elements is integrated when transitions between two segments
of information occur. The integration of verbal and pictorial models has been suggested
to be the most critical step in multimedia learning for sense-making (Mayer, 2014).

A goal of the cognitive theory of multimedia learning in education is to under-
stand how to design environments that promote meaningful learning (Moreno & May-
er, 2007). Several studies have shown how the combination of presentation modes can

greatly enhance learning (e.g., Kennedy et al., 2013; Kennedy & Thomas, 2012; Moreno
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& Mayer, 2007). For instance, a frequently cited study by Mayer, Bove, Bryman, Mars,
& Tapangco (1996) found that college students who read a summary that contained a
combination of short captions and illustrations outperformed those who read the summa-
ry with text alone in transfer and retention tasks. Similarly, Chiou, Tien, and Lee (2015)
found that the combination of animation and concept maps contributed to greater learn-
ing than did concept maps alone. In the context of teacher learning, Ely and colleagues
(2014) used a multimedia learning tool that combined video viewing with still images and
on-screen text and audio to teach vocabulary practices to pre-service teachers. Results
indicated that pre-service teachers in the multimedia group demonstrated significantly
greater increases in knowledge and readiness to implement an evidence-based instruc-
tional practice than those who did not receive the multimedia presentation.

While these studies demonstrate that the combination of presentation modes can
lead to enhanced learning, simply combining modes of information does not guarantee
improvement in learning; “a specific media application may not significantly change
learning effectiveness (how well the medium can be used in instruction)” (LeeSing &
Miles, 1999, p. 212). For instance, the addition of interesting but irrelevant material to a
narrated animation may actually distract the learner, who will then become less engaged
with the relevant material (e.g., Scheiter & Eitel, 2017). Distracting information is likely
to contribute to an increase in cognitive load, “the level of mental energy required to pro-
cess a given amount of information” (Lim, 2004, p. 17). As a result of a higher cognitive

load, task performance and learning may be compromised.

Eye tracking and multimedia learning. The number of studies that have used

eye tracking to study multimedia learning is relatively low (Alemdag & Cagiltay, 2018).
Yet eye-tracking technology has long enabled researchers to make inferences about how
learners process information in different formats (Alemdag & Cagiltay, 2018). Eye move-
ment measurements can reveal visual attention on items in a scene, change in the focus of
visual attention, difficulty in processing, and depth of processing information (Alemdag
& Cagiltay, 2018; Lai et al., 2013). In their review of 58 of the most recent studies that
have used eye-tracking technology to study multimedia learning, Alemdag and Cagiltay
(2018) found that several studies made inferences about depth of processing from fixa-
tion measurements. Rayner (1998) also argued that longer fixations can indicate deeper

processing.
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Alemdag and Cagiltay (2018) also found that scan paths were often used to deter-
mine learners’ sequence of attention during organization of words or images. Learners
often integrate text and pictorial information (they build a mental model) either locally,
by switching their eyes between text and illustration, or globally, by gazing at most or all
of the components of the illustration after reading the text (Hegarty & Just, 1993; Liu,
2018). Local patterns of integration have been shown to precede global ones (Hegarty &
Just, 1993). Most important is the relevance of the two modes of information—transitions
between semantically related material are often associated with higher learning outcomes
(Alemdag & Cagiltay, 2018).

Based on the current literature, employing eye tracking to document mo-
ment-to-moment processes that occur during learning has the potential to generate in-
formation about teachers’ learning processes that cannot otherwise be articulated by
participants. Generating this information is integral to the study of teacher learning and
an essential step in the development of effective resources and learning tools that support

teachers in their understanding of how reading develops and can best be taught.

Study Purpose and Research Questions

The purpose of this study was to investigate the patterns of visual behaviour and cogni-
tive processes of experienced elementary teachers and pre-service teachers in an initial
teacher education program while they studied the Reading Pyramid, a visual model show-
ing key concepts in reading development, and accompanying text (OISE, 2012; see Fig-

ure 1). The following research questions guided this study’s research design and analyses:

1. What are pre-service and experienced teachers’ eye movement patterns as they
study the Reading Pyramid and accompanying text?

2. To what extent do elementary teachers’ eye movement patterns differ accord-
ing to teaching experience and knowledge of reading development?

3. Do particular eye movement patterns affect what elementary teachers learn?
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Methodology

Research Design and Participants

The study design includes both quantitative and qualitative components, with the
eye-tracking metrics and recordings as the main data sources (as described below).
Approximately 60 students from a concurrent Bachelor of Education program at a Cana-
dian university were invited to participate via email invitations and course visits. Approx-
imately 150 teachers with experience teaching at the elementary level were also sent

an email invitation to participate. Email invitations described the research project and
participant involvement.

