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摘要
教育背景下的推薦系統越來越重要。大多數研究都以推薦系統的功能性及其
有效性為主要研究目標；然而，我們認為推薦系統的設計屬性同樣也為重要之研究
議題。因此，本研究藉由一程式評量輔助系統（WPGA），從設計構面探究此系統所
提供之推薦功能，是否能有效的傳遞系統所推薦的複習順序以支援學生學習程式設
計。我們探討了資訊透明與資訊呈現對於學生感受 WPGA 的影響，並更深入的探討此
系統是否可以幫助學生學習，激勵他們進一步學習並願意推薦其他程式課程來使用
WPGA。 本實驗使用解釋說明來控制資訊透明，並使用了兩種呈現方式，包含視覺化
與純文字模式。實驗分析方法包含了問卷、眼動儀、與實驗後訪談。研究結果發現，
提高資訊透明度在推薦系統中是不可或缺的，基於視覺化的易讀性，學生們更偏好
以視覺化的方式來呈現資訊。學生們喜歡此系統所提供的複習順序推薦，並於與推
薦系統互動中激勵他們進一步學習的慾望，同時也願意推薦其他程式相關課程使用
此系統。眼動儀的結果顯示，學生們的眼動行為在兩種呈現模式中存在顯著差異，
學生們在視覺化版本中花的時間比較少。總結來說，系統設計者在設計推薦系統時，
應該考慮資訊透明度，且教育者可以利用視覺化的方式來呈現較複雜的知識。

關鍵字：程式學習、資訊透明、資料呈現、眼動追蹤、推薦系統
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Abstract
Recommendation system in education context is gaining in importance. While most
studies focused on the functionality and effectiveness of the recommendation, we believe the
design attribute of the recommendation is as important. The present study proposed a
programming learning system, Web Programming Grading Assistant (WPGA), which helps
students by recommending a review sequence of questions. To improve the system and
recommendation, we investigated the effect of information transparency and information
presentation format on the students’ perceptions of the system, and explored if the
recommendation could help students learn, motivate them for further learning and being
willing to recommend other programming learning courses to apply WPGA. Information
transparency was manipulated as explanation provision. Two formats, a visual version and a
textual version, were designed to present the explanation. Multiple data analyses including
questionnaires, an eye tracker and post experiment interview were utilized. The results
showed raising the degree of information transparency is essential in recommendation system,
and the students preferred the visual version of explanation as they perceived it easier to
interpret. They also liked the recommendation as it motivated them for further learning and
they were willing to recommend other programming courses to implement WPGA. Results
from the eye tracker showed significant difference as the students spent less time on the visual
version. In conclusion, practitioners should consider information transparency while
designing recommendation system, and educators can leverage visualization when presenting
teaching materials of complex knowledge such as programming.
Keywords: Programming learning, information transparency, information presentation
format, eye-tracking, recommendation system
iv

Table of contents
審定書 ..................................................................................................................................... i
Acknowledgement ................................................................................................................. ii
摘要 ....................................................................................................................................... iii
Abstract ................................................................................................................................ iv
Table of contents ................................................................................................................... v
1. Introduction ...................................................................................................................... 1
1.1 Motivation and background................................................................................................... 1
1.2 Research scope ........................................................................................................................ 1
1.3 Objective, problem statement, and research questions ....................................................... 3

2. Theoretical Background .................................................................................................. 4
2.1 programming learning and recommendation systems ........................................................ 4
2.2 Information transparency ...................................................................................................... 6
2.3 Visual and textual presentation ............................................................................................. 7
2.4 Eye-tracking ............................................................................................................................ 9

3. Conceptual model and hypothesis development .......................................................... 11
3. 1 Format and explanation as stimulus .................................................................................. 12
3. 2 Understanding of recommendation and perceive learning as organism......................... 13
3.3 Recommend using and learning motivation as responses ................................................. 15

4. Methodology .................................................................................................................... 17
4.1 Research system .................................................................................................................... 17
4.2 Apparatus .............................................................................................................................. 20
4.3 Subjects and experiment procedure .................................................................................... 20
4.4 Data analysis.......................................................................................................................... 22

5. Result ............................................................................................................................... 24
5. 1 Effect of stimuli on understanding of recommendation ................................................... 24
5. 2 Structural model analyses ................................................................................................... 28

6. Discussions....................................................................................................................... 28
6.1 The influence of presentation format and explanation...................................................... 29
6.2 Eye movement and spatial ability ........................................................................................ 30
6.3 The effect of understanding of recommendation ............................................................... 30

7. Conclusion ....................................................................................................................... 31
8. References........................................................................................................................ 32

v

List of figures
FIGURE 1. THE THEORETICAL MODEL. .................................................................................... 10
FIGURE 2.THE SYSTEM INTERFACE WITH TEXTUAL EXPLANATION, CODED AS "TEXT" VERSION.
THE INFORMATION IN THE UPPER HALF IS THE DESCRIPTIVE RELATIONSHIP OF THE
TOPICS, AND THE ONES NEXT TO THE QUESTION NAMES ARE THE RELATED TOPICS AND
CORRESPONDING SCORE. THE QUIZ BLOCK IS THE LINK THAT WOULD NAVIGATE THE
PARTICIPANTS TO THE QUIZZES. ..................................................................................... 18
FIGURE 3. THE SYSTEM INTERFACE WITH VISUAL EXPLANATION, CODED AS "VIS" VERSION.
THE INFORMATION IN THE UPPER HALF IS THE VISUALIZED RELATIONSHIP OF THE TOPICS,
AND THE ONES NEXT TO THE QUESTION NAMES ARE THE RELATED AND THE
CORRESPONDING SCORE. ................................................................................................ 18
FIGURE 4. THE SYSTEM INTERFACE WITH NO EXPLANATION, CODED AS "NONE" VERSION. ..... 19
FIGURE 5. THE RESULT OF PLS ANALYSIS. ............................................................................... 26

vi

List of tables
TABLE 1. THE MEASUREMENT ITEMS OF THE CONSTRUCTS. ................................................... 23
TABLE 2. THE DESCRIPTIVE STATISTIC OF THREE FORMATS. THE "UR" STANDS FOR
UNDERSTANDING OF RECOMMENDATION. ...................................................................... 23

