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Abstract The purpose of this quasi-experimental study is to examine whether
attention cueing benefits learners of ancient Egyptian culture using
mobile-assisted instrumentation. A self-regulatory, mobile phone based set of
visualizations depicting ancient Egyptian culture served as the primary
instrument. A total of 50 learners of English as a foreign language (EFL) from
two sections of a reading course were randomly assigned to one of two groups.
First, the participants were tested to assess their English reading level and prior
knowledge of Egyptian culture. Next, they were randomly assigned to one of two
modes: picture-plus-text or picture-plus-text-plus-signal. Immediately after
experimental treatment, participants were administered tests of pictorial recall,
matching, jigsaw puzzles, and retention as well as cognitive load measurement
and attitude questionnaires. Experimental treatment was the independent variable,
while the comprehension test, cognitive load questionnaire, and attitude
questionnaire were the dependent variables. The results indicated that learners in
the cueing condition outperform those in a non-cueing condition for matching
and total score, but not for retention. The analysis of cognitive load revealed that
learners in the cueing condition experience lower germane load than those in the
non-cueing condition. However, the result of the questionnaires indicated that all
the students felt mobile phones were convenient and useful in English learning
regardless of the presence or not of attention cueing. The results stress the
importance of presenting attention-capturing arrows in external representation as
it can result in better learning efficiency.
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Introduction

One method of dealing with complex visualizations is to provide attention-
capturing arrows or visual contrasts, because these features can direct learners’
attention to essential information, minimize visual search processes, and help
learners organize key information into a coherent structure (de Koning, Tabbers,
Rikers, & Paas, 2009; Dodd & Antonenko, 2012). However, previous studies
concerning attention cueing did not address issues dealing with cognitive load
(e.g., Boucheix & Lowe, 2010; Florax & Ploetzner, 2010; Jamet, Gavota, &
Quaireau, 2008; Jamet, 2014; Lowe & Boucheix, 2011; Ozcelik, Karakus,
Kursun, & Cagiltay, 2009; Ozcelik, Arslan-Ari, & Cagiltay, 2010). Some
researchers (e.g., Stockwell, 2008; Thornton & Houser, 2005) have pointed out
that the small screen sizes on mobile devices might prevent learners from
perceiving visualizations clearly, which can result in perceptual errors and
misunderstandings (Kim & Kim, 2012). Thus, it has been suggested that
attention cueing can reduce learners’ extraneous load and optimize learning
efficiency when learners have to split their attention between spatially-separated
text and diagrams (Florax & Ploetzner, 2010; Kalyuga, Chandler, & Sweller,
1999; Liu, Lin, & Paas, 2013).

In addition, some previous empirical studies on mobile reading did not
incorporate a control group (e.g., Chen & Hsu, 2008), or involved only a small
number of participants (e.g., Chen & Hsu, 2008; Huang & Lin, 2011). Besides,
some studies required students to engage in single-mode scenarios (e.g., Hsu,
Hwang, & Chang, 2013; Wu et al., 2011) while disregarding dual-mode scenarios
such as integrating both text and pictures on mobile reading devices. Pictures
help learners construct visual mental model, while verbal texts are beneficial in
constructing verbal mental models (Kiihl, Scheiter, Gerjets, & Gemballa, 2011).
The effects of multimedia learning mode can be best justified in pictorial tests,
rather than in verbal tests. However, the interaction between multimedia learning
and tests has been ignored in the past (Kiihl et al., 2011). Measures used to assess
the learning efficiency of mobile reading in the past often used verbal tests (e.g.,
Chen & Hsu, 2008; Hsu et al., 2013; Lan, Sung, & Chang, 2007, 2013) but
ignored pictorial tests. The present study will make up for this gap and use
pictorial tests to investigate the quality of learners’ mental model.

Whether or not enriched visualization (e.g., attention cues) can enhance
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learning remains controversial (de Koning, Tabbers, Rikers, & Paas, 2010b,
2011a; Imhof, Scheiter, Edelmann, & Gerjets, 2013). While amalgamating
learning theories with instructional visualization utilizing mobile phone
technology in investigating learners’ learning results, individual characteristics
should be taken into consideration (Chen & Hsu, 2008). Visuospatial cues are
assumed to impact learning efficiency, dependent on learner characteristics,
instructional materials, experimental procedure (Richter, Scheiter, & Eitel, 2016),
and subject matter (Schneider, Beege, Nebel, & Rey, 2018). To better address
some unresolved issues, the present study explores the effects of different forms
of visualization on the construction of mental models (Hegarty, Kriz, & Cate,
2003), cognitive load, perceived ease of use and perceived usefulness of
mobile-supported reading.

Literature Review

Learners process visualization incrementally. If learners allocate perceptual and
cognitive resources to disintegrate external visualizations, the mental model built
initially may not be ideal (Lowe & Boucheix, 2012). This is because high
instructionally relevant but low visually salient components compete for
learners’ attention with the remaining display and will reduce the chances for
learners to select essential information from the external visualization (Lowe &
Boucheix, 2012). The addition of visually conspicuous cues is expected to
circumvent learners’ processing time by assisting them to liberate more cognitive
resources in information organization and integration (Jamet et al., 2008), which

in turn optimizes learning effectiveness.

Cognitive Load Theory

The information processing taking place in the working memory involves:
selection of relevant words and images, organization of selected words and
images, and integration of visual and auditory information with prior knowledge
(Horz & Schnotz, 2010; Mayer, 2009). During information processing, three
types of cognitive load may determine learning effectiveness: extrancous,
intrinsic, and germane load. Intrinsic load is yielded by the relative complexity of
the instructional material (Mayer, 2009). Materials with high element
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interactivity that require more working memory resources impose an intrinsic
load. Extraneous cognitive load results from unfavorable instructional design
(Mayer, 2009; Moreno & Mayer, 2010), but may be reduced by providing
attention cues (Mayer, 2009). Germane load enhances learning by facilitating
schema acquisition and activation (Moreno & Park, 2010). Appropriate
instructional design is meant to minimize extraneous load but maximize germane
load.

