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Abstract Mobile technology has been increasingly applied to educational settings in the
past decade. Although researchers have attempted to investigate both students’ and
teachers’ preferences regarding mobile learning, few studies have investigated the dif-
ferences between the two, an understanding of which is important for developing effective
mobile learning environments. To address this issue, a mobile learning environmental
preference survey (MLEPS) consisting of eight factors, “ease of use,” “continuity,”
“relevance,” “adaptive content,” “multiple sources,” “timely guidance,” “student
negotiation” and “inquiry learning,” was developed in this study. A total of 1239 students
(609 males and 630 females) and 429 teachers (208 males and 221 females) who employed
mobile technology to learn and teach in schools completed the questionnaire. From the
structural equation models, it was found that the major difference between the preferences
of teachers and students in learning with mobile technologies was that the teachers tended
to focus more on the technical issues, while the students cared more about the richness and
usefulness of the learning content. In addition, both the students and teachers considered
that the “anytime” and “anywhere” support provided via the mobile technology played an
important role during the learning activities, engaging them in searching for information,
collecting data, interpreting data and summarizing findings. It is therefore suggested that
learning environments which conform to both students’ and teachers’ preferences be
developed in the future.
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Introduction

Recent advances in computer and communication technologies have changed the way of
teaching and learning (Bentsen et al. 2013). Many studies have reported the benefits of
mobile and wireless network technologies that offered opportunities to engage students in
interacting with real-world learning targets in the field via mobile devices (Kukulska-
Hulme 2012). In the meantime, several governmental organizations have put a great deal of
effort into implementing mobile technology-enhanced learning in school settings (Looi
et al. 2014; Ozdamli and Uzunboylu 2014). For instance, in Taiwan, the Ministry of
Education has provided a large number of resources to schools (e.g., assisting the schools
in setting up wireless networks and mobile learning environments) as well as training
programs to help teachers design mobile learning activities. Such a top-down promotion
policy shows that the governments of those countries consider mobile learning as a
potential learning approach in formal education.

Ruchter et al. (2010) further pointed out that the use of these emerging technologies
makes learning quite different. In several courses, such as environmental education, it is
important for students to make observations and collect data of natural phenomena in the
field. In the traditional learning approach, without mobile and wireless technologies, stu-
dents need to bring printed materials to the field (e.g., science parks) for observing and
taking notes on the real-world learning targets. The effects of such an in-field learning
approach might be limited since the students are not able to derive the required supple-
mentary materials or interact with peers and teachers instantly (Ruchter et al. 2010; Schultz
2000). Via the help of these new technologies, however, students can now directly access
the information they need and seek help from peers and teachers during field trips (Tan
et al. 2012); in addition, their presence, actions and learning processes can be recorded, and
the learning system can immediately detect their learning status so as to provide personal
supports (Looi et al. 2014). Therefore, students today can be actively involved in their
learning activities and access more adaptive learning content anywhere and anytime
(Kamarainen et al. 2013).

On the other hand, scholars have indicated that nowadays teachers need to face the
challenges of employing mobile technologies in school settings (Morrison et al. 2009;
Vermunt 2007). The lack of professional development of mobile technology-enhanced
learning designs for teachers is likely to result in boring curriculums, which might leave
students lacking motivation in class (Beyers 2009). This phenomenon is frequently seen
since mobile technology is new to most teachers (Webster and Son 2015). Therefore, in
order to effectively apply mobile technology to school settings, educators and school
managers need to understand the benefits and difficulties of conducting mobile learning
activities in the existing curriculums. Moreover, to cater to students’ learning preferences
and to avoid pedagogical pitfalls, teachers need to understand the instructional needs in
mobile learning contexts as well as students’ preferences for mobile learning when
developing learning activities (Vermunt 2007; Zhu 2013).

The purpose of this study was, therefore, to investigate both teachers’ and students’
perspectives and preferences in the context of mobile learning environments by examining
and comparing the technical, content, and cognitive aspects.
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Literature review
Students’ and teachers’ perspectives on learning

In the last three decades, researchers have proposed the importance of understanding
students’ or teachers’ psycho-social characteristics in the classroom, since their perceptions
and judgments regarding learning environments could mediate the instruction and inter-
action in their classrooms (Kearney et al. 2015). Table 1 shows a comparison of students’
and teachers’ perceptions of learning. For instance, in a classroom environment without
technology, both students and teachers like the learning activities that fulfill individual
learning opportunities, provide personalized guidance or interaction, and enable them to be
active learners (De Hei et al. 2015; Patchen and Smithenry 2015). Fraser (1982) revealed
some differences in the perceptions of students and teachers, that is, students’ expectations
of controlling their own learning pace was greater than the teachers’ actual perceptions and
expectations.