TABLE 3. MAIN EFFECT TEST RESULTS OF FORMAT, SPATIAL ABILITY AND THE INTERACTION
EFFECT ON UNDERSTANDING OF RECOMMENDATION. .................................................... 24

TABLE 4. POST HOC ANALYSES OF FORMATS. ........................................................................ 24
TABLE 6. INDICATOR LOADINGS OF THE MEASURES. UR STANDS FOR UNDERSTANDING OF
RECOMMENDATION. PL STANDS FOR PERCEIVED LEARNING. RU STANDS FOR
RECOMMEND USING. LM STANDS FOR LEARNING MOTIVATION. .................................... 27

TABLE 7. INTERNAL CONSISTENCY AND DISCRIMINANT VALIDITY. CR STANDS FOR
COMPOSITE RELIABILITY. CA STANDS FOR CRONBACH’S ALPHA. ................................. 27

vii

1. Introduction
1.1 Motivation and background
Programming skills have been growing in importance as people’s interest in computer
science has soared since recent years (Hwang et al., 2008). Consequently, it is necessary to
research issues about how to provide a better programming learning environment for the
learners and course guidelines for the educators. To assist learning, a lot of effort were put
into researching the methods that can reduce coding obstacles, including navigational support
in IDE (Singer, Elves, & Storey, 2005), code changes prediction by leveraging version
history data (Zimmermann, Weißgerber, Diehl, & Zeller, 2005). Recommendation system
has also been heavily proposed and studied to help programming learners (Vesin, Ivanović,
Klašnja-Milićević, & Budimac, 2012). Such studies mainly focused on the functionality and
effectiveness of the recommendation. Even though these aspects of a system are important
in helping students achieve higher leaning performance, we argue how the students think of
the system should also be considered, therefore we focused on the psychological aspect of
the system. In specific, we were interested in two factors, information transparency and
information presentation format, and investigated the effects of these two factors on students’
perceptions on recommendation system.

1.2 Research scope
In the research field of information management, transparency usually refers to
information visibility or information privacy depending on the research perspective.
According to Vaccaro et al. (2006), information transparency is the ‘‘degree of completeness
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of information, provided by each company to the market, concerning its business activities’’.
In the context of recommendation system, the transparency is in regard to disclosing the
mechanism to the users. Increasing the degree of transparency means revealing what data
was collected, how the recommendations were generated and why certain things were
presented. By being more transparent, it can alleviate users’ unwillingness to trust the
recommendation that might result from the users’ unknowing of the way the recommendation
was generated (Awa & Krishnan, 2006). Since the recommendations were usually presented
as user guidance, the explanation or indication of how it was generated is crucial. Providing
explanation or indication raises the degree of transparency by letting the users know the
underlying mechanism of the recommendation system.
In order to let users understand the recommendations, how the explanation is
presented should also be considered. In learning-related studies, many have been devoting
effort to investigating the different influences on learning between material presented
textually and visually (Ottley et al., 2015). Such studies were usually based on the dual code
theory (Clark & Paivio, 1991) which stated that human processes textual and visual
information from different cognitive sub-systems, verbal and nonverbal system respectively.
As individual’s ability of the cognitive systems varies, a match between the information
presentation format and individual ability should be considered while designing the system
or learning materials (Flavia, Sarasa, & Oru, 2010). Eye tracking technique has also been
used to evaluate user interface and information presentation format. The data collected by an
eye tracker can provide information such as the sequence of user’s eye movement, duration
on certain areas, pupil diameter and etc. These activities are highly informative in terms of
representing users’ behavior, mental process, and engagement (Lorigo et al., 2008).

2

Therefore, in education studies, implementing eye tracking technique to investigate
information presentation format would be able to tell the instructors how the students react
to the materials with different formats.

1.3 Objective, problem statement, and research questions
The present study tried to enhance Java programming learning by introducing a
learning system, Web Programming Grading Assistant (WPGA) (Hsiao, Huang, & Murphy,
2017a, 2017b) that would recommend a personalized question review sequence to each
student. To enhance the effectiveness of the recommendation, we drew upon the factors
mentioned above, information transparency and information presentation format, and
designed three kinds of user interfaces to present the recommended review sequence, one
without explanation, one with visual explanation and the other with textual explanation. We
were interested in if the recommended review sequence could benefit the students and what
design attributes could be influence the students’ perceptions of WPGA. Meanwhile, we
employed multiple methods to collect both objective and subjective data, including
questionnaires and eye-tracking data. To construct our conceptual model, we adopted the SO-R research framework. Several constructs were proposed, including explanation and
presentation format as stimulus, understanding of recommendation and perceived learning as
organisms, recommend using and learning motivation as responses. These constructs were
proposed to capture how the students perceive WPGA with three different interfaces. Along
with the data collected by the eye-tracker, the results would be able to answer our main
research questions:
RQ1. Does the explanation and the presentation format influence student’s understanding
3

of the recommended review sequence?
RQ2. Can the recommended review sequence increase Java programming learning
perception and learning motivation?
RQ3. Will student adopt our recommendation and further recommend other programming
courses to adopt or use the review recommendation?

2. Theoretical Background
The present study proposes a recommendation system that manifests itself as a
personalized review sequence. Other than the effect of the recommendation alone, we were
interested in how we can encourage users to adopt the recommendation. Therefore, we tried
to investigate the influence of information transparency and presentation format. We first
looked into studies that investigated website adoption and recommendation, then we
reviewed the influence of information transparency on IS and recommendation, followed by
that were the studies that explored the differences between visual and textual presentation, at
last we reviewed studies that applied eye-tracking analysis.

