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Abstract: This study developed two questionnaires, named Technological Pedagogical 
Content Knowledge–Robot (TPACK-R) and Teaching Beliefs about Robotics education 
(RTBS), to investigate 94 teachers’ TPACK-R as well as to assess their attitudes, belief and 
motivation toward robotics education. The purpose of this study was to explore the 
relationships between the TPACK-R and the RTBS. Factors of the TPACK-R Scale and the 
RTBS Scale were identified by the exploratory factor analyses. There were some positive 
correlations between the all factors of TPACK-R and all factors of the RTBS. In addition, this 
study also found that teachers’ attitude is the key factor to predict their Technological 
Pedagogical Content Knowledge about Robotics education; however, teachers’ RPK can 
predict the RPCK only. 
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1. Introduction 

1.1. Robotics Education 

Technological development is increasingly incorporated in our lives. An exponent from this current 
reality consists of robots, which can be used for multiple purposes, such as entertainment, home, 
education and industry support (Basoeki, Libera, Menegatti, & Moro, 2013). In twenty-first century, 
the hands- on education get more attention around the world. Many researchers believe that robotics is 
the great tool in hands-on education, such as robot assembly and creative robot construction provides 
more powerful motivation than the learning of abstract knowledge, and the STEM (science, 
technology, engineering and math) education is expanded with new educational tools based on the 
robotics curriculum rapidly. 

Empirical evidence has suggested the effectiveness of robotics as a learning complementary 
tool (Spolaor & Benitti, 2017). Using robotics technologies in education is increasingly common and 
has the potential to impact students' learning. Educational robotics is a valuable tool for developing 
students' cognitive and social skills and it has greatly attracted teachers’ and reseachers’ interests 
(Sevda , &Burak , 2017). A number of studies have focused on using educational robotics in different 
subject areas and school levels. However, few studies focus on the teachers’ views of the robotics 
education and their acceptances of such curricula. While the robotics education is potentially useful 
for improving teaching and learning, finding a theoretical framework that helps to probe practitioners’ 
knowledge of teaching with robotics has become crucial. 

1.2. Technological Pedagogical Content Knowledge-Robotics (TPACK-R) 

Recently, several studies in the area of educational technology have proposed ‘‘Technological 
Pedagogical Content Knowledge’’ (TPCK) by building on Shulman’s idea of ‘‘pedagogical content 
knowledge’’ to elaborate teachers’ technology integration into pedagogy (e.g., Ferdig 2006; Koehler 
et al. 2007; Koehler & Mishra 2005; Mishra & Koehler 2006; Niess 2005). This study proposes an 
TPACK-R framework as consisting of robotics knowledge (RK), robotics pedagogical knowledge 
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(RPK), robotics content knowledge (RCK), and robotics pedagogical content knowledge (RPCK). 
The definition of RK refers to the knowledge about general usage of robots. RPK is knowledge about 
how to use robots with various pedagogical strategies. RCK is knowledge about how to combine 
robots with related subjects and teaching content. RPCK is knowledge of using robotics to implement 
teaching methods for any targeted content. For instance, if one has sufficient RPCK, he/she is capable 
of choosing appropriate robots to enhance what he/she teaches, how he/she teaches and what students 
learn in classrooms. In addition, the fact that teachers’ teaching behaviors are influenced by their 
beliefs, confidence and motivations for teaching. For instance, teachers who believed that technology 
works best for instruction were found to be able to integrate technology into their teaching practices 
(Blackwell et al., 2013; Ertmer, Ottenbreit-Leftwich, Sadik, Sendurur, & Sendurur, 2012; Kordaki, 
2013). Teachers with higher confidence in technology are likely to effectively and significantly 
succeed in technology-related tasks (Celik & Yesilyurt, 2013; Teo, 2009). Accordingly, this study 
aimed to explore the relationship between technology pedagogical content knowledge-robotics 
(TPACK-R) and teachers’ teaching beliefs about robotics education (RTBS) and the main purposes of 
this study were to: 
 Develop a new questionnaire to assess a group of teachers’ perceived knowledge on robotics 

education. 
 Explore the relationships between TPACK-R and RTBS. 

2. Method 

2.1. Participants 

The participants in this study were 94 inservice and preservice teachers from a selection of schools in 
Taiwan. These teachers have been trained or have teaching experiences of the robotics-related 
courses, so they have a certain degree of robotics-related prior knowledge. 

2.2. Data Analyses 

The data analyses involve an exploratory factor analysis (EFA) and a path analysis. For the EFA, 
items that had an initial loading below 0.40 and were cross loaded were removed. In addition, path 
analyses were conducted to further examine the relations among the factors of the TPACK-R and the 
teachers’ teaching beliefs of robotics education. 

3. Results 

3.1. Exploratory Factor Analysis of the TPACK-R and RTBS. 

The results of the exploratory factor analysis for the TPACK-R survey are shown in Table1. This 
study used the principal axis method with a Direct Oblimin to conduct the exploratory factor analyses 
as a validation to clarify the structures of the TPACK Scale and RTBS Scale. The participants’ 
responses were grouped into four orthogonal factors: RK, RPK, RCK and RPCK. The items with a 
factor loading less than 0.4 or with many cross loadings were deleted. The cumulative variances 
explained by the four factors were 69 %. A total of 22 items were kept in the final version of the 
TPACK-R survey. There are 4 items for ‘Robotics Knowledge,’ 3 for ‘Robotics Pedagogical 
Knowledge,’ 5 for ‘Robotics Content Knowledge,’ and ‘Robotics Pedagogical Content Knowledge.’ 
The reliability coefficients (alpha) of the factors were .86, .83, .90, and 92. 

The results of the exploratory factor analysis for the RTBS survey are shown in Table2. 
Similarly, the RTBS used a factor loading greater than 0.4 for retaining the items. A total of 8 items 
were kept in the final version of the RTBS survey. There are 2 items for ‘Attitude,’ 3 for ‘Belief,’ and 
3 for ‘Motivation.’ The reliability coefficients (alpha) of the factors were .80, .69, and .88. The total 
variances explained are 77 %. The results indicate that the overall participates had medium-to-high 
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levels of RTBS on a five-point scale. That is, the teachers hold positive views for using robotics in 
classroom teaching. 

Table 1: The four factors of the Technological Pedagogical Content-Robot (TPACK-R). 

 Factor 1 Factor 2 Factor 3 Factor4 

Factor 1: RK, α= .86 

RK1 0.81    

RK2 0,81    

RK3 0.46    

RK4 0.49    

Factor 2: RPK, α= .83 

RPK1  0.47   

RPK2  0.49   

RPK3  0.44   

Factor 3: RCK, α= .90 

RCK1   0.69  

RCK2   0.55  

RCK3   0.85  

RCK4   0.80  

RCK5   0.88  

Factor 4: RPCK, α= .92 

RPCK1    0.64 

RPCK2    0.71 

RPCK3    0.80 

RPCK4    0.79 

RPCK5    0.93 

RPCK6    0.79 

 

Table 2: The three factors of the teachers’ teaching beliefs about robot education (RTBS). 

 Factor 1 Factor 2 Factor 3 

Factor 1: Attitude, α= .80 

A1 0.77   
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A2 0,86   

Factor 2: Belief, α= .69 

B1  0.71  

B2  0.64  

B3  0.85  

Factor 3: Motivation, α= .88 

M1   0.67 

M2   0.90 

M3   0.85 

3.2. Correlation between TPACK-R and RTBS 

In this study, Pearson’s correlation analyses were used to measure the relationship between TPACK-R 
and RTBS. The correlation analysis results showed that all of the factors of the TPACK-R Scale were 
significantly positively correlated with all of the factors of the RTBS, as shown in Table 3. To be 
more specific, ‘Robotics Knowledge’ is positively correlated with ‘Attitude’ (r = .53, p < .001), 
‘Belief’ (r = .33, p <.001) and ‘Motivation’ (r = .56, p < .001). In addition, ‘Robotics Content 
Knowledge’ is positively correlated with ‘Attitude’ (r = .59, p < .001), ‘Belief’ (r = .60, p < .001) and 
‘Motivation’ (r = .55, p < .001). ‘Robotics Pedagogical Knowledge’ is positively correlated with 
‘Attitude’ (r = .65, p < .001), ‘Belief’ (r = .41, p < .001) and ‘Motivation’ (r = .47, p < .001). 
‘Robotics Pedagogical Content Knowledge’ is positively correlated with ‘Attitude’ (r = .72, p < .001), 
‘Belief’ (r = .43, p < .001) and ‘Motivation’ (r = .60, p < .001). These findings indicate that teachers 
with high teaching beliefs may hold high TPACK in their teaching. 

Table 3: The correlation between TPACK and RTBS. 

*** p <.001 

3.3. Path analysis 

To explore the roles that teachers’ RTBS in their TPACK-R, this study utilized the multiple linear 
regression and path analysis technique to examine the relationships between these variables. The 
RTBS factors was considered as predictors, while the TPACK-R factors were viewed as outcome 
variables that were respectively entered to predict RPCK. The model indicates several significant 
associations between the factors in the TPACK-R and those in the RTBS (See Figure 1). 

In this model “Attitude” could significantly explain the outcome of RK (β = 0.26, p < .05), 
also could significantly explain the outcome of RCK, RPK and RPCK (β = 0.32, p < .01; β = 0.58, p < 
.001; and β = 0.25, p < .05). The result shows that Attitude is the most influential factor in this 

Factors Attitude Belief Motivation 

RK .53*** .33*** .56*** 

RCK .59*** .60*** .55*** 

RPK .65*** .41*** .47*** 

RPCK .72*** .43*** .60*** 
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regression model. It means that most of the teachers’ attitudes towards robotics education determine 
their views on robotics and their knowledge about teaching with robots. 

 

Figure 1. The structural model between TPACK-R and RTBS. 

