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Abstract—Electronic Dictionary (ED) was one of the most
popular learning tools with its increasingly diversified design
ranging from information searching to knowledge management.
Although previous research has surveyed in terms of the relation
between ED and learning outcomes, few studies employed
objective measurements, such as biofeedback, along with a
qualitative approach to investigate learners’ using behaviors and
their cognitive process. The current study proposed to capture
participants’ three eye movement dates including fixation counts,
fixation duration and scanning path, which were utilized as the
stimulus to help participants to retrospect their cognitive
features. The fixation interestingly shows that the areas of
interest are somewhat impaired with their expectation in pre-
survey, for example, users claimed they prefer as many as
example sentences, while only the first three were noticed.
Moreover, the scanning paths frequently moved back and forth
among some elements, which indicate learners tried to make
connections among some specific elements to help enhance
learning efficiency. The stimulated recall interview was employed
to further explore their cognitive process based on their eye
movement data, and some implications were made for the
optimization of the ED design to meet learners’ personalized
requirements.
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1. INTRODUCTION

Electronic dictionary (ED), featuring sufficient contents and
ease of use, has been considered as efficient supplement and
support for information searching [l] and knowledge
management in the digital age [2], which are increasingly
attracting abundant customers. To meet users’ individualized
requirement, some researchers and designers have conducted
the surveys on users’ perceptions of the ED in terms of the
contents and interface design [3]. Although users’ self-reported
responses were referable to the improvement and re-designing
of EDs, there still existed several challenges. Typically, the
self-reported survey has such subjective nature of introspection
that the objective measurements are warranted to present
instant using behavior. Besides, self-reported survey merely

provide users’ overview perceptions of EDs, and fail to
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investigate users’ personalized wusing behavior and
understanding of EDs [4], which warrant the further research.

To fill this research gap, the eye-tracking technology was
proposed to be employed to capture the participants’ eye
movement data, including fixation count, fixation duration and
scanning paths, which visualize the users’ eye movements
regulation and their basic cognitive processes through heat
maps and scanning figures as using EDs. Based on the
Cognitive Theory of Multimedia Learning and the Eye-mind
assumption, it is suggested that users’ eyes movements could
accurately reflect how they process information from the
interface of EDs, as well as their cognitive behaviors, which
provide practical suggestions to improve the design of EDs and
facilitate the individualized learning. Moreover, in order to get
access to the deep understanding of these eye-tracking data, the
Stimulated Recall Interview (SRI) are employed to examine
users’ retrospection of their substantial usage and cognitive
process, with the stimulus of the heat maps and scanning
figures.

Above all, this study aims to explore the following research
questions:

1. What were cognitive behavior presented when they
viewed the ED pages?

2. How should the design of EDs be improved to meet
users’ individualized learning requirement?

II. THEORETICAL FOUNDATIONS AND RESEARCH BACKGROUND

A. The Cognitive Theory of Multimedia Learning

The Cognitive Theory of Multimedia Learning (CTML) by
Mayer is based on Dual coding theory, working memory
theory, Constructivism and Cognitive Load Theory (CLT,
[51[6]. Applying the types of cognitive load in multimedia
learning environment, CTML reveals the cognitive process
when study with multimedia learning tools.

CTML consists three assumptions about people learn with
multimedia: 1) dual coding: Human information processing
system includes dual channels for visual/pictorial and
auditory/verbal processing, separately. The designing of
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multimedia that facilitate building connections between
pictorial and verbal representations could assist in meaningful
learning, evidence could be seen in vocabulary learning [7]. 2)
limited capacity: each channel has a limited capacity for
processing. So far information and data overload were
identified in many online dictionaries, which distract users
from obtaining information efficiently. Online dictionary with
low cognitive load provided best learning performance [8]. 3)
generative learning: generative learning happens when learners
carry out a coordinated set of cognitive processes during
learning, these processes include essential processing,
extraneous processing and generative processing [9].