2.1 programming learning and recommendation systems
Recommendation system has been used extensively, especially in the e-commerce
context. As the quantity of product available on the internet increases over the years, it
becomes quite necessary for the companies to implement recommendation systems.
Recommendation system is a system that offers suggestions to users to help them meet their
goals and not overwhelmed by the enormous amount of information (Lu, Wu, Mao, Wang,
& Zhang, 2015). The data can be collected explicitly or implicitly and the system can be
4

classified as content-based or demographic-based depending on the kind of suggestions
presented to the users (Liang et al., 2017). Recommendation systems can make use of user
information such as user profile, history data, personal preference and etc. to provide
assistance for the customers. The customers can then take advantage of the recommendation
to find better-fit products and save searching time (Xiao & Benbasat, 2007). This
phenomenon also holds true for the education context. Students are just like customers in the
way that they spend time on searching and browsing through all the information provided
and selecting the most suitable learning materials. With the help of a recommender, the
students can easily complete these tasks in the minimum time (Drachsler, Hummel, & Koper,
2008). In the context of programming learning, Klašnja-Milićević et al. (2011) designed a
hybrid recommendation system for programming learning. The system was designed to
automatically adapt itself to meet the students’ interests, habits, and level of knowledge. The
results showed that the system improved learning efficiency and students considered the
system convenient. Farzan et al. (2006) proposed a social navigation system that recommends
students suitable learning courses, and helps students meet their learning goals. Dascalu et al.
(2015) developed a collaborative filtering recommender agent which navigates students
through educational resources. Dorça et al. (2016) proposed an efficient approach which is
based on an expert system to provide students adapted and personalized learning objects that
match their learning style.
Despite the positive effect of recommendation system, users have to first adopt it for
it to take effect. Therefore, from the perspective of user experience and personal
characteristics, a lot of researches studied the antecedents that would influence
recommendation adoption (Knijnenburg, Willemsen, Gantner, Soncu, & Newell, 2012).
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Other than user experience, information transparency has also been hypothesized and proved
to be an influential factor regarding users’ adoption of a recommendation system (Chen &
Sundar, 2018).

2.2 Information transparency
Even though recommendation system is very beneficial and necessary for user
satisfaction and website adoption, some concerns still remained and need to be solved.
Without knowing how the recommendations were generated, users might perceive them as
scams or pure advertisements that are not in users’ best interests (Aguirre, Mahr, Grewal, de
Ruyter, & Wetzels, 2015). These concerns would lead to lower system quality, trust (Nilashi,
Jannach, Ibrahim, Esfahani, & Ahmadi, 2016), satisfaction and usage intention (Filieri,
Alguezaui, & McLeay, 2015). To conquer these problems, researches take on information
transparency (Awad & Krishnan, 2006). Information transparency is defined as the degree
of information completeness provided to the users (Manning et al., 2006). Various studies
investigated the effect of information transparency on recommendation system. Sinha et al.
(2001) found out that the users preferred to have more detailed information to conduct a
thorough evaluation before making decisions. Increasing the degree of transparency was
found to increase users’ confidence in the recommendations and understanding of why
certain objects were recommended (Rashmi Sinha & Swearingen, 2002). Xu et al. (2014)
operationalized information transparency as trade-off transparency, and created four levels
of transparency to investigate their effect on perceived diagnosticity in the context of online
shopping. Their results demonstrated that the trade-off transparency significantly affected
users’ perceived enjoyment and perceived diagnosticity and also indicated that the
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transparency for consumers is important. Tsai et al. (2017) developed a social
recommendation system and provided explanation components, and their survey showed that
the explanation components helped users interpret the recommendation. Drawing upon these
works, it is evident that the information transparency is a crucial factor for users to understand
the recommendation and increase their trust toward the systems. In our work, we
implemented explanations in hope of helping students get a grip of the recommended review
sequence and help them learn Java programming.

2.3 Visual and textual presentation
Visual and textual formats are two main types of information presentation formats.
Visual information can be presented as an image, picture or multimedia with different sizes
and colors. Textual information presents itself with words and can provide rather detailed
information. With differences between them, several studies looked into the interaction
between the formats and the viewers. One track of studies focused on individual differences,
including the visualizer-verbalizer dimension and spatial ability. According to the visualizerverbalizer hypothesis, presentation format matters when conveying information as people’s
ability to process visual and textual information differs (Mayer & Massa, 2003). A scale
called visualizer-verbalizer dimension was used to test and represent one’s learning style or
cognitive style (Jonassen & Grabowski, 1993). Traditionally people are categorized bipolarly
as a verbalizer or a visualizer based on their cognitive style. However, this assumption has
been criticized (Kirschner & van Merriënboer, 2013), and argued as being not empirically
supported (Newcombe & Stieff, 2012). Koć-Januchta et al. (2017) utilized an eye-tracker to
investigate eye movements on image and text, and they did found differences on verbalizer
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and visualizer. However, the authors also stated that they omitted the possibility of people
being in between of the verbalizer-visualizer dimension. Spatial ability is an individual ability
of visual information processing and reading comprehension. Studies of visualization have
adopted spatial ability as a measurement (Höffler, 2010) and found that individuals with
higher spatial are able to better process information presented visually compared to the ones
with lower spatial. (Keehner, Hegarty, Cohen, Khooshabeh, & Montello, 2008; Velez, Silver,
& Tremaine, 2005). Ottley et al. (Ottley et al., 2015) found similar results as the individuals
with high spatial ability outperformed the opposite ones by being more accurately on the
questions.
Another track focused on the user perceptions and effect induced by the textual and
visual information. Blanco et al. (2010) utilized different presentation modes to investigate
the effects on users’ recall, perceived ease of recall and perceived quality of product
information. They found that the textual information could increase the perceived
information quality whereas combining visual and textual information could deepen
customers’ memory. As oppose to previous studies stating the superiority of visualization
(Hong, Thong, & Tam, 2004), they also argued that text is as effective as visualization. The
effect should be context-dependent and user goal-driven. In educational context, presentation
of material has been found to be an influential factor. Cook (2007) reviewed major design
principles and describes the impact of visual and text presentation on learning from the
perspective of cognitive architecture and student’s prior knowledge. Cook also suggested the
consideration and caution of cognitive load before designing the visual representation of
instructions of learning. Ottley et al. (Ottley et al., 2015) utilized different combinations of
textual and visual presentations to improve Bayesian reasoning. Their results showed that the

8

text-only or visualization-only designs were better than the combined ones due to the
increased cognitive load.
The complexity of presentation effect on learning shows we shouldn’t design our
materials based on prior researches, instead we have to take our context into consideration.
Therefore, we designed two formats, visual and textual, to investigate their effects in
separated conditions. We also included a spatial ability test to investigate its effect in our
context.