Seven experienced teachers and 11 education students from Ontario, Canada, par-
ticipated in this exploratory study (N = 18). Experienced teachers had between 2 and 10
years of experience. Most of the students (n = 10; 91%) had completed at least one field
placement in a primary classroom. More than half of the participants (n = 12; 67%) stated
they use the Internet to acquire information about reading development and/or instruc-
tion and all of the participants indicated that they feel somewhat confident (n = 7; 39%)
or very confident (n = 11; 61%) using the Internet to acquire information related to their

teaching practice. All participants provided informed consent.

Data Collection Procedure

Participants met one-on-one with a member of the research team for a testing session.
During the testing session, participants completed three tasks: (1) a short demographic
questionnaire and test of literacy knowledge, (2) a cognitive task that included a study
session in which participants’ eye movements were recorded, and (3) a summary task.
Upon completion of the questionnaire and test of literacy knowledge, participants were
introduced to the cognitive task and eye-tracking technology. Specifically, participants
were asked to study the graphic and textual information while thinking about how the
literacy components of the Reading Pyramid work together to support children’s reading
development. Participants were not given a time limit during the study session; rather,

they were free to study the graphic and textual information for as long as they required.
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Immediately following the cognitive task, participants were asked to complete a summary

task that included a transfer and retention test.

Data Sources and Material

Demographic questionnaire. The questionnaire consisted of five closed-ended questions:
(1) Are you currently a student or teacher? (2) How many years have you taught at the
elementary level (for experienced teachers)? (3) How many placements have you had in
an elementary classroom (for pre-service teachers)? (4) How often do you use the Internet
to acquire information about reading development and/or instruction? (5) How confident

are you in using the Internet to acquire information about teaching?

Test of literacy knowledge. Ten items were adapted from two main instruments
for assessing teacher knowledge of literacy (Cheesman, McGuire, Shankweiler, & Coyne,
2009; Duguay, Kenyon, Haynes, August, & Yanosky, 2016). Five questions were multiple
choice (e.g., Effective phonemic awareness instruction teaches children to (a) convert let-
ters or letter combinations into sounds; (b) notice, think about, and work with sounds in
spoken language; (c) discriminate one letter from the other letters of the alphabet; or (d)
I’m not sure), three were true/false (e.g., Students do not benefit from vocabulary instruc-
tion that activates their background knowledge. T/F), and two were sentence completion

(e.g., Reading comprehension is ).

Stimulus. The stimulus included two panels: the visual model (the Reading Pyra-

mid) and accompanying textual information (see Figure 1).
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Figure 1. The Reading Pyramid and accompanying text

Eye-tracking recordings. Participants’ eye movements were recorded using a To-
bii Pro X3-120 eye tracker, a screen-based eye tracker that captures gaze data at 120Hz.
The Tobii eye tracker works by using a light source to illuminate the eye, causing high-
ly visible reflections. A camera captures an image of the eye showing these reflections.
Prior to studying the stimulus, participants were taken through a calibration procedure:
participants looked at five specific points on the screen, known as calibration dots. The
resulting information helped calculate the gaze data necessary for the eye movements to
be recorded.

Eye-tracking metrics. Using the Tobii Pro Studio software, areas of interest
(AOIs) on the pyramid and keywords in the text were predetermined. Each pyramid block

was designated as a separate AOI. The following keywords in the text were also AOIs:

29 ¢ 99 ¢

“pyramid,” “building blocks,” “print-related skills,” “language-related skills,” “print-re-

99 ¢ 29 ¢

lated components,” “recognize words,” “language-related components,” “make meaning
of text.” Variables of interest included: fixation duration, frequency and sequence of fix-
ations, and scan paths. A fixation duration was included in the dataset for gaze durations
of 60 ms or longer (the default value set by Tobii Pro Studio). The total recording time (in
seconds) for each participant was recorded as the duration from the time that the stimu-
lus appeared on the screen until the time the participant indicated their completion of the
task. The total recording time includes the time participants spent fixated on any of the

AOIs plus any time they spent on other areas of the display.
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Heat maps. Heat maps visually represent fixation duration and were used

to support the statistical results.

Summary task. Immediately following the cognitive task, participants completed
a summary task which was composed of a transfer and retention task. Resulting verbal-
izations from both the retention and transfer tasks were audio recorded and transcribed

verbatim.

Transfer task. Participants were asked to verbalize how they would ex-
plain the basics of teaching reading to someone new to teaching at the elementary level.

Participants verbalized their explanation without access to the stimulus.