The presence of attention cues (e.g., arrows, highlights, and grey outs) is
predicted to direct learners’ attention to the target, diminish visual search
processes, liberate cognitive resources for schema construction and activation,
and facilitate germane load (de Koning et al., 2009). When learners have to split
their attention between process spatially-separated sources of visual and verbal
information (e.g., text and graphics), they might encounter a heavy extraneous
load when mentally integrating the two separate sources of information.
Attention cues are predicted to reduce extraneous load, facilitate germane load,
and intensify learning effectiveness (de Koning et al., 2009; Liu et al., 2013;
Richter et al., 2016).

Signaling Principle

In compliance with the cognitive processes of selecting, organizing, and
integrating information in a learner’s working memory, attention cueing involves
selection, organization, and integration cues. Selection cues can direct learners’
attention to the most essential elements in the visual representations (Crooks et
al., 2012; de Koning et al., 2009). Organization cues assist learners in organizing
elements from the external representations to better ameliorate information
processing and retention (Crooks et al., 2012; de Koning et al., 2009). Integration
cues help learners integrate the elements between and within the external
representations into an organized structure (de Koning et al., 2009). With respect
to perceptual processing, unique colors or visual contrasts with distinctive
attributes that contrast strikingly with the background, may draw learners’
attention to the essential information, thereby diminishing their extraneous load.
All event units displayed simultaneously within visualizations will impose
extra demands on learners with respect to cognitive and perceptual processes if
they intend to internalize the visualization (Ploetzner & Lowe, 2012). When
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learners consume perceptual and cognitive resources to decompose visualizations,
they might notice visually salient but instructionally irrelevant elements.
Visuospatial cues can be used as scaffolding to guide learners’ attention to
instructionally relevant elements (Ploetzner & Lowe, 2012). Visuospatial cues
will be more promising in complex visualizations with high visual requirements
(Dodd & Antonenko, 2012). However, whether such cues result in success or
failure of multimedia learning remains inconclusive.

Mobile Assisted Reading

Previous studies have investigated the use of tablet PCs (personal computers) and
PDAs (personal digital assistants) in helping EFL children (e.g., Lan et al., 2007,
2013) and undergraduates (e.g., Chen & Hsu, 2008; Hsu et al., 2013; Huang &
Lin, 2011; Lin, 2014; Wu et al., 2011) develop reading skills, with the results
generally demonstrating that mobile devices do support language learning.

In terms of recommending reading materials tailored for EFL learners, Chen
and Hsu (2008), Hsu et al. (2013), and Wu et al. (2011) observed that a
mobile-based reading mode induced positive attitudes towards mobile reading.
Chen and Hsu (2008) designed courseware that recommended bilingual news
articles suited to the EFL learner’s English proficiency. The learners’ attitudes
towards the difficulty level of the articles were gathered and recorded by the
system to serve as a reference for recommending future articles at an appropriate
level of difficulty. The “reading” and “start next reading” patterns were repeated
regularly. The learners generally reported positive attitudes towards the
instructional design. Hsu et al. (2013) also designed a system that recommended
articles adapted to EFL learners’ English proficiency and reading preferences.
The EFL learners were free to take notes by clicking on the vocabulary to make
annotations either individually or collaboratively while engaged in mobile
reading. The experimental results indicate that learners generally felt pleasure
and satisfaction with the interface design. Similarly, Wu et al. (2011) explored
EFL learners’ learning effectiveness and attitudes after using three different
modes (i.e., paper-based, mobile-based, and mobile-guided) that involved
recommending reading materials suited to the learners’ English ability as
diagnosed by their online vocabulary and sentence inquiry behaviors. They
observed that the mobile-based condition outscored the paper-based condition
and that learners held more positive attitudes towards mobile learning.
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In terms of mobile-supported collaborative learning, Lan et al. (2007, 2013)
developed a mobile-supported peer-assisted learning system to enable young
EFL learners to have online assessment and seek peer help when involved in
collaborative reading activities using tablet PCs. In a similar vein, Lin (2014)
investigated the effects of using mobile tablet PCs on EFL learners’ online
reading activities by providing learners with substantial reading materials, as
well as corresponding reading comprehension and reading tests. Their
experimental results showed that this approach promoted collaboration and
induced positive attitudes towards mobile-supported learning.

Previous studies with respect to ubiquitous mobile learning have focused on
unimodal scenarios but ignored multimodal scenarios. Previous research has only
used verbal tests (e.g., Chen & Hsu, 2008; Hsu et al., 2013; Huang & Lin, 2011;
Lan et al., 2007, 2013; Lin, 2014; Wu et al., 2011) but has ignored pictorial tests.
Studies that administered both pictorial and verbal tests to examine the quality of
learners’ visual and verbal mental models have been scarce to date.

Relevant Studies about Attention Cueing in Multimedia Learning

Relevant studies exploring the effectiveness of visuospatial cues include
explorations of the effects of color cues (Jamet et al., 2008), arrow cues
(Boucheix & Lowe, 2010; Boucheix, Lowe, Putri, & Groff, 2013; Crooks et al.,
2012; Hegarty et al., 2003; Imhof et al., 2013; Jian, Wu, & Su, 2014; Kriz &
Hegarty, 2007; Lin & Atkinson, 2011), increased salience of essential areas (de
Koning, Tabbers, Rikers, & Paas, 2007, 2010a, 2010b, 2011a, 2011b; Lowe &
Boucheix, 2011), zooming in on essential elements (Amadieu, Marine, & Laimay,
2011), and highlighting terminology (Ozcelik, Karakus, et al., 2009; Ozcelik,
Arslan-Ari, et al.,, 2010) on investigating learners’ internalization of external
representations.

In terms of the effectiveness of arrow cues, simply presenting an arrow cue
may not induce learners to engage in deep cognitive processing. Crooks et al.
(2012) presented learners with an arrow cue to indicate the place of articulation
in an oral cavity to demonstrate how human speech organs produced consonants.
Lin and Atkinson (2011) presented an arrow cue to alert learners to pay attention
to essential areas in visual display when learning about rock cycles. Their
experimental results indicate that the presence of an arrow cue did not optimize
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learning effectiveness in terms of learners’ test results and cognitive load ratings.
Imhof et al. (2013), however, observed the effectiveness of the arrow cue in
learning about fish locomotion patterns. They found that multiple presence of
visualizations without specificity caused interference and damaged the quality of
mental model construction (Moreno, 2007). Similarly, Kriz and Hegarty (2007)
conducted experiments to probe the effectiveness of using arrow cues to show
the causal relations between components of a flushing cistern mechanism. They
observed that an arrow cue did not help learners significantly outperform those
who were not provided with an arrow cue in comprehension and troubleshooting
tests. One possible reason might be that conspicuous visuospatial cues merely
attract learners’ attention to the essential elements without guaranteeing that
conceptual understanding and mental model constructions of the visual
representations have taken place. The results of previous studies concerning the
arrow cue suggest that the arrow cue signifying a discontinuous spatial-temporal
passage may not yield promising effects. To continuously guide learners’
attention throughout dynamic visualizations, synchronously presenting relation
cues by associating related events and components together along with the
progress of animation may direct learners to pay more attention to low salient but
instructionally relevant components but less attention to high salient and
instructionally irrelevant components (Boucheix et al., 2013).