4. Discussion 

This study proposed the TPACK-R framework to analyze teachers’ knowledge of teaching with 
robotics technology. The structure of the framework was examined with statistical supports and the 
relations with related variables were also explored statistically. It suggested that teachers’ attitude is 
the key factor to influence the structural model. These findings implied that, an instructor should first 
help to improve teaching beliefs and then to acquire adequate their robotics content knowledge and 
robotics pedagogical knowledge in order to develop robotics curriculum. The future study is 
suggested to increase the number of samples, so that the relationships between TPACK-R and RTBS 
can be more clear and representative. Finally, the further study also can assess the difference of the 
TPACK-R and the RTBS between in-service and preservice teachers. 
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Abstract: This study aims to explore the effect dynamic and static illustrations design of infant 
multimedia materials in learners’ visual behaviors and learning outcomes. An eye-tracking 
experiment was conducted with purposive sampling of 20 volunteers in Taiwan. The 
participants were randomly assigned to either static group or animation group. Mann–Whitney 
U test and Pearson’s correlation analyses were used to analyze the data. The preliminary 
results showed that the static group had significant higher scores than the animation group on 
immediately posttest. Besides, there has high significantly in the area of interest, except the 
middle title and the illustrations (subtitle & text content) reading time and fixation count of the 
static group is more than the dynamic group. Although no significant relationships were found 
between visual behaviors and posttest in dynamic group, some significant correlations were 
found between visual behaviors and learning effectiveness in static group. More details results 
are discussed in the paper. 

Keywords: eye-tracking, selective attention, multimedia design, visual behavior 

1. Introduction 

Technological development enables educational systems to create and combine enormous amounts of 
different learning materials. Besides compressing the complex content, its can combine with different 
multimedia objects, such as pictures, sounds, text, animation, etc., making teaching material more 
lively and interesting. However, although these designs satisfy human sensory needs and increase 
learning contexts, but teachers nowadays often use auxiliary content to supplement their course 
contents, such as charts and illustrations. Different presentations support textual information and to 
some degree facilitate learning interest, learning motivation and thus expanding the attention span. 
Previous study (Mayer, 2005) showed that learners who learned with textual and pictorial 
representations had better performance than those who learned with textual only information. Whether 
the learning contents are presented in hard copy or multimedia format, images have some particular 
functions to assist learners achieving a positive effect on learning (Carney & Levin, 2002). Duchastel 
(1978) held a similar view saying that illustrations could attract attention, explain, and enhance 
memory. However, Vernon (1953) suspects that illustrations may distract learners’ attention from the 
text and affect learning. Atkinson & Mayer (2004) pointed out that pictures have the function and 
potential to enhance learning, but improper decorative or layout designs were not helpful in learning. 
The results of the above studies are not consistent, so it is necessary to understanding of the learning 
effect of illustrations is not easy. Therefore, this study mainly explores the effect of visual-based 
multimedia teaching materials design with decorative illustrations on learning effect.  

In addition, many studies related to multimedia learning were evidenced through the learning 
outcomes, and seldom concerned about learning strategies in depth. This study produces a detailed 
account of changes in the learner’s visual perception through eye tracking software, which include 
their attention distribution characteristic in the specific area and browsing behavior. The expected 
research results provide suggestions for the design of future multimedia teaching materials.  
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1.1. Selective Attention and Redundancy Effect 

In the modern age which information explodes, human beings have to face a lot of information in 
daily life, so how to choose the information is very important. Selective attention helps us determine 
the importance of external stimuli and filter unnecessary or less importance information before the 
brain starts processing. In addition to stimulating their own physical characteristics factors, human 
beings' interest, motivation and cognitive strategies for receiving stimuli can also influence the 
process of attention selection (Mesulam, 2000). Because selective attention contains the process of 
filtering external information, it plays an important role of people’s learning and development. The 
scholar advocate that people cannot control attention by themselves, they manage attention by visual 
features. For example, a red ball in a group of green balls always attracts human attention. When the 
red object is the task target, it can improve the search efficiency. Conversely, when the object is not a 
task target, it will be an interference information of “attentional capture” (Theeuwes, 1994). 

Therefore, the decoration of teaching materials is also a source of cognitive load on learning. 
When students face multiple sources of information, even if each piece of information is clear and 
concise, the amount of cognitive load on their working memory will cause a redundancy effect which 
lowers their learning achievement. The redundancy principle comes from Richard E. Mayer’s seminal 
Multimedia Learning (Mayer,2001) and states that “people learn better from graphics and narration 
than from graphics, narration and on-screen text.” 

1.2. The effect of illustration on learning 

Students likely have been heavily exposed to PowerPoint in their school education. Although 
PowerPoint presentations can be created in a variety of formats, a majority of faculty members rely 
solely on traditional PowerPoint, in which slides are filled with bullet points and excessive wordiness 
that may lead to student boredom and fatigue during lectures, so often with illustrations. 

According to Levin’s five functions that pictures serve in text processing—five functions: 
decoration, representational, organizational, interpretational and transformational. Briefly, decoration 
pictures simply decorate the page, bearing little or no relationship to the text content. (Levin et al., 
1987). Learning benefits occur when pictures and text provide congruent, or supporting, information. 

Decorational illustrations may help to make the text more attractive or more marketable, but 
they are unlikely to enhance desired outcomes related to understanding, remembering, or applying the 
text content. 

Some studies indicate that illustrations have no effect on learning, probably the students did 
not get into the habit of observing the illustrations. So, most of the school learning is delivered 
through verbal or text, illustrations are dispensable, and students do not pay attention to the 
illustrations when they read. 

1.3. Eye movement  

In the beginning of 1990’s, visual attention application of reading and information processing eye 
movement research developed gradually. The eye is one of the most important sensory sources when 
humans receive message, and most of the messages in the message processing process are visually 
obtained. In recent years, eye-tracking has become one of the useful tool to explore cognitive 
processing and provide effective eye movement data (Rayner, 1998; Radach & Kennedy, 2004; 
Rayner, Chace, Slattery, & Ashby, 2006). Rayner (1998) indicated that researchers can understand 
learners’ reading processing and learning process with the eye movement. 

2. Purpose  

The purpose of this study was explore the effect of multimedia illustrations designed with PowerPoint 
learning achievement and attention distribution, a pilot eye tracking examination was used in this 
study. Particularly, this study explored how two different designs of multimedia illustrations in the 
PowerPoint (i.e., static illustration and dynamic illustration) effect learning performance (i.e., 
posttests for infant development) and visual behavior? (i.e., percentage of reading time in zone, 
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percentage of total fixations, and percentage of fixation duration in zone). The research questions are 
as following: 

 RQ1: What are the effects of multimedia illustrations design between static and dynamic 
illustrations in infant development materials on students’ learning achievement? 

 RQ2: What are the effects of multimedia illustrations design between static and dynamic 
illustrations in infant development materials on students’ attention distribution? 

 RQ3: Are there any relationships between learning achievement and distribution of attention when 
looking at static or dynamic illustrations in multimedia learning material? 

3. Methods 

3.1. Participants 

Twenty participants were selected from a university of Taiwan in this study. Most of them have no 
prior knowledge about human development. The number of participants in each group is ten. 
Participants in static group read the learning material static illustrations, while participants in dynamic 
group read the learning content with dynamic illustrations. 

3.2. Instruments 

3.2.1. Background Questionnaire 

The Background Questionnaire was developed to realize participants’ major, age, gender, the 
experiences, attitude of multimedia learning and whether the participants have experiences in learning 
infant development.  

3.2.2. Posttest 

The asked questions were created from the learning material to determine how the extent participants 
have. Furthermore, the given answers were also taken as references to understand the effect on short-
term memory through learning. 

3.2.3. Eye-Tracking system 

FaceLab 4.5 with a sampling rate of 60 Hz was used to record participants' eye-movements during the 
reading process. The system uses infrared lights and two cameras to identify six facial features to 
determine where on the screen the eyes were focused on. Gazetracker full 10.0 was used to analyze 
eye movement data. 

3.2.4. Learning material 

The learning material in this study was about infant development. Illustrations were presented in 
different modes as two versions of learning materials: dynamic illustration and static illustration. Each 
participant read the same content, but illustration design has different with dynamic and static. The 
purpose of this study is to explore the effects of multimedia illustrations on student's distribution of 
attention and learning 
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Figure 1. Material for the static group. 

 
Figure 2. Material for the dynamic group. 

4. Results 

4.1. Results of Mann–Whitney U test result on posttest scores 

As shown in table 1, the result showed that there is   a significant difference between static and 
animation group in terms of posttest scores (p = .015), the participants in static group got higher scores 
(Mean = 10.00) than the participants in animation group (Mean = 8.50).  

Table 1: Results of Mann–Whitney U test on posttest scores between static and dynamic group.  

 
Static group 

(N=10) 

Animation group 

(N=10) z p 

 Mean SD Mean SD 

Posttest 10.00 1.33 8.50 1.43 -2.44 .015 

*p < 0.1, **p < 0.05, ***p < 0.01 

4.2. Results of Mann–Whitney U test result of visual behavior  

Table 2 shows that different group Mann–Whitney U test result of reading behavior and the result 
demonstrated that there is a significant difference in the area of interest, except the middle title and 
the illustrations (subtitle & text content) reading time and fixation count static group is more than the 
dynamic group. 

Table2: Results of Mann–Whitney U test on visual behavior between Static and dynamic group. 

  
Static group 

(N=10) 

Animation group 

(N=10) z p 

  Mean SD Mean SD 

MT PFDtiz(%) .70 .07 .78 .09 -2.12 .034 

ST PFD(%) .03 .01 .02 .01 -2.35 .019 

C 
PRT(%) 39.18 8.11 30.78 6.86 -2.27 .023 

PFC(%) 44.60 7.92 32.20 7.95 -2.65 .008 
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PFD(%) .44 .09 .33 .07 -2.80 .005 

SA PFDtiz(%) .65 .22 .97 .13 -3.03 .002 

*p < 0.1, **p < 0.05, ***p < 0.01 
Note: MT=Middle Title, ST= Subtitle, C= Content, SA=Static illustration & AnimationPFDtiz= 
Percentage of fixation duration in zone, PFD=Percentage of fixation duration, PRT=Percentage of 
reading time in zone, PFC=Percentage of Fixation Count 

4.3. Correlation between Visual behavior and posttest  

As shown in Table 3, there are significant correlations among the posttest and the eye-tracking 
measures of static group, but animation group is not. 

Table 3: Correlation between visual behavior and posttest of static group 

 PRT of 
MT 

PFC of 
MT 

PFD of 
MT 

PRT of 
Content 

PFC of 
Content 

AFD of 
Content 

PFD of 
Content 

Posttest .633* .668* .657* -.851** -.789** -.663* -.803** 
*p < 0.1, **p < 0.05, ***p < 0.01 

Note: MT=Middle Title, C= Content, PFD=Percentage of fixation duration, PRT=Percentage of 
reading time in zone, PFC=Percentage of Fixation Count, AFD=Average fixation duration (sec) 

5. Discussion and conclusion 

This study aims to investigate the correlation between visual behaviors and performance during the 
process of reading the dynamic and static illustrations design of infant multimedia materials. In sum, 
according to the results, the participants in static group got higher scores than the participants in 
animation group, which means that when the materials are in a redundant state, dynamic illustrations 
seem to have impact on learners. In another aspect, text content shows negative correlation with the 
posttest, which means that learners may not be able to understand the explanatory pictures 
immediately, so they need to spend much more time dealing with the text content, but may not bring 
positive effect in limited time. The opposite of middle title had positive correlation with the posttest, 
the title is mainly show the timing of infant development, which means that to some extent, it seems 
that remember the development timing will help post-test results. 