Retention task. The retention test included two questions: (1) Please
describe the reading pyramid. (2) While you studied the reading pyramid, what stood out
to you?

Scoring

Three members of the research team used a rubric to score participants’ transfer and
retention tasks. Scores were based on whether participants included pre-determined
themes, main ideas, and/or important details in their responses (following the guidelines
of Kirby & Pedwell, 1991). Each category included subcategories. Participants who
referred to a theme in their response (e.g., the ultimate goal of reading is to help students
understand the meaning of what they are reading) received a score of 3; a main idea (e.g.,
print skills are those that promote word recognition) received a score of 2; and an import-
ant detail (e.g., associate letters and sounds) received a score of 1. Scores were averaged
across the researchers and total scores on the transfer and retention tasks were calculated
for each participant. To determine inter-rater reliability, intraclass correlation coefficient
(ICC) estimates and their 95% confidence intervals (CI) were calculated based on abso-
lute agreement and a two-way mixed-effects model. A high degree of reliability was
found between the three raters. The average measure ICC was .886 with a 95% CI from
.645 to .962.
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Analysis

Paired-samples #-tests and independent-samples z-tests were conducted, with alpha set at
p < .05, to examine group differences in fixation duration, fixation count, and summary
task scores. Pearson correlations were also computed to determine relationships between
measures of visual attention on AOIs of the pyramid, measures of visual attention on
keywords in the accompanying text, and summary task scores. Eye movement recordings
were also analyzed qualitatively to determine the correspondence between AOIs on the
pyramid and keywords in the text when participants transitioned between the two panels
of the stimulus display. This qualitative analysis was conducted by two members of the

research team through observations of the eye-tracking recordings.

Results

This exploratory study sought to examine the patterns of visual behaviour and cogni-
tive processes of experienced elementary teachers and pre-service teachers in an initial
teacher education program while they studied a multimedia learning tool. Results are

organized according to the research questions.

Research Question 1: What are pre-service and experienced teachers’
eye movement patterns as they study the Reading Pyramid and accom-
panying text?

A paired-samples ¢-test between fixation durations on the AOIs of the pyramid and key-
words in the text showed that, on average, both groups spent significantly more time
fixated on AOIs of the pyramid (M = 46.64 seconds, SD = 31.18) than keywords in the
text (M =12.03, SD=8.01); #(17)=5.27, p <.001. Figure 2 presents two individual heat
maps, one from each group, to illustrate this finding: participants fixated longer (repre-
sented by red shadings) on AOIs of the pyramid than on keywords in the accompanying
text. Both groups also fixated longer on the AOIs related to print-related skills (M = 23.27
seconds, SD = 17.82) than the AOIs related to language-related skills (M = 13.56 seconds,
SD = 8.67); ((17) =3.97, p = .001. Taken together, these findings indicate that participants
were more likely to attend to the Pyramid, and specifically the print-related AOIs, while

Canadian Journal of Education / Revue canadienne de 1’éducation 42:4 (2019)
WWW.cje-rce.ca



An Exploratory Eye-Tracking Study 1036

thinking about how the different literacy components work together to support children’s

reading development.

Figure 2. Sample heat maps depicting fixation duration

Note. Red shading indicates longer fixation duration.

With respect to the total recording time (in seconds), group differences were found:
the average total recording time for experienced teachers (M = 127.29 seconds, SD = 57.49)
was higher than for the pre-service teachers (M = 94.09 seconds, SD = 31.39); however, the
independent samples ¢-test did not yield a significant effect, #(16) = 1.59, p = .131. In terms
of fixation duration and fixation count on AOIs of the Pyramid, significant effects were
found: the experienced teachers fixated significantly longer on the Pyramid (M = 64.29 sec-
onds, SD =35.10, #(16) = 2.26, p = .039) and looked at the Pyramid more frequently (M =
254.29, SD = 138.10, #(16) = 2.19, p = .044) than the pre-service teachers (fixation dura-
tion: M = 33.77 seconds, SD = 22.70; fixation count: M = 144.72; SD = 75.80). A summary
of the descriptive statistics regarding group differences is presented in Appendix A.

Appendix B presents the descriptive statistics regarding fixation counts and
fixation durations on the AOIs of the Pyramid. Given that this is an exploratory study, it
is important to note that all of the effects are in favour of the experienced teacher par-
ticipants and that many of the effect sizes are substantial even if they are not significant.
The longer fixation durations suggest, as discussed below, that the experienced teachers

processed information from the Pyramid at a deeper level than the pre-service teachers.
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Pearson correlations showed that participants who fixated longer on print-related
AOQOIs on the Pyramid spent more time fixated on the print-related keywords in the ac-
companying text (» = .48, p <.05). Fixation duration for language-related AOIs was also
positively correlated to fixation duration for language-related keywords in the accompa-
nying text (r = .64, p <.01). One possible reason for this finding, as discussed below, is
that participants made connections between specific information on the Pyramid (e.g.,

phonics) and semantically related keywords (e.g., “recognize words”).

