Zeitschrift fiir Geographiedidaktik
Journal of Geography Education

Which Factors Influence Learners’ Visual Attention
to Images in Geographic Learning Media?

Welche Faktoren beeinflussen die visuellen Aufmerksamkeit Lernender fiir
Abbildungen in geographischen Lernmedien?

¢Qué factores influyen la atencion visual de los alumnos a las imagenes en los
medios de aprendizaje geografico?

Yvonne Behnke &

Zusammenfassung Eine Eye-Tracking-Studie mit Fragebogen untersuchte potenzielle Einflussfak-
toren auf visuelle Aufmerksamkeitsmuster beim Lernen mit Fotos, Grafiken und Karten in Geogra-
phieschulblchern (u.a. Usability, Interesse, Medienpraferenz). Daflir wurden Daten von achtund-
funfzig Lernenden (14-17 Jahre, Gymnasium) analysiert. Stimuli waren drei Geographieschul-
buchdoppelseiten zu drei interessensbasiert ausgewahlten Themen. Eine Faktorenanalyse extra-
hierte relevante Faktoren fir visuelle Aufmerksamkeitsmuster auf Fotos, Grafiken und Karten der
Schulbuchseiten. Usability, Textpraferenz, Bildpraferenz und individuelles Interesse (Thema Erd-
beben) und erklaren 48,5 % Varianz (relevantester Faktor: Usability). Individuelles Interesse war
weniger relevant als situatives Interesse. Daraus werden Vorschlédge zur Unterstitzung des Leh-
rens und Lernens mit multimodalen geographischen Medien abgeleitet.

Schliisselwérter Schulbuchgestaltung, Eye-Tracking, Georaphiedidaktik, visuelle Aufmerksamkeit,
Multimedia Learning

Abstract An eye-tracking and questionnaire-based study investigated possible factors influencing
visual attention (e.g., usability, interest, and media preferences) when learning with photos, graph-
ics, and maps. Data from 58 learners (14-17 years, secondary school) were analyzed. Three Geogra-
phy textbook spreads on three interest-led topics (earthquakes, rainforests, agriculture) served as
stimuli. Factor analysis identified relevant factors for learners’ visual attention to photos, graphics,
and maps in the investigated textbook spreads. Usability, text preference, image preference, and
individual interest (topic earthquakes) explained 48.5 per cent of the variance (most relevant factor:
usability). Individual interest was less relevant than situational interest. Based on these findings, the
paper presents suggestions to support teaching and learning with multimodal geographic learning
media.

Keywords textbook design, eye-tracking, Geography Education, visual attention, multimedia
learning

Resumen Un estudio de seguimiento ocular y basado en cuestionarios investigd los posibles
factores que influyen la atencion visual (por ejemplo, la facilidad de uso, el interés y las
preferencias de medios de educacién) al aprender con fotos, gréficos y mapas. Se analizaron
datos de 58 estudiantes (14-17 afos, escuela secundaria). Tres tiradas de libros de texto de
Geografia sobre tres temas de interés (terremotos, selvas tropicales, agricultura) sirvieron como
estimulo. El anélisis factorial identificd factores relevantes para la atencién visual de los
estudiantes a las fotografias, graficos y mapas en los libros de texto investigados. La usabilidad,
la preferencia de texto, la preferencia de imagen y el interés individual (terremotos tematicos)
explicaron el 48,5% de la variabilidad (factor mas relevante: usabilidad). El interés individual era
menos relevante que el interés situacional. Con base en estos hallazgos, este articulo presenta
sugerencias para apoyar la ensefianza y el aprendizaje con medios de aprendizaje geografico
multimodal.

Palabras clave disefio de libros de texto, eye-tracking, Didactica de la Geografia, atencidn visual,
educacion multimedial
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1. Introduction

Geography education maintains a particular
relationship with images because the creation
and interpretation of images determine an es-
sential part of Geography instruction
(THORNES 2004). WiDDbowsON and LAMBERT
(2006) argue in the same vein when they refer
to images as powerful tools for transmitting
geographical concepts, just as LAMBERT (2008)
emphasizes the importance of images in geo-
graphical knowledge construction and UHLEN-
WINKEL (2007) highlights the didactic potential
inherent in working with pictures in Geogra-
phy lessons.

As textbooks—despite the variety of digital
media available—remain essential tools for stu-
dents’ learning and the mostimportant educa-
tional medium in schools (KNIGHT ET AL. 2017;
FucHs & Bock 2018; BAGOLY-SIMO ET AL. 2019),
this contribution focuses on images in Geog-
raphy textbooks.

Studies revealed learners’ limited attention
to visuals in educational media (SCHNOTZ ET AL.
2014; BEHNKE 2016a; EITEL 2016). Many learn-
ers face challenges in learning with images
(ScHNOTZ ET AL. 2014; SCHEITER ET AL. 2018;
SEUFERT 2019). Other studies found that visu-
als in learning may positively affect learning
motivation (SCHNOTZ ET AL. 2009) and trigger
situational interest (MAGNER ET AL 2016;
ENDRES ET AL. 2020).

Given this backdrop, learners’ visual atten-
tion to images in learning media is considered
interrelated with learners’ interest and is i.a.
driven by motivational factors (PETTERSSON
2000; MAGNER ET AL. 2016). Studies named in-
terest as a factor influencing learning motiva-

2. Theoretical Background

This section begins with the presentation of
the theoretical model Usability Parameters of
Well-designed Geography Textbook Visuals
(Section 2.1, Fig. 1), as the two research ques-
tions, the eye-tracking research design, as well
as the corresponding questionnaire of the
present study were developed based on this
model. Sections 2.2 and 2.3 elaborate on se-
lected theoretical approaches from the model

tion and highlighted relationships between at-
tention and interest (PRENZEL ET AL. 1986; KRAPP
2002; ScHIEFELE 2012; RENNINGER & HIiDI 2016).

However, although there is evidence for in-
terrelations between interest and learning in-
dicators, they have so far mainly been re-
searched with text (RENNINGER & Hipi 2006;
ScHIEFELE 2012; MAGNER ET AL. 2016). Visual pro-
cesses that may trigger learners’ interests are, in
large part, still unclear (RENNINGER ET AL. 2019),
and how learners visually interact with images in
learning media is still a marginal topic in educa-
tional research (BALLSTAEDT 2017).

Another shortcoming of previous studies on
visuals in learning media is their lack of a multi-
disciplinary perspective. The present study in-
cludes findings from Visual Communication,
Media Studies, Geography Education, and Ed-
ucational Psychology to examine which param-
eters affect learners’ attention to visuals in Ge-
ography textbooks through two questions:

Q1. How do learners’ interests in geo-
graphical topics and media influence vis-
ual attention to photos, graphics, and
maps when learning with Geography text-
books, and what other possible factors are
involved?
Q2. How can extracted factors influencing
visual attention patterns on text elements
and images in geography textbooks be
structured, summarized, and characterized?
In summary, this study's aim is to investigate
factors affecting students’ visual attention
when learning with photos, graphics, and
maps in Geography textbooks, explicitly ad-
dressing the interest factor.