2.4 Eye-tracking
Human eye movement is a sequence of activity in which the viewer focuses on
specific information to support the mental or physical activities (Malcolm & Henderson,
2009), and a common way for human to attain information is to move the eyes to specific
areas. According to the “eye-mind” hypothesis (Just & Carpenter, 1976), eye movement is
related to users’ attention being directed by the present scene. Individuals with different
levels or expertise, search strategy, task goal and cognitive style would behave differently in
terms of eye behavior. With these features of human eye movement, it has been extensively
adopted to model human behavior in various research fields. Li et al. (2012) used an eyetracker to model eye movement behavior in a medical examination context. Expert medical
practitioners’ examination process was recorded in order to provide guidance to the novices.
Besides behavior modeling, eye-movement can also be used to evaluate quality of an system
feature, such as the quality of advertisement (Buscher & Dumais, 2010), or contextual effect
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Figure 1. The theoretical model.
on users such as cognitive load and task complexity (Wang, Yang, Liu, Cao, & Ma, 2014).
Mehigan et al. (2011) analyzed eye gaze behavior and fixation counts to identify verbal and
visual learners. Their result showed the visualizers focused more on pictorial objects whereas
the verbalizers focused more on the textual objects. Koć-Januchta et al. (Koć-Januchta et al.,
2017) also found similar results with an eye-tracker.
To explore the relationship between explanation presentation format and students’
understanding of the recommendations, we employed an eye-tracker to collect students’ eye
movement. Even though a questionnaire analysis would be able to tell us students’
perceptions towards the formats, employing an eye tracker would give us additional
information to gain a deeper understanding. It is possible that the subjective questionnaire
data and objective eye movement data would tell different stories against the visualizerverbalizer hypothesis.
Drawing on the reviewed literatures, the recommendation is necessary and would be
beneficial to the students. However, the presentation of the information and degree of
information transparency would influence student’s perception of the recommendation. In
order to understanding the relationships between these aspects, we constructed a conceptual
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model and several hypotheses. The model and hypotheses will be discussed in the next
section.

3. Conceptual model and hypothesis development
The objective of this study is to improve Java programming learning by
recommending a student a material review sequence. Meanwhile, we were also interested in
examining the influence of information transparency and information presentation formats.
To construct our theoretical model, we drew upon the S-O-R model to be the
theoretical framework. The S-O-R model (Belk, 1975) is a model of environmental
psychology that describes human behavior. It posits that the stimuli users faced with would
cause their responses, and the behavior of the responses is generated by the users’ evaluations
of the stimuli. The organism is the intervening process between the stimuli and the responses,
which manifests as the users’ cognitive and emotional evaluation of the stimuli. While the
cognitive evaluation refers to the mental process that users evaluate the stimuli, the emotional
evaluation indicates the users’ emotional and affectional reactions of the stimuli. The
response is the outcome of users’ evaluation of the stimuli, including usage intention,
judgement, impression and etc. (Kim & Lennon, 2013). The S-O-R model has been utilized
as the theoretical framework in many IS research. For instance, Abdullah et al. (2016)
operationalized website interactivity as the stimulus, perceived value as the organism, and
revisit intention as the response. Peng et al. (Peng & Kim, 2014) adopted the S-O-R model
to explore the e-commerce context. Wang et al. (2010) manifested aesthetic attribute as the
stimuli to examine their effect on an IS. These studies proved the suitability of the S-O-R
model that provides a structured and grounded theoretical framework to examine the
technological features and their effect on user experience and perception (Luqman, Cao, Ali,
11

Masood, & Yu, 2017). Therefore, the S-O-R model is adopted to develop constructs in our
study. The proposed model, constructs and hypotheses will be discussed in the following
sections. Figure 1 shows the theoretical model.

3. 1 Format and explanation as stimulus
According to the S-O-R model, the stimuli represent the environmental cues that users
interact with throughout the usage process. In the context of Web systems, stimuli can be
defined as the total cues that are visible to the users (Eroglu, Machleit, & Davis, 2001). The
stimuli would influence the users’ cognitive and affective process (É thier, Hadaya, Talbot,
& Cadieux, 2008), and usually, they are referred to the interface design, system functions,
graphics and colors, or specific information. Manifestation of the stimuli is versatile. For
instance, Wu et al. (2013) examined the effect of interface design and atmosphere as stimuli
on purchase intention. Changa et al. (2011) manifested stimuli as three aspects of retail
environment, namely ambient, design and social aspects. These manifestations pertain to the
psychological attributes of a system, other researches such as Lee et al. (2010) tried the
function parts by introducing an interactivity technology to enhance online shopping
experience. Interactivity was also applied by Benlian (2015) who manipulated stimuli as
personalized content cues and design cues. The system provided each user a personalized set
of layout and content and the users can provide feedbacks to improve the personalization
(Benlian, 2015). The research results suggested the content and design cues together could
create a positive synergy effect to the users. However, providing a decent amount of
information is necessary, too much information would be counterproductive. Xu et al. (Xu et
al., 2014) designed four levels of information transparency on their recommender agent.
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Their results found that users’ have different perceptions towards the different designs, and
the perceptions became the antecedents of users’ behavioral intention regarding the system.
In line with Benlian’s study, Xu and his colleagues also found that too much information
provided (a high degree of information transparency) could be detrimental to the users by
arousing a high degree of cognitive load. The concept of cognitive load on users is derived
from the cognitive load theory (Sweller, 1994) which provides a theoretical framework for
system design researches. Besides the amount of information, presentation could also
influence cognitive load (Cook, 2007; Ottley et al., 2015).
Following the objective of this research, we proposed presentation format and
explanation as the stimulus. In order to facilitate Java programming learning, we provided
each student a recommended question review sequence. In hope of increasing the adoption
rate of the recommendation, we proposed providing the students with explanation of how the
sequence was generated. To take a step further, we also wanted to know that in our context,
if visual and textual presentation induces different effects in terms of helping students
understand the recommendation.