Research Question 2: To what extent do elementary teachers’ eye move-
ment patterns differ according to teaching experience and knowledge of
reading development?

As shown in Appendix C, significant differences were found in knowledge of reading
development between the two groups. This finding is not surprising, given pre-service
teachers had limited coursework in literacy as well as classroom experience.

Correlations between participants’ literacy knowledge and fixation counts and
duration are presented in Appendix D. Findings suggest that prior knowledge and expe-
rience influenced how participants viewed the Reading Pyramid and accompanying text.
For instance, knowledge of phonemic awareness instruction was correlated with partic-
ipants’ fixation count on AOIs of the Reading Pyramid related to phonics (r =0.51, p =
0.031) and concepts of print (» = 0.56, p = 0.016).

Observations of participants’ scan paths were documented by members of the
research team. Based on these observations, participants’ scan paths were classified as:
local integrative pattern (eye movements transitioned between the Pyramid and seman-
tically related keywords), global integrative pattern (eye movements transitioned to the
Pyramid after gazing at most or all of the text), and inconsistent skimming pattern (un-
related transitions between the Pyramid and text). Figure 3 illustrates typical scan path

diagrams of each of these types of patterns.
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Figure 3. Typical scan path diagrams of three types of patterns of visual behaviour

The qualitative analysis of the scan paths revealed that the more experienced
teachers (who scored significantly higher on the test of literacy knowledge) tended to
move back and forth between information in the Pyramid and semantically related key-
words. This pattern of behaviour, a local integrative pattern according to Hegarty and Just
(1993), occurred for nearly all of the experienced teachers (n = 6; 86%). The one expe-
rienced teacher who did not demonstrate this type of scan path instead showed a more
global integrative pattern in which this teacher read through the entire text before looking
at the Pyramid. This initial global pattern was followed by a local integrative pattern. The
pre-service teachers, on the other hand, demonstrated three different patterns of visual
behaviour: six of the pre-service teachers (55%) demonstrated an inconsistent skimming
pattern, four (36%) demonstrated a global integrative pattern (text then Pyramid), and one
pre-service teacher showed a local integrative pattern of moving back and forth between
semantically related material. The pre-service teacher who showed a local integration
pattern did not score significantly higher on the pre-test of literacy knowledge or the post-
test than the other pre-service teachers.
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Research Question 3: Do particular eye movement patterns affect what
elementary teachers learn?

Results also show group differences between the two groups with respect to the summary
task scores. On average, experienced teachers scored higher on both the transfer task (M
=6.86, SD = 3.13) and retention task (M =9.71, SD = 3.82) than the pre-service teachers
(transfer task: M =4.55, SD = 1.97; retention task: M = 6.09, SD = 2.47); however, the
independent samples t-test only yielded a significant effect for the retention task scores, ¢ =
2.46, p = .026. A more interesting finding relates to the correlations between measures of
visual attention and summary task scores for all participants. Findings show that the time
spent on two specific AOIs correlated with participants’ post-task scores (see Appendix E):
a positive correlation was found between scores on the retention task and fixation durations
on the vocabulary AOI of the Pyramid (» = .55, p <.05) and the phonics AOI of the Pyra-
mid (r = .52, p <.05). The correlations for the transfer task, although some were moderate

in size, did not reach the conventional level of significance.

Discussion

In the current study, we examined the role of a multimedia resource on teacher learning.
Overall, findings provide preliminary insights into how elementary teachers at different
stages of their career study and learn from a multimedia learning tool that supports read-
ing development and instruction. Additionally, results offer information about the benefits
of using eye-tracking methodology to study teacher learning.

First, the findings provide preliminary insights into how elementary teachers at
different stages of their career study the Reading Pyramid, a multimedia learning tool
created to enhance teacher knowledge in reading development instruction. The use of
multimedia in teacher education and professional learning is increasing (Kennedy et al.,
2013). Yet the evidence for the effectiveness of multimedia resources is limited. As sug-
gested by Kennedy and colleagues (2013), there is a “critical need to improve the knowl-
edge of reading and reading instruction among pre- and in-service teachers” (p. 49). As
new multimedia tools and technologies are adopted by teacher educators and educational
stakeholders involved in developing online learning platforms for teachers, they should

be accompanied by efforts to study the use of such resources and their impact on learning.
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The finding that participants generally had longer and more fixations on the AOIs
of the Pyramid than on keywords in the accompanying text suggests that the Pyramid is
visually engaging. In relation to the total recording time, the fixation durations appear rel-
atively short. However, our results do align with studies that have examined the shortest
length of time it takes individuals to acquire semantic information from a web page (Jah-
anian, Keshvari, & Rosenholtz, 2018; Lindgaard, Fernandes, Dudek, & Brown, 2006); for
example, Jahanian and colleagues (2018) demonstrated that in a 120ms fixation, individ-
uals can categorize information. The average time that participants fixated on AOIs of the
Pyramid suggests that the information was processed at a semantic level.