The sequential presence of visuospatial cues highlighting both text and
illustrations help minimize learners’ unnecessary visual search processes by
helping them locate the corresponding text and illustrations quickly, which in
turn engages them in deep cognitive processing and yields better test results
(Jamet et al., 2008; Jamet, 2014; Ozcelik, Karakus, et al., 2009; Ozcelik,
Arslan-Ari, et al., 2010). When processing spatially-separated text and
illustration in dynamic visualizations, simultaneously highlighting the keywords
in both the text and illustration, along with the progress of animation, may guide
learners’ attention to the relevant visual and verbal information and induce better
test results (Ozcelik, Karakus, et al., 2009; Ozcelik, Arslan-Ari, et al., 2010).
Kalyuga et al. (1999) compared the effects of conventional separate-diagram-
and-text and color-coded-diagram-and-text situations on learning the layout of an
electrical circuit. The learners in the conventional condition were presented with
an electrical circuit diagram with a written text underneath, whereas the learners
in the color-coded-diagram-and-text condition were presented with the same
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visualization along with additional color cues on the electrical elements in which
corresponding conspicuous elements in the schemes emerged when the learners
clicked on the text. Overall, those in the color-cue condition performed better in
testing and had a lower cognitive load than those in the conventional condition.
The results suggest that when processing split-attention diagrams where the text
and illustrations are presented simultaneously, the text should be highlighted
with conspicuous elements used to attract learners’ attention. Florax & Ploetzner
(2010) investigated the effects of spatially separated text and illustrations on
learning about the human nervous system by assigning learners to one of
following conditions: (1) continuous text plus labeled illustration, (2) continuous
text plus unlabeled illustration, (3) segmented text plus labeled illustration, (4)
segmented text plus unlabeled illustration, and (5) spatially integrated text and
illustration. The experimental results indicate labeled illustrations partially
contribute to the learners’ learning gains. In sum, studies investigating the
potential benefits of visuospatial cues on multimedia learning have shown that
highlighting keywords in both the text and illustration guides learners’ attention
towards essential areas in visualizations and facilitate their cognitive processing.
Providing visuospatial cues along with animated visualizations may enhance
learning effectiveness (e.g., Kalyuga et al., 1999; Ozcelik, Karakus, et al., 2009;
Ozcelik, Arslan-Ari, et al., 2010) and reduce learners’ extraneous load (e.g.,
Kalyuga et al., 1999).

To conclude with relevant studies concerning visuospatial cues in recent
decade, most studies have primarily investigated the effectiveness of visuospatial
cues on animated visualizations but ignored their effectiveness on static
visualizations (Jian et al., 2014). Besides, many previous studies have applied
visuospatial cues to animation only but not to verbal text (e.g., Boucheix & Lowe,
2010; Boucheix et al., 2013; de Koning et al., 2011a, 2011b; Imhof et al., 2013;
Jamet et al., 2008; Kriz & Hegarty, 2007; Lin & Atkinson, 2011; Lowe &
Boucheix, 2011), since verbal text was not included in the instructional material.
Scant studies have applied visuospatial cues to both verbal text and illustrations
(e.g., Scheiter & Eitel, 2015). Multimodal instructional material providing both
visual and verbal information is more advantageous than unimodal material for
enhancing learning, because visual and verbal information is simultaneously
processed in two separate subsystems to help learners build up referential
connections, according to Paivio’s dual coding theory (Clark & Paivio, 1991).
Multimodal instructional material accompanied with visuospatial cue is more
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promising in the quest to ameliorate learning outcomes. This is because
visuospatial cues can relieve one of the subsystems so that it can process
information (Scheiter & Eitel, 2015; Ozcelik, Karakus, et al., 2009; Ozcelik,
Arslan-Ari, et al., 2010).

In addition, visual representations used in previous research were mostly
system-paced (e.g., Boucheix & Lowe, 2010; Boucheix et al., 2013; de Koning et
al., 2007; Hegarty et al., 2003; Jamet et al., 2008; Jamet, 2014, Lin & Atkinson,
2011; Lowe & Boucheix, 2011; Ozcelik, Arslan-Ari, et al., 2010), but ignored
the self-regulatory mode regulated by learners (e.g., Bouchiex & Guignard, 2005;
Huk, Steinke, & Floto, 2010; Kriz & Hegarty, 2007). The effectiveness of
visuospatial cues will be accentuated under a self-regulatory mode and be
particularly beneficial to low-prior knowledge learners (Boucheix & Guignard,
2005). Studies investigating the interaction between user-control and visuospatial
cues are scarce (Ploetzner & Lowe, 2012). Finally, studies discussing the
effectiveness of visuospatial cues have mostly considered the medium of
computer screens, but seldom mobile devices. Integrating mobile devices with
visuospatial cues to examine learners’ learning effectiveness merits further
exploration. To better address some of these unresolved issues, the research
questions in the present study are as follows:

® Do learners presented with attention cues outperform those who learn

without the presence of attention cues?

H,

It was assumed that the presence of attention cues can direct learners’ attention to
visually salient and instructionally relevant elements in visual representations
and ameliorate the quality of their mental model construction (Lowe & Boucheix,
2012). The cueing condition might outperform the non-cueing condition on the
matching and jigsaw puzzle test 2, which requires application ability. However,
both conditions might perform similarly on the verbal test because all learners
received a verbal commentary to construct a verbal mental model. The
multimedia presentation mode might be helpful particularly on the pictorial test,
but may not be so effective on the verbal test (Kiihl et al., 2011).