(Fig. 1) along with empirical evidence relevant
to examine Q1 and Q2. Section 2.4 explores
eye-tracking as analysis method for visual at-
tention processes to images in learning media.

2.1 Theoretical Modeling

Based on evidence from a structured literature
review supplemented with findings from her
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exploratory study (BEHNKE 2016a, 2016b,
2017a), the author developed the theoretical
model of Usability Parameters of Well-de-
signed Geography Textbook Visuals. The
model is based on a synthesis of established
theoretical approaches for effective learning
with visuals from Design, Educational Psychol-
ogy, Media Studies, and Geography adapted to
Geography Education. Six usability parameters
of well-designed textbook visuals were de-
rived: usefulness, interest, helpfulness, compre-
hensibility, aesthetics, and orientation (Fig. 1).
BEHNKE (2021) elaborates on the model in de-
tail. Fig. 1 only highlights those parameters that
contain theoretical approaches relevant to the
present paper.

2.1 Interest Research in Education and
Learners’ Interest in Textbook Visuals

Both Geography Education (HEMMER & HEMMER
2010; TESCHNER 2011; HEMMER ET AL. 2020) and
Educational Psychology (ScHIEFELE 2012; MAG-
NER ET AL. 2016; RENNINGER & HibI 2016) con-
sider learners' interest as an important factor in-
fluencing students’ learning processes. In the
context of education, interest describes learn-
ers’ positive attitude towards a school subject,
a topic, or a learning medium (Krapp 2002).
When researching learners’ interests, both Ed-
ucational Psychology and Geography Educa-
tion refer to the Person-Object Approach to In-
terest (POI; Kraprp 2002).

KraPP's (2002) POl relates the pedagogical
theory of interest which defines interest
through the relationship between the person
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(learner) and the object (learning topic)
(SCHIEFELE ET AL. 1983; PRENZEL ET AL. 1986) to
RyaNn and Decl's (2000) Self-determination
Theory (SDT), naming competence, autonomy,
and relatedness as key motivational factors for
learning. Consequently, Krapp's POl includes
affective components, like curiosity, and cog-
nitive factors, such as perceived usefulness
(Krapp  2002; RENNINGER & Hipi 2006;
ScHIEFELE 2012; MAGNER ET AL. 2016). Thus,
Krapp's POl exhibits interrelations between
educational theories of interest (pedagogical
theory of interest) and motivational theories,
such as SDT.

The interest construct differentiates be-
tween situational and individual interest. Indi-
vidual interest is a personal attitude, such as
the preference for a learning topic (e.g., earth-
quake). Situational interest is a reaction to an
environmental input, such as a salient image
(KrRAaPP 1992; RENNINGER & Hipi 2006, 2016;
ScHIEFELE 2012; MAGNER ET AL. 2016). There-
fore, situational interest can be interpreted as
a usability parameter, triggered by perceived
usefulness in achieving a goal, and individual
interest as a personal preference, such as to-
wards a learning topic (KrRaPP & PRENZEL 1992).

Consequently, when examining learners’
interests, there should be a distinction be-
tween situational and individual interest. How-
ever, while several studies on students’ inter-
est in Geography Education have been con-
ducted to date (HEMMER & HEMMER 2010;
TesCHNER 2011; HEMMER ET AL. 2020), they
have mainly focused on individual interests
(topics, methods, media) and less on situa-
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Fig. 1. Usabili
parameters of well-
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textbook visuals
(Source: BEHNKE 2021,
amended)
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tional interests, such as media in specific
learning situations. Moreover, most studies
have measured students’ level of interest and
not why learners are interested (RENNINGER &
Hipl 2006, 2016). Therefore, SCHIEFELE (2012)
emphasized the need for more research to ex-
amine the relationships between interest and
further factors influencing students’ learning.

2.2 Interest, Motivation, Usability, and
Visual Attention to Textbook Images

Visual attention, as a prerequisite for success-
ful knowledge construction with images, is the
process that turns looking into seeing
(CaRrAsCO 2011) by filtering out irrelevant and
selecting relevant information in the eye of the
beholder (BiIscCHOF ET AL. 2019).

Empirical evidence supports the notion
that learners’ visual attention to images in
learning media can be influenced by various
affective, cognitive, and motivational factors
(CarRRASCO 2011). Learners’ visual attention to
a textbook image can be triggered by situa-
tional interest (salient detail) (PETTERSSON
1995, 2000; MAGNER ET AL. 2016); intrinsic fac-
tors, such as learners’ interest in the topic; mo-
tivational factors, such as perceived usefulness
to achieve a goal (e.g., content comprehen-
sion) (MAGNER ET AL, 2016; WONG & ADESOPE
2021); or extrinsic factors, such as a learning
task.

Moreover, on the one hand, many learners
face challenges in decoding and interpreting
images according to the respective learning
context (WEIDENMANN 1989, 1994; Horz &
ScHNoOTz 2009; BAADTE & ScHNOTZ 2012). For
example, the illusion of full understanding
(PEECK 1993) states that learners’ visual atten-
tion, especially to familiar images, is often lim-
ited because they assume they have already
captured all information and so miss relevant
details to complete a task.

On the other hand, SCHNOTZ ET AL. (2009)
emphasized the motivational role of visuals in
learning media in attracting interest, because
they allow learners to focus their attention,
thus leading to deeper cognitive processing.
Therefore, this contribution focuses on intrin-
sic and motivational factors.

Moreover, motivational factors, such as
perceived usefulness also characterize the us-
ability of a textbook image because usability
describes the extentto which it serves learners

to achieve a goal, such as content comprehen-
sion, quickly, successfully, and satisfactorily
(Bousko 2014).

Because this study considers motivational
factors, motivational models are included in the
theoretical considerations, namely Ryan and
Decl’s (2000) SDT with the key factors compe-
tence, autonomy, and relatedness, and KELLER's
(2010) ARCS model, where attention (A), rele-
vance (R), confidence (C), and satisfaction (S)
are key factors of learning motivation (Fig. 1).

In summary, an interrelationship between
interest, motivation, usability, and visual atten-
tion to textbook images can be deduced from
theory and empirical evidence.

2.3 Relationships between Visual Attention
and Eye Movements

Eye-tracking measures eye movements—which
point of a stimulus is observed, for how long,
and in what order (HoLmavist ET AL. 2010;
Bousko 2014). Eye movements can be gener-
ally divided into saccades and fixations. A sac-
cade is a rapid eye movement from one point
of interest to another, while a fixation is a
pause between two saccades, where visual in-
formation is gleaned and cognitively pro-
cessed (DucHowskl 2007; BISCHOF ET AL.
2019). Thus, new information is acquired dur-
ing fixations (RAYNER 2009). Here, widespread
agreement exists on interrelations between
visual perception, visual attention, and the
cognitive processing of visual information
(Howmavist ET AL. 2010; KLEIN & ETTINGER
2019; EMHARDT ET AL. 2020).