The first research question asked the effects of multimedia illustrations design between static 
and dynamic illustrations in infant development materials on students’ learning achievement. The 
result from Mann–Whitney U test showed that participants have better grades in static group. This 
might imply that static illustrations had less interference than dynamic ones. Lowe (2003) showed that 
novices were more likely distracted by information with significant features in animation, and they 
had difficulties focusing on what was related to the subject of learning. Moreover, high-speed changes 
in the dynamic illustration caused cognitive over load. 

The second research question asked effects of multimedia illustrations design between static 
and dynamic illustrations in infant development materials on students’ attention distribution. The 
result from Mann–Whitney U test showed that the middle title and illustration gaze time of the 
dynamic group were longer than that in the static group. It might conjecture that dynamic illustrations 
are easier to attract learners’ attention. The last research question asked is there any relationships 
between learning achievement and distribution of attention when looking at static or dynamic 
illustrations in multimedia learning material. The correlation analysis result showed that participants 
who put less attention on the content, the better learning performance they would have. A potential 
reason for the increase of duration may be due to lack of content knowledge, thus learners needed 
more time to browse and remember the slide content. According to "limited capacity model ", the 
longer fixation duration the greater consumption of cognitive resources, so if the more stuff you put in 
the more resources get allocated the more people, but the less they remember (Lang, 2000). 
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In this study, because the sample size of participants is small, future studies can enroll larger 
samples to get a deeper understanding of how the learners read. Future studies can examine the 
relationships between participants’ cognitive load and visual attention by eye-tracking methods. 
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Abstract: This study conducted an investigation of 263 students’ (172 male and 91 female) 
speaking-related anxiety when they are involved in computer-assisted oral tests at a 
comprehensive university in northern China. The authors collected data through two 
questionnaires, the Foreign Language Classroom Anxiety Scale (FLCAS) and the Speaking-
related Anxiety in Computer-assisted Tests (SACAT). Results showed that the two 
instruments had sufficient reliability and high validity. Moreover, significant correlations 
between FLCAS and SACAT were disclosed. Results of regression analyses also revealed that 
learners’ fear of negative classroom feedback was the most positive predictor for learners’ 
speaking-related anxiety in computer-assisted tests. Besides, learners’ classroom 
communication apprehension also played a positive role for predicting learners’ fear in the 
process of taking computer-assisted oral tests. 

Keywords: Foreign language anxiety, Speaking-related anxiety, Computer-based oral tests. 

1. Introduction 

Learners’ anxiety is a crucial factor in the process of foreign language learning and further affects 
their learning motivation and learning outcome. Previous studies on foreign language anxiety (FLA) 
explored the main factors which may arouse anxiety, such as, gender, age, self-esteem, classroom 
environment, teacher’s behavior and so on. For instance, some experts hold that foreign language 
anxiety among male students was generally higher than females (Awan et al, 2010; Cui, 2011; Hsu, 
2009; Karaman; 2016). Horwitz and Cope (1986) divided foreign language anxiety into three 
categories: communication apprehension, test anxiety and fear of negative evaluation. Studies show 
that among the four basic skills of foreign language learning, speaking is the most anxiety-provoking 
in second language acquisition (Cheng, Horwitz, & Schallert, 1999; Macintyre & Gardner, 1991). 

According to Horwitz, Horwitz and Cope (1986), learners’ FLA frequently shows up in 
testing situations. With the development of technology, computer-assisted foreign language tests are 
becoming increasingly welcomed by many instructors because of its high efficiency. But on the other 
side, computer-assisted testing environments may also add extra pressure on learners’ performance. 
Therefore, more empirical studies are still needed to investigate their test-related anxiety in a 
computer-based testing environment. 

In this study, we developed two questionnaires for evaluating English as foreign language 
(EFL) learners’ classroom anxiety and their speaking-related anxiety in computer-based tests. 
Moreover, we attempted to disclose the relationship between the two academic constructs and provide 
related pedagogical implications. 

2. Methods 

2.1. Participants 

This study is carried out in a CALL-based English audio-video speaking course at Beijing University 
of Posts and Telecommunications (BUPT), a comprehensive university in northern China. 263 
participants (172 male and 91 female) were invited to attend the study voluntarily. Before taking part 
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in this study, almost all participants have passed the College English Test (CET, a national English 
test for non-English majors) and 70% of the participants also had online CET experience. During the 
course, all the students were asked to use the self-developed language training and testing system, 
named the English Language Skill Training System for online speaking tests. On a whole, participants 
in this study shared similar experience in computer-assisted language tests at similar English 
proficiency level. 

2.2. Data Collection 

Two questionnaires were developed and further administered in this research to collect students’ 
responses about their foreign language anxiety and speaking-related anxiety in computer-assisted 
testing environments. The first questionnaire is called the Foreign Language Classroom Anxiety Scale 
(FLCAS). It was developed based on the questionnaire of in-class foreign language anxiety (Horwitz 
et al., 1986). The second questionnaire is named Speaking-related Anxiety in Computer-assisted Tests 
(SACAT). It was designed to explore learners’ speaking-related anxiety in computer-assisted 
language testing settings based on Young’s (1990) study. Five-point Likert scale from 1 point 
“strongly disagree”, to 5 points “strongly agree”, was used to measure all the questionnaire items. 

The first questionnaire consists of three factors, namely, fear of negative classroom feedback 
(like “I am afraid that my English teacher is ready to correct every mistake I make.”), comfort of 
using English in classroom (like “I don’t worry about making mistakes in English classes.”) and 
classroom communication apprehension (like “I tremble when I know that I’m going to be called on 
in English class.”). The second questionnaire includes fear of taking computer-assisted oral test (like 
“I am afraid that I will make mistake, and I’m anxious about it”), negative attitudes towards 
computer-assisted oral test (like “I feel nervous about a bad grade.”) and fear of inadequate 
performance in computer-assisted oral test (like “I start to panic when I have to speak without 
preparation.”). 

2.3. Data Analysis 

Both the FLCAS and SACAT in the study were translated from English into Chinese since the 
participants were all EFL learners. Since the two questionnaires were all adapted from previous 
questionnaires, we firstly used exploratory factor analysis (EFA) and reliability analysis to confirm its 
validity and reliability. Then, we analyzed the correlation between all the factors of the two 
questionnaires. Finally, a stepwise regression analysis between factors of FLCAS (as predictor 
variables) and SACAT (as outcome variables) was conducted. 

3. Results and Discussion 

3.1. Exploratory Factor Analysis of the Questionnaires 

After the process of EFA, three factors with 33 items were retained in the final version of the FLCAS 
(see Table 1). The three factors were fear of negative classroom feedback (α= 0.97, M = 2.95, S.D. = 
0.77), comfort of using English in classroom (α= 0.89, M = 2.78, S.D. = 0.69) and classroom 
communication apprehension (α= 0.80, M = 3.08, S.D. = 0.80). All the factor loadings were greater 
than 0.4 and the total variance explained was 62.76%. The alpha coefficients were around 0.80-0.89 
for each factor (overall alpha = 0.90), indicating a high internal consistency reliability of the scale. 

 The same analytical method was applied to test the validity and reliability of the SACAT. 
Three factors with 15 items were maintained in the final scale (see Table 2). The three factors were 
fear of taking computer-assisted oral test (α = 0.92, M = 3.1, S.D. = 0.87), negative attitudes towards 
computer-assisted oral test (α = 0.93, M = 2.91, S.D. = 0.90) and fear of inadequate performance in 
computer-assisted oral test (α = 0.87, M = 2.98, S.D. = 0.91). All the factor loadings were greater than 
0.40 and the total variance explained for the SACAT was 71.11%. The alpha coefficients were around 
0.87-0.93 (overall alpha = 0.96), indicating high reliability of the SACAT. 
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3.2. Correlation analysis between English Language Learners’ FLA and SACAT 

Table 3 showed the results of Pearson’s correlation analysis between all factors of the FLCAS and the 
SACAT. It can be seen clearly that two FLCAS factors, fear of negative classroom feedback and 
classroom communication apprehension both had a positive correlation with all three factors of the 
SACAT. It implied that students with negative attitudes towards unsatisfying in-class feedbacks or 
experienced high level of English communication anxiety, tended to have more pressure in online oral 
exams. On the contrary, the FLCAS factor, comfort of using English in classroom had a negative 
correlation with all three SACAT factors and the negative coefficients were -0.36 (p < 0.01), -0.37 (p 
< 0.01) and – 0.44 (p < 0.01). It indicated that students with more comfort of using English in real 
classrooms may feel less anxious in online oral tests. 

Table 3: The correlation among the factors of the FLCAS and SACAT (N=263). 

 fear of taking 
computer-assisted oral 

test 

 negative attitudes 
towards computer-
assisted oral test 

fear of inadequate 
performance in 

computer-assisted 
oral test 

fear of negative classroom 
feedback 

0.71** 0.76** 0.78** 

comfort of using English in 
classroom 

-0.36** -0.37** -0.44** 

classroom communication 

apprehension 

 

0.61** 

 

0.61** 

 

0.62** 

Note: ** p < 0.01 

3.3. The Stepwise Regression Analysis for Predicting Participants’ SACAT 

In this stepwise regression analysis, the FLCAS factors were predictors while the SACAT factors 
were outcome variables. As shown in Table 4, fear of negative classroom feedback played the most 
powerful and positive role in predicating all three SACAT factors, namely, fear of taking computer-
assisted oral test (β = 0.58, T = 8.64, p < 0.001), negative attitudes towards computer-assisted oral test 
(β = 0.76, T = 18.59, p < 0.001) and fear of inadequate performance in computer-assisted oral test (β 
= 0.78, T = 20.10, p < 0.001). That is, if language learners experienced high level of anxiety of 
negative feedback in class, they tend to feel more anxious in taking computer-assisted oral tests. 