Learners’ cognitive processing, which usually relies on the
complexity of material (i.e., the number of interacting
elements), is essential for comprehending the presented
material. The design of interactive elements like hyperlinks,
glossary book and voting on ED pages should promote
cognitive processing but avoid increasing the complexity of for
users. Extraneous processing happens when learner engages in
cognitive processing that does not support the learning
objectives. To better facilitate information seeking, the pictures,
examples and texts on ED pages should be designed
interactively and present in favor of viewing. To achieve
generative processing, learner needs to engage in deep
cognitive processing such as mentally organizing the material
and connect to prior knowledge, which requires EDs provide
daily life-oriented materials users could associate with.

To sum up, in pursuance of receiving generative processing
for ED users, EDs should be necessarily designed and
presented according to human cognitive architecture, take
learner’s cognitive load into consideration and -efficiently
contribute to information capture and understanding [10].
Based on the integration of the existing multimedia
information and users’ previous experiences, users are
capable of constructing their accordant psychological
representations. These representations could facilitate to
memorize and improve learning efficiency [11].

B. Eye tracking technique

Eye tracking technique provides a direct channel to gain
information about human behavior by observing, measuring
and interpreting human behavior [12]. Eye tracking approach is
developed based on the eye movements and the eye-mind link
[13], which indicates that via eye movements, a dynamic trace
of attention can be observed, hence the degree of cognition
plays an active role in guiding the eye during reading can be
reflected. It is assumed to represent the perceptual and
cognitive processing of stimuli, during which the eyes remain
relatively concentrated, allowing acquiring information from
the part of the stimulus where attention was paid.

Eye movements consist of three basic evaluative criteria:
fixation counts, fixation duration, and scanning paths [14].
Firstly, fixation counts are the fixations counted in an area of
interest (AOI) or a task. On average, a fixation count was
defined last between 200 and 300 milliseconds. Fixation counts
are usually used to identify the part of a screen or material that
is viewed, reveal patterns describing how a user’s attention is
directed to a given region or visual area of the computer screen.
Moreover, it could be used to gauge the complexity level of the
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image and the sequence of viewing [15]. Secondly, fixation
duration refers to the fixation duration time within a word or an
AOQI it is the eye movement measured on the time scale.
Fixation duration is affected by factors like the type of activity
performed, or the complexity of the materials. Thirdly,
scanning path reveals the order or sequence of the fixations,
helping to depict the experience a user has while engaging with
viewing materials [16]. Scanning path is adopted to get access
to visual memories. When a particular sequence of eye
movement is executed, the pattern is viewed, and visual
memory for the pattern is reflected.

Eye tracking is an adaptable approach to investigate the
cognitive processes and mechanisms involved in the
information acquiring and multimedia designing. The previous
study has utilized eye is tracking to examine the complexity of
webpages from the perspective cognitive load, revealing the
correlation between complexity of webpages, user’s attention
and their cognitive load [17]. In the recent educational research,
the eye-tracking technique is popularly employed to explore
learning processes in complex learning contexts in multimedia
learning [18][19]. Employing interfaces of multimedia tools as
stimuli, eye-tacking has been regarded as a supplement method
to investigate cognitive processes linked to learning and
performance [20].

C. Stimulated Recall Interview

The data collected from Eye-tracking techniques need to be
further explained in terms of why the AOI was paid more
attention, which need learners’ review and retrospection.
Stimulated Recall Interview (SRI) as an introspection
procedure, has been used extensively in educational research in
learning [21]. The recorded multimedia are offered to learners
to stimulate recall of their concurrent cognitive activity. SRI is
developed based on two assumptions: 1) it is possible to
observe internal processes in much the same way as one can
observe the external real-world events, and 2) human can
verbalize their internal thought processes. SRI has
demonstrated the considerable potential when studying
cognitive strategies and learning processes, which suggested
that it is an effective way to gain learners’ interpretation of
events and their thinking at a particular point in time.