® Do learners presented with attention cues experience lower cognitive load
than those without the presence of attention cues?
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H,

Those without the guidance of visual cue to reduce their visual search process
might consume cognitive resources on unnecessary visual exploration, which
might hamper their conceptual understanding when constructing internal
representations from external representations. Learners in the non-cueing
condition might experience higher cognitive load than those in the cueing
condition (Schneider et al., 2018).

® Do learners subjected to different presentation modes have different
attitudes to mobile learning?

H;

The presence of a cue might increase the attractiveness of instructional material,
reduce learners’ learning stress, and increased learning motivation compared with
the absence of cue (Johnson, Ozogul, & Reisslein, 2015; Lin & Atkinson, 2011).

Methodology

Participants

A total of 50 EFL learners (male = 31, female = 19) at a technology university in
southeastern China with an average age of 19 (M = 19.29, SD = .91) volunteered
to participate in the experiment. All of the learners had extensive experience of
using smart phones. The learners were recruited from two sections of a reading
course. Reading was a compulsory course on the school curriculum, and ancient
Egypt was one of the reading topics. A prior knowledge questionnaire was
administered to assess participants’ backgrounds (de Koning et al., 2011b; Lowe
& Boucheix, 2011). Learners self-rated their understanding on a nine-point scale
to the four questions (i.e., “How interested are you in ancient Egypt?” “How
much contact have you had with books, movies, and internet resources related to
ancient Egypt?” “How much do you understand about ancient Egypt?” and “How
much do you understand about the mummification process?”’). An independent
sample r-test manifested no significant difference between control and
experimental conditions concerning prior knowledge of ancient Egypt, #(48) =
1.235, p > .05. An elementary level reading of the General English Proficiency
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Test' (GEPT) was administered to assess students’ reading ability (equivalent to
a score of 29-46 on the TOEFL iBT). An independent sample #-test also
indicated no significant difference between control and experimental conditions
with regard to English proficiency, #(48) =.551, p > .05.

Research Design

This paper reviews a quasi-experimental study aimed at investigating whether
enriched attention-capturing arrows in static visualizations offer more benefits to
learners than the same visualizations employed without attention-capturing
arrows. Experimental treatment and English proficiency were taken as the
study’s independent wvariables. Pictorial recall, matching, jigsaw puzzles,
retention test results, cognitive load ratings, and results of questionnaires on
attitudes regarding the perceived ease of use and usefulness of the visualizations
were taken as the study’s dependent variables. A two-way ANOVA was
conducted to analyze the difference between the experimental and control groups
regarding the dependent variables. A Pearson’s correlation was used to analyze
the correlation between test results and cognitive load ratings (Fig. 1).

Independent Variables
Experimental Treatment

The instrumentation was developed by the researcher and administered to the
students in a formal experimental setting. The screen was split into two halves
with the top frame containing texts and the bottom frame containing
corresponding pictures. Both top and bottom frames could be scrolled up and
down. All of the texts and pictures were adapted from Knowledge Encyclopedia,
published in 2013 by Dorling Kindersley. There were five sections in the
visualizations: (1) Ancient Egypt; (2) The Journey of the Dead; (3) The Valley of

' The General English Proficiency Test (GEPT) was developed by the Language Training and
Testing Center (LTTC). The GEPT test is comprised of four levels: elementary, intermediate,
high-intermediate, and advanced, to suit EFL learners at different levels of English proficiency.
The elementary reading test includes three sections: grammar and structure, cloze test, and
reading comprehension. These are a total of 35 multiple-choice questions. The highest possible
score for the overall test is 120, and 80 is the pass rate. GEPT is similar to other international
standardized language tests, such as TOEFL and TOEIC.
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the Kings; (4) Making a Mummy; and (5) The Pharaohs. According to the scores
derived using the Flesch reading ease formula (Flesch, 1948), readability scores
of these five sections were respectively: (1) 49.1; (2) 77.1; (3) 65.3; (4) 77.4; and
(5) 58.6. The respective reading levels of the five sections were: (1) difficult to
read; (2) fairly easy to read; (3) average; (4) fairly easy to read; and (5) fairly
difficult to read. Finally, word counts of the five sections were respectively: (1)
102 words; (2) 306 words; (3) 372 words; (4) 262 words; and (5) 277 words.

Independent variable Dependent variable
Texts
Pictorial recall =t
Matching
Experimental treatment \ Jigsaw puzzles ;
Picture-plus-text (N = 25) Retention Pearson. s
Picture-plus-text-plus-signal (N = 25) ANOVA correlation
Cognitive load
> | Intrinsic
Extraneous <
English proficiency
. Germane
High-level (N = 25) Performance
Low-level (N = 25)
g Questionnaire
Perceived ease of use
Perceived usefulness

Fig.1 Research Design

In the picture-plus-text group (PTG), the learners were given the texts as well
as the corresponding static visualizations. When the students clicked on the title
of each learning section in the top frame, one static picture embedded with
highlighted keywords appeared in the bottom frame. The keywords in both the
texts and pictures were in highlighted boldface (see Fig. 2a). Those in the
picture-plus-text-plus-signal group (PTSG) were given the same visualizations as
those in the PTG, but the static pictures were enriched with attention-capturing
arrows (see Fig. 2b). Visual cues included selection and organization cues. The
selection cues (e.g., arrows and highlighted boldface keywords) were used in all
five learning sections, and it was hypothesized that they would reduce learners’
perceptual load (de Koning et al., 2009; Crooks et al., 2012). The organization
cues (e.g., number headings) were used in the section on “Making a Mummy”
and it was believed that they would reduce learners’ cognitive load (de Koning et
al., 2009; Crooks et al., 2012).
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(a) PTG (b) PTSG
Fig. 2 Sample Screenshots of the Two Conditions

English Proficiency Test

Elementary level reading on the GEPT was administered as a pre-test to assess
students’ reading ability (equivalent to a score of 2946 on the TOEFL iBT).
According to the test result, the top 30 % were classified as high-proficiency
learners and the bottom 30 % were classified as low-proficiency learners. An
independent sample #-test revealed no significant difference between control and
experimental groups in their English reading proficiency, #(48) = .551, p > .05.