Although past studies showed that just a
few fixations are sufficient to perceive a rough
scene gist (LOSCHKY ET AL. 2018), at least 150
ms are needed for cognitive processing, to
decode image properties (RAYNER 2009;
RAYNER ET AL. 2009; LOSCHKY ET AL. 2018). More-
over, observers can focus only on a small area
at a time (DE KONING ET AL. 2010). Therefore, in
textbooks, learners continuously need to de-
cide on which detail to focus their attention.

Learners' visual attention may be elicited by
exogenous factors (e.g., salient details) or en-
dogenous factors, such as a specific task (HYONA
2010). Different tasks (visual search, scene per-
ception, text reading) induce different eye
movements (RAYNER 2009; EMHARDT ET AL. 2020).

However, it is difficult to explain, solely
based on eye-tracking data, why a participant
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observed a stimulus (BiscHOF ET AL. 2019).
Hence, it is beneficial to interlink eye-tracking
data with additional data in the form of a ques-
tionnaire. Conversely, it is useful to interlink
questionnaire data with information on inter-
actions between learners and learning environ-
ments (SAsS ET AL. 2017; EMHARDT ET AL. 2020),

3. Methods

3.1 Previous Work

An explorative eye-tracking study (BEHNKE
2016a, 2016b, 2017) analyzed participants’ vis-
ual attention to text, graphics, and photos in five
different Geography textbook spreads, present-
ing an identical topic with five different designs.

The main finding was that participants mainly
focused on text and devoted limited attention to
photos and graphics, in line with SCHEITER ET AL.
(2014) and SCHNOTZ ET AL. (2014).

Questionnaire

The questionnaire consisted of 39 questions,
32 of which were included in the quantitative
data analysis of the present study. Participants
rated the items on a five-point Likert-scale
ranging from 5 (very good) to 0 (not at all). Two
open questions were analyzed separately.

In the first section, participants rated the
visual design of three different Geography
textbook spreads (three different designs,
three different topics) along the categories of
layout, photos, graphics, maps, and text in line
with six usability parameters (Fig. 1) for text-
book spreads A, B, and C separately. Through
two open questions, participants reasoned
which of the three textbook spreads they as-
sessed as best and as worst for their learning.

In section two, participants rated their indi-
vidual preferences for text, photos, graphics,
and maps in learning media in general.

Section tree evaluated participants’ indi-
vidual interest in the geographical topics pre-
sented on the stimuli (earthquakes, tropical
rainforest, agriculture) and, in section four,
their individual interest in the school subject
Geography. The reliability of the scale as mea-
sured by Cronbach’s alpha was <= 0.775.

Experiment Design
The study examined how participants ob-
served three different Geography textbook

because their integration provides more com-
prehensive insights (Guo ET AL. 2019).

Therefore, data from participants’ eye
movements, a questionnaire, and three differ-
ent Geography textbook spreads were trian-
gulated to answer the research questions as
will be elaborated on in the next section.

spreads during an eye-tracking experiment.
Afterwards, participants assessed the stimuli
with a questionnaire. The stimuli addressed
three different topics. The study was not in-
tended to assess learning performance. Tasks
were utilized to direct visual attention.

Participants

A total of 69 students with normal or cor-
rected-to-normal vision (14-17 years old) from
four secondary schools in three German fed-
eral states (Thuringia, Brandenburg, and
Berlin) participated in the experiment from
June to October 2019. Data from eleven stu-
dents were excluded, ten because of data loss
(gaze sample rate below 80 per cent thresh-
old), and one due to missing data in the ques-
tionnaire. Thus, data from 58 students were
analyzed (29 female, 29 male; M. 15.26
years; SDage 0.80). The study was conducted on
site at the respective secondary schools. All
students participated voluntarily without any
remuneration. The study was carried out in
compliance with the legal, ethical, and admin-
istrative requirements of the respective fed-
eral states, school administrations, and Hum-
boldt-Universitat zu Berlin.

Stimuli
The stimuli consisted of three textbook
spreads (three different topics, three different
values for students’ interest). The spreads
were presented as they appeared in the
printed textbook (two pages, original size,
high-resolution PDF, full color). The stimuli
were selected using the following five criteria:

First, topics with different interest values,
according to HEMMER & HEMMER's (2010) study
(five-point Likert-scale: 5 = very high interest
to 1 = no interest) were selected.

Spread A: earthquake/natural disasters

(high interest = 4.21 mean)

Spread B: tropical rainforest/ecosystems in
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tropical areas (medium interest = 3.21 mean)

Spread C: agriculture (low interest = 2.81

mean).
Second, each spread utilized text, graphics,
photos, and maps to develop the topic. Third,
the curricula of the respective federal states
covered the topics. Fourth, the topic had been
taught in the participants’ Geography lessons.
Fifth, the spreads were from regular textbooks
(2015-18) by three textbook publishers.

Apparatus

A Tobii Pro X3 120 remote eye-tracker with a
120 Hz sampling rate, running Tobii Studio
software, collected participants’ eye move-
ment data. The stimuli were presented on a
Dell Latitude 5580 laptop (15,6"; 1920 x 1080
pixel with a 60 Hz refresh rate) at a viewing dis-
tance of approximately 60 cm. Data from both
eyes were recorded. An IVT filter algorithm
with a minimum fixation duration of 150 ms
was applied for fixation detection (RAYNER
2009; RAYNER ET AL. 2009). Eye movement data
were processed with Tobii Studio software.
Statistics were calculated using SPSS.

Procedure and Set Task

After an introduction to the procedure and
questions examining participants’ vision, a five-
point calibration was conducted. Subsequently,
the task appeared on a grey screen. Participants
were asked to observe the textbook spread
which appeared on the screen, and then to de-
termine the issue depicted on the spread. Mean-
while, participants’ eye movements were
recorded. After the participants observed the
stimulus, a multiple-choice question with three
possible answers examined participants’ con-
tent comprehension. Participants’ solutions were
recorded by the software and noted in the pro-
tocol. Following task completion, the next text-
book spread appeared on the screen.

Each participant observed three textbook
spreads (earthquake, tropical rainforest, agri-
culture) and completed three multiple-choice
tasks. There was no time limit during the ex-
periment. Each participant decided how much
time to devote to each task. The test design
was randomized. Each participant observed
the three pages in a different order.

After the eye-tracking experiment, the par-
ticipants completed the questionnaire. As a
reminder, the three stimuli were available as a
color copy in the original size.

3.2 Data Analysis

The data originated from three sources: three
Geography textbook spreads, the question-
naire, and data of participants’ eye move-
ments (fixations).

Each element of the stimuli was marked as
an area of interest (AOIl), grouped by media
type and color-coded (text = red, map = green,
graphic = blue, photo = yellow). AOI allow sep-
arate data analysis of participants’ eye move-
ment on each element and of the AOI groups.

The data analysis underwent a three-step
analysis. First, a descriptive data analysis struc-
tured and described the data (Figs. 2-6).
Thereafter, an exploratory factor analysis iden-
tified groups of highly correlated variables
and separated them from less-correlated vari-
ables (BAckHAUS ET AL. 2016) (Figs. 7—-8). Sub-
sequently, a confirmatory factor analysis ex-
amined the results from step three, reduced
and verified extracted factors (Fig. 9).