Owing to the improvement in technology, students and teachers have more opportu-
nities to experience the benefits of technology-enhanced learning contexts (Bogdanovic
et al. 2013; Chen and Huang 2012; Hwang et al. 2012). The exploration of students’ and
teachers’ perceptions of technology in learning can aim to promote the congruence of
classroom interactions and reduce the gap between learning and teaching (Vermunt and
Verloop 1999). According to the previous research, it was found that students and teachers
had positive attitudes toward information technologies (Christensen 2002). Nevertheless,

Table 1 The comparison of students’ and teachers’ perceptions of learning

Perception Without technology

With technology

With mobile technology

Similarity ~ Prefer more individualized
learning and interaction (De
Hei et al. 2015; Fraser 1982;
Patchen and Smithenry 2015)

Difference
Student  Expected more individual
learning opportunities (Fraser
1982)
Teacher  Satisfied with actual

individualized learning mode
(Fraser 1982)

Positive attitudes toward
information
technologies
(Christensen 2002)

Enthusiastic about
technologies (Li, 2007)

Much more likely to use
Facebook (Roblyer
et al. 2010)

Expected more self-
directed learning (Otter
et al. 2013)

More negative attitude
than students (Li 2007)

Prefer to use more
“traditional”
technologies, such as
email (Roblyer et al.,
2010)

Taking the important role
in online courses (Otter
et al. 2013)

Look forward of applying
mobile technologies in
education (Ozdamli and
Uzunboylu 2014)

Utilized more applications of
mobile learning
management systems
(Antonenko et al. 2013)

Utilized few applications of
mobile learning
management systems
(Antonenko et al. 2013)

Against using mobile phones
in teaching and learning
(Kafyulilo 2014)

Gainsaid mobile devices as a
potential learning
technology (Sad and
Goktas 2014)
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some researchers still pointed out the differing student and teacher perceptions of infor-
mation technology. Most students are more enthusiastic about technology than their
teachers (Li 2007). Also, they tend to prefer more social interaction and self-directed
learning, while teachers prefer to utilize the technologies they are proficient in, and are
more likely to be the leader of online courses (Otter et al. 2013; Roblyer et al. 2010).

In the past decade, the advantages of mobile technology-enhanced learning have
attracted the attention of researchers and school teachers (Chen 2013; Marty et al. 2013).
Several studies have also employed survey methods to examine students’ and teachers’
perspectives on mobile learning (Gikas and Grant 2013; Sung et al. 2013). Ozdamli and
Uzunboylu (2014) reported that both teachers and students look forward to applying
mobile technologies in education; however, they identified some differences between
students’ and teachers’ perceptions. For instance, students were able to utilize more
applications of mobile learning systems than teachers (Antonenko et al. 2013), while
teachers were opposed to using mobile phones in teaching and learning processes
(Kafyulilo 2014), and gainsaid mobile devices as a potential learning technology (Sad and
Goktas 2014).

From these studies, it was found that most students highly agreed with the advantages
provided by technologies. On the contrary, some teachers possessed unfavorable attitudes
or were unfamiliar with those technologies. In other words, the students and the teachers
did not reach a consensus regarding the use of technologies in learning, and a gap between
learning and teaching still existed.

The advance and challenge of mobile technologies in learning

In recent years, the integration of mobile learning has transformed the learning model into
student-centered learning (Chang et al. 2010; Saavedra and Opfer 2012). In this learning
mode, mobile technologies have been regarded as a migrating process for students to
transfer their learning knowledge and skills into the capabilities they need in the real world
(Hwang 2014). Accordingly, several researchers have attempted to provide effective
approaches to assisting learning by guiding students to learn in the real world and
increasing teachers’ confidence in developing mobile learning activities (Schuck et al.
2012). For instance, Hung et al. (2014) employed a video-based prompt approach in a
context-aware mobile learning environment and found that the students’ learning attitudes
improved as a result, while Ekanayake and Wishart (2014) implemented a professional
mobile-based development workshop and changed teachers’ attitudes towards the use of
mobile phones.