The factor classroom communication apprehension in the FLCAS made the positive 
prediction for the factor fear of taking computer-assisted oral test (β = 0.17, T = 2.58, p < 0.001). If 
students are anxious about speaking English with others in classrooms, they may also be afraid of 
speaking in front of a computer or become anxious of taking computer-assisted oral exams. 

Table 4: Stepwise regression for predicting students’ computer-based speaking anxiety (N=263). 

Computer-based anxiety  B S.E. β T R2 

Fear of taking computer-
assisted oral test 

FNCF 0.65 0.08 0.58 8.64*** 0.52 

CCA 0.19 0.07 0.17 2.58*** 

Constant 0.62 0.07  3.93*** 

Negative attitudes towards FNCF 0.88 0.05 0.76 18.59*** 0.57 
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computer-assisted oral test Constant 0.32 0.14  2.25** 

Fear of inadequate 
performance in computer-
assisted oral test 

FNCF 0.91 0.05 0.78 20.10*** 0.61 

Constant 0.29 0.14  2.08** 

Notes: FNCF= Fear of negative classroom feedback; CCA = Classroom communication 
apprehension; *p < 0.05, **p < 0.01, ***p < 0.001. 

4. Conclusion 

This study explored learners’ in-class foreign language anxiety and speaking-related anxiety in 
computer-assisted testing settings. Two questionnaires, the FLCAS and the SACAT were developed 
for achieving our research objectives. The findings revealed the significant correlations between 
foreign language anxiety and speaking-related anxiety in computer-assisted testing settings. The study 
also revealed that learners’ fear of negative classroom feedback has the strongest and positive 
prediction for speaking-related anxiety in computer-assisted testing environments. Future studies 
through qualitative methods, such as interviews or observations, are still needed to provide more 
pedagogical implications for understanding and further relieving learners’ foreign language anxiety. 
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Abstract: This paper adopts content analysis to assess the current state and the trends of 
educational research using CiteSpace applications in China. 89 peer-reviewed articles are 
retrieved from Chinese Social Science Citation Index (CSSCI) journals that appeared from 
2012 to 2016. Our results show that higher education is the main research setting for these 
educational studies. CiteSpace applications are mainly used to release research hot topics and 
trends in the field of educational research. Keywords co-occurrence knowledge maps have a 
dominant position as presentations of knowledge maps of educational research. The authors 
believe that this review can facilitate fruitful discussions of future educational research using 
CiteSpace applications. 

Keywords: Educational research, CiteSpace, Knowledge mapping 

1. Introduction 

With increasingly extensive and in-depth applications of information technology in educational 
research, visualization technology has received considerable attention over the past few years. 
CiteSpace is a Java-based application (Chen, 2004) that can analyze connections between authors, 
institutions, countries, keywords, journals, or references in the scientific literature (Cobo et al., 2011). 
Based on an analysis of Chinese educational research using CiteSpace applications from 2012 to 
2016, this paper aims at investigating the trends and hot topics of educational research in China. 

1. Research Design 

1.1. Research Methods and Questions 

This research adopts content analysis to analyze educational research using CiteSpace applications 
based on 89 peer-reviewed articles retrieved from Chinese Social Science Citation Index (CSSCI) 
journals from 2012 to 2016. It attempts to address the following research questions: 
 What are the trends of educational research using CiteSpace applications in China from 2012 to 

2016? 
 What are the research settings and research topics of educational research using CiteSpace 

applications in China from 2012 to 2016? 
 What are the main presentations of knowledge maps in educational research using CiteSpace 

applications in China from 2012 to 2016? 

1.2. Data Sources 

In this research, we have retrieved 98 publications in CSSCI-indexed journals from China National 
Knowledge Infrastructure (CNKI) from 2012 to 2016 based on four keywords: CiteSpace, education, 
teaching and learning. After excluding irrelevant publications, we finally selected 89 peer-reviewed 
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articles closely related to this research as data sources. Status of educational research using CiteSpace 
applications in recent five years has been summarized according to data sources. 
 

1.3. Coding System 

Content analysis is a research method which enables researchers to include large amounts of textual 
information and identify its properties. This research strictly follows the steps of content analysis, 
regarding each independent paper as an analysis unit in the process of coding and analyzing. This 
research consulted the coding system proposed by Hsu, Hung, and Tsai (2013), and selected five 
categories of information for further content analysis, namely the numbers of published articles per 
year, journals, research settings, research topics and presentations of knowledge maps. 

2. Research Results and Discussions 

2.1. Numbers of published articles per year  

 

 

Figure 1. Numbers of articles published by journals yearly from 2012 to 2016. 

As shown in Figure 1, the number of published articles is around 15 from 2012 to 2015, showing a 
stable and slow development trend. However, the number of articles published rises sharply in 2016 
and reaches the top, about 35 articles. This trend reveals applications of visualization technology in 
educational research have increased sharply in 2016 with increasing attentions to CiteSpace 
applications of Chinese educational researchers.  
 

2.2. Journals 

 
Figure 2. The statistics of source journals from 2012 to 2016.  
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The 89 peer-reviewed articles are published in 58 different academic journals. The distribution of top 
ten journals is shown in Figure 2. Modern Education Management is a representative journal in 
educational research area, which attaches great importance to the advancement of educational 
research using CiteSpace applications. Therefore, it published the highest number of articles in the 
past 5 years.  

2.3. Research Settings 

 

Figure 3. The statistics of research settings from 2012 to 2016. 

As illustrated by Figure 3, 77 articles have specific research settings out of 89 peer-reviewed articles. 
Our results show that higher education is the main research setting of educational research using 
CiteSpace applications, implying higher education has always been a focus in the field of educational 
research. Besides, other research settings include distance education (12.4%), international education 
(4.5%), vocational education (3.4%), special education (2.2%), national education (2.2%), and 
preschool education (1.1%).   

2.4. Research Topics 

 

 

Figure 4. The statistics of research topics from 2012 to 2016. 

Figure 4 tells us clearly that most research analyzed the hot topics of educational research using 
CiteSpace applications, with 46 articles which accounts for 52% of 89 peer-reviewed articles. 
Research trends is also a popular topic (22 articles, 25%). Besides, the analysis of research frontiers 
(17 articles, 19%) and other topics (4 articles, 4%) is also included.   
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2.5. Presentations of Knowledge Maps 

 

Figure 5. The statistics of presentations of knowledge maps from 2012 to 2016. 

Knowledge mapping is defined as processes, methods and tools for analyzing knowledge areas to 
discover features or meanings and to visualize them in a comprehensive and transparent format (Speel 
et al., 1999). Our results show that 80 out of 89 peer-reviewed articles used the knowledge maps and 
in total 218 maps were presented. 

As shown in Figure 5, the number of keyword co-occurrence knowledge maps account for the 
largest percentage (32.6%), revealing that this type of knowledge maps has been most frequently 
adopted in educational research using CiteSpace applications. Besides, there is a relatively even 
balance among cooperative analysis knowledge maps (18.8%), co-citation scientific maps (16.5%) 
and maps of time zone (15.6%). To conduct more comprehensive educational research, researchers 
need to pay more attention to different presentations of knowledge maps. 

3. Conclusions 

In this paper, we make an analysis of educational research using CiteSpace applications based on 89 
peer-reviewed articles retrieved from Chinese Social Science Citation Index (CSSCI) journals that 
appeared from 2012 to 2016. The research results indicate that the growth in the number of articles 
can be divided into two stages: 2012–2015 (stable stage) and 2015–2016 (rapid growth stage). In 
terms of source journals, Modern Education Management contains the largest number of articles. As 
for the research settings, a majority of the studies we selected were conducted in higher education 
setting or concerned the issues related to higher education. A large number of studies investigated the 
research hot topics and trends of educational research taking advantage of the CiteSpace applications. 
Keywords co-occurrence knowledge maps serve as the major type of presentations for synthesizing 
educational research. In order to improve the accuracy and complexity of educational research, a 
variety of presentations are encouraged. However, it should be noted that there are some limitations in 
our paper. For instance, the time span of five years is not long enough and the scope of data collection 
is also limited. We will continue to improve this research in the future. 
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Abstract: This study examined the relationships among Taiwanese college students’ 
conceptions of learning engineering, approaches to learning engineering, and self-efficacy of 
learning engineering. Three questionnaires: the Conceptions of Learning Engineering 
questionnaire (COLE), the Approaches to Learning Engineering questionnaire (ALE), and 
Self-efficacy of learning engineering (SELE) were used to gathered data from 111 college 
students majoring in Engineering in Taiwan. The analysis of correlational, stepwise 
regression, and multiple regression analysis results support that students with lower-level 
conceptions (LC) of learning engineering tend to display surface motive and surface 
approaches to learning engineering. Testing was the only significant COLE predictors 
explaining the surface motive, surface strategy of the ALE. While students’ higher-level 
COLE (collaboration and engineering learning) positively related to their SELE, their SELE 
also foster students higher-level COLE. In addition, students’ “Engineering” conception could 
significantly and positively predict their SELE, no matter they possess higher-level or lower 
level of COLE. 

Keywords: conceptions of learning, approaches to learning, self-efficacy, civil engineering, 
flipped classroom 

1. Introduction 

Conceptions of learning refer to students’ natural understanding or interpretation of the learning 
phenomena (Marton, 1981). Students’ conceptions of learning are significant factors of the quality of 
their learning outcomes (Ellis, 2004; Duarte, 2007). Numerous studies have also revealed that 
students’ approaches to or strategies of learning are correlated with their conceptions of learning, and 
that students with deep learning approaches usually have better outcomes (Kember et al. 2004; Cano, 
2005). Moreover, as indicated in previous studies, learners’ self-efficacy can positively predict their 
learning outcomes and is context dependent like learning strategy (Ellis et al. 2006; Ellis et al. 2008). 
In order to provide appropriate teaching and learning experiences for learners, it is important to 
understand the relationships among students’ learning conceptions, learning approaches, and self-
efficacy in different domains.  
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2. Literature Review 

2.1. Conceptions of Learning 

Learners conceive learning in different ways. Research on learning has shown that learners’ 
conceptions or beliefs of learning have profound impacts on their learning process, and thus their 
quality of learning outcomes (Purdie & Hattie, 2002). Although overall similarities in the conceptions 
of learning had been found across previous studies, variations within different educational contexts 
may still occur. Most of researchers agreed that there is a hierarchical distinction from constructivist 
(actively constructing meanings) to reproductive (passively receiving knowledge) among these 
categories. Conceptions at the upper levels reflect a constructivist view of learning (e.g., 
understanding), while those at the lower levels reflect a reproduced view of learning (e.g., 
memorization) (Purdie & Hattie, 2002; Burnett et al. 2004). 