Multivariate analysis is a frequently used
statistical analysis method in eye-tracking re-
search (Lowe & BoucHEIX 2016; SAURO & LEwIs
2016; ZANDER ET AL. 2017; SEeuUrFert 2019).
Therefore, the present study applied multivari-
ate analysis (factor analysis) to examine and
structure the collected data (BACKHAUS ET AL.
2016). Among others, DE LuciO ET AL. (1996)
and KOONSANIT ET AL. (2021) applied facror
analyis on eye-tracking studies.

Step 1 (Descriptive Analysis)

The descriptive analysis structured and de-
scribed the data to identify relevant parame-
ters for participants’ visual attention, such as
formal visual characteristics of the stimuli (Fig.
2), participants’ interests (Fig. 3), and partici-
pants’ fixations (Figs. 4—6).

Step 2 (Exploratory Factor Analysis) (Figs. 7-8)
The exploratory factor analysis as a structure-
discovering method (BACKHAUS ET AL. 2016)
examined data from the questionnaire and
eye-tracking data to identify factors that ex-
plain most of the variance for students’ visual
attention to the stimuli. Relationships between
variables were analyzed and summarized in
factor groups (THoMSON 2004; BACKHAUS ET AL.
2015, 2016). In total, 20 variables were ana-
lyzed, namely data on participants’

(a) individual attitude to photos, graphics,

maps, and text in learning media;
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(b) situational attitude to photos, graphics,
maps, and text of the stimuli;

(c) fixations on photos, graphics, maps,
and text of the stimuli;

(d) individual interest in the school subject
Geography;

(e) individual interest in the topics (earth-
quake, rainforest, agriculture) of the stimuli.

Step 3 (Fig. 9)

Confirmatory factor analysis is a structure-veri-
fying method (BACKHAUS ET AL. 2016). It served
to verify the identified factors from the ex-

4. Results

In line with the research questions, this section
provides the main findings of the data analysis
and determines which factors influenced par-
ticipants’ visual attention to discontinuous text
during the eye-tracking test.

4.1 Factors Influencing Visual Attention
Processes during Learning with Images in
Geography Textbooks with a Particular
Focus on Learners’ Interests (Q1)

Step 1a: Descriptive Analysis of Formal Parameters
Since visual design characteristics may affect
learners’ visual attention, image placement
and image sizes are specified in addition to
image caption and image content and their
relevance for topic comprehension. This pro-
vides initial explanations for participants’ vis-
ual attention patterns to the stimuli.

The content of the depicted images varies
in its relevance for topic comprehension (Fig.
2). While A depicts two relevant photos, C dis-
plays decorative photos, and B contains one
decorative photo (M2) and one informative
photo, concurrently doubling the information
of figure M3.

In terms of their visual design and content,
the graphics are heterogeneous. A presents a
reduced infographic explaining how earth-
quakes occur. Conversely, the style and ap-
pearance of figure M3 in B may not be appro-
priate for the students due to the childish illus-
tration style. The information design style of
M7 in C appears outdated.

The maps are most heterogeneous both in
size and relevance. B depicts a small map in

ploratory factor analysis and to reduce influ-
encing variables. This was done by extracting
key factors by means of the highest regres-
sion-based factor scores (< 0.5) to identify rel-
evant factors influencing visual attention to
photos, graphics, and maps on stimuli A-C.

The interpretation of the results integrated
the factor analysis and descriptive analysis of
the three data sources (eye-tracking data,
questionnaire, textbook spreads) against the
theoretical background and the findings of
BEHNKE's (2016a) explorative study.

the margin column that only allows a general
localization. In contrast, C depicts a thematic
map across the left-hand spread’s entire width,
providing relevant information regarding agri-
culture in the US.

Step 1b: Questionnaire: Participants’ Interest in
Textbook Elements

Fig. 3 presents participants’ individual interest
in the text, photos, graphics, and maps in text-
books, and their situational interest in the stim-
uli's textbook elements. The participants rated
their interest after the eye-tracking test.

Fig. 3 also shows that situational interest in
the graphics and maps of the stimuli was rated
up to one grade lower than individual interest.
Situational interest in the photos of A (3.88)
was rated higher than individual interest in
photos, which may be due to the relevant in-
formation they provide for topic comprehen-
sion and their aesthetic appeal (Fig. 2).

Overall, participants rated their situational
interest in A (earthquake) highest for all four el-
ements. The evaluation of individual interest in
text, photos, graphics, and maps was consistent
with the ranking of situational interest in the el-
ements of A, B, and C, but differed in values.

Both individual and situational interest in
maps were rated lowest. Nevertheless, maps
still received a medium rating for individual in-
terest (3.34), while situational interest varied
between 3.26 (A, C) and 2.38 (B). B's rating is
thus the lowest among all elements of the
stimuli (Fig. 2).

In summary, participants’ situational inter-
est was lower for the stimuli than their individ-
ual interest in text, photos, graphics, and maps
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Stimulus

Photos

Spread A
(Earthquake in California)

=
>
feas

g

© Cornelsen

2 photos

M2

Placement: left page, left and middle
column, bottom

Size: two-columned

Content: Earthquake damage on an
urban highway

Caption: destruction of a highway in San
Frandisco after the 1989 earthquake
Relevance for topic comprehension: yes

Ma

Placement: right page, middle, top
Size: single-columned

Content: oblique aerial view of the San
Andreas Fault

Caption: San Andreas Fault

Relevance for topic comprehension: yes

2 graphics

M5

Placement: right page, top, middle
column

Size: single-columned

Content: schematic infographics: four
steps of the dislocation of Earth crust
blocks during earthquake

Caption: dislocation along a fault line
Relevance for topic comprehension: yes

M7

Placement: right page, bottom, middle
and right columns

Size: two-columned

Content: infographic. Top: complex
infographic; functioning of seismograph;
bottom: seismogram

Caption: seismagraph and seismogram
Relevance for topic comprehension:
additional information

one map
M3

Placement: left page, top, middle column
Size: single-columned

Content: reduced thematic map of
California earthquakes and San Andreas
Fault

Caption: Earthquake in California
Relevance for topic comprehension: yes

Spread B
(Deforestation/Slash & burn)

©Klett

2 photos

M2

Placement: left page, middle column, top
Size: single-columned

Content: foreground: Yanomami
harvesting crops; background: rainforest
Caption: Yanomami cultivating their
crops

Relevance for topic comprehension:
decorative/illustrative

M4

Placement: right page, top

Size: two-columned and margin column
Content: oblique aerial view, landscape,
forest clearing areas in different stages,
marks: A-E

Caption: slash-and-burn landscape with
different stages of slash-and-bum
agriculture

Relevance for topic comprehension:
doubling information of M5; poor
contrast, letters difficult to identify, lacks
legend, slash-and-burn islands are
difficult to distinguish

Challenge: relevant information is not
recognizable

2 graphics

M3

Placement: left page, top, middle column
Size: single column

Content: three-part illustrative graphic,
three stages of slash-and-burn
agriculture, no explanatory text

Caption: stages of slash-and-burn
agriculture

Relevance for topic comprehension:
doubling information of M4

Challenge: relevant information might be
overlooked due to childish illustration
style and missing text labelling