However, some empirical studies have pointed out the challenge of mobile learning,
indicating that teachers’ willingness is a crucial factor while developing and conducting
mobile learning activities (Hargis et al. 2013; Ismail et al. 2013). Even though most
teachers realize the potential value of such technologies in school settings (Webster and
Son 2015), they seldom try to integrate mobile technologies into their classes due to the
lack of professional training and technology supports in schools (Cochrane 2014; Chu
2014; Ozdamli and Uzunboylu 2014). For example, Kearney et al. (2015) and Herro et al.
(2013) have found that teachers put low value on the aspect of mobile learning since the
bandwidth of the wireless network in their schools was limited, and the assistance in
developing learning content and pedagogical designs was not sufficient.

Despite those teacher perceptions of mobile learning, several governmental organiza-
tions have still put a great deal of effort into implementing mobile technology in regular
courses (Looi et al. 2011; Ramos and Trifiona 2010). In Taiwan, the Ministry of Education
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has provided a large amount of support to schools, assisting them in the development of
their mobile learning environments, and training teachers to design their own mobile-based
activities. However, mobile learning is often considered as “under-theorized in teacher
education” (Baran 2014, p. 17). For school managers and educators, the implementation of
mobile learning is a new challenge, and the learning environments today are different from
those of the past (Ertmer and Ottenbreit-Leftwich 2013; Newhouse 2014). Thus, it is
essential to investigate students’ and teachers’ needs related to mobile activities so as to
develop well-constructed mobile-based environments (Ekanayake and Wishart 2014;
Kafyulilo 2014; Sad and Goktas 2014). Among various learning perceptions, learning
environmental preferences have been considered as one of the important elements corre-
lated with the quality of teaching and learning (O’Bannon and Thomas 2014). These are
related to individuals’ epistemological beliefs and learning needs, which are significantly
associated with their learning performance (Tsai 2008).

Therefore, the current study explores the mobile learning environmental preferences of
both high school teachers and students. In order to understand the actual high school
teachers’ and students’ needs in mobile learning activities, in this study participants were
selected who had already experienced 1 year of mobile learning activities in their regular
course. Therefore, the responses to this study could clearly reflect their needs when con-
ducting mobile learning activities. Thus, their preferences regarding mobile learning can be
more specific for developing well-constructed mobile-based environments. The validity
and reliability of the mobile learning environmental preference survey were clarified, and
the structural equation models were utilized to examine the differences in the preferences
of the students and teachers. In summary, the research questions of this study are:

(1) Does the instrument designed to measure the high school teachers’ and students’
preferences in the mobile learning environments result in an interpretable factor
structure, reflecting the intended constructs?

(2) What are the high school teachers’ and students’ preferences in mobile learning
environments? And how did the teachers and students perceive their preferences in
the mobile learning environments?

(3) What are the structural relationships of teachers’ preferences in mobile learning
environments?

(4) What are the structural relationships of students’ preferences in mobile learning
environments?

(5) According to the structural equation model (SEM) analyses, are there any
differences between teachers’ and students’ mobile learning preferences?

The framework of mobile learning preferences: technical, content,
and cognitive

The definition of mobile learning has been clearly identified by Sharples et al. (2002). They
indicated three factors as important elements when developing mobile learning environ-
ments, including the technology, content, and cognitive elements. The “technology”
aspect of learning environments could be regarded as the fundamental factor which has
high correlation with the “content” aspect. Moreover, the “technology” aspect and the
“content” aspect could be the predictors of their “cognitive” aspect of learning strategies
and outcomes (Hsu 2015; Lee and Kim 2015; Wen et al. 2004).
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In particular, the technical concept of mobile learning environments refers to students’
mobile technology adoption, their behaviors and intentions in learning (Vogel et al. 2014).
Previous studies have investigated students’ technology adoption and revealed that,
through the user-friendly mobile devices, students can operate and then engage in learning
efficiently (Kafyulilo 2014; Liaw et al. 2010). Moreover, students would like the learning
system to automatically record their portfolios and enable them to engage in continuous
learning (Chen 2013; Wong and Looi 2011).