Dependent Variables
Pictorial Recall Test

The purpose of the test was to assess learners’ retention of section one (i.e.,
Ancient Egypt). The pictures used in the test were the same as those in the
instrument. The test consisted of 10 general terms which required learners to
point out tourist spots on the map (see Fig. 3a). Each correct answer gained one

point.
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Matching Test

The purpose of the test was to assess learners’ application or problem-solving
ability after learning sections 2 (The Journey of the Dead), 3 (The Valley of the
Kings), and 5 (The Pharaohs). The pictures used in this test were completely
different from those in the instrument. The test consisted of 15 pieces of
terminology and corresponding pictures. The learners had to match diagrams
with the correct terms (see Fig. 3b). Each correct answer was worth one point.

Jigsaw Puzzle Test One

The purpose of this test was to assess learners’ understanding of section 4 (i.e.,
Making a Mummy). The pictures used in this test were the same as those used in
the instrument. The test comprised of seven related pictures displayed in a
random sequence. The learners had to rearrange the steps by clicking on the
correct step in each picture to complete the mummification process (see Fig. 3c).

Each correct answer scored one point.
Jigsaw Puzzle Test Two

The purpose of the second jigsaw puzzle test was to assess learners’ application
or problem solving ability after learning section 4 (i.e., Making a Mummy). The
pictures used in the test were completely different from those in the instrument.
The test consisted of eight related pictures displayed in a random sequence. The
learners had to rearrange the steps by clicking on the correct step in each picture
to complete the mummification process (see Fig. 3d). Each correct answer was
worth one point.

Retention Test

The purpose of the test was to assess learners’ understanding of all learning
sections. The test included 13 multiple-choice questions (see Fig. 3e). One point

was given to each correct answer.
Cognitive Load Questionnaire

A subjective cognitive load measurement (Kalyuga et al., 1999; Paas, 1992) with
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a scale ranging from 1 to 9 with 1 representing the lowest level and 9
representing the highest level, was used to assess learners’ cognitive load. Item 1
through 7 dealt respectively with intrinsic load, extraneous load, germane load,
perceived difficulties in answering the pictorial recall test, perceived difficulties
in answering the matching test, perceived difficulties in answering the jigsaw
puzzle tests, and perceived difficulties in answering the retention test. The
purpose of cognitive load measurement required learners to report their
subjective feelings towards the instructional material and tests.

B B3 WRERTISSERATR
HOiEE

AT EAR TSRS - 7RI, &
APREPREEWF

- |ERE
aﬁﬁ

o B3 TIERAATHPEH I B e mrminane

Fig.3 Sample Screenshots of the Tests

Perceived Usefulness and Ease of Use Questionnaires

The questionnaires were developed by Davis (1989) and contained 12 items
regarding perceived usefulness and 13 items concerning perceived ease of use.
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The participants were asked to respond to each item according to a 5-point Likert
scale ranging from 1 (strongly disagree) to 5 (strongly agree). The questionnaires,
based on a technology acceptance model (Venkatesh & Davis, 2000), were used
to examine whether learners could get used to using a mobile device when
learning a new subject.

Data Collection Instrumentation

A pilot study, involving 47 undergraduates enrolled in the College of Humanities,
was conducted prior to conducting the main experiment. The reliability of each
measurement is detailed below:

English Proficiency, Pictorial Recall, Matching, Jigsaw Puzzle, and Retention
Test

After conducting item analysis, four questions on the English proficiency test
(Cronbach’s alpha = .823), two items on the pictorial recall test (Cronbach’s
alpha = .835), one question on the second jigsaw puzzle (Cronbach’s alpha
=.712), and four questions on the retention test (Cronbach’s alpha = .780) were
discarded. All of the items on the matching test (Cronbach’s alpha = .897), and
the first jigsaw puzzle (Cronbach’s alpha = .995) were retained. In short, 46
questions from all five sub-tests were retained, since they demonstrated good
internal consistency (Cronbach’s alpha = .901) and high reliability (Wu & Tu,
2000).

Prior Knowledge, Perceived Usefulness, Perceived Ease of Use and Cognitive

Load Questionnaires

A Pearson correlation analysis revealed a significant result on the critical ratio
and item-total correlation. All of the items regarding prior knowledge, perceived
usefulness, perceived ease of use, and cognitive load were preserved. Cronbach’s
alpha of these four questionnaires was respectively .952, .975, .939, and .897. A
factorial analysis was conducted to analyze the validity of the questionnaires.
Bartlett’s tests of sphericity were all significant. The Kaiser-Meyer-Olkin
Measure of Sampling Adequacy (KMO) of the four questionnaires was
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respectively .719, .914, .823, and .825. The eigenvalue was greater than 1. The
total explained variance of the four questionnaires was respectively 91.297 %,
78.567 %, 72.625 %, and 82.598 %.

Experimental Procedures

One week before commencing the formal experiment, all the students took an
English proficiency test to assess their reading proficiency. After that, the
researcher gave them instructions regarding: the purpose of the experiment and
the experimental procedures, what they were expected to do and not do during
the experiment, how to operate the interface functions of the mobile-based
visualizations, and how to complete the tests and questionnaires.

In the formal experiment, the students were randomly assigned to a treatment
group. They were required to use 5-inch touchscreen 4G mobile phones with a
resolution of 720 x 1280. All the instructional visualizations were conveyed by
these mobile phones. The presentation mode comprised of a self-regulatory mode
that permitted the students to spend as much time as they wanted learning the
lessons and answering all the questions.

First, the students entered their name, age, gender, and student ID to log into
the designated web page. Then they answered the questionnaire that assessed
their prior knowledge about ancient Egypt. Secondly, they read the explanations
about the interface functions and learning instructions on their mobile phones
silently before they started the first section of the lesson. When doing the lesson,
they were reminded to click on the title of each section for detailed information.
Afterwards, they answered three questions about cognitive load related to the
difficulty level of the lesson. Thirdly, they took the pictorial recall test and
answered one cognitive load question related to that. Then they took the
matching test and answered one cognitive load question. In similar fashion, they
took the jigsaw puzzle tests and retention test along with the affiliated cognitive
load questions. After completing all the tests and questionnaires, they submitted
their answers. If the students missed answering any questions before moving on
to the next step, they would be reminded by the system to first go back and
complete the missing items. Finally, the students filled out the perceived
usefulness and perceived ease of use questionnaires. After submitting all their
answers to the system, the students logged out. The server logs recorded the
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students’ learning activities and test results. The overall experimental procedure
took approximately 1.5 hours. Data from the two conditions was collected in
separate class periods.