2.2. Approaches to Learning 

According to Marton and Booth (1997), learning can be elaborated from three aspects: what 
conceptions learners refer to the experience, what learners think they learn through the experience, 
and how they approach the experience. Earlier studies by Marton and Sӓljӧ (1976) and Biggs (1994) 
classified learning approaches into deep approaches and surface approaches. As described by Biggs 
and Tang (2007), a deep approach refers to the situation in which learners show an intrinsic 
motivation to learn, are active in their learning, and are willing to participate in various learning 
activities. In contrast, a surface approach refers to the situation in which learners are passive in their 
learning, view learning as externally imposed tasks, and only perform learning activities to fulfill 
course requirements or to memorize facts. Although similarities in the meanings of deep and surface 
approaches may exist across different domains, learners’ learning strategies may be context 
dependent. As such, further investigation of learning approaches in different contexts is quite 
important. 

2.3. Self-Efficacy of Learning 

Self-efficacy is defined as one’s belief in one’s capability to organize or execute the actions required 
to complete a specific task or given goal (Cordova, Sinatra, Jones, Taasoobshiraz, & Lombardi, 
2014). It related to how people fee, think, motivate themselves to achieve the desired outcome 
(Bandura, 1986). When individuals recognize familiar activities, they usually possess high self-
efficacy. Conversely, when they identify new activities, their perceived self-efficacy is low. 
Therefore, students’ learning experiences play an important role in explaining their self-efficacy of 
learning (Bandura, 1997). A variety of studies have proved that the judgment of self-efficacy on 
performance prediction is situation- or discipline-specific (Tsai, Ho, Liang, & Lin, 2011; Liu, Hsieh, 
Cho, & Schallet, 2006). That is, how students judge their own capability to master academic tasks can 
positively predict their learning outcomes. 

3. Methodology 

3.1. Participants 

The participants in this study included 111 college students from a university in northern in Taiwan. 
There were 86 male and 25 female students, and they were all majoring in engineering. The age 
distribution of the participating students was from 19 to 24, with an average of 19.91. 

3.2. Instruments 

Three questionnaires were employed in this study: conceptions of learning engineering (COLE), 
approaches to learning engineering (ALE), and self-efficacy of learning engineering (SELE). The 
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COLE and ALE questionnaire were developed by Shih, Huang, and Liang (2017) with an overall 
alpha value of 0.88 for COLE and 0.78 (pre-test) and 0.83 (post-test) for ALE. The SELE was 
modified from Tsai, Ho, Liang, and Lin’s (2011) self-efficacy questionnaire for learning science. The 
overall alpha value of the original SELE was 0.94, indicating sufficient internal consistency of the 
questionnaire items. 

3.3. Data Analysis 

The relationships among the students’ COLE, ALE, and SELE were explored through correlational 
and stepwise regression analysis. Moreover, a series of t-tests and multiple regressions were 
conducted to examine whether any significant difference existed in the two participating students 
group: one with higher-level COLE (HC) and the other with lower-level COLE (LC). 

4. Results and Discussion 

4.1. Relationships between students’ COLE, ALE, and SELE 

The Pearson’s correlation coefficients were calculated with students’ responses to the COLE, ALE, 
and SELE, and the results are presented in Table 3. In general, these results support that students with 
lower-level conceptions of learning engineering tend to display surface motive and surface 
approaches to learning engineering. For example, students who hold memorizing conception to 
learning engineering tend to use surface motive “fear of failure” (r=0.19, р <0.1). Students’ testing 
conception to learning engineering was positively correlated with their surface strategy “minimizing 
the scope” (r=0.19, р <0.1) and “rote learning” (r=0.32, р <0.01), but negatively correlated with their 
deep motive (r=-0.32, р <0.01). In addition, when students’ higher level of COLE “Engineering” 
(r=0.26, р <0.01) and “Collaboration” (r=0.27, р <0.01) were positively correlated with their SELE, 
their SELE was also positively related to their deep motive (r=0.56, р <0.001), deep strategy (r=0.53, 
р <0.001), and surface motive (r=0.39, р <0.001) factors of the ALE. 

Table 1: The correlations among the factors among the COLE, ALE and SELE. 

 Memorizing Testing CP IU A S E Co SELE 

DM 0.01 -0.32** 
-
0.0
5 

0.21* 0.08 0.11 0.11 0.34*** 0.56*** 

DS 0.03 -0.07 0.1
0 -0.01 -0.03 -0.01 0.01 0.07 0.53*** 

SM 

(Fear of failure) 
0.19† 0.06 0.1

6 0.09 -0.07 0.13 0.07 -0.06 0.13 

SM 

(Qualification) 
-0.04 -0.05 

-
0.1
1 

0.05 0.11 0.06 -0.02 0.16 0.39*** 

SS 

(Minimizing the 
scope) 

0.03 0.19† 0.0
6 -0.03 0.04 -0.05 -0.09 -0.15 0.06 

SS 0.14 0.32** 0.1
4 -0.06 -0.11 0.03 -0.12 -0.24* 0.12 
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(Rote learning) 

SELE -0.02 -0.13 0.0
0 0.09 0.00 0.08 0.26** 0.27** ------ 

***p < 0.001; **p < 0.01; *p < 0.05; †p < 0.1; CP: Calculating and practicing, IU: Increase one’s 
knowledge and Understanding; A: Application; S: Seeing in a new way; E: Engineering; Co: 
Collaboration. DM: Deep Motive, DS: Deep Strategy, SM: Surface Motive, SS: Surface Strategy 

 
 Furthermore, the stepwise multiple regression method was used to make predictions about the 

students’ approaches to learning engineering, and the results are illustrated in Table 2. 

Table 2: Stepwise regression model of predicting students’ learning approaches to and self-efficacy of 
learning engineering. 

Approaches  B S.E. β T Adjusted 
R2 

DM  

Collaboration 0.28 0.10 0.26 2.71** 0.15 

Testing -0.24 0.10 -0.24 -2.47*  

Constant 2.96 0.51  5.77***  

DS -- -- -- -- -- -- 

SM (Fear of failure)  

Testing 0.23 0.11 0.19 1.98† 0.03 

Constant 2.87 0.34  8.57***  

SM (Qualification) -- -- -- -- -- -- 

SS (Minimizing the scope)  

Testing 0.24 0.12 0.19 1.95† 0.03 

Constant 2.37 0.27  8.92***  

SS (Rote learning)  

Testing 0.35 0.10 0.32 3.37** 0.09 

Constant 2.37 0.22  10.58***  

SELE  

Collaboration 0.19 0.10 0.20 1.92† 0.08 
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Engineering 0.19 0.11 0.18 1.78†  

Constant 1.95 0.44  4.40***  

***p < 0.001; **p < 0.01; *p < 0.05; †p < 0.1; DM: Deep Motive, DS: Deep Strategy, SM: Surface 
Motive, SS: Surface Strategy; SELE: Self-Efficacy of Learning Engineering. 

The regression analysis revealed that collaboration (t=2.71, р <0.01) was the only significant 
predictor explaining the deep motive of the ALE, while testing (t=-2.47, р <0.05) negatively related to 
deep motive of the ALE. Totally, these two factors accounted for 15% of variance. This shows that 
students with constructivist conceptions of collaboration are more likely to hold deep motive to 
learning engineering, but students who have the testing conception of learning engineering are more 
likely to hold less deep motive of ALE. Moreover, this result revealed that testing was the only 
significant predictors explaining the surface motive (t=1.98, р<0.1), surface strategy of minimizing 
the scope (t=1.95, р<0.1) and rote learning (t=3.37, p<0.01) of the ALE. However, the strength of the 
predictive effects existing between testing–surface motive (3% of variance) and testing–surface 
strategy (3%-9% of variance) were not high. In addition, collaboration (t=1.92, р <0.1) and 
engineering (t=1.78, р <0.1) played a positive role in students’ SELE. That is, enhancing students’ 
conceptions of learning engineering to a more sophisticated level such as collaboration and 
engineering would be an important indication of holding more self-efficacy of learning engineering. 

4.2. Differences between HC and LC groups 

To compare the differences in the ALE and SELE of the two groups of students, one with higher-level 
COLE and the other with lower-level COLE, a series of t-tests were used. Table 3 shows the results of 
the comparison of the ALE scales and SELE identified by the t-tests. The results indicated that the 
students in HC group showed less orientation toward using surface strategy “minimizing the scope” 
(t=-1.72, p<0.1) and “rote learning” (t=2.91, p<0.01). There is no significant difference of students’ 
COLE on their SELE. 

Table 3: The scores of the post test on the subscales of ALE and SELE for the lower and higher 
conception group students. 

 
DM DS 

SM  

(Fear of 
failure) 

SM  

(Qualification) 

SS 

(Minimizing 
the scope) 

SS (Rote 
learning) SELE 

Higher 
COLS 

3.62  

(0.74) 

3.60  

(0.65) 

3.39  

(0.87) 

3.61  

(0.78) 

2.72  

(0.75) 

2.88  

(0.77) 

3.47  

(0.54) 

Lower 
COLS 

3.50  

(0.56) 

3.62 

(0.58) 

3.62  

(0.69) 

3.40  

(0.63) 

2.99  

(0.84) 

3.27  

(0.58) 

3.34  

(0.57) 

t-test 0.96 -0.18 -1.53 1.53 -1.72† -2.91** 1.11 
**p < 0.01; †p < 0.1; ALS: Approaches to Learning Engineering; SELE: Self-Efficacy of Learning 
Engineering; DM: Deep Motive, DS: Deep Strategy, SM: Surface Motive, SS: Surface Strategy 

Multiple regression analysis was conducted to the HC group students and LC group students. 
While students’ higher-level conception “Collaboration” could positively predict their “Deep 
strategy” (β=0.27, p<0.1), their lower-level conceptions “Memorizing” and “Calculating and 
practicing” could negatively predict their “surface strategy” (β=−0.54, p<0.1; β=−0.36, p<0.1). 
“Testing” is the only significant factor could negatively predict students’ “deep motive” 
(β=−0.72, p<0.01), but positively predict their “surface strategy” (β=0.52, p<0.05). For LC group 
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students, students’ “surface motive-fear of failure” could be positively predict by their “Memorizing” 
conception (β=0.43, p<0.05), but negatively predict by their “collaboration” conception 
(β=−0.41, p<0.05). For LC students, “Collaboration” is the only significant predictor for their “deep 
motive” (β=0.30, p<0.05). 