3. 2 Understanding of recommendation and perceive learning as organism
The organism in the S-O-R model is users’ affective and cognitive reactions to the
stimuli or the intervening process between stimuli and response. In this research, the
organisms relate to how students process the explanation and the presentation format and if
they actually learned from the recommended sequence. To evaluate the students’ reactions
to the stimuli, we focus on the cognitive organisms and proposed the constructs of
understanding of recommendation and perceived learning as the organisms. Cognitive

13

process and learning have been linked together in researches that tried to improve learning
outcome. Many aspects of the linkage have been proposed, such as reducing cognitive load
(Sweller, 1994) and studying cognitive learning style (Nodoushan, 2014; Vermunt, 1996).
According to Caspi and Blau (2008), perceived learning is “the set of beliefs and feelings
one has regarding the learning that has occurred”, in our context, perceived learning refers to
the students’ self-evaluation of their learning experience while using our system, indicating
the degree of knowledge gain from the recommendation. Therefore, we proposed perceived
learning as students’ evaluation of the stimuli. Perceived learning was used extensively in
education researches, including game-based learning system (Barzilai & Blau, 2014),
asynchronous online courses (Swan, 2001), or personal differences (Rovai & Baker, 2005).
Eom et al. (2006) conducted an empirical study to investigate the determinants of students’
perceived learning outcomes in an online course context. Their results found out that
interactivity didn’t have an influence on perceived learning. However, we argue that the
quality of the interaction matters, meaning that it’s the quality instead of the action of the
interactivity would influence perceived learning. Therefore, mapping to our context, we
proposed another organism, understanding of recommendation, to be the mediating role
between the stimuli and perceived learning. The degree of understanding of recommendation
represents the quality of the stimuli. If the students perceived the quality to be high, they
could uncover the underlying recommendation algorithm and understand how the sequence
was generated. In this way, the students could benefit from the recommendation and gain
more knowledge. Therefore, we proposed the following hypotheses. Please note that H2
would only be tested if H1 is supported since the influence of presentation format would only
exist if the explanation is provided and effective.
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H1.The explanation would have a positive influence on the degree of understanding of
the recommendation.
H2. The presentation formats would have different influences on the degree of
understanding of the recommendation.
H3. The degree of understanding of the recommendation would have an influence on
perceived learning.

3.3 Recommend using and learning motivation as responses
The response in the S-O-R model refers to users’ reactions of the stimuli while
intervened by the organism. Response can be operationalized as usage intention, judgement,
impression and etc. (Xu et al., 2014). In the research field of e-commerce, studies of Web
system usability proposed several outcome variables, including attitude, intention, and action
(Chung & Tan, 2004; Lee & Kozar, 2012; Peng & Kim, 2014). In studies about learning,
constructs such as attitude, intention, usage intention and learning performance were used as
the responses (Al-busaidi, 2012; Alenezi, Karim, & Veloo, 2010; Hwang, Wang, Hwang,
Huang, & Huang, 2008). In the present research, we proposed recommend using and a new
kind of response construct, learning motivation, as the responses. Recommend using is
defined as the degree of willingness to recommend other instructors of programming learning
courses to adopt this recommendation algorithm. Recommend using was an alternation of
usage intention due to the limitation of our context. The limitation is that the recommended
review sequence was generated based on each students’ exam results, the recommendation
is exam-dependent and can only be provided to each student after each exam. Therefore, it
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would be more rational to use recommend using as the response in our model. The concept
of perceived usefulness in TAM (Davis, 1989) can be adapted to perceived learning ( Wu,
Hiltz, & Bieber, 2010). Perceived learning can be seen as students’ perception of how useful
the recommendation is to provide knowledge. If the students consider the recommendation
useful, they would be more likely to willingly adopt the recommendations while learning.
Therefore, we posited that perceived learning would have influence on recommend using.
The higher the degree of perceived leaning, the more willingly the students would
recommend other instructors to adopt this recommendation. Accordingly, we propose the
following hypothesis.

H4.Perceived learning would have an influence on the construct of recommend using.

Learning motivation is defined as the degree of the students’ motivation to explore other
features of the system on the particular learning context. The feature was manipulated as the
quizzes in the present study. Prior studies proposed several constructs to be the antecedent of
motivation, such as support (Jones, 2008), perceived barrier/enabler (Klein & Noe, 2006),
and interactivity (Mahle, 2011). These studies focused on the environmental effect on
motivation, still others focused on personal factors. For instance, Chen et al. (2010) proposed
the construct of need satisfaction to have an impact on learning motivation, that is, if the
students’ needs are satisfied, they would be motivated to learn. Mapping their work to our
context, we posited that perceived learning can also be an antecedent of learning motivation.
We argued the degree of perceived learning equals to the degree of need satisfaction. One
common student need is the need for learning, if the need for learning is satisfied, the degree
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of perceived learning would also be high. In this way, the students would perceive this system
to be useful and be more willingly to explore other learning features. Therefore, to enrich this
research field, we proposed perceived learning to have an impact on learning motivation. We
posited that if the students’ perceived learning is high, they would be more motivated to
explore other feature of the system in order to gain more knowledge.

H5. Perceived learning would have a positive influence on the construct of learning
motivation.

4. Methodology
To answer our research questions and test the proposed hypotheses, three kinds of
system interfaces were developed, multiple analysis methods were utilized to collect data,
including questionnaire, and eye-tracking and system logs, and a careful user study was
conducted to evaluate our model. In the following sections, we elaborated on the research
system, experiment and data analysis.