M5

Placement: right page, middle column
Size: single-columned

Content: bar chart: yield and lifecycle of
slash-and-burn agriculture (four
years/four crops)

Caption: yield and lifecycle of slash-and-
burn agriculture

Relevance for topic comprehension: yes
Challenge: unclear division of axes and
columns might cause difficulties in
allocation and understanding

one map
M1

Placement: left page, top, bled-off
Size: margin column (smallest map)
Content: two small overview maps: one
world map, one map of Brazil with
Yanomami settlement area

Caption: Yanomami settlement area
Relevance for topic comprehension:
additional information

Spread A
(Agriculture in the USA)

[ 3

© Westermann Gruppe

3 photos

M1

Placement: left page, top, left column
Size: Single-columned

Content: harvested field, combine
harvesters; foreground: two farmers
Caption: US/modern agriculture

M2

Placement: left page, top, right column
Size: single-columned

Content: red wooden house on a hill,
meadow and fence

Caption: traditional farming

M3

Placement: right page, top,

Size: two-columned

Caption: oblique aerial view of a large
field with carousel irrigation

Caption: carousel irigation in the US
Relevance for topic comprehension:
decorative

2 graphics

M5

Placement: right page, middle, left
column

Size: single-columned

Content: six pie charts, US share of world
production (wheat, soya, milk, corn,
cotton, meat)

Caption: US share of agriculture of global
production

Relevance for topic comprehension: yes
Challenge: data need to be decoded and
related to other countries; comparative
data from other countries are missing

M7

Placement: right page, middle, right
column

Size: single-columned

Content: bar chart with pictograms
depicting the increase in agricultural
production per farmer since 1940
Caption: people supplied by a US farmer
Relevance for tapic comprehension:
additional information

Challenge: year is missing; design is old-
fashioned

one map
M3
Placement: left page, bottom

Size: two-columned (largest map, approx.

1/3 textbook spread)

Content: thematic map of land use in the
US; map of Germany for comparison
Caption: land use in the US heartland
Relevance for topic comprehension: yes

Fig. 2. Image content
and placement
(Source: author; for
the images, see
References)
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Text Photos
Mean SD Mean SD
Individual interest in textbook 426 0.91 3.84 127
elements (general)
Situational interest in textbook 4.05 0.96 3.88 0.82
elements of spread A
Situational interest in textbook 3.58 1.21 3.45 1.14
elements of spread B
Situational interest in textbook 343 0.96 3.27 112
elements of Spread C
Mean (A+B+C) 3.69 1 353 1.03
(a)
L 4825 (5)

1.545(4)  1.015(10)

16.25s (2)

3.085(21)

st8) Teazs(a)

() Mean fixation duration (in seconds)

Not fixated (N) = number of participants (out of 58) who did not fixate on the AOI or below the threshold of 150 ms

(b) Pie chart A: Number of fixations, percentage distribution of fixations on text, figures, photos, and the map

in general. Text received the highest ratings
and maps the lowest. Participants rated their
interest in graphics and photos as medium-
high. However, the level of interest in the im-
ages differed slightly between the topics.

Step 1c: Fixations on the Textbook Elements of
the Stimuli

Participants’ fixation duration in seconds, the
number of participants who did not fixate on
the textbook element, and the proportion of
fixations per textbook element served to visu-
alize the mean distribution of participants’ vis-
ual attention on the stimuli.

The pie charts (Figs. 4—6) show the cumula-
tive number of fixations and their percentage
per category (text, figure, photo, maps). Figs. 2—
6 visualize participants’ observation patterns.

Images and texts are distributed evenly on
spread A and cover about the same space
(each approximately 1.5 columns), but 87 per
cent of all fixations were on text.

Graphics Maps
Mean SD Mean SD
416 0.97 3.34 1.41
343 1.16 326 1.15
3.05 1.21 2.38 1.30
Fig. 3. Questionnaire
33 1100 326 124 evaluation: situational
interest vs. individual
328 116 297 123  [nterest(Source:
author)
(b)
A
Number of
fixations
Text 198.9 (87.2%)
Graphics 16.2(7.1%
Photos 8.6 (3.8%)
Map 45(2.0%)

Fig. 4. Spread A
(source: author;
background image A:
© Cornelsen, FISCHER ET
AL. 2018, pp. 26-27)

The largest proportion of fixations was on the
text (see Fig. 4b). However, there is a large dif-
ference in fixation durations of individual text
elements. Participants observed the check it
box for only 1.68 s and the exercise section for
3.08 s. In all, 21 participants did not observe
the check it box and the exercise section,
whereas all participants observed M1 with a
mean fixation duration of 28.3 s.

Participants rated their situational interest
in A’'s photos medium-high (Fig. 3). A’s photos
depict relevantinformation (M2: San Francisco
earthquake destruction, M5: San Andreas
Fault). Nevertheless, the photos received little
visual attention. Compared with C’'s photos,
participants observed A’s photos longer (M2
1.52s,M41.01s).

Participants paid little attention to the map
despite its prominent placement and relevant
content. Fig. 3 shows that the map in A re-
ceived the lowest rating for situational interest
among A’s elements, but still a medium rating.
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Differences in fixation duration and the num-
ber of participants who skipped the graph are
apparent between figures M5 (4.82 s, not fixed
10) and figure M7 (2.69 s, not fixed 13). The con-
tent of the two figures was differently relevant for
content comprehension. While M5 explains the
origin of earthquakes, M7 offers additional in-
formation on how a seismograph works.
Spread B displays images at the top, while
text is placed at the bottom of the spread. Like A,
images and text each occupy about 50 per cent
of the print space. Text (88%) shows the highest
proportion of fixations among the three stimuli.
Here, too, participants’ fixations to text differed
according to text type. Twenty participants
skipped the margin and nine the exercises.
Among the stimuli, B's map was observed
most briefly (1.42 s) and skipped most fre-
quently (22). The proportion of fixations on
photos was low (4%), the mean fixation dura-

(a)

47.255 (0)

(a) Mean fixation duration (in seconds)

Not fixated (N) = number of participants (out of 58) who did not fixate on the AOI or below the threshold of 150 ms

(b) Pie chart B: Number of fixations, percentage distribution of fixations on text, figures, photos, and the map

(a)

More than food production or not: Der Agrargigant USA

an USh. 1 Proen do L wrden

5195 (6.)_

i, 8705 (2)

(@) Mean fixation duration (in seconds)

Not fixated (N) = number of participants (out of 58) who did not fixate on the AOI or below the threshold of 150 ms

(b) Pie chart C: Number of fixations, percentage distribution of fixations on text, figures, photos, and the map

tion was short (M2 1.39 s, M4 1.53 s), and three
participants skipped the photos, although sit-
uational interest in the photos was in the
medium range (Fig. 3).

The graphics received little visual attention.
Nevertheless, they received the most extended
mean fixation duration among B's visuals. How-
ever, situational interest in B's graphics was
rated lowest among the stimuli's graphics.

Both image content and visual parameters
provide possible explanations for the low vis-
ual attention to photos, graphics, and maps in
spread B (Fig. 2).