In general, as showed in Table 4 and Table 5, students’ “Engineering” conception could 
significantly and positively predict their SELE of both HC (β=0.31, p<0.05) and LC 
(β=0.29, p<0.1) groups. For LC groups, students’ “Collaboration” (β=0.32, p<0.05) was another 
positive predictor for their SELE. However, “Seeing in a new way” could negatively predict LC 
students’ SELE (β=−0.58, p<0.05). 
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Abstract: Background: Given many advancement in technology, information & 
communication technology (ICT) in education for enhancing effectiveness of teaching and 
learning has become a widely applied and discussed area. Usability is central for the success 
of any instructional design product or learning materials, including any educational websites, 
learning management system, mobile devices, and wearable technology. The System Usability 
Scale (SUS) is one of the commonly used questionnaires for usability rating. Objectives: With 
the increasing interest in usability studies and user experience research, there is a need to 
officially translate it into Chinese and also to validate the translation. The aim of this paper is 
to describe the process of translating the original System Usability Scale (SUS) from English 
into Chinese (C-SUS), and to evaluate its reliability and validity in the college students. 
Methods: This study consisted of two phases. In phase one, the SUS was translated into 
Chinese by a group of translators and experts in education using Brislin’s (1970, 1986) 
translation and back-translation method. Both semantic equivalence and content validity were 
assessed. In the second phase, the psychometric properties of the C-SUS were tested with two 
studies and with convenience samples of 125 (study 1) and 104 (study 2) college students 
recruited from a private university in southern Taiwan. Reliability was assessed by internal 
consistency and construct validity was tested using exploratory factor analysis. Data analyses 
was performed using SPSS 23.0 to assess reliability and validity. Results: The sematic 
equivalence and content validity index of the Chinese version of SUS were satisfactory. 
Results also indicated that the Chinese version had a high level of equivalence with the 
original English version and demonstrated a high internal consistency. Exploratory factor 
analysis revealed the presence of two factors supporting the conceptual dimension of the 
original instrument. Conclusion: The study provides initial psychometric properties of the 
Chinese version of the SUS and supports it as a reliable and valid instrument to measure 
usability for design products and services for Chinese speaking individuals. 

Keywords: System Usability Scale (SUS), translation, validation, usability testing 

1. Introduction 

Information & communication technology (ICT) has been important and used in education for 
decades to promote effective teaching and learning. It is even more so with recent technology 
advancements, such as interactive educational websites, mobile applications (APP) in both Android 
and OS, learning management system (LMS), virtual reality (VR), and wearable technology, to name 
a few. Among all elements for design and development, usability is the most important element for 
instructional design products and services to be successful. There are several questionnaires available 
for professionals to assess the usability of given products or services with target users, such as After 
Scenario Questionnaire (ASQ), Computer System Usability Questionnaire (CSUQ), Software 
Usability Measurement Inventory (SUMI), Usefulness, Satisfaction and Ease of Use (USE), Website 
Analysis and Measurement Inventory (WAMMI), and System Usability Scale (SUS). In that list of 
tools, the System Usability Scale (SUS), first developed by Brooke in 1986 as a quick and easy-to-use 
scale, is the most commonly used questionnaire for rating usability (Brooke, 1996; Sauro, 2011). In 
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Tullis and Stetson’s study (2004), SUS, the shortest survey in the study, was among those providing 
the most reliable results across sample sizes for user satisfaction on web assessment. 

 As mentioned, the SUS was initially developed by John Brooke for a quick measurement on 
usability. The standard SUS consists of ten items with 5 Likert scale from 1= strongly disagree to 5= 
strongly agree and odd-numbered items worded positively and even-numbered items worded 
negatively:  

1. I think that I would like to use this system frequently. 

2. I found the system unnecessarily complex. 

3. I thought the system was easy to use. 

4. I think that I would need the support of a technical person to be able to use this system. 

5. I found the various functions in this system were well integrated. 

6. I thought there was too much inconsistency in this system. 

7. I would imagine that most people would learn to use this system very quickly. 

8. I found the system very cumbersome to use. 

9. I felt very confident using the system. 

10. I needed to learn a lot of things before I could get going with this system. 

There are many positive attributes that lead to the wide use of the SUS. The SUS is short, 
containing only 10 items and is easy to use, allowing professionals in the usability field to quickly and 
easily assess the usability rating of a given product from users’ perspective. The SUS has been shown 
to have good reliability and validity (Bangor, Kortum, & Miller, 2008; Sauro, 2011). A key factor is 
that the scale is technology-agnostic so that it can be used for a wide range of products, such as 
websites, cell phones, software, applications, and TV programs etc. It also can be understood by a 
wide range of people. In other words, it can be used for assessing usability of educational materials 
and devices, including learning management system, educational websites, and any other information 
communication technology for teaching and learning. In addition, the scale is free of charge and open 
access, which makes it a good, cost-effective tool (Sauro, 2011). 

The SUS has been unofficially translated into several languages, including Spanish, French, 
and Dutch (Brooke, 2013; Sauro, 2011) and has been used on projects in various development stages. 
With the increasing interest in usability studies and user experience research, there is a need to 
officially translate it into Chinese and to validate the translation. This study addresses those needs. 
This present study reports the process of translating the original SUS from English into Chinese and 
assessing its reliability and validity among Chinese speaking individuals. 

2. Research Design 

The purpose of this study is to formally evaluate the Chinese translation of System Usability Scale 
from English to Chinese. The common procedure of psychological scale/test adaptation usually 
consists of two phases: translation and validation. In the phase one, the SUS was translated into 
Chinese using Brislin’s (1970, 1986) translation and back-translation method by a group of 3 
translators and 3 experts in education. Both semantic equivalence and content validity were assessed. 
In the second phase, the psychometric properties of the C-SUS were tested with two studies. In study 
one, it was tested with a convenience sample of 125 college students on an educational website. In 
study two, the C-SUS was tested with 87 students with three different type of educational systems.  
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3. Phase One: Translation and Back-Translation 

In the first phase, the SUS was translated into Chinese using Brislin’s (1970, 1986) translation and 
back-translation method. The semantic equivalence and content validity were assessed. The 
translation process was conducted by applying Brislin’s methods of translation and back- translation 
(1970) as well as translation guidelines by Guillemin, Bombardier, and Beaton (1993). Translators 
were fluent in both Chinese and English and were familiar with the cultures. The quality of translation 
was tested by considering semantic equivalence and cross-culture relevance of the scale. The 
translations were compared and analyzed by three experts in educational technology and education 
administration. Both the original English scale and the translations were compared by the researcher 
and the translators. Where there was a disagreement on translation, discussion took place until 
consensus was reached. The translated version was pre-tested by five people before being used in the 
usability studies in phase two. Below shows the Chinese translation of SUS:  

1. 我覺得我會常使用這個系統。 

2. 我覺得這個系統太過不必要的複雜。 

3. 我覺得這個系統是容易操作的。 

4. 我覺得我需要透過專人的協助才能操作這個系統。 

5. 我覺得這個系統許有多不同功能，整合的很好。 

6. 我覺得這個系統很多地方不一致令人困惑。 

7. 我覺得大部分的人都能很快知道怎麼使用這個系統。 

8. 我覺得這個系統使用起來有點麻煩。 

9. 我非常有信心下次能自己順利操作這個系統。 

10. 我在能操作這個系統前，要學很多東西。 

4. Phase Two: Psychometric Testing 

4.1. Study 1  

According to Fang and Liu (2002), the sample size should be 5-10 times larger than the number of 
items in the instrument used and expanded by at least 10% to ensure a sufficient sample size. As a 
result, a reasonable/legitimate/effective sample size of ranging 60 to 110 was calculated, as the 
number of items of C-SUS is 10. In study 1, a convenience sample of 125 freshmen who speak 
Chinese from a private university in southern Taiwan was recruited through an announcement post on 
the learning management system at the school. The translated Chinese version of SUS was used. The 
test system was an educational website about volleyball. Students were instructed to complete 3 
information-searching tasks using the website. After completion of the tasks, they were asked to fill 
out Chinese version of SUS. 

4.2. Study 2 
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In Study 2, a convenience sample of 104 Chinese-speaking freshmen was recruited to participate 
using the same recruitment method as study 1. Three selected systems were introduced to the 
participants separately in random order and two weeks apart in order to prevent order bias. The three 
systems were mobile application NIKE+, a website of a fitness association, and an educational 
website about basketball. All systems were in Chinese and they were all new to the participants. For 
each usability test, all participants were asked to perform the same tasks, including creating a profile, 
taking a screenshot of a particular screen, and searching for specific information to answer to the 
questions given by the researcher. At the end of each usability test, the students were asked to fill out 
Chinese version of SUS (C-SUS). A total of 81 students completed all tasks, including C-SUS survey. 

5. Data Analysis 

The SUS consists of 10 5-point Likert items (“1” representing “Strongly disagree” and “5” 
representing “Strongly agree”). Scoring of each item alternates between positive and negative. Overall 
SUS scores are scaled from 0 (lowest usability) to 100 (highest usability), and reflect a general 
measure of user-perceived usability. Brooke (1996) and Sauro (2011) are sources for detailed scoring.  
SUSCalc was used to obtain overall SUS scores. The SUS score equals adding each raw scores and 
multiplied by 2.5.   

The reliability of the C-SUS was determined in terms of homogeneity - that is, Cronbach's 
alpha (α) coefficients - by examining the internal consistency of the questionnaire. Cronbach’s alpha 
indicates how well the items are measuring the same dimension. Alpha values range from 0 to 1, with 
α > 0.80 are considered “good reliability” and α > 0.90 is considered “excellent reliability” 
(Kirakowski, 1994). A recommended interval for Cronbach's alpha value is .70 – .90 (Terwee et al., 
2007).  

Semantic equivalence is rated on a 4-point Likert scale (“not appropriate” to “most 
appropriate”). The translations were compared and analyzed by three experts in educational 
technology and education administration. Both the original English scale and the translations were 
compared by the researcher and the translators. The content validity of the C-SUS was established on 
a 4-point rating scale (1 = not relevant, 2 = somewhat relevant, 3 = quite relevant, and 4 = very 
relevant) content validity index (CVI). The CVI is the percentage of total items rated by experts as 3 
or 4 and with a value of > .8 indicated good content validity.  