On the other hand, the learning content has been regarded as an important element
encouraging students to engage in active learning (Hwang et al. 2008). Due to the tech-
nology supports, the provision of abundant information and close-to-life learning sources
should be focused on (Tsai et al. 2012). Moreover, adaptive and timely content, which has
been recognized as a distinguishing feature in mobile learning, can engage students in
learning and judging critically (Tsai et al. 2011; Wu et al. 2011).

Mobile technologies provide learning environments which align with the ideas about the
practice of constructivism in education. The constructivist theory has generally asserted
that knowledge is actively constructed by individuals, and that social interaction also plays
an important role in the learning process (Akinoglu 2013; Donnelly 2010; Hwang et al.
2011; Marty et al. 2013). For instance, El-Bishouty et al. (2010) provided social networks
in a mobile-based learning environment where college students could discuss and col-
laborate with their peers during the learning process. Tsai et al. (2012) provided a context-
aware ubiquitous learning approach with personalized timely guidance and feedback to
help students cope with problems encountered during the science inquiry process. More-
over, Kim et al. (2015) developed a mobile-based science inquiry activity to encourage
students to collect solutions to problems and report scientific phenomena themselves.

Tsai et al. (2012) have further summarized a framework of mobile learning prefer-
ences, and verified that the characteristic of a mobile-based learning environment should
include ease of use (EU), continuity (CO), relevance (RE), adaptive content (AC),
multiple sources (MS), timely guidance (TG), student negotiation (SN), and inquiry
learning (IL), as shown in Table 2.

Table 2 The aspects and factors considered in the MLEPS

Aspect Factor Description
Technical Ease of use Referring to the preference for ease of use of mobile devices.
Continuity Referring to the preference for the mobile learning environment to assist
individuals in keeping continuously learning.
Content Relevance Referring to the individual’s preference that the mobile learning environment
represents real-life situations.
Adaptive Referring to the preference that individuals can access information based on
content their requirements.
Multiple Referring to the preference that mobile learning environments consist of
sources various relevant sources.
Cognitive  Timely Referring to the preference of individuals to receive support at the right time
guidance and in the right place.
Student Referring to individuals preferring to have opportunities to interact with peers
negotiation in the mobile learning environment.
Inquiry Referring to individuals preferring to have opportunities to engage in inquiry
learning in the mobile learning environment.
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In order to examine the difference in students’ and teachers’ mobile learning prefer-
ences, in this study the framework and questionnaire developed by previous researchers
were adopted (Tsai et al. 2012). According to the theoretical review, these three aspects
were suitable for explaining the students’ and the teachers’ learning environment
preferences.

Method
Participants

In this study, a high school mobile learning program was conducted with the Ministry of
Education in Taiwan, to counsel and help high school teachers implement mobile learning
activities in regular courses. The participants, consisting of teachers and students from 38
high schools, incorporated mobile learning activities into their regular learning activities.

In order to avoid the mobile learning activities varying too greatly, this study referred to
previous research (Chang et al. 2013; Lai and Hwang 2015; Shea and Bidjerano 2009) and
the researchers consulted with experts experienced in mobile learning. Moreover, some
training courses were held for the teachers to understand how to implement mobile
learning activities in their regular courses, while regular consultations were also conducted
via which the experts could give the teachers appropriate suggestions regarding the mobile
learning activities they were attempting to implement, as shown in Fig. 1. As a result, the
teachers of this study had the basic concept of integrating mobile technologies into their
regular courses.

On the other hand, the mobile learning environment preferences survey was completed
at the end of the academic year after the teachers and students implemented the planned

BAXTHRRBR
| Blended

Mobile Learni
Model

Fig. 1 Training courses and consultations for teachers to develop their meaningful mobile learning
activities
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mobile learning activities. Therefore, the participants of this study had the basic concepts
and experiences of mobile learning, and their responses were sufficiently reliable to
describe the needs and opinions of the mobile learning environments. Finally, the partic-
ipants responded to the survey on the Internet from September 2013 to May 2014, and
totally, 1239 students (609 males and 630 females) and 429 teachers (208 males and 221
females) were enrolled in this study.