The image-text distribution of spread C dif-
fers from that of A and B. In spread C, images oc-
cupy approximately two-thirds of the print space
and text only one-third. All photos are placed at
the top, while graphics and the map are at the
bottom. Continuous text is on the left page,
while materials and exercises are arranged on

(b)
B
Number of
fixations
Text 200.6 (88.3 %)
Graphics 14.1(6.2 %)
Photos 9.1(4.0%)
™M 3.4(1.5%) :
" Fig. 5. Spread B
(source: author;
background image: B:
© Klett ,BARRICELLI ET AL.
2017, pp. 112-113)
(b)
C
Number of
fixations
Text 187.6 (84.3 %)
Graphics 13.5(6.1 %)
Photos 8.2(3.7%) .
Map 13.1(5.9%) Fig. 6. Spread C

(source: author;
background image: C:
© Westermann Gruppe
FLEISCHHAUER ET AL.
2015, pp. 46-47)
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the right page (Fig. 10). Also, in C, text received
the most fixations (84.3%) but fewer compared
to A and B. C contains most photos, however,
mean fixation duration on photos was the short-
est and the number of participants who skipped
photos was the highest among the stimuli.
Learners rated their situational interest at 3.27
(Fig. 3), which was the lowest for situational inter-
est in photos. Here, again, the picture content
lacks relevance (Fig. 2), offering a possible expla-
nation for the scant visual attention.

C's map received more visual attention than
the maps in B and A. Nevertheless, six partici-
pants skipped the map and it obtained only a
medium rating for situational interest (Fig. 3), al-
though it is the largest of the presented maps
and depicts relevant information (Fig. 2). A pos-
sible explanation may be a lack of competen-
cies in decoding pictorial information.

The graphics received different visual at-
tention: M5 was observed for 3.9 s and
skipped by four participants, while M7 was ob-
served for 1.59 s and ignored by 18 partici-

Rotated Factor Matrix®
1 2 3
1 Usability: usefulness .867 085 010
2 Usability: helpfulness .831 008 -.022
3 Usability: situational interest .785 023 -.049
4 Usability: comprehensibility 779 -050 .085
5 Individual Preference: maps 567 0 -3 009
6 Individual Interest: C 452 097 .087
7 Text Fixations: B 037 .920 148
8 Text Fixations: A 042 919 -016
9 Text Fixations: C 021 .836 262
10 Image Fixations: A 137 140 753
11 Image Fixations: B .100 322 .615
12 Individual Interest: B 338 114 -570
13 Image Fixations: C 142 369 441
14 Individual Interest: Geography 023 110 014
15 Individual Interest: 4 .084 295 2192
16 Usability: aesthetics .548 18 0 -167
17 Usability: orientation .525 202 030
18 Individual Preference: figures 287 -1 130
20 Individual Preference: text -036 090 -1
21 Individual Preference: photos 220 058 -150

Note: a = The rotation is converged in nine iterations. Relevant factor loadings are highlighted in italics.

Factors
4
-.008
011
028
-153
.300
031
-012
-021
072
013
-034
242
131
.894
377
.082
012
.080
071
078

pants. Possible reasons may be the relevance
of the content and design aspects (Fig. 2).

In summary, participants focused on con-
tinuous text. Images received less attention.
Differences in participants’ visual attention to
photos, graphics, and maps can be partly ex-
plained by learners’ interests (Fig. 3), visual
competencies, image content, and visual de-
sign parameters (Fig. 2). More precise state-
ments require statistical analysis.

Step 2a: Exploratory Factor Analysis (Figs. 7 & 8)
The exploratory factor analysis investigated
and structured interdependencies between
20 identified variables.

A principal component analysis (PCA) with
Varimax rotation and Kaiser normalization
served as an extraction method to investigate
relationships amongst the observed variables.
The variables were clustered into seven factor
groups. Factor loadings > = 0.5 were consid-
ered relevant and assigned to the respective
factor (cf. BACkHAUS ET AL. 2016).

5 6 7

-016 .083 009
113 264 228
419 0 -031 | -029

A79 137 193

-024 301 120
037 -024  -039
031 -261 | -003

165 -.027 103

010 010 -.098
-034 J18 0 -118
-307 A51 0 -.023
1130 -025 0 -0M
007 = -029 | -064
034 077 -051
302 110 248
642 029 108
629 -031 | -005
.088 730 1 -103
M2 =598 -392

Fig. 7. Results of the ex-
ploratory factor analysis
(Source: author)

077 .100 721
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Initial Eigenvalues Sum of Load Squares after
9 Extraction
Total %of Cumulative Total %of Cumulative
Variance % Variance %

1 5.270 25.097 25.097 4.982 23.723 23.723
2 3.450 16.427 41.524 3.209 15.279 39.001
3 2.360 11.240 52.764 1.993 9.492 48.493
4 1.778 8.468 61.232 1.445 6.882 55.375

Sum of Load Squares after
Rotation
Total %of  Cumulative
Variance %

4.079 19.426 19.426

2.951 14.053 33.479

1.695 8.070 41549

1464 6972 1851 Fig. 8. Total explained

Note: Only factors with eigenvalues < 1 are included in the table.

The quality of the item representation by the
factor groups tested a factor matrix and a
scree plot. Only factors with eigenvalues >1
were considered significant (Kaiser criterion).
Thus, four factor groups (4.079, 2.951, 1.695,
1.464) are relevant (Fig. 8), altogether explain-
ing 48.52 per cent of the variance.

From the eigenvalues, a first ranking of fac-
tors’ relevance can be deduced (CLEFF 2015).
The largest explanatory percentage (19.43%)
is represented by factor 1, which covers the
usability parameters usefulness, helpfulness,

Factors
Rotated Factor Matrix®

1 Usability: situational interest 893 066 -114 014

2 Usability: helpfulness 811 =124 132 340
3 Usability: comprehensibility 806 -118 | .140 = .086
4 Usability: usefulness 783 005 .149 114
5 Usability: aesthetics J21 159 -273 202
6 Usability: orientation 697 274 -116 | 047
7 Text Fixations: B 043 949 114 012
8 Text Fixations: A 109 842 034 | 199
9 Text Fixations: € 021 812 328 .108
10 Image Fixations: B -002 | 248 | .746 -.034
11 Image Fixations: A M7 1600 689 -113
12 Image Fixations: C 123402 409 | 016
13 Image Interest: B 237 .030 -357 | 272
14 Image Interest: A A25 279 -225 0 631
15 Image Interest: C 425 090 106 | .021

16 Individual Interest: Geography | -005 .130 .002 | .402
17 Individual Preference: text -040 311 -326  -351
18 Individual Preference: maps 485 -240 | 170 | 438
19 Individual Preference: figures | 303 -290 .356 = .306
20 Individual Preference: photos | 240 -034  -100 = .415

Note: a = The rotation is converged in ten iterations. Relevant factor loadings are
highlighted in italics.

variance and eigen-
values (Source: author)

situational interest, comprehensibility, aes-
thetics, and orientation (Fig. 7).