The construct validity of the C-SUS was estimated by exploring its factor model with an 
exploratory factor analysis (EFA - Principal component analysis - Varimax with Kaiser 
normalization) to determine the factor loading of the items and their dimensions. The factor-loading 
criterion of the items was set to 0.40 in this study. 

6. Results and Discussion 

The internal consistency of C-SUS was illustrated by Cronbach’s alpha coefficient of 0.93, indicating 
good reliability. The CVI was calculated to estimate the content validity at the item level (I-CVI) and 
scale level (S-CVI). The I-CVIs of each item were assessed by the four experts, and the values ranged 
from 0.75-1.00. The S-CVI of equivalence was 0.9. The CVI was 0.95, indicating the content validity 
of the items of the C-SUS. The study sample of 125 Taiwanese college students consisted of 69 
(55.2%) males and 56 (44.8%) females. The C-SUS scores ranged from 40.81 - 48.03, with a mean 
score of 44.42 (SD = 20.38).  

An EFA was conducted. A Kaiser-Meyer-Olkin (KMO) value was 0.925 and the Bartlett 
spherical test value was 925.297 (p < .000), which meant that the factor analysis was feasible. The 
scree plot suggested generating a two-factor model (Figure 1). Two common factors, where the 
Eigenvalues were > 1, were extracted after varimax orthogonal rotation, and 74.93% of the variance 
was explained by a two-factor solution. Each item had an acceptable factor loading on one of the two 
common factors and the communalities were from 0.656 - 0.815 (Table 1). The two factors were 
labeled as “usability” and “learnability” (Lewis & Sauro, 2009).  
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Figure 1. Scree plot illustrating the factor loading of the Chinese version of the SUS. 

Cronbach’s alpha (α) is a measure of the internal consistency of a questionnaire, which 
indicates how well the items are measuring the same dimension. As mentioned earlier, Alpha values 
range from 0 to 1, with α > 0.80 considered “good reliability” and α > 0.90 considered “excellent 
reliability” (Kirakowski, 1994). In this sample of 81 Taiwanese college students, the Chinese version 
of the SUS for testing mobile app NIKE +, Fitness website, and Basketball website had alpha 
coefficients of 0.90, 0.85, and 0.90, indicating good to excellent reliability. A comparison of 
Cronbach’s alpha coefficients of the Chinese SUS scores in three usability testing is provided in Table 
2. 

The findings of both studies provided initial support that Chinese version of the SUS is a 
reliable tool for assessing usability rating with intended target users. Translation and back-translation 
method was applied and the versions of both Chinese and English were compared and assessed by the 
researcher, experts, and translators. Translation of “I feel…”, “I think…”, “I found…” were 
semantically the same or exchangeable in Chinese in the context of describing opinions and thinking. 
Translations between two languages were found to be satisfactory by researchers, translators, and the 
experts involved in the process. 

In terms of reliability, Cronbach’s alphas was 0.93 (Volleyball site) in study 1 and were 0.90 
(NIKE+ mobile APP), 0.85 (Fitness Association), and 0.90 (Basketball site) in study 2, which 
indicated good internal consistency and acceptable reliability (DeVellis, 2003; Kline, 2005). 
According to Kirakowski (1994), the typical minimum reliability goal for questionnaires used in 
research and evaluation is 0.70. In a study conducted on the original SUS in English by Bangor et al. 
(2008), the coefficient alpha of the SUS of 2324 cases to be 0.91. The exploratory factor analysis 
yielded an interpretable two-factor solution, which accounted for 74.93% of the variance. The two-
factor structure found in this study is consistent with the dimensional nature of the finding of Lewis 
and Sauro (2009); however, although it contrasts with the finding of Brook (1996). 

Table 1: Summary of principal component analysis with varimax rotation.  
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Item Factor 1 
Usability 

Factor 2 
Learnability 

Communalities 

Q4 I think that I would need the support of a   
   technical person to be able to use this system. 

.879  .794 

Q2 I found the system unnecessarily complex. .832  .812 

Q8 I found the system very cumbersome to use. .834  .813 

Q6 I thought there was too much inconsistency  
   in this system 

.817  .800 

Q10 I needed to learn a lot of things before I  
    could get going with this system 

.776  .763 

Q1 I think that I would like to use this system f 
   requently 

 .853 .743 

Q5 I found the various functions in this system  
   were well integrated. 

 .802 .734 

Q3 I thought the system was easy to use  .742 .702 

Q7 I would imagine that most people would l 
   earn to use this system very quickly 

 .737 .656 

Q9 I felt very confident using the system   .708 .677 

Eigenvalues % of Variance (total) 62.467 12.462 (74.929) 

 
 

Table 2: Means, standard deviations, and Cronbach’s alpha coefficients of C-SUS on NIKE+, Fitness 
website, and Basketball website. 

Tested System M SD α 

NIKE+ 60.7 18.0 0.90 

Fitness 53.5 16.1 0.85 

Basketball 58.2 15.1 0.90 

 

 

7. Conclusion 

This paper describes the process of the translation and validation of the System Usability Scale (SUS) 
from English into Chinese. To the best of our knowledge, the present study is the first effort to 
investigate and report the psychometric properties and the equivalences of the Chinese version SUS. 
To make the translation more suitable to Chinese language, a decision was made not to translate them 
literally to better reflect the intended purpose of scale in English. Words like “thought, felt, and 
found” were interchangeable in this case. Overall the Chinese version of the SUS is appropriate for 
use when conducting usability test with Chinese speakers. The translated version was well accepted 
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and understood by the participants. Therefore, the finding of this study may be valuable for providing 
usability professionals an easy-to-use tool for assessing usability for products or services in education, 
especially as these products or services involve information communication technology, such as 
educational websites, mobile APP, or wearable technology.  It would also provide a tool for cross-
culture research. Long-term development of this research should include a follow-up study with both 
English and Chinese speakers on the same system(s) that are free of culture bias. 

Acknowledgements 

We would like to thank Kristin Yeager for her statistical expertise and assistance, and all the 
participants, the experts, and the translators involved in this study. 

References 

Bangor, A., Kortum, P. T., & Miller, J. T. (2008). An empirical evaluation of the system usability scale. Intl. 
Journal of Human–Computer Interaction, 24(6), 574-594. 

Brislin, R. W. (1970). Back-translation for cross-cultural research. Journal of Cross-Culture Psychology, 1, 185-
216.  

Brislin, R. W. (1986). The wording and translation of research instruments. In W. J. Lonner & J. W. Berry 
(Eds.), Field methods in cross-cultural research. (pp. 137-164). Thousand Oaks, CA: Sage Publications, 
Inc. 

Brooke, J. (1996). SUS: A “quick and dirty” usability scale. In P.W. Jordan, B. Thmoas, B. A. Weerdmeester, & 
I. L. McClelland (Eds.), Usability evaluation in industry (pp. 189-194). London: Taylor & Francis. 

Brooke, J. (2013). SUS: A retrospective. Journal of Usability Studies, 8(2), pp. 29-40. 
DeVellis, R. (2003). Scale development: Theory and applications. Thousand Oaks, CA: Sage Publications, Inc.  
Fang, J. Q., & Lu, Y. (2002). Advanced medical statistics. Beijing, China: People's Medical Publishing House. 
Finstad, K. (2006). The System Usability Scale and non-native English speakers. Journal of Usability Studies, 

4(1), 185-188.  
Guillemin, F., Bombardier, C., & Beaton, D. (1993). Cross-cultural adaptation of health-related quality of life 

measures: literature review and proposed guidelines. Journal of Clinical Epidemiology, 46(12), 1417-1432. 
Kirakowski, J. (1994). The Use of Questionnaire Methods for Usability Assessment. In T. Bösser (Ed.), 

Measures and methods for quality of use. Retrieved from http://sumi.ucc.ie/sumipapp.html 
Kline, T. (2005). Psychological testing: A Practical approach to design and evaluation. Thousand Oaks, CA: 

Sage Publications, Inc. 
Lewis, J. R., & Sauro, J. (2009). The factor structure of the system usability scale. In Human Centered Design 

(pp. 94-103). Springer Berlin Heidelberg. 
Sauro, J. (2011). A practical guide to the System Usability Scale (SUS): Background, Benchmarks & Best 

Practice. Denver, USA: A measuring usability LLC Publication. 
Terwee, C. B., Bot, S. D., de Boer, M. R., van der Windt, D. A., Knol, D. L., Dekker, J., Bouter, L. M., & de 

Vet, H. C. (2007). Quality criteria were proposed for measurement properties of health status 
questionnaires. Journal of Clinical Epidemiology, 60, 34–42. 

Tullis, T. S., & Stetson, J.N. (2004). A Comparison of questionnaires for assessing website usability. 
Proceedings of Usability of Professionals’ Association (pp. 1-12), Minneapolis, MN, June 7-11. Retrieved 
from http://home.comcast.net/~tomtullis/publications/UPA2004TullisStetson.pdf 



Hayashi, Y., et al. (Eds.) (2017). Workshop Proceedings of the 25th International Conference on Computers in 
Education. New Zealand: Asia-Pacific Society for Computers in Education 

35 

Pre-service Teachers’ Conceptions of Teaching 
using Mobile Devices 

Pei-Shan TSAIa*, Chin Chung TSAIb & Ching Sing CHAIc 
aTeacher Education Center and Graduate Institute of Technological and Vocational Education, 

National Taipei University of Technology, Taiwan 
bProgram of Learning Sciences, National Taiwan Normal University, Taiwan 

cNational Institute of Education, Nanyang Technological University, Singapore 
*sandra.pstsai@gmail.com 

Abstract: This study explored the pre-service teachers’ conceptions of teaching using mobile 
devices. Forty-seven pre-service teachers who had experiences in designing lesson plans and 
teaching materials (i.e. eBooks and APPs) with the use of mobile devices (i.e. smart phones 
and tablet PC) participated in the present study. The result showed that four qualitatively 
different conceptions of teaching using mobile devices, including “technology support,” 
“knowledge transmission,” “learning facilitation,” and “supporting student learning” were 
identified. 