The correlation between the retention task scores and specific AOIs in the Pyr-
amid suggests that the Pyramid is also informative—time spent on specific AOIs was
positively correlated to participants’ scores on the retention task, suggesting that some
of the Pyramid components may have positively influenced participants’ recall of the
Pyramid, specifically in relation to the main ideas and overall theme. Responses given
by the participants during the summary task support this interpretation. For instance, an
experienced teacher participant stated that the Pyramid was ““a nice visual for understand-
ing cognitively what we need to get through in order for comprehension to be a skill for
kids.” One of the pre-service teachers noted: “I liked how [the Pyramid] had the different
faces of spoken and written text coming together at the top to combine into one’s reading
comprehension.” Similarly, a pre-service teacher participant described the connection
between the reading Pyramid and coursework: “It all makes sense and corresponds with
what I’ve learned so far in my teaching schools and practicums and classes.”

This finding, however, is in contrast with Liu and Chuang (2011) among oth-
ers (e.g., Rayner, Rotello, Stewart, Keir, & Duffy, 2001; Schmidt-Weigand, Kohnert, &
Glowalla, 2010), who have shown that learners spend more time on text than on illustra-
tions. One possible reason for this difference is that the participants in the current study
were taking more time to make sense of the structure of the Pyramid—how the blocks
were organized and related to each other. Several participants noted in the summary task
how the organization of the Pyramid stood out to them. One participant noted that she
tried to approach the Pyramid in a few different ways (e.g., starting at the bottom and
working her way up, reading all of the print-related components) to understand how the
parts related to the whole. It is possible that the complexity and novelty of the Pyramid

required more time to make sense of than the media used in Liu and Chuang’s study. It is
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also possible that the AOIs for the keywords were too narrow and did not capture all of
the current study participants’ actual fixations on the keywords in the text. Another possi-
bility is that the text did not provide enough information to require much attention. This
is further discussed in the Limitations section.

While participants generally spent more time studying the Pyramid than the key-
words in the accompanying text, an interesting finding is that the experienced teachers
transitioned between the two modes of information more often than the pre-service teach-
ers, and also showed a pattern of visual behaviour in which their eyes moved between
information in the Pyramid that directly corresponded with related keywords in the text.
As previous studies have found, when the text and picture present consistent information
(when the information is semantically related) it is more likely that both modes of infor-
mation are simultaneously active in working memory (e.g., Schnotz, Baadte, Johnson,

& Mengelkamp, 2012). Jarodzka, Scheiter, Gerjets, and van Gog (2010) also found that
when compared to novices, experts attended to more relevant aspects of a stimulus. In
the current study, it is possible that the experienced teachers were connecting the central
definitions of the print- and language-related categories to the more specific components
of each category. Their prior knowledge may have contributed to a stronger connection
between the information in the Pyramid and corresponding text than for the pre-service
teachers, and a more integrative visual pattern of behaviour (Hegarty & Just, 1993; Liu,
2018). This behavioural pattern was described by one experienced teacher during the

summary task:

I would read part of the definition that explained the language side of literacy, and
then I would go and look at that part of the pyramid again, and then I would read
the print side and then go back to that part of the pyramid again.

This finding also relates to the cognitive theory of multimedia learning. The
experienced teachers in this study were able to actively select, organize, and integrate
incoming information, and therefore were more likely to construct a coherent mental rep-
resentation of reading development and instruction; they made connections between the
presented material. As outlined by Mayer’s (1997, 2014) theory, information from textual
and pictorial elements is integrated when transitions between two segments of informa-
tion occur. Given their prior knowledge, the experienced teachers who were exhibiting a

local pattern of behaviour were more likely able to reach an “integration stage,” the most
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critical step in multimedia learning for sense-making and deeper levels of processing
(Mayer, 2014).