The latest research has discovered the employment of
biofeedback like eye-tracking data as stimuli for SRI is an
available approach to explore learning behavior [22]. SRI can
stimulate learners to reflect their viewing behavior and vocalize
their thinking processes. Aiming at receiving data explicitly, in
the current research, we are proposed to explore users’ learning
behavior with EDs. The heat map and scan path generated from
eye-tracking to participants in the experiment were offered as
stimuli to remind them of their processing, and collect
retrospective feedback to further explore the learning behavior.

D. Studies on Electronic Dictionary

ED service providers, such as Bing by Google, Youdao by
Netease and iciba by Kingsoft, have been diversifying the
design and expanding the amount of displayable content for
ED, to meet users’ constant requirements [23]. Many EDs also
provide interactive interfaces, pronunciation, glossary
notebook, etc. Given the personalized learning needs and
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unique using behavior, the users expressed their requirements
to have personalized ED products efficiently.

Previous studies on EDs designing have been conducted
from two major perspectives: 1) designing, and 2) content. For
example, some researchers put it that different fonts may affect
the efficiency and learning the effect of EDs; colored functional
label in EDs reduce the time of dictionary lookup and make the
search more successful. The layout of the EDs final entry page
should be dynamic and customizable; Hierarchical arrangement
of lexicographic data, flexible presentation modes and
highlighting search results can better navigate users and
prevent them from getting lost in searching for words [24][25];
For content, although definition is the basic function, example
sentences, especially with diversified contexts are helpful for
learners, and only multiple examples presented in different
contexts were considerably more helpful than definitions.
However to what a number of examples should be diversified
remained to be studied, which implied that ED designing and
content should be further improved.

The existing studies only take ED users as the passive
recipient of information provided by ED and focus on helping
users improve their look-up behavior [26]. Users prefer to take
the initiative to actively interact with EDs, and their cognitive
process might vary due to different design of the EDs and
affect their using behavior. Studies focus on the interaction
between ED design and using behavior has been scares.

III. RESEARCH METHOD

A. Participants

The participants of this study were proposed to be selected
from native Mandarin speakers, who are studying as
international students from a university located in the south of
the United States. The selected sample should obey the
following criteria: firstly, all the participants are required to use
EDs in various situations frequently to make sure their
comprehension of the ED functions. Secondly, all recruited
participants should have full or adjusted to full visual acuity to
be qualified for the calibration of the eye-tracker. Finally,
participants could be willing to perform immediate stimulated
recall interview based on their willingness to share their
thinking with their eye-tracking heat map and scanning path
figures. Due to the above criteria, a total of 48 international
students are recruited.

B. Procedure

The procedure of this experiment, shown in Fig.l was
conducted as three steps. Firstly, the pretest survey contains ten
items, includes demographic information (gender, age, year in
the college), familiarity to EDs (the most frequently used ED
product and the frequency of using), the preferential functions
and reasons for using EDs based on their prior experiences.
Items besides demographic information were on a 1-5 Likert
scale.

The eye-tracking device used to conduct the eye-tracking
data in this study named Eye Tribe is produced by a Danish
company named Eye Tribe Company. Its sampling rate is
30 Hz and 60 Hz mode. Eye gazing and calculated gaze point
was the two major input modality. All the collected eye-

978-1-5386-6522-0/18/$31.00 ©2018 IEEE

tracking data was recorded automatically by the eye-tracker
and analyzed by the matched software named Eyeproof, for
subsequent use in the SRI data collection. Combined with other
input devices including a mouse, keyboard, touch and gestures
during the eye-tracking test, the behavior of all participants
during the test was videotaped with a video camera. The pages
of searched words with three EDs were presented as images on
a 19-inch monitor. The distance between the monitor and the
chin rest of the eye-tracker was approximately 60cm.

Secondly, the heat map and scanning path were generated
from the Software Ogama, which record learners’
contemporary reading behavior. Thirdly, the stimulated recall
approach was introduced in the retrospection process, that
learners used their fixation duration, fixation counts and
scanning path as stimulus to retrospect their previous reading
behavior and offered their comments to teachers afterwards.
The approximate time span for each participant completed all
the viewing tasks was about 10 minutes. After all the
participants completed the eye-tracking task, they were asked
to complete an interview with the interviewer on their EDs
viewing experience. The interview lasted 5-10 minutes for each
participant. Content analysis was employed to investigate the
interview data, during which learners’ comments on their
contemporary using behavior were categorized into some
features used for comparison analysis.