4.1 Research system
The research system utilized in this study is a web-based system called WPGA1. This
system would recommend each student a personalized question review sequence after each
exam. The recommendation was based on the score of each question students got. The lower
the scores of the question, the higher tank it will be positioned.

1

https://cidsewpga.fulton.asu.edu/login/
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Figure 2.The system interface with textual explanation, coded as "text" version. The
information in the upper half is the descriptive relationship of the topics, and the
ones next to the question names are the related topics and corresponding score. The
Quiz block is the link that would navigate the participants to the quizzes.

Figure 3. The system interface with visual explanation, coded as "vis" version.
The information in the upper half is the visualized relationship of the topics, and
the ones next to the question names are the related and the corresponding score.
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Figure 4. The system interface with no explanation, coded as "none" version.
The highest ranked question will be put first in the sequence. Therefore, the students were
basically recommended to review their most unfamiliar question first. To answer our research
question 3 (RQ3), exploring how to increase students’ adoption rate of the recommendation,
we designed two manipulations. First, we tried to increase the degree of information
transparency by providing an explanation of how the recommendation was generated.
Furthermore, as mentioned in previous sections that information presentation format and
personal ability could affect users’ understanding and perception of the information, we
designed two formats of explanation, one is the visualized version (coded as “vis” in the
following sections), and the other is the pure textual version (coded as “text”). Together with
a control condition, which didn’t provide explanation (coded as “none”), three different
interfaces were utilized in the experiment. These interfaces are shown in figure 2 to 4.
The explanation was created by the following steps. The authors firstly determined
related Java programming conceptual topics for each exam, then assigned 3 to 5 topics to
each question. The topics in the present study covered basic java programming concepts,
including loops, control statements, objects, interfaces and etc. After assigning, we calculated
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the scores students got for each topic of question. Then we presented the topics with scores
next to the question name. In summary, the explanation id presented as conceptual topics
with scores for each question, in this way, students could uncover the underlying algorithm
of the recommendation by recognizing the sequence was decided by the scores. In the upper
half the system interface, we also created a relationship figure (vis version) or textual
description of relationship (text version) of all the topics of the exam, in the “none” version,
nothing was presented. The figure or descriptions were meant to present a more holistic view
of the conceptual topics to the students. Other than the explanation of the recommendation,
we also designed an additional system feature, quizzes, on the right-hand side of the interface.
Each question contains 3 to 5 quizzes of related topics. This feature was developed to test the
relationship between the construct of perceived learning and learning motivation. To review
the questions, the students can click on the white bar of the question and the system would
navigate them to a page where a scanned handwriting of their exam paper would show.

4.2 Apparatus
A 24-inch computer screen with a resolution of 1280 X 1024 was used to display the
system, and a Tobii X2-60 eye tracker with a sampling rate of 60Hz was implemented to
collect the participants’ eye-movements.

4.3 Subjects and experiment procedure
A mixed model experiment of both within subject analysis and between subject
analysis was conducted to test the hypotheses. Limited to the nature of our recommendation,
the participants could only be recruited from the ones who took the Java programming
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courses prior this research. For those who participated, a worth of NTD100 gift card and a
bonus score on course grade were given. In total 43 participants were recruited but only 33
of them were viable for analysis, three of them were outliers, 4 misconducted the task and 3
completed the task too fast. The participants’ task of this experiment is to use the proposed
system to review the exam questions. Student data from three exams of the fall term of 2017
were collected for this research and the participants were required to review all three exams.
Each exam was paired with one kind of the interfaces described in the previous section, and
the order of each participant was decided by Latin square order. The participants would
review from exam 1 to exam 3 because of the difficulty was incremental, and we believe that
was the normal learning process for students. While students were viewing the exam
questions, an eye-tracker was utilized to collect their eye movement. The procedure of the
experiment is as follows:
1. The participants were required to fill in a demographic questionnaire and to sign
on a consent form.
2. The participants would play a little game to test their spatial ability2.
3. An eye-tracker was set up and calibration was conducted for each participant to
make sure the eye movement can be successfully collected.
4. The participants were then introduced to the system interfaces and their task. The
experimenter would only introduce the functions of the system, the explanation
parts would not be emphasized for bias concerns.
5. The participants would review questions from exam 1 to exam3, each of which
was paired with one of three designed interfaces. Meanwhile, an eye-tracker

2

https://www.memorylosstest.com/visual-span/
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would collect their eye movement, this step would take roughly 40 to 60 minutes
and the participants would be encouraged to take their time during this step
instead of rushing to finish.
6. The participants would be asked to fill in a questionnaire after reviewing each
exam. The questionnaire was in regard to the participants’ perceptions of the
assigned interface with its explanation setting and presentation format in specific.
7. After finishing reviewing all three exams, the participants would answer a post
questionnaire and a short interview regarding their whole experience of the
system and experiment.

4.4 Data analysis
In total, data of 33 participants were analyzed, 12 of them (36%) were male, the
average age was 19.2 (std = 1.09), 26 of them were from IS background, others included
finance, law, and sociology. Only one of them had experience of programming for more than
1 year. An eye-tracker and questionnaires were adopted to collect data. The eye-tracker was
used to collect eye movement data throughout the experiment. With the predefined Area of
Interest (AOI), the eye-tracking technique can collect users’ eye movement. We focused on
the explanation areas and defined two AOIs. In the present study, we specifically focused on
the fixation analysis as it reflects user’s attention allocation during the experiment (Marcel
Adam Just & Carpenter, 1976), the fixation count and fixation duration shows how much
time and attention the users spent on the AOIs. We also created questionnaires to capture
student’s perceptions of the stimuli, organisms, and their responses. The measurements of
the constructs are summarized in table 1.
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Measurement items with 5-point scale
(strongly disagree to strongly agree)

Construct Names

reference

1. Based on the interface you just
reviewed, you understand how the
recommended sequences was generated.
Understanding of
2. Based on the interface you just
Recommendation
reviewed, you recognize how the
recommended sequence was generated.
3. Based on the interface you reviewed,
you realize how the recommended
sequence was generated.
1. I learned knowledge of java
programming from the recommended
sequence.
Perceived Learning
2. The recommended sequence helped me
learn Java programming.
3. The recommended sequence improved
my familiarity with Java programming.
1. I would recommend other programming
Recommend Using
courses to adopt the system and the
recommended sequence.
1. I would love to explore other features of
the system (quiz).
2. I expect I would use other features of
Learning motivation
the system (quiz)
3. I am willing to use other features of the
system.
Table 1. The measurement items of the constructs.