These deep levels of processing include linking information to prior knowledge,
interpreting information, and connecting new information to personal experiences (Ca-
trysse, Gijbels, & Donche, 2018). An individual’s interest in and prior experience with
the material can impact the level of processing. The participants with higher levels of
prior knowledge about reading development and more teaching experience may have had
a greater interest in the presented material and thus showed a deeper level of informa-
tion processing. These participants engaged with the material in ways that are associated
with deeper processing (local integration pathways, longer fixations), and subsequently
demonstrated higher scores on the retention task, in which greater recall of main ideas
and elaborations and coherence of main ideas are all evidence for more developed situa-
tion models.

The results of this study also highlight the importance of using diverse methods
to understand how teachers learn in different contexts and with different forms of media.
Diverse methods of data collection are necessary to fully understand and capture how
teachers learn, the reasons why they choose specific modes of learning, and the poten-
tial impact of learning opportunities on teachers’ knowledge and skills. Data generated
from eye-tracking methodology has the potential to provide important information about
teachers’ behavioural patterns and cognitive processes that may or may not be occurring
during multimedia learning experiences. In particular, findings from the current study
suggest that fixation durations and scan paths can be particularly important for identifying
eye movement patterns that are conducive to learning. Information pertaining to the pro-
cesses of selecting, organizing, and integrating can be garnered from examining teachers’
eye movement patterns. While eye tracking alone can offer insight into the processes that
occur during learning, combining eye tracking with other methods of data collection,
such as the think-aloud method and pre-post task scores, can result in comprehensive
data about how teachers use and learn from multimedia resources. For instance, eye
tracking can show automatic processing that may escape conscious awareness and think
alouds can offer insight into learners’ decision-making strategies that may not involve eye

movements.
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Study Limitations

A main limitation of this study is the sample size, which influenced the overall power of
the study to detect significant results. While this limitation is not uncommon in eye-track-
ing studies that examine differences between expert and novice participants (Jarodzka

et al., 2010), the small sample size should be taken into consideration when interpreting
the findings. Along with the sample size, participants’ teaching experience should also be
considered when interpreting the results. Future studies should consider recruiting teach-
ers who have a greater range of experience teaching reading. An additional limitation is
the validity of the transfer task. Given that this study was exploratory in nature, the trans-
fer task was piloted for this study.

A final limitation involves the fixations on keywords in the text. As described in
the discussion section, it is possible that the AOIs for the keywords were too narrow and
did not capture all of the participants’ actual fixations on the keywords in the text. This is
particularly true if the calibration accuracy was low. The scan paths did reveal, however,
that participants were demonstrating patterns of line-by-line reading behaviour. Addition-
ally, the text used for this study was short. The results might differ if the text and diagram
explained a more complex process at greater length. Future research should consider en-
larging text to allow for larger AOIs on keywords and using more extensive and complex

material.

Implications for Teacher Learning

Despite the limitations, there are educational implications that can be gleaned from the
results, particularly with respect to how the experienced teacher participants studied the
Reading Pyramid. Experienced teachers can provide information about what successful
learning might look like; they have acquired skills and knowledge that affect “what they
notice and how they organize, represent, and interpret information” (National Research
Council, 2000, p. 31). Examining how teachers at different stages of their career use mul-
timedia resources and where they focus their attention can inform the design of materials
so that resources facilitate more efficient inspection.

In the current study the paths of the experienced teachers’ eye movements re-
vealed a direct correspondence between areas of the Pyramid and semantically-related

keywords. These scan paths can be used with novice or pre-service teachers. Specifically,

Canadian Journal of Education / Revue canadienne de 1’éducation 42:4 (2019)
WWW.cje-rce.ca



An Exploratory Eye-Tracking Study 1044

novice teachers may benefit from instruction in the form of online learning support tools
or tutorials that contain “attentional guidance” in order to recognize the parts of the text
and Pyramid that directly align. A form of cueing by guiding novices’ attention based on
experts’ eye movements might be effective (Jarodzka et al., 2010) and should be tested.

Given the findings, it can be suggested that students should have developed some
prior knowledge about the key areas of reading development and instruction prior to
studying the Reading Pyramid in a teacher preparation course. Teacher educators should
also provide guidance on the structure and organization of the Reading Pyramid when in-
troducing it to students; this guidance would be consistent with the guidelines for devel-
oping a good situation model. In online environments, an interactive component in which
viewers hover over selected areas of the Pyramid to view detailed information about a
particular area could also contribute to deeper levels of processing.

Showing novice teachers slowed-down scan paths of experienced teachers’ eye
movements prior to studying the Reading Pyramid or similar multimedia should be fur-
ther examined. It is possible that scan paths of experienced teachers can act as a model
for a successful way to approach and learn from the reading pyramid. Teacher educators
could include cueing videos as additional support tools for their students. Cueing videos
could also be embedded within online learning platforms. Users of online profession-
al resources could access these videos to support them in their self-directed learning

Initiatives.