Pre-survey |<—— Make comparison
\L ’ / Heat map
A._\ _ > E-Dictionary \ XX
Eye tracker Scanning
path

Stimulated Recall

Fig. 1. The procedure of the integration of eye tracking and stimulated recall.

IV. RESULTS

Two images were generated from the eye-tracker: heat map
contains fixation count and duration data, and scan path image
contains scan pattern. Observed from the heat map, learners’
fixation duration was formed mainly on five areas of interest,
which are: 1) pictures, 2) interactive links (hyperlinks, voting
links); 3) first three example sentences; 4) pronunciation
(pronunciation button and Phonetic symbol), and 5) the first
and second definition of the target words. Additionally, fixation
counts densely landed in four regions: pictures, example
sentences, pronunciation (pronunciation button and Phonetic
symbol), and definitions.

The scanning path image showed the following
observations: the general scan path started from definitions of
words, move to pronunciations and derivatives, back to
definitions, move to pictures, examples, then move back to
definitions. Interestingly, their eyes move back and forth
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between the definitions and multimedia sources, which
supported the assumption that users tried to make the
connection between definitions and multimedia information
constantly. Moreover, throughout the scanning path, there are
two sets of looking-back-and-forth behavior reflected: the first
set is between pictures and example sentences; the second set is
between pronunciations and definitions. The first set showed
that users were expecting to build connections between pictures
and example sentences, and receive better understanding from
pictures towards sentences; the second set revealed that users
were trying to associate words with their pronunciations to
facilitate memorizing by clicking the pronunciation buttons and
viewing the phonetic symbols. Specifically, users were clicking
through all the available pronunciations (British, American),
which indicated that users interested in various versions of
pronunciations, hoping to use multiple pronunciations to
support pronunciation memorizing, eventually memorize the
words.

V. DISCUSSION

According to dual-coding theory, information coming in
from both visual and auditory channels contribute to
information processing. The attention users paid to multiple
multimedia elements showed in two modes on ED pages,
physical representation — text (definition, examples sentences,
pictures) and sensory representation (visual and auditory
materials). When users start viewing the pages, their working
memory started to make sense of sounds and images attended
to by users. When words and pictures presented to users, the
printed words and pictures impinged on the eyes and spoken
words impinged on the ears. If the impinged words didn’t ring
a bell with users, their eyes moved to the pronunciation button
to seek for help. Users’ attention was drawn to the auditory
sensations coming in from the ears when pronunciations
played, and they viewed back to words and definitions to better
connect the printed words and the way they should be spoken.
During the back-and-forth viewing, users’ long-term memory
started working on integrating relevant prior knowledge to the
sense-making process, to assist users to construct verbal and
pictorial models, and form deep working memory. Therefore,
more multimedia materials in EDs will facilitate information
seeking, learning and memorizing for users.

It is also observed that fixation duration formed mainly on
first three example sentences, and the first two definitions of
the target words. According to Cognitive Load Theory, the
amount of information processing demands evoked by the ED
pages exceeded the processing capacity of the cognitive system
of most users, in another word, they were cognitively
overloaded. Cognitive overload is a challenge for ED designing
and users. Efficient using of EDs requires both substantial
cognitive  processing and  cognitive-processing-friendly
designing for EDs. Therefore restrict maximum 3 example
sentences will fit learners’ cognitive load according to eye-
tracking data.

When viewing the EDs, users are capable of making sense
of the presented words and related material and generatively
processing the information. Referred to the heat map, there are
overlaps among fixation counts, which revealed that when
users are viewing the examples, they also viewed the pictures,
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pronunciations, and definitions. The length of example
sentences created a heavy cognitive load, viewing back and
forth is the strategy that users tried to obtain support from
making connections among multimedia sources, hoping to
reduce the cognitive load, and better understand the sentences,
which is consisted with the CTML. The five core processes in
understanding a word including selecting words, selecting
images, organizing words, organizing images, and integrating —
these processes place demands on the cognitive capacity of the
information-processing system, and they all have to be fulfilled
for generative processing.