Measurement

In order to investigate the teachers’ and students’ preferences in mobile learning envi-
ronments, the mobile learning environmental preferences survey (MLEPS) was employed.
This survey originated from a survey developed by Tsai et al. (2012). It was translated
into a Chinese version and was examined by five experienced teachers to ensure that the
high school students were able to understand the meaning of each item. Three aspects of
mobile learning preferences have been defined: technical, content, and cognitive. The
original questionnaire consisted of eight factors: EU, CO, RE, AC, MS, TG, SN, and IL.
Each factor included 4 items, giving a total of 32 items in the questionnaire. Furthermore,
the original survey was presented with a five-point Likert scale from 1 (strongly disagree)
to 5 (strongly agree). The total Cronbach’s alpha value of the original survey was 0.97,
and the original Cronbach’s alpha values of the eight factors were 0.91, 0.89, 0.88, 0.88,
0.92, 0.87, 0.93, and 0.90, indicating that the reliability of the original questionnaire was
good.

Continuing the investigation of students’ mobile learning preferences (Tsai et al. 2012),
this study expanded the research to explore high school teachers’ mobile learning pref-
erences, and to analyze the differences in the mobile learning environment preferences of
high school teachers and students. As a result, 24 items (with each scale including 3 items)
were included in the MLEPS, as shown in “Appendix 1”. Furthermore, this questionnaire
was also presented on a five-point Likert scale, whereby subjects with higher scores were
likely to express stronger preferences for the specific features in mobile learning
environments.

Data analysis

This study involved four phases of the data analysis procedure, including exploratory
factor analysis (EFA), confirmatory factor analysis (CFA), Welch’s test in one-way
heteroscedastic ANOVA, and structural equation modeling (SEM).

The EFA and CFA were adopted to confirm the validity and reliability of the teachers’
and the students’” MLEPS. The individual EFAs were conducted to clarify the structures of
the teachers’ and the students’ mobile learning environment preferences, and half of the
teachers’ (n = 215) and half of the students’ (n = 619) responses were randomly selected
in the EFA analysis. In order to ensure the consistency and validity of the items in each
group, those items with a factor loading of less than 0.5 and with many cross-loadings were
omitted from the survey. Moreover, in order to ensure the consistency of items between
groups for fair comparison, the two EFAs were synchronously analyzed. For instance, the
item of MS4 was cross-loading in the teachers’ structure in the current study, as the
teachers considered that it was associated with more than one factor. For fair comparison,
this item was omitted from both the teachers’ and the students’ structures. On the other
hand, the responses of the other half of the teachers (n = 214) and students (n = 620) were
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used in the CFAs, which can specify the relations of the observed factors to their posited
underlying constructs (Chau 1997).

In order to examine the difference in the teachers’ and students’ preferences in mobile
learning environments, an initial examination was adopted by employing Welch’s test in a
one-way heteroscedastic ANOVA. Since the students and teachers are nested in this study,
Welch’s test is more reliable when the two samples have unequal variances and unequal
sample sizes (Shieh and Jan 2015). On the basis of extensive empirical evidence of Type I
error control and power performance, Welch’s procedure is frequently recommended as the
major alternative to the ANOVA F test under variance heterogeneity (Jan and Shieh 2014;
Kang et al. 2015).

Finally, the SEMs were employed by using Linear Structure RELationships (LISREL),
which can be used to confirm the validity of the scales in the questionnaires. Then, the
teachers’ and the students’ structural relationships among the factors were evaluated via
SEM, which offers a flexible and powerful means of examining the relationships among
constructs (Kelloway 1998). On the other hand, the fit of the models was evaluated using
various measures (Joreskog and Sérbom 1993), such as y* per degree of freedom, the root
mean squared error of approximation (RMSEA), the goodness of fit index (GFI), the
normed fit index (NFI), and the comparative fit index (CFI).

Results
Validity and reliability of the teachers’ and the students’ MLEPS

To validate the survey of the teachers’ and the students” MLEPS, two exploratory factor
analyses with varimax rotated principal component analysis were performed to clarify both
structures, as shown in “Appendix 2”. The sample size in each group was big enough to
explore the appropriate structure through EFA (Cattell 1978; Comrey 1973). On the other
hand, all the variables in the overall KMO values were greater than 0.50 (Field 2000); the
skewness values were less than 3, and the kurtosis values were less than 10 (Kline 1998).
Moreover, the total variance explained was 83.64 and 82.26 %, respectively, and all of the
communality levels were greater than 0.75. The results suggest that the factor analysis is
favorable for explaining the teachers’ and the students’ MLEPS.