Conclusion

As teachers increasingly access multimedia resources as part of their multifaceted
approach to professional learning, the value of such resources must be examined. It is
essential to understand and capture teachers’ behavioural patterns and thought processes
in order to facilitate the design of effective training and learning platforms. In this study,
the group differences in fixation counts, fixation durations, and scan paths suggest that
teachers study multimedia in different ways depending on their prior knowledge and
experience. Website developers and instructional multimedia designers can use infor-
mation generated from studies that employ eye-tracking methodology to facilitate more

efficient inspection. This information can be used as learning support tools, to scaffold
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and improve novice teachers’ understanding of reading development and instruction.
Multimedia resources that are conducive to teacher learning will lead to teachers being
more skilled in reading instruction and ultimately contribute to improvements of reading

ability in their students.
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Appendix A

Summary of Group Differences (N = 18)

Experienced Pre-Service
Teachers Teachers
M SD M SD  t-value p d

Total Recording (secs) 127.29 5749  94.09 31.39 1.59 131 0.72

Total Fixation
Duration of Keyword 14.95 8.80  10.17  7.27 1.26 227 059
AOQIs (secs)

Total Fixation
Duration of Pyramid 64.29 35.10 33.77 22.70 2.26 .039* 1.03
AOQIs (secs)

Total Fixation
Count of Keyword 7586 3400 56.09 32.22 1.24 232 0.60
AOQOlIs

Total Fixation Count 5y 5 13810 14472 7580 219 044* 098

of Pyramid AOIs

Transfer Score 6.86 3.13 4.55 1.97 1.94 071 0.88
Retention Score 9.71 3.82 6.09 247 2.46 .026% 1.13
Test of Literacy

*
Knowledge Score 7.86 2.12 3.45 1.37 540 <.001 2.47

*p<.05
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Appendix B

Summary of Group Differences in Areas of Interest (AOIl)—Fixation Count

Experienced Pre-Service
Teachers Teachers
AQI M SD M SD t-value p d

Comprehension Block 20.29 1394 16.09 8.57 0.796 438  0.36
Oral Language Block 2829 1415 18.00 11.74 1675 .113  0.79

Comprehension

. 35.71 2416 2436 1342 1.289 216 0.58
Strategies Block

Knowledge Building

17.71 10.67 13.36 7.35 1.029 319 0.47
Block

Phonemic Awareness 1686 813 1264 852 1042 313 051

Block
Vocabulary Block 22.14 13.26 11.81 6.85 2.188 .044* 0.98
Fluency Block 39.57 26.42 16.27 11.77 2.198 .061 1.14

Text Structures Block 28.29 12.49 12.36 8.35 3.26 .005*  1.49
Phonics Block 27.71 16.52 11.18 7.97 2.87 011* 1.27

Concepts of Print Block  17.71  11.29  8.63 4.13 2.041 .080 1.07
*p<.05

Summary of Group Differences in Areas of Interest (AOl)—Fixation Duration (seconds)

Experienced Pre-Service
Teachers Teachers
AOI M SD M SD t-value p d

Comprehension Block 493 3.74 3.42 2.48 1.03 317 048

Oral Language Block 6.52 3.76 4.15 2.93 1.5 154 0.70
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Experienced Pre-Service
Teachers Teachers
AOI M SD M SD  t-value p d
Comprehension 782 517 502 392 131 210 061
Strategies Block ' ' ' ' ' ' '
Knowledge Building 455 305 328 234 100 331 047
Block
Phonemic Awareness 420 194 324 319 071 490 0.36
Block
Vocabulary Block 4.77 2.56 2.52 1.46 239  .030* 1.08
Fluency Block 9.88 7.09 3.92 2.75 2.12 .071 1.11
Text Structures Block 8.20 4.1 3.04 2.7 3.24 .005* 1.49
Phonics Block 8.49 4.71 3.21 2.54 3.11 .007*  1.39
Concepts of Print Block ~ 4.92 3.07 1.95 1.28 242 .044* 1.26

*p<.05
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Appendix C

Average Correct Responses on Pre-Test of Literacy Knowledge

Experienced Pre-Service
Teachers Teachers
M SD M SD  t-value p d

Phonemic awareness (PA)

. 0.57 0.54 0.09 0.30 2.17 .060 1.10
Instruction 1

PA Instruction 2 0.14 0.38 0.09 0.30 0.32 751 0.15
PA Instruction 3 0.86 0.38 0.18 0.41 3.54 .003*  1.72
Spelling and PA 0.71 0.49 0.20 0.42 2.32 035  1.12
Vocabulary Instruction 1.00 000 036 0.51 4.18 .002*  2.02