Results

Research Question One: Do Learners Presented with Attention Cues
Outperform Those Who Learn without the Presence of Attention Cues?

A Pearson correlation revealed a statistically significant negative correlation
between test scores and cognitive loads, » = —0.249, p = .043. As the learners’
cognitive load decreased, their test performance increased, and vice versa.
Effectiveness of instructional visualization was calculated by converting
cognitive load and performance measures into a Z-score using the formula: £ =
[Zscore — Zcognitjve]/\/ 2. The PTSG showed a relatively lower cognitive load and
higher test scores (£ = .286), while the PTG showed a relatively higher cognitive
load and lower test score (E = —0.286), a significant difference was observed,
#(48) =-1.863, p = .039.

A two-way ANOVA was conducted to examine the interactive effects between
the experimental conditions and English proficiency on the test results. In Table 1,
the ANOVA source of variation results indicate no significant interaction effects
on the pictorial recall test, F(1,46) = .283, p = .597, partial n>= .006. Neither the
main effect of the experimental condition, F(1,46) = .026, p = .872, partial
n>= .01, nor the main effect of English proficiency was statistically significant,
F(1,46) = 2.698, p = .107, partial n>=.055.

There were no interaction effects on the matching test, F(1,46) = .040,
p = .842, partial n° = .001. However, the main effect of the experimental
condition was statistically significant, F(1,46) = 1.481, p =.021, partial n2= .051.
The PTSG (M = 12.76, SD = 3.745) had a higher matching score than the PTG
(M =11.68, SD =2.512; see Table 2). The main effect of English proficiency was
not statistically significant, F(1,46) = .775, p = .383, partial n°=.017.

There were no interaction effects on the first jigsaw puzzle test, F(1,46) = .300,
p = .587, partial n2 =.006. Neither the main effect of the experimental condition,
F(1,46) = .078, p = .782, partial 1> = .002, nor the main effect of English
proficiency was statistically significant, F(1,46) = .688, p = .411, partial
n°=.015.
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Table 1 Results of Two-Way ANOVA on Tests

Type III Sum

Source Test of Squares dr MS F Sig. ’p
Group Pictorial recall .057 1 .057 .026 872 .001
Matching 15.437 1 15.437 1.481 0217051
Jigsaw puzzle one 926 1 .926 .078 782 .002
Jigsaw puzzle two 2.003 1 2.003 .897 349 019
Retention 1.495 1 1.495 365 549 .008
Total 60.333 1 60.333 1.192 017" .067
English Pictorial recall 5.817 1 5.817 2.698 107 .055
Matching 8.077 1 8.077 775 383 .017
Jigsaw puzzle one 8.206 1 8.206 .688 411 .015
Jigsaw puzzle two .003 1 .003 .001 970  .000
Retention 1.495 1 1.495 365 549 .008
Total 48.333 1 48.333 955 334 .020
g;‘;‘l‘lfs’h Pictorial recall 610 1 610 283 597 006
Matching 417 1 417 .040 842 .001
Jigsaw puzzle one 3.576 1 3.576 300 587  .006
Jigsaw puzzle two .140 1 .140 .063 804  .001
Retention 741 1 741 .181 673 .004
Total 2.371 1 2.371 .047 830 .001
Error Pictorial recall 46 2.156
Matching 46 10.424
Jigsaw puzzle one 46 11.921
Jigsaw puzzle two 46 2.233
Retention 46 4.099
Total 46 50.607

Note. *p < .05, **p < .01, ***p < .001.

There were no interaction effects on the second jigsaw puzzle test, F(1,46)
= .063, p = .804, partial n° = .001. Neither the main effect of the experimental
condition, F(1,46) = .897, p = .349, partial n* = .019, nor the main effect of
English proficiency was statistically significant, F(1,46) = .001, p = .970, partial
n=.000.

Similarly, there were no interaction effects on the retention test, F(1,46) = .181,
p = .673, partial n° = .004. Neither the main effect of the experimental condition,
F(1,46) = 365, p = .549, partial n2 = .008, nor the main effect of English
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proficiency was statistically significant, F(1,46) = .365, p .549, partial
n®=.008.

Overall, there were no interaction effects on the total score, F(1,46) = .047,
p = .830, partial n* = .001. However, the main effect of the experimental
condition was statistically significant, F(1,46) = 1.192, p = .017, partial n°= .067.
The PTSG (M = 37.36, SD = 8.524) had a higher total score than the PTG (M =
34.92, SD = 4.387; see Table 2, Fig.4 and Fig. 5). The main effect of English
proficiency was not statistically significant, F(1,46) = .955, p = .334, partial

n*=.020.

Table 2  Test Results of Two Groups

PTG PTSG High-level Low-level
Test (=25) W=25) (N=25) (N=25)
M SD M SD M SD M SD
Pictorial 8.24 1.165 8.28 1.745 8.60 .866 7.92 1.847
Matching 11.68 2.512 12.76 3.745 12.60 2.041 11.84 4.059
Jigsaw 1 2.56 3.404 2.80 3.428 3.08 3.546 2.28 3.234
Jigsaw 2 4.12 1.641 4.52 1.262 4.32 1.435 4.32 1.520
Retention 8.32 1.930 9.00 1.555 8.76 2.006 8.56 1.530
Total 34.92 4.387 37.36 8.524 37.36 5.964 34.92 7.505
s
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—e&— High-level 8.60 12.60 3.08 432 8.79 37.36
—&— Low-level 7.92 11.84 228 432 8.56 34.92

Fig. 5 The Means of Each Subtest on Different Levels of English Proficiency
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Research Question Two: Do Learners Presented with Attention Cues
Experience Lower Cognitive Load than Those without the Presence of
Attention Cues?

A two-way ANOVA was conducted to examine the interactive effects between
the experimental conditions and English proficiency on cognitive load. In Table 3,
it can be seen that the ANOVA source of variation results indicated no significant
interaction effects on intrinsic load, F(1,46) = .168, p =.684, partial n° = .004.
Neither the main effect of group treatment, F(1,46) = 1.096, p = .301, partial
n®=.023, nor the main effect of English proficiency was statistically significant,
F(1,46) = 1.798, p = .186, partial n° = .038.

Also, there were no interaction effects in regard to extraneous load, F(1,46)
=.095, p = .759, partial n2= .002. Neither the main effect of group treatment,
F(1,46) = 2.666, p = .109, partial n> = .055, nor the main effect of English
proficiency was statistically significant, F(1,46) = .829, p = .367, partial
n’=.018.