As a result, those participants’ responses were grouped into the following factors: EU,
CO, RE, AC, MS, TG, SN, and IL. All 24 items were retained in the final version of the
teachers’ and the students’ preferences in mobile learning environments, and the ratios of
sample size-to-variable were feasible (Cattell 1978; Onwuegbuzie et al. 2010). On the
other hand, the Cronbach’s alpha coefficients all showed high reliability, whether in each
factor in each group or the overall values. Since the Cronbach’s alpha value is too sensitive
to the number of items, this study further employed the raw mean inter-item correlation as
the examination of the internal consistency. The average raw mean inter-item correlations
are 0.49 and 0.50, respectively. These values fall in the range of 0.15-0.50, representing
good reliability in assessing the teachers’ and students’ preferences in mobile learning
environments (Briggs and Cheek 1986; Clark and Watson 1995).

On the other hand, the CFAs further confirmed the construct validity and the structure of
the students’ and teachers’ MLEPS, as shown in “Appendix 3”. The fitness of the items for
each scale of the teachers’ mobile learning preferences (y> per degree of freedom = 1.64,
RMSEA = 0.05, GFI = 0.88, NFI = 0.97, CFI = 0.99) and the fitness of the items for
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each scale of the students’ mobile learning preferences (y> per degree of freedom = 2.09,
RMSEA = 0.02, GFI = 0.94, NFI = 0.96, CFI = 0.98) indicated sufficient fits and also
confirmed the structures.

The difference in teachers’ and students’ preferences in mobile learning
environments

This study further compared students’ and teachers’ different preferences in mobile
learning environments. The teachers’ (n = 215) and students’ (n = 619) responses
selected in the EFA analysis were further analyzed using Welch’s test in the one-way
heteroscedastic ANOVA.

The results of Welch’s test indicate that the eight factors, EU, CO, RE, AC, MS, TG,
SN, and IL, differed significantly between the two groups, as shown in Table 3. Further-
more, the standardized mean-difference effect size (Cohen’s d) is designed for contrasting
two groups on a continuous dependent variable. It can be computed from means and
standard deviations. The results of the effect size (Cohen’s d) indicate a large effect size
(Cohen 1988). That is, compared with students, teachers tended to show stronger prefer-
ences in mobile learning environments. According to this result, it is necessary to
understand whether differences exist in the teachers’ and the students’ mobile learning
environmental preference in the structural relationships.

The structural equation modeling of the teachers’ and the students’ MLEPS

Since the proposed structural relationships between variables can be conducted through
LISREL analysis (Kelloway 1998), all participants’ responses on the CFA version surveys
were subjected to SEM analysis (the teachers’ n = 214 and the students’ n = 620). Each
of the fits were evaluated and compared with the various measures shown in Table 4. The
results of the fit measures of the teachers’ MLEPS model (y* per degree of free-
dom = 2.31, RMSEA = 0.08, GFI = 0.83, NFI = 0.96, and CFI = 0.98) and the results
of the students’ MLEPS model (12 per degree of freedom = 3.61, RMSEA = 0.06,
GFI = 0.90, NFI = 0.98, CFI = 0.90) indicated highly satisfactory fits and confirmed the
models’ structures of preferences in mobile learning environments. Since the GFI (0.83) of
the teachers was approaching the recommended value (0.9), researchers (e.g., Browne and
Cudeck 1993) suggest that this would be an acceptable model fit.

In the structural model of the teachers’ preferences in mobile learning environments, the
summary of the maximum-likelihood parameter estimates and significance of the z-values

Table 3 The scores of the factors of mobile learning preferences for teachers and students

EU co RE AC MS TG SN IL
Teacher 3.91 4.04 4.01 425 422 4.16 4.26 422
(n =215  (0.81) 0.63)  (0.66)  (0.64) (0.59) (0.60) (0.60) (0.59)
Student 3.15 3.52 3.51 3.69 3.65 3.50 3.66 3.70
(n=619) (0.94) 0.76)  (0.74)  (0.80) (0.74) (0.74) (0.78) (0.74)
Welch 127.14™"  96.87"" 84217 105.34™" 12838 17234™ 133.16"" 108.16™"
Cohen’sd  0.87 0.76 0.71 0.77 0.85 0.98 0.86 0.78