Receptive and Expressive

0.86 0.38 1.00 0.00 1.00 .356 0.52
Vocabulary

Vocabulary and Prior

0.00 0.00 0.09 0.30 0.79 442 0.42
Knowledge

Vocabulary Knowledge 0.14 038 0.00 0.00 1.00 356 0.52

flginCY(MaXImumScore 229 125 064 051 -394 012 173
Reading Comprehension

(Maximum Score = 3) 1.29 0.95 1.00 0.45 .043 399 0.39

Overall Correct
responses

7.86 212 345 1.37 5.40 <.001* 247

*p<.05
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Appendix D
Pearson Correlations Between Pre-Test Scores and Fixation Counts on AOIs of Pyramid
1 2 3 4 5 6 7 8
1. PA Instruction 1 -
2. PA Instruction 2 18 -
3. PA Instruction 3 44 .04 -
4. Spelling & PA 51 .07 .65 -
5. Vocabulary Instruction .50% -.08 48% 46 -
6. S;EZEtive and Expressive 17 10 26 25 17 i
7. Fluency/Auto Score .28 .07 .36 40 49% -.14 -
8. RC Score -.11 -.06 .19 21 .14 42 .18 -
9. Comprehension AOI .14 .04 .19 -.20 -.02 .28 .03 43
10. Oral Language AOI 12 .16 43 22 .06 .28 .14 46
1. gg?p rehension Strategies 00 04 36 I3 .05 30 .14 .66
12. Knowledge Building AOI -.08 -.02 32 .08 .06 .25 .15 A49*
13. Phonemic Awareness AOI -.02 .18 .37 .20 -.06 .33 21 41
14. Vocabulary AOI .06 .01 46 25 28 22 .26 66**
15. Fluency AOI .25 -.06 .50% 32 .20 .18 .20 53*
16. Text Structures AOI .38 17 61%* 33 25 25 .36 40
17. Phonics AOI .30 .06 51 .26 23 24 .39 A48*
18. Concepts of Print AOI 21 -.03 62%* 17 .29 27 28 S51%
p<.05*p<.01
Pearson Correlations Between Pre-Test Scores and Fixation Durations on AOIs of
Pyramid
1 2 3 4 5 6 7 8
1. PA Instruction 1 -
2. PA Instruction 2 .18 -
3. PA Instruction 3 44 40 -
4. Spelling & PA 51X .07 654% -
5. Vocabulary Instruction .50% -.08 48% 46 -
6. \}}(c;zzgtive and Expressive 17 10 26 95 17 i
7. Fluency/Auto Score 28 .07 37 40 A49* -.14 -
8. RC Score -.11 -.06 .19 21 14 42 18 -
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1 2 3 4 5 6 7 8
9. Comprehension AOI .20 .06 18 -.16 .01 21 .08 .37
10. Oral Language AOI .29 .16 32 -.01 13 .29 .19 .33
1. gg?prehemion Strategles 03 13 26 05 06 20 21 53
12. Knowledge Buildin g AOI 12 .05 22 -.09 12 24 21 .30
13. Phonemic Awareness AOI .02 -.02 .16 .03 -.07 .24 15 37
14. Vocabulary AOI .15 -.08 43 23 .33 22 .38 62%*
15. Fluency AOI 23 -.08 44 .28 23 .16 .18 S59%*
16. Text Structures AOI 48* 14 S51% 21 .29 .20 37 .29
17. Phonics AOI .38 .15 51% 31 .26 .25 .36 52%
18. Concepts of Print AOI 41 14 .56% 17 .35 .26 31 40

*p<.05*p<.01
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Appendix E

Pearson Correlations Between Post-Task Scores and Fixation Durations on AOIs of Pyr-

amid and Keywords in the Text

1 2

1. Transfer Score -

2. Retention Score .35 -
3. Comprehension AOI 33 13
4. Oral Language AOI 37 25
5. Comprehension Strategies AOI 15 .34
6. Knowledge Building AOI .26 .26
7. Phonemic Awareness AOI -.02 .33
8. Vocabulary AOI 15 .55%
9. Fluency AOI 12 43
10. Text Structures AOI .38 .36
11. Phonics AOI .39 52%
12. Concepts of Print AOI 45 .37
13. “Building Blocks” -.10 .15
14. “Language Components” .10 14
15. “Language Skills” .16 21
16. “Make Meaning” -.24 .29
17. “Print Components” .05 -.02
18. “Print Skills” 35 12
19. “Pyramid” 46 .38
20. “Recognize Words” -22 .07

*p<.05*p<.01
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