VI. IMPLICATIONS

The number of example sentences selected into EDs should
be taken into consideration. Throughout the study, the findings
show a contradiction between survey results and eye-tracking
data: the high demand of more example sentences participants
advocated in the pre-experiment survey versus the fixation
duration mainly marked the first three sentences. Although
learners expect more learning contexts to support the
understanding of the definition, in fact, their learning capacity
is limited. It is observed in our selected EDs that too many
example sentences exemplify only a few high-frequency
definitions, left some definitions without explaining. In ED
design, example sentences should be diversified to cover
equivalent contexts and definitions, rather than the amount
presented.

The pronunciation provided could be more diversified.
Different pronunciations could provide stimulus effect and
enhance impinging the targeted words to spoken words and
improve pronunciation connection. Typically, EDs provided
British and American pronunciation. It will be beneficial if EDs
add diversified pronunciations, such as pronunciations from
male, female, senior and young contributors for users to choose
from. As both visual and auditory channels functioning in
information processing, various versions of pronunciation
could facilitate different gender and age groups impinging
printed words to spoken words, and help with memorizing.

Pictures should be presented closely to the corresponding
definitions and example sentences. Based on the contiguity
principle in CTML [27], learners learn more effectively with
the lighter cognitive load when text and graphics are tightly
integrated spatially and temporally, rather than presented
separately. In ED designing, it can be embodied as presenting
pictures and example sentences on the same screen at the same
time. Integrated presentation increases the probability for learn
to keep both the linguistic and psychological representations,
and build psychological connections. If presented separately,
learns to need to consume corresponding cognitive resources to
form connections between Semantic and temporal
representations.

The pictures selected for EDs need to be representative
from two perspectives: 1) universally acceptable in people’s
routine, and 2) easily connect to definitions and example
sentences. Participants claimed that pictures related to their
routine contributed more to their learning, and drastically
lowered their cognitive load.  Despite the multiple images
Bing Dictionary provided for the targeted words, they do not
coincide with definitions or the contexts of example sentences,
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but identical to the first 3-5 images showed in Bing image
search for the same word. These pictures rarely match multiple
definitions of the target words, much less supporting contexts
of multiple example sentences. In CTML, generative
processing happens when learners actively integrate prior
knowledge into working memory. Selective pictures could
facilitate learners building connections between words,
definitions, example sentences, and pictures, successfully
extract previous knowledge from long-term memory, integrate
the processed information with previous knowledge, hence
improve learning outcome.

According to eye-tracking and SRI, participants preferred
to cooperate the construction and/or modification of the EDs.
Many participants left click mark by using the mouse when
viewing the ED pages, most of these marks were left on the
hyperlinks of extended information, and interactive sections for
instant feedback on Youdao dictionary, instances could be seen
in the heat map. Users showed strong interest in participating in
providing feedbacks like the usefulness of the picture,
definition, example sentences provided. EDs, therefore, could
be designed as an open system for wide user involvement.
Combined with creative thinking skills, EDs as a multimedia
learning tool could be not only used as a tool for information
searching, but also a collaborative and creative learning tool.

VII. LIMITATIONS

The participant is limited to Chinese Mandarin speakers
because the selected EDs are all English-Chinese dictionaries.
Besides, only the image of the final entries of EDs was
included and studied, while the sound was not explored
because of the limitation of eye-tracking. The relationship
between two information coding channels was not included in
this study. Even though information contains in ED pages
entered the information processing system via one channel
(visual), but wusers are capable of transit the received
information into the other channel (audio) to process the
information. When learners possess enough cognitive
resources, information originally presented to one channel
could be transported into the other channel. The instance could
be seen in the experiment that images showed on the screen
was first received by eyes and processed by visual channel, but
an experienced user can transfer the received information into
sound in mind, and processed in the audio channel.
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