However, exploratory factor analysis does
not provide exact statistical correlation tests
between factors. Therefore, confirmatory fac-
tor analysis was performed.

Step 2b: Confirmatory Factor Analysis (Fig. 9)

A confirmatory factor analysis (principal com-
ponent analysis with Varimax rotation and
Kaiser normalization) tested and confirmed
the four extracted factor groups with eigenval-
ues >1 (Fig. 8).

Fig. 9. Results of the
confirmatory factor
analysis (Source:
author)
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Items Factor loadings (>.5) 1 7 1
| USABILITY

Usability: Usefulness
783

Percelved usability
such as usefulness, comprehesibility,
Usability: Situational Interest 893 helpfulness, quick and easy orientation

Par )

811 s =

.. text and images are ... it was unclear which
arranged the bestand  text | should use to

Usability: Helpfulness

806 provided me with the  solve the tasks and
Usability: Comprehensibility the most information  the images were not
the quickest. helpful.
Lerld 19.426 % of Variance, Eigen Value 4.079
Usability: Orientation
721
TEXT

Usability: Aesthetics

Preference for continous text
Text: A Earthquake

842
- -
Text: B Rainforest 949
. The relevant The page depicts too
information was well  many unnecessary
presented in concise images or seismograms
Text: C Agriculture 812 | texts. or scales.
14.053 % of Variance, Eigen Value 2.951
Images: A Earthquake
689
IMAGES
Images: B Rainforest 5,
- . Preference for visual elements
such as photos, graphics and maps
Images: C Agriculture
Participants statements (questionnaire)
Individual Preference: Text u —
because there isnotso  because the graphics
much text but rather look like they were
useful graphics to solve made for primary
Individual Preference: Photos the task. school pupils
8.070 % of Variance, Eigen Value 1.695
Individual Preference: Graphics
dividue] Preference: Napy INDIVIDUAL TOPIC SPECIFIC INTEREST
Individual Interest
Toplc Specific Individual Interest: A Earthquake 631 in the topic earthquake
Tople Specific Individual Interest: B Rainforest F = = F|g 10. FQCFOFS inﬂqen-
s e e cing participants’ visual
and well explained  appealing to me. attention to photos,
Toplc Specific Individual Interest: C Agriculture g raphics, and maps
6.972 % of Variance, Eigen Value 1.464 when observing
Individual Interest: Geography Spreads A-C (SOUI’CG:
author)
4.2 How can Influencing Factors for Visual includes data from 57 participants. Data from
Attention on Continuous Text and Discon- one participant could not be included.
tinuous Text be Structured, Summarized Four factor groups with varying relevance
and Characterized? (Q2) were gxtracted based on a factor loading >0.5
and eigenvalue >1. Among the observed vari- W
Step 2c: Factors that Influence Visual Attention ables, 12 loaded with a factor loading >0.5 on <
. . . i,
when Observing the Stimuli one of the four extracted factor groups. 5

Based on examples of scan paths, exem-
plary observational patterns are presented in
line with the four extracted factor groups.
However, eye movements are highly individ-
ual and may be affected by various determi-
nants. Therefore, conclusions about partici-
pants’ observation patterns should not be

Based on the results of the confirmatory factor
analysis (Fig. 9), Fig. 10 visualizes the classification
of the four identified factor groups and the fac-
tors included. The group classification is supple-
mented by participants’ comments on the stim-
uli from the questionnaire that are characteristic
of the respective factor group. The classification

ZGD 322



Erdbeben in Kalifornien e

Fig. 11. Factor group

usability (exemplary

Ty T ™ e Al
?

= scan path) (Source:

author; background

e
o ﬂuk.r\““f‘hmm.. — ¢
! image: © Cornelsen,

drawn solely based on scan paths but should
be considered in the context of further collected
data. Hence, it is difficult to define one universal
eye movement pattern per factor. Despite the
differences, however, commonalities can be
identified within a factor group. Statements by
the participants (open questions from the ques-
tionnaire) complement the examples. Overall,
the larger the red dot, the longer the fixation
duration. The red lines represent saccades.

Usability
All six usability parameters (Fig. 1) load >0.5.
Therefore, usefulness (0.783), helpfulness
(0.811), comprehensibility (0.806), aesthetics
(0.721), orientation (0.697), and situational in-
terest (0.893) are integrated into the factor us-
ability, explaining the largest share of the vari-
ance (19.4%) and obtaining the highest eigen-
value (4.08) among the four factors. Conse-
quently, usability is the most relevant among
the examined factors (Fig. 8, Fig. 11).
Responses to two open questions in the
questionnaire supported this. Here, partici-
pants reasoned which of the three textbook
spreads they assessed as best and as worst for
their learning. The justifications mainly related
to usability, such as an element having been
(not) useful or (not) helpful in solving the task,
or easy to understand/difficult to understand.
Although the scan paths were heteroge-
neous, they did have commonalities. Though
the visual focus was on the text, task-relevant
passages were selected. Likewise, as reflected
in the participants’ comments, photos, graph-

BN FISCHER ET. AL. 2018,
pp. 26-27)

ics, and the map were fixated according to

perceived usability.
The text provided information, but also the
graphics helped to understand the topic and
to solve the task (P11); | immediately grasped
the topic, the figure explained what the text
described (P01) (originals in German; author's
translations).

Text
Although the factor loads were high (B 0.949,
A 0.842, C 0.812), their eigenvalue (2.951) and
explained variance (14.053%) indicated lower
relevance of text than of usability (Fig. 12).
Participants frequently fixated the entire
continuous text, although they were not ex-
plicitly asked to read the text carefully.
Despite differences, the scan paths were
more homogeneous within the text factor than
in usability. Two main patterns were identified.
Either the entire text (including irrelevant sec-
tions such as exercises) were fixated and visu-
als were considered (albeit superficially), or
the focus was on continuous text and little or
no attention was paid to visuals and materials.
Information relevant to the task was well pre-
sented in concise texts (P09).
The individual text paragraphs are separated,
and keywords are highlighted (P010).

Images

Only A (0.689) and B (0.746) loaded >0.5; C,
with 0.409, was not included. Nevertheless,
8.1 per cent of the variance can be explained
by participants’ preference for images (Fig. 13).
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(Source: author;
background image ©
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The scan path is characterized by attention to
the text but not more attention to visuals than
the other factor groups.

The limited attention given to text may be
due to challenges in text comprehension and/or
alleged easy picture understanding (illusion of
full understanding, PEECK 1993).

On A, many different aspects of earthquakes
are illustrated with examples in pictures (P34).

Individual interest (in the topic of earthquakes)
Only A (0.631) was included in the factor because
B (0.272) and C (0.016) obtained factor loads
<0.5. The lowest explained variance of 7.0 per
cent and the small eigenvalue (1.5) indicated lim-
ited relevance compared to usability, text, and im-
ages. Within the interest factor, the distribution of
visual attention was heterogeneous. However,
commonalities can be found within the factor.