* p <.001
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Table 4 Fit measures for the structural model of teachers’ and students’ MLEPS

Fit index Teachers Students Recommended value
¥ 533.37 833.72 -

Degree of freedom 231 231 -

x* per degree of freedom 231 3.61 <5

RMSEA 0.08 0.06 <0.08

GFI 0.83 0.90 =0.90

NFI 0.96 0.98 =0.90

CFI 0.98 0.99 =0.90

Teachers, teachers’ structural model of mobile learning environments preferences; Students, students’
structural model of mobile learning environments preferences

0.19%*
g ﬂ

(.73 %*x 0.40%**

0.77%%*
0425

0.63%**
0.30%**

Fig. 2 Structural model of the relationships to teachers’ mobile learning environment preferences (EU ease
of use, CO continuity, AC adaptive content, RE relevance, MS multiple sources, 7G timely guidance, SN
student negotiation, /L inquiry learning)

are presented in Fig. 2. The statistically significant relationships are shown with solid lines,
and, for a cleaner display, other non-significant relationships are concealed. Furthermore,
the level of significance of the r-value grows gradually from 2.58 (p < 0.01) to 3.29
(» < 0.001) (Joreskog and Sérbom 1993).

In terms of the technical aspect, EU had a relationship with AC, indicating that a
friendly interface in mobile learning plays an important role in assisting teachers to access
the information they need for teaching. On the other hand, CO had a strong relationship to
all of the factors in the content aspect of the teachers’ preferences, including AC, RE and
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Fig. 3 Structural model of the relationships to students’ mobile learning environment preferences
(Significant t-value, p < 0.001. EU ease of use, CO continuity, AC adaptive content, RE relevance, MS
multiple sources, 7G timely guidance, SN student negotiation, /L inquiry learning)

0.51%**

MS. This indicates that in order to provide multiple, true-to-life and realistic information in
mobile learning environments, good wireless technologies keeping track of learners should
be included. Moreover, CO was the significant predictor explaining TG and IL in the
cognitive aspect, indicating that a continuous learning procedure is an important factor for
TG and IL, in the teachers’ views.

In addition, from the aspect of content, MS was the mediator explaining the variation in
TG, SN and IL. This result indicates that the provision of MS in mobile learning envi-
ronments plays an important role when the teachers develop more cognitive activities in
mobile learning environments.

On the other hand, the students’ structural model was shown in Fig. 3. In the technical
aspect of the students’ preferences in mobile learning environments, EU is related to RE,
AC and TG, indicating that a friendly interface in mobile learning is essential when
acquiring relevant and adaptive learning resources. Moreover, a friendly interface is an
important characteristic when accessing TG in mobile learning activities. On the other
hand, CO was a positive predictor of RE, AC and MS. That is, wireless technology plays
an important role in students’ learning activities for acquiring relevant, adaptive and
multiple learning resources.

In the content aspect of the students’ preferences, RE and MS were considered as
important positive mediators to TG, SN and IL. That is, multiple and relevant sources for
learning could engage students in cognitive learning processes. In addition, AC was a
positive predictor of IL, indicating that learning content responding to students’ needs can
foster the students’ inquiries during their learning.
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Table 5 The significant predictors of the teachers’ and the students” MLEPS

RE AC MS TG SN IL
EU St Tt S* st
Cco Tt St Tt S* T S* T" T*
RE st St st
AC St
MS T St T S* Tt St

T teacher positively predict, S* student positively predict, EU ease of use, CO continuity, AC adaptive
content, RE relevance, MS multiple sources, 7G timely guidance, SN student negotiation, /L inquiry learning

Moreover, this study compared the teachers’ and the students’ significant relationships
in the SEM structural analysis, as shown in Table 5. The variables in the columns are the
predictors of the factors in the rows; for instance, the factor of EU positively predicts AC in
both the teachers’ and the students’ preferences. According to this table, the teachers and
the students reached consensus that CO in the technical aspect could predict their content
preferences, and MS in the content aspect is important during their cognitive learning. It
could be considered that when developing well-designed mobile learning environments,
the provision of good wireless services and multiple learning sources are the fundamental
elements. In addition, the teachers and the students both agreed that a friendly interface can
support them in acquiring adaptive learning content, since their preferences for EU posi-
tively predicted AC.

On the contrary, there are some differences in the teachers’ and students’ preferences. In
the