There were not interaction effects with regard to germane load, F(1,46) =.677,
p = .415, partial n° = .015. The main effect of group treatment showed a
significant trend, F(1,46) = 3.415, p = .071, partial 5= .069. The main effect of
English proficiency was statistically significant, F(1,46) = 4.039, p = .046, partial
n2 = .081. The low-proficiency learners (M = 7.08, SD = 1.58) had a higher
germane load than the high-proficiency learners (M = 6.16, SD = 1.84; see
Table 4, Fig. 6 and Fig. 7).

There were also no interaction effects with regard to pictorial recall load,
F(1,46) = .016, p = .900, partial n> = .000. There was no main effect with regard
to group treatment, F(1,46) = .782, p = .381, partial n° = .017. However, the main
effect of English proficiency was statistically significant, F(1,46) = 5.764,
p = .020, partial n*= .111. The low-proficiency learners (M = 7.32, SD = 1.99)
had a higher pictorial recall load than the high-proficiency learners (M = 5.76,
SD =2.57; see Table 4 and Fig. 5).

There were no interaction effects with regard to matching load, F(1,46) =.000,
p = .984, partial n> = .000. Neither the main effect of group treatment, F(1,46)
= 895, p = .349, partial n”=.019, nor the main effect of English proficiency was
statistically significant, F(1,46) = .895, p = .349, partial n*=.019.

There were similarly no interaction effects with regard to jigsaw puzzle load,
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Table 3 Results of Two-Way ANOVA on Cognitive Load

Type III Sum of

Source Test Squares df MS F Sig. e
Group Intrinsic 3.749 1 3.749 1.096 301 .023
Extraneous 6.037 1 6.037 2.666 109 055
Germane 9.625 1 9.625 3415 071  .069
Pictorial recall 4.247 1 4.247 782 381 .017
Matching 2.622 1 2.622 .895 349 019
Jigsaw puzzle 3.618 1 3.618 1.093 301 .023
Retention 4.247 1 4.247 1.369 248 .029
Total 229.176 1 229.176 2.346 132 .049
English Intrinsic 6.149 1 6.149 1.798 186 .038
Extraneous 1.877 1 1.877 .829 367 .018
Germane 11.385 1 11.385 4.039 046" .081
Pictorial recall 31.287 1 31.287 5.764 020" 111
Matching 2.622 1 2.622 .895 349 019
Jigsaw puzzle 2.658 1 2.658 .803 375 .017
Retention 4.247 1 4.247 1.369 248 .029
Total 328.616 1 328.616 3.364 073 .068
S;‘;‘ffs’h Intrinsic 576 1 576 168 684 004
Extraneous 216 1 216 .095 759 .002
Germane 1.908 1 1.908 677 415 015
Pictorial recall .087 1 .087 .016 .900 .000
Matching .001 1 .001 .000 984  .000
Jigsaw puzzle .087 1 .087 .026 872 .001
Retention .008 1 .008 .003 959  .000
Total 7.446 1 7.446 .076 784 .002
Error Intrinsic 46 3419
Extraneous 46 2.264
Germane 46 2.819
Pictorial recall 46 5.428
Matching 46 2.929
Jigsaw puzzle 46 3311
Retention 46 3.102
Total 46 97.682

Note. *p < .05, **p < .01, ***p < .001.

F(1,46) = .026, p = .872, partial 1> = .001. Neither the main effect of group
treatment, F(1,46) = 1.093, p = .301, partial n* = .023, nor the main effect of
English proficiency was statistically significant, (1,46) = .803, p = .375, partial
n’=.017.

There were no interaction effects with regard to retention load, F(1,46) =.003,
p =959, partial n* = .000. Neither the main effects of group treatment, F(1,46) =
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1.369, p = .248, partial n°=.029, nor the main effect of English proficiency was
statistically significant, F(1,46) = 1.369, p = .248, partial n>= .029.

Finally, there were no interaction effects in regard to total load, F(1,46) =.076,
p =784, partial n* = .002. Neither the main effect of group treatment, F(1,46) =
2.346, p = .132, partial n2 =.049, nor the main effect of English proficiency was
statistically significant, F(1,46) = 3.364, p = .073, partial n>= .068.

Table 4 Cognitive Load of Two Groups

PTG PTSG High-level Low-level
Test (V=25) (V=25) (NV=25) (V=25)
M SD M SD M SD M SD
Intrinsic 6.08 1.87 5.56 1.83 5.48 1.92 6.16 1.75
Extraneous 6.20 1.73 5.52 1.19 5.68 1.52 6.04 1.51
Germane 7.04 1.62 6.20 1.83 6.16 1.84 7.08 1.58
Pictorial 6.80 2.36 6.28 2.48 5.76 2.57 7.32 1.99
Matching 7.60 1.47 7.16 1.89 7.16 1.77 7.60 1.61
Jigsaw 7.72 1.60 7.20 1.98 7.24 1.94 7.68 1.65
Retention 7.96 1.62 7.40 1.87 7.40 2.00 7.96 1.46
Total 49.40 10.13 45.32 9.93 44.88 10.28 49.84 9.56
- - i L —— i\_/l'/
Intrinsic Extraneous Germane Pictorial Matching Jigsaw Retention Total
—e—PTG 6.08 6.20 7.04 6.80 7.60 172 7.96 49.40
—&—PTSG 5.56 5.52 6.20 6.28 7.16 7.20 7.40 45.32

Fig. 6 The Means of Cognitive Load on the Two Conditions
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Intrinsic | Extraneous | Germane Pictorial Matching Jigsaw Retention Total
—&— High-level 5.48 5.68 6.16 5.76 7.16 7.24 7.40 44.88
—— Low-level 6.16 6.04 7.08 7.32 7.60 7.68 7.96 49.84

Fig.7 The Means of Cognitive Load on Different English Proficiency Levels
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Research Question Three: Do Learners Subjected to Different Presentation
Modes Have Different Attitudes to Mobile Learning?