Keywords: Conceptions of teaching; mobile devices 

1. Introduction 

Since they may play an important role in students’ learning, conceptions of teaching have been 
investigated for decades (Gow & Kember, 1993). According to Kember (1997) and Lee and Tsai 
(2011), conceptions of teaching are related to teachers’ ideas or the understanding they have 
experienced during the process of instruction. Kember (1997) reviewed thirteen studies in regard of 
conceptions of teaching, and classified the findings into five major categories, consisting of 
“imparting information,” “transmitting structured knowledge,” “student-teacher interaction,” 
“facilitating understanding, and “conceptual change/intellectual development.” Furthermore, Kember 
(1997) utilized two broad orientations (i.e. “teacher-centered/content-oriented” conceptions and 
“student-centered/learning-oriented” conceptions) to further classify these five categories of 
conceptions. In general, it is noted that individuals with teacher-centered/content-oriented conceptions 
tend to focus on the transfer of knowledge and content, whereas those with student-centered/learning-
oriented conceptions are likely to place more emphasis on students’ learning. As a result, 
Kember(1997) indicated that “imparting information” conceptions are considered to be more teacher-
centered or content-oriented, while “conceptual change/intellectual development” conceptions are 
viewed as  more student-centered or learning-oriented.  

On the basis of the conclusion revealed by Kember (1997), a number of scholars (e.g. 
Boulton-Lewis et al., 2001; Cheng, et al., 2009; Koballa, et al., 2000; Lee & Tsai, 2011) have 
similarly implemented these two broad orientations. For example, Lee and Tsai (2011) applied similar 
categories, namely “traditional” conceptions and “constructivist” conceptions, to understand teachers’ 
conceptions of teaching. Likewise, traditional conceptions refer to teacher-centered conceptions 
focusing on the delivery of knowledge and content, while constructivist conceptions suggest student-
centered conceptions emphasizing the importance of helping learners construct knowledge. In sum, 
the application of such broad orientations may hence be seen as useful analytical tools for exploring 
instructors’ conceptions of teaching. 

Besides, some studies have asserted that conceptions of teaching can be context-dependent 
(Gao, Watkins, 2002; Lee & Tsai, 2011; Roberts, 2003; Tsai, 2002). That is, perspectives on 
conceptions of teaching may vary within different learning contexts, such as subjects, curriculums, 
levels of schooling, and learning environments. Without doubts, the rapid development of technology, 
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like wireless network, tablets, and mobile devices, has provided unique opportunities for both 
instruction and learning in recent years. In fact, some pioneer studies have probed individuals’ 
conceptions of technology-based learning and teaching. For instance, Roberts (2003) investigated 
teachers’ conceptions on using Web for teaching. Khan (2015) conducted a study inquiring 
instructors’ conceptions regarding information and communication technologies (ICT)-enhanced 
teaching. In a similar fashion, Hsieh and Tsai (2017) studied learners’ conceptions on mobile learning. 

Moreover, it is worth mentioning that a research methodology, called phenomenographic 
method, is often applied to explore teachers’ conceptions of and approaches to learning and teaching 
in a variety of contexts (Ellis, Steed, & Applebee, 2006; Hsieh & Tsai, 2017; Khan, 2015; Prosser, 
Trigwell, & Taylor, 1994; Roberts, 2003). As Åkerlind (2005) stated, the phenomenographic method, 
through which researchers can identify qualitatively different categories of conceptions, is frequently 
utilized to understand the perspectives on people’s experiences. For example, Roberts (2003) used the 
phenomenographic method to examine university teachers’ conceptions of teaching and conceptions 
of using Web for teaching, identifying different categories between the contexts. On the one hand, it 
was found that instructors held conceptions of teaching in six qualitatively different and hierarchically 
related categories, comprising “imparting information,” “transmitting structured information,” “tutor-
student interaction,” “learning facilitation,” “intellectual development,” and “conceptual change.” On 
the other hand, participants revealed conceptions of using Web for teaching in four qualitatively 
different and hierarchically related categories, involving “inanimate object subject focus,” “tutor-
student interaction,” “learning facilitation,” and “intellectual development.” 

Recently, the Ministry of Education in Taiwan has promoted mobile learning programs in 
order to foster blended learning activities. As a matter of fact, research has demonstrated the 
significance of technology integration in mobile learning (Hwang, & Wu, 2014) and explored in-
service teachers’ conceptions of mobile learning (Hsieh & Tsai, 2017). However, pre-service 
teachers’ conceptions of teaching using mobile devices remain unknown. Since information and 
communication technology, such as wireless network, has been widely recognized as a useful tool to 
integrate mobile learning activities into the curriculum, it becomes important to probe individuals’ 
perceptions on the implementation of instruction with mobile devices during the time that pre-service 
teachers are trained. Therefore, the current research aimed to examine pre-service teachers’ 
conceptions of teaching with the use of mobile devices. 

2. Method 

2.1. Participants 

Forty-seven pre-service teachers (15 males and 32 females) with an average age of 22.38 participated 
in the present research. They were enrolled in a course which aimed to help pre-service teachers 
construct lesson plans and teaching materials (i.e. eBooks and APPs) with the use of mobile devices 
(i.e. smart phones and tablet PC). The main purpose of the course was to help not only instructors 
organize the teaching material, but also students learn within classroom settings and out of classes. At 
the end of the course, participants need to demonstrate in class so as to receive suggestions from peers 
in order to enhance their teaching performance. Afterwards, they were interviewed in regard of their 
teaching experiences with the use of mobile devices. 

2.2. Data Collection and Analysis 

To explore pre-service teachers’ conceptions of teaching using mobile devices, each participant was 
individually interviewed by a trained researcher. The interview questions, modified from Lee and Tsai 
(2011) and Tsai (2002), are presented below: 
 Based on your experience, what is teaching using mobile devices? 
 What makes the most successful teaching using mobile devices? 
 Could you describe what the ideal teaching using mobile devices would look like? Why? 

The phenomenographic method was utilized to analyze the participants’ interview responses. 
At first, the interview verbatim transcripts were reviewed by the researcher. Meaningful sentences and 
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main ideas indicating participants’ conceptions were examined, and similarities and differences were 
then scrutinized. In this way, the hierarchically related categories of teachers’ conceptions of teaching 
using mobile devices could be identified in the current study. 

Similar to other studies investigating individuals’ conceptions in different contexts (Hsieh & 
Tsai, 2017; Yang & Tsai, 2010), the current research found that some participants had mixed views of 
conceptions. To further clarify these conceptions, each participant’s conceptions were sorted into two 
levels (i.e. main level and achieved level) in order to represent his or her views on teaching using 
mobile devices. That is, the most frequent ideas revealed by each teacher was identified as his or her 
main level of conceptions, while the views indicated at the highest hierarchical order was seen as his 
or her achieved level of conceptions. To validate the finding, 22 interview manuscripts were randomly 
selected and classified by another experienced scholar using the same coding scheme. The result 
showed 81% and 86% agreement regarding main conceptions and achieved conceptions, respectively. 
The remaining dissented data was discussed and classified by both researchers at last. 

3. Results 

Through phenomenographic analysis, four different conceptions of teaching using mobile devices, 
including “technology support,” “knowledge transmission,” “learning facilitation,” and “supporting 
student to learn,” were revealed. As shown in Table 1, the categories ranging from A (technology 
support) to D (supporting student to learn) represented hierarchically different conceptions of teaching 
using mobile devices. Similar to the research conducted by Tsai (2002) and Lee and Tsai (2011), two 
orientations (i.e. traditional and constructivist) were further applied to classify teachers’ conceptions 
of teaching using mobile devices. As mentioned earlier, traditional orientation incorporated teacher-
centered conceptions viewing instruction using mobile devices as a way to transfer knowledge; on the 
contrary, constructivist orientation involved student-centered conceptions seeing teaching with the use 
of mobile devices as an alternative to help students construct knowledge. As a consequence, it was 
suggested that traditional-oriented conceptions include category A (technology support) and category 
B (knowledge transmission), whereas constructivist-oriented conceptions consist of category C 
(learning facilitation) and category D (supporting student learning).  

Table 1: The categories of teachers’ conceptions of teaching using mobile devices  

Categories Description 

A. Technology support The teacher-centered conception considering teaching with mobile 
devices a support to the present teaching materials 

B. Knowledge transmission The traditional-oriented conception viewing teaching with mobile 
devices as a way to transmit knowledge everywhere and every 
time 

C. Learning facilitation The student-centered conception seeing teaching with mobile 
devices as an alternative to facilitate students' understanding   

D. Supporting student to learn The constructivist-oriented conception regarding teaching with 
mobile devices as  a method to help student learn actively. 

 
 Table 2 illustrated the distribution of participants’ conceptions of teaching using mobile 

devices. As for the main level of conceptions, 81% (n = 38) of the interview responses were classified 
as traditional and 19% (n = 9) as constructivist. In contrast, 43% (n = 20) of the responses were 
classified as traditional and 56% (n = 27) as constructivist in the achieved level of conceptions. It 
should be noted that the conceptions in the main level represent participants’ dominant ideas. Thus, it 
may be inferred that most pre-service teachers have viewed teaching with the use of mobile devices in 
a traditional way. In contrast, the conceptions in the achieved level imply individuals’ potential ideas. 



38 

Therefore, it may be encouraging that pre-service teachers still have the potential to improve their 
instruction in a more constructivist way. 

Table 2: The distribution of categories regarding conceptions of teaching using mobile devices 

Orientations Category Main Achieved 

Traditional A 17 (36%) 8 (17%) 

B 21 (45%) 12 (26%) 

Constructivist C  5 (11%) 13 (26%) 

D 4 (9%) 14 (30%) 

 
Total  47 (100%) 47 (100%) 

4. Discussion and Conclusion 

This study was intended to explore pre-service teachers’ conceptions of teaching using mobile 
devices. Four qualitatively different and hierarchically related conceptions, namely “technology 
support,” “knowledge transmission,” “learning facilitation,” and “supporting student to learn” were 
revealed with the implementation of phenomenographic analysis. Moreover, the result indicates that 
more than half of the participants have held traditional conceptions (i.e., technology support or 
knowledge transmission) in the main level. Meanwhile, it is found that more than half of the teachers 
have embraced constructivist conceptions (i.e., learning facilitation or supporting student to learn) in 
the achieved level. As a result, it may be proposed that although most pre-service teachers see mobile 
devices as technology gadgets to transmit knowledge, they are aware of the fact that teaching using 
mobile devices can facilitate and support students’ understanding, and thus make them become active 
learners. The finding is consistent with the claim asserted by constructivist theory, suggesting that 
educational technology or Web-based learning activities may provide opportunities for learners to 
construct knowledge by themselves (Tsai, 2001). It is indeed important for teachers to form such 
conceptions of teaching, so that they can potentially enhance their instruction and assist students to 
learn in a more active way with the use of educational technology. 
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