Ideas were
originated from
Xu et al. (2014)

(Wu et al.,
2010)

(Wu et al.,
2010)
(Komiak &
Benbasat,
2012)

Table 2. The me asure ment items o f the co nstructs.

ur

duration

count

Format

Mean

Std

Mean

Std

Mean

Std

text

3.16

0.14

24.19s

3.64

127.58

14.36

vis

3.74

0.15

14.39s

1.88

85.71

9.627

none

2.31

0.18

--

--

--

--

Table 2. The descriptive statistic of three formats. The "ur" stands for understanding of
recommendation.
Table 3. The des criptive statistic of three formats. The "ur " stand s for u nderstan ding o f reco mme ndatio n.

.

23

Wald 2

Df

Sig

Format

39.551

2

0.000

Spatial ability

0.012

1

0.913

Format * task order

4.797

4

0.309

Table 4. Main effect test results of format, spatial ability and the interaction effect on
understanding of recommendation.

Format

Format

Mean
difference

Std. Error

Sig.

Exp()

none

vis

-1.41

0.206

0.000

1.61

text

-0.84

0.204

0.000

1.37

vis

0.56

0.16

0.001

1.18

text
Table 5. Post h oc a nalyses o f for mats.

Table 6. Post hoc analyses of formats.

5. Result
To answer our research questions and test the hypotheses, we conducted GEE to
evaluate the effect of the stimuli and analyses of eye movement data, and PLS to measure
the structural model. Different methods were applied due to the complexity of our data type
and the mixed model which encompassed within-subject and between-subject analyses.

5. 1 Effect of stimuli on understanding of recommendation
To investigate the effect of explanation and presentation format, we compared
differences between the results of participants’ understanding of recommendation induced
by three interfaces. Due to the between-within experimental design and various kinds of
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dependent variables, we performed generalized estimating equations (GEE) to analyze eye
movement and questionnaire data. Table 2 shows the descriptive statistic of three formats,
results include the scores of understanding of recommendation, fixation duration and fixation
count. Table 3 shows the result of the GEE analysis, indicating the significant effect of format
on understanding of recommendation, non-significant effect of spatial ability and the
interaction effect between format and task order which indicates the effect of format was not
biased by task order. Based on the significant effect of format on understanding of
recommendation, we applied a post hoc analysis to compare the formats. Table 4 shows when
the participants used the “vis” version, their understanding of recommendation was
significantly higher than the other two versions (p < 0.001 for “none” and p = 0.001 for
‘text”), whereas the “text” version was also significantly higher than the “none” version (p <
0.001). These results supported H1 and H2, showing that when the explanation was provided,
the increased degree of transparency did increase the students’ understanding of how the
recommendation was generated, and the presentation format also induced differential levels
of increasing on the degree of understanding of recommendation.
In terms of eye movement, we also compared the fixation duration and fixation count
on the explanation AOI between the “vis” and “text” versions with Wilcoxon Signed Rank
test. The results showed that fixation duration on “vis” version was significantly lower than
the “text” version (p = 0.023), indicating that the participants spent much less time on viewing
the visualized version of explanation. Similar result was found by the significant difference
of fixation count between two versions (p = 0.009).
Pearson correlation tests were conducted to evaluate the relationship between fixation
duration and the participants’ perceptions of understanding of recommendation. The results
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showed the fixation duration on “vis” was positively correlated with the perception (p = 0.014)
while the “text” version was not (p = 0.911).
High spatial ability
Duration

Low spatial ability

Count

Duration

Count

Mean

Std

Mean

Std

Mean

Std

Mean

Std

Text

21.3

3.59

126.30

18.54

25.88

5.36

128.87

21.99

Vis

13.10s

2.71

82.9

15.08

15.81s

2.53

88.61s

11.67

Table 7. Descriptive analyses of fixation data of two groups of spatial ability.

Figure 5. The result of PLS analysis.
We further explored the relationship between spatial ability and fixation data. The
participants’ spatial ability was categorized as low or high based on theirs scores of the spatial
ability test, 23 of them were low and 10 were high. Descriptive statistics are shown in table
5. GEE analyses were conducted to test the main effect, and the results showed that no
significant effect of spatial ability on fixation duration (p = 0.532 for “vis” version, p = 0.478
for “text” version). The interaction effect of the spatial ability and presentation format on
understanding of recommendation was also examined. The result showed no significant
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difference of understanding of recommendation when both groups of participants were using
the “vis” version (p = 0.943). These results showed a contrast effect of spatial ability
UR

PL

PL1

0.918

PL2

0.918

PL3

0.823

RU

RU

LM

1.000

UR1

0.918

UR2

0.973

UR3

0.959

LM1

0.727

LM2

0.950

LM3

0.926

Table 8. Indicator loadings of the measures. UR stands for understanding of recommendation.
PL stands for perceived learning. RU stands for recommend using. LM stands for learning
motivation.
.
CR