5. Discussion

As in the exploratory study (BEHNKE 2016b), partic-
ipants mainly focused on text. However, they se-
lected among text types and focused on continu-
ous text, while text materials were largely skipped
(Figs. 4—6). This suggests that, besides a general
preference for text, learners prioritize their visual at-
tention according to relevance and usefulness,
which supports motivational theories, such as
ARCS (KeLLER 2010) and SDT (RyaN & Deci 2000).

Overall, the data revealed a discrepancy
between medium to medium-high situational
interest in photos, graphics, and maps (Fig. 3)
of the stimuli and participants’ low fixation rate
on the stimuli's images. There were differ-
ences in the number of participants who
skipped photos, graphics, and maps-both
within each stimulus and between the stimuli,
and in fixation durations (Fig. 5, Fig. 6, Fig. 10).

Image parameters of the stimuli (Fig. 2) dis-
played critical aspects, such as decorative
photos, inadequate information design, or ad-
verse size and placement. Other causes may
be redundancies, such as an irrelevant image,
as information is also contained in the contin-
uous text (4, B, C), or duplication of the image
information (B). This reduces the usability of
depicted images.

Empirical evidence on multimedia learning
reveals that in the case of redundant visual
and textual information, learners focus on text

In addition to information relevant to content
comprehension, the scan path depicts a focus
on topic-specific details. Here, too, fixations are
mainly on text but also along the fault line of
the San Andreas Fault (M4), on earthquake
damage on the highway (M2), or on details ex-
plaining how the seismograph works.

| generally liked A the most, because of the

picture of the street, because that really hap-

pened (P44).

Spread A is the most interesting and well ex-

plained with the help of the pictures and fig-

ures (P73).

In summary, participants’ scan paths com-
bined with their comments provide first in-
sights into how and why participants observed
or ignored photos, graphics, and maps de-
picted in the stimuli.

and may miss relevant image details (SCHNOTZ
ET AL. 2014), especially if image inclusion is not
explicitly demanded and learners are free to
decide which representation to choose.

The factor analysis identified four relevant
factors determining participants’ visual atten-
tion to photos, graphics, and maps depicted
on the stimuli A, B, and C. Usability, text prefer-
ence, individual interest in the topic of earth-
quakes, and image preference explain most of
the variance with different degrees of influ-
ence. Among the factors, usability had the
largest share and is thus considered the most
relevant factor (amongst the examined fac-
tors) for participants’ attention to textbook vi-
suals in the stimuli.

This study illustrates the relevance of usabil-
ity, but also the inherent potential in optimizing
usability parameters, because individual per-
ceived usefulness may be one aspect that con-
trols whether or not learners observe the im-
age. Equally, as argued by KNIGHT ET AL. (2017),
usability is an essential criterion for students’ at-
titude towards a learning environment.

Individual interest in the topic of earth-
quakes was relevant but explained the smallest
proportion of variance. A general preference
fortextin learning media also affected learners’
visual attention, but with a smaller explanatory
share than usability. Although extracted as a
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relevant factor, image preference explained the

second smallest share of the variance (Fig. 10).
In summary, reasons for differences in par-

ticipants’ visual attention to depicted visuals

6. Conclusions and Future Research

Usability, with the attributes usefulness, com-
prehensibility, aesthetics, orientation, helpful-
ness, and situational interest, explains the
largest proportion of the variance (Fig. 10) and
is therefore considered, among the examined
factors, the most relevantinfluencing factor for
visual attention to images in the stimuli. The
factor analysis thus confirms the underlying
theoretical model (Fig. 1).

Moreover, the study demonstrates that par-
ticipants considered visuals to be relevant for
their learning (Fig. 3), even though their fixa-
tion percentage was around 15 per cent (Figs.
4-6) on the stimuli. The data show that learners
assess the personal benefit of visuals and ori-
entate their attention and information selection
on whether they are helpful, useful, and/or eas-
ily accessible.

Consequently, attention to visuals may be
promoted by optimizing their usability. Opti-
mal usability of textbook images supports the
recognition, processing, and understanding of
visual information (HoLsanova 2014a, 2014b).
The prerequisite is that visuals are meaningfully
applied didactically in relation to the learning
topic and learning objective and designed ap-
propriately for the target group rather than be-
ing purely decorative. In addition, successful
image-text integration can be facilitated by
support systems, such as cueing (SCHNEIDER ET
AL. 2018) and scaffolding (EITEL ET AL. 2013).

However, successful knowledge construc-
tion with visuals requires competencies to ac-
cess, identify, decode, and utilize pictorial infor-
mation (RICE & DALLACQUA 2019), such as (geo-
graphical) picture reading competencies
(JAHNKE 2012), visual literacy (AvGERINOU 2009),
and graphicacy (DE VRIES & Lowe 2010). If these
skills are not sufficiently developed, images
may also be skipped. This demonstrates the
potential of developing visual competencies.

Regarding learners’ interests in the images
of the three stimuli, a distinction must be made
between the usability parameter of situational
interest and the factor group individual interest.

can be derived from the individuals’ perceived
usability of the design and content in relation
to learners' goals rather than from individual
interest in the topic or media.

Situational interest loads highest among the
usability factors, which indicates its relevance.
Individual interest in earthquakes (spread A)
explains the smallest share of the variance.
However, it is still one of four relevant factors.
Studies on learners’ interests (HEMMER &
HeMMER, 2010; HEMMER ET AL. 2020) reported
that earthquakes are among the most popular
geographical topics. This indicates that indi-
vidual interest, although a small factor, affects
visual attention, particularly when a topic is
popular, confirming KraPP's (2002) POI, which
stresses the influence of motivational aspects
on learners' interests.

Personal relevance, concreteness, and ease
of comprehension may trigger situational in-
terest in textbook images (MAGNER ET AL.
2016), thus indicating that situational interest
is moderated by usability factors, such as use-
fulness, aesthetics, and comprehensibility.

Consequently, situational interest in a partic-
ular image triggers potentially more visual at-
tention than individual interest in a geographic
topic or medium. This implies that interest and
attention are interrelated, and learners’ situa-
tional interest in photos, graphics, and maps
can be promoted through the use of didacti-
cally and visually well-designed learning media
(KrarPp 2002; MAGNER ET AL. 2016).

In summary, the study highlights the critical
role of usability for textbook visuals for learn-
ing, and the need for further research in this
area. For this, Rose (2012) suggests method-
ological approaches for research with visual
materials. However, visual attention is complex
and may be influenced by various factors, such
as task, prior knowledge, and learning envi-
ronment.

Finally, limitations need to be mentioned.
Participants’ age was homogeneous (Mg 15.26
years, SD.g. 0.80). Visual information selection
strategies may differ with age (BOUCHEIX ET AL.
2015; OUWEHAND ET AL. 2016; SCHNOTZ ET AL.
2017).Indeed, a larger sample size would allow
more conclusive factor analysis.
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Further factors should be investigated, such as
tasks, prior knowledge, and different media.
Interrelations between usability parameters
should be examined to determine which
(combinations of) usability parameters are
most effective in triggering learners’ attention,
motivation, and knowledge construction.
Moreover, using prototyping in real classroom
situations to investigate how optimized visual-
izations affect visual attention, may also pro-
vide valuable insights.

In summary, textbook images are still un-
derestimated, both in their learning potential
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