An independent sample #-test was conducted to determine if there was any
significant difference between the control and experimental condition concerning
perceived usefulness. It shows that the total score of all items revealed a
significant trend, #48) = .420, p > .05 (Table 5). Both the experimental and
control conditions generally perceived mobile phones as being useful for learning
the lesson, although the PTSG held more positive attitudes towards the
visualizations than the PTG

Table 5 Questionnaires of Perceived Usefulness and Perceived Ease of Use

N M SD T df Sig.
PTSG 25 37.68 15.521 420 48 676
Perceived usefulness
PTG 25 36.12 10.199
PTSG 25 39.00 6.934 .648 38.587 521

Perceived ease of use
PTG 25 37.96 4.036

Note. *p < .05, **p < .01, ***p < .001.

An independent sample #-test was also conducted to ascertain whether there
was any significant difference between the control and experimental condition
with regard to perceived ease of use. It can be seen that the total score of all
items on the questionnaire showed a significant trend, #(38.587) =.648, p > .05,
indicating that the students generally perceived mobile phones as being easy to
use for learning the lesson, although the PTSG had more positive attitudes than
the PTG

Discussion and Conclusions

Research Question One

The results of the present study indicated that the presence of attention-capturing
arrows resulted in better test outcomes compared to an absence of such cues.
These findings were consistent with those of previous studies (e.g., Amadieu et
al., 2011; Florax & Ploetzner, 2010; Jamet, 2014; Kalyuga et al., 1999; Ozcelik,
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Karakus, et al., 2009; Ozcelik, Arslan-Ari, et al., 2010), in which it was observed
that the presence of highlighted diagrams can significantly help minimize
learners’ unnecessary visual search process by guiding them to detect the
corresponding text and picture promptly, which in turn enabled learners to
organize and integrate information in their working memory and also resulted in
better transfer test results (Ozcelik, Karakus, et al., 2009; Ozcelik, Arslan-Ari, et
al., 2010).

With respect to the retention test, both groups performed similarly, indicating
that the verbal text helped learners to construct verbal mental models equally
well, since both groups received the same verbal text. The finding was consistent
with the hypothesis. As for the transfer test results, the cueing group
outperformed the non-cueing group on the matching test, which required
application abilities. This finding partially matched the hypothesis and was
consistent with those found in previous studies (e.g., Kalyuga et al., 1999; Liu et
al., 2013). It indicated that the cue not only yielded perceptual processing but
also cognitive processing. The presence of the arrow cue linking related words
and pictures together reduced the visual complexity of external representations,
minimized unnecessary competition with peripheral information for learners’
attention, and facilitated learners’ mental model construction. The arrow cue
displayed in external representations helped learners integrate the words and
pictures step by step to form a coherent structure. The learners used bottom-up
processing to interpret the visualizations to engage in local comprehension
initially and then achieved global comprehension progressively. Presenting the
learners with attention-capturing arrows to give prominence to the text-picture
relation in the visual representations helped them facilitate cognitive processing
and build up superior internal representations (Boucheix & Lowe, 2010;
Boucheix et al., 2013; Lowe & Boucheix, 2012). The presence of arrow cues
enhanced learners’ global comprehension, resulted in deep learning, and yielded
better transfer test outcomes particularly in static diagrams (Hegarty et al., 2003;
Jian et al., 2014; Jian & Wu, 2016). The presence of visual cues was particularly
helpful to low-proficiency learners and shortened the gap between high- and
low-proficiency learners as indicated by a significant trend in the test results.

Research Question Two

Those who were not presented with arrow cues to reduce their visual search
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processes might have consumed cognitive resources on processing instructionally
irrelevant information in the external representations. The cost of missing
instructionally relevant information from the external representations was
impaired quality of the mental model contructed (Boucheix et al., 2013).
Cognitive processing and deep learning failed to take place but a high cognitive
load was experienced, as indicated by the poor test outcomes. However, the
presence of visually conspicuous cues that captivated the learners’ attention
might lower their perceptual load and reduce their attention demands while they
selected information from the external representations. With the alleviation of
perceptual load, more cognitive resources would be available to help learners
process essential information involved in the organization or integration of
information (Jamet et al., 2008), in which cognitive load was diminished. The
findings in the present study were partially consistent with the findings of
previous studies (e.g., Crooks et al., 2012; de Koning et al., 2010a, 2011a; Lin &
Atkinson, 2011; Ozcelik, Karakus, et al., 2009; Stebner et al., 2017) in which the
presence of visually conspicuous cues resulted in similar cognitive load when
compared with the absence of cognitive load.

Research Question Three

Overall, the students felt comfortable and satisfied with reading on mobile
devices regardless of the presence or absence of attention-capturing arrows. The
results were in line with those found in previous studies (e.g., Chen & Hsu, 2008;
Hsu et al., 2013; Lin, 2014; Wu et al., 2011) in which learners felt that mobile
devices were helpful and easy to use for reading. It was probably because the
subject matter was equally challenging for both groups of participants. Under a
self-regulatory mode, the learners were allowed to spend as much time as they
wanted on the visualizations, because if the amount of time they spent on them in
order to achieve general comprehension was similar, the cognitive loads they
experienced would also be similar (Jamet et al., 2008). Besides, gorgeous text
and illustrations might have led those in the non-cueing condition to misinterpret
their perception by overestimating their performance when they self-rated their
personal experiences (Kiihl et al., 2011). Even if the learners performed less
favorably than expected, they were probably clouded by the fabulous
instructional material to over-evaluate their perception and confidence.
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Implications and Suggestions for Future Research

In summary, the results of this study showed the effectiveness of conspicuous
visuospatial cues on ameliorating learning as well as on reducing learners’
cognitive load. Firsty, the experimental results indicated that the presence of
visually conspicuous cues was beneficial to guide learners’ attention towards
essential information and develop greater conceptual understanding. The debate
over whether conspicuous arrow cues presented sequentially can compete
equally with conspicuous highlighted verbal texts for learners’ attention should
be explored. Secondly, it is suggested that future researchers explore additional
activities (e.g., self- or instructional explanation) accompanied by cues (de
Koning et al., 2010b). Besides, visual cues that initially entice learners’ attention
might recede in their attention over time due to learners’ cueing behavior or
because of the metacognitive strategies learners employ (Lowe & Boucheix,
2011). Thus, the relationship between these individual characteristics and
visuospatial cues should be investigated in depth. Finally, due to the constraint of
the number of participants in the present study, research in the future may recruit
more participants to further elaborate on the question of the effectiveness of
visuospatial cues on visual representations.
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