CA

UR

PL

RU

UR

0.905

0.841

0.950

PL

0.917

0.864

0.442

0.887

RU

1.000

1.000

0.256

0.362

1.000

LM

0.965

0.946

0.250

0.334

0.288

LM

0.873

Table 9. Internal consistency and Discriminant validity. CR stands for composite reliability.
CA stands for Cronbach’s Alpha.
.
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compared to prior works (Keehner et al., 2008; Velez et al., 2005) which stated that
individuals with higher spatial ability works better with visualization compared to the lower
spatial ability ones.
5. 2 Structural model analyses
Measurement model analysis was first conducted. To evaluate the internal
consistency, the Cronbach’s Alpha with a threshold of 0.6 and composite reliability with a
threshold of 0.6 of the adopted constructs were calculated, and all the constructs met the
thresholds. Then we evaluated the convergent validity, the indicator loadings of the items
with a threshold of 0.7 and AVE with a threshold of 0.5 were all met. Discriminant validity
analysis also passed the threshold. These results were showed in table 6 and 7. Harman one
factor test was conducted to test if existed common method bias, the results showed the first
factor only accounted for 30% of the total variance, indicating there’s no bias.
After passing the measurement model analysis, we analyzed the structural model to
test the hypotheses. A PLS method was utilized and the results are showed in figure 5. The
results showed the understanding of recommendation significantly influenced perceived
learning, and perceived learning significantly influenced learning motivation and recommend
using, supporting H3, H4 and H5.
6. Discussions
The main objective of this study is to investigate the influence of presentation format,
and information transparency on our system and recommendation, and if the system and
recommendation could increase students’ learning perception and learning motivation in the
context of Java programming. To fulfill the study goal, three research questions and
corresponding hypotheses were proposed.
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6.1 The influence of presentation format and explanation
The first research question aimed to investigate the influence of the presentation
format and information transparency since these two factors have been proved to be the
antecedents of system adoption (Xu et al., 2014) and information perception (Ottley et al.,
2015). Based on the results from the GEE analyses, H1 and H2 were supported, indicating
that the presentation format and information transparency which was manipulated as
explanation provision could influence the student’ understanding of recommendation. The
score of the “none” version was significantly lower than the other two versions, and the
pairwise comparison between the “vis” and “text” versions showed a significant difference
of effect power, with a higher average score on the “vis” version. These results showed that
when no explanation is provided, it is hard for the students to understand how the
recommended sequence was generated, and when the explanation is provided, a visualized
presentation is better for the students to understand. We argue that the superiority of the “vis”
version could result from the two reasons, the first reason is the memory deepening ability
of visualization (Blanco et al., 2010), the second reason is the design of the visualization. We
used a bar-like feature to represent the scores, therefore the students could easily tell the
proportion and recognize that the questions with lower score were recommended to review
first. According to the interview, some participants reported the “vis” version was more
intuitive, and some misunderstood the textual explanation as the number of questions which
were answered correctly prior the experiment.
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6.2 Eye movement and spatial ability
In order to gain a better understanding of the effect of presentation format, we also
included an eye-tracker for eye movement analyses. Due to the various types of data, we
adopted GEE analyses. The results showed that in terms of fixation duration and fixation
count, participants spent much less time on the “vis” version. Together with the questionnaire
result of the understanding of recommendation, it is obvious that the “vis” version is not only
effective for understanding the recommendation, it is also more efficient for the students in
the context of learning programming language. Pearson correlation tests revealed that for
the “vis” version, fixation duration was positively correlated with the participants’
understanding of recommendation, but showed no correlation for the “text” version. This
result further indicated that even if the students did spend time on the textual information,
they are not guaranteed to be able to understand the recommendation. We also examined the
influence of personal spatial ability on how they perceive the explanation with the two
formats. The results revealed no significance influence on the eye behavior, and no
significant difference on understanding of recommendation between two groups of
participants. We argue the reason is that our interface and the visualization design were not
complex, hence it didn’t require too much spatial ability in order to comprehend.

6.3 The effect of understanding of recommendation
The second and third research questions aimed at if our recommendation could be
helpful for java programming learning. The results from the structural model analyses
revealed that the understanding of recommendation can increase perceived learning, and a
high degree of perceived learning can increase the students’ learning motivation as to explore
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other features of the system, and increase the students’ willingness to recommend other
programming courses to adopt our system and recommendation. These results showed
promising effects of our system for helping Java programming. In addition, the results
supported the proposed relationship that perceived learning can be an antecedent of learning
motivation, higher degree of perceived learning can motivate and encourage the students to
explore and use other features of the system. In the present study, the participants were
willingly to use the quizzes for a deeper understanding of Java programming, this result was
also reported by most of the participants during the interview that they would like to check
the quizzes for more exercises.

7. Conclusion
The present study investigated the effect of presentation format and information
transparency on the students’ adoption of our recommendation and system. We conducted a
mixed model experiment and utilized questionnaires and an eye-tracker to collect data. The
results revealed that higher information transparency increased the students’ understanding
of the recommendation, and the different presentation formats of the explanation induced
different levels of effect power. We also found that if the students could understand how the
recommendation was generated, they would get a higher degree of perceived learning, and
the higher degree of perceived learning would in turn motivate the students to explore the
system to learn Java programming, and make the students want to recommend other
programming courses to adopt our system.
Based on our results, several implications for practitioners can be drawn from them.
First, information transparency and presentation format should be taken into consideration
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while designing recommendation and providing information. The degree of information
transparency would profoundly influence users’ perceptions towards the recommendation
which would in turn influence how they feel about the general system. Therefore, disclosing
to the users the underlying recommendation generation mechanism would be beneficial.
Meanwhile, the format of information presentation should also be considered. The
practitioners should leverage between the effects of textual and visual format in order to let
the users understand and interpret the information effortlessly. Second, in the context of
programming learning, a visual presentation of the relationship between knowledge concepts
is suggested. The complexity of programming knowledge concepts would be difficult for
most learners to understand, in addition, textual description is limited in its ability to
represent the relationships. Therefore, utilizing visualization to provide a holistic view of the
general concept map would be easier for students to interpret. We argue that this result can
also be utilized in other disciplines that are rather complex and hard to be presented with
words. For instance, e-commerce practitioners could extract products attributes and create a
relationship map of the attributes. Based on the map, the customers can search for products
with higher efficiency, the companies can also recommend products with similar attributes.
Some limitations existed in the present study. First, the participants were not general
enough due to our system limitation, therefore the results might be biased. Second, the
interface design was rather straightforward, which could be a barrier for a deeper
investigation of the effect visual and textual information. The insignificant effect of spatial
ability might result from the simplicity of our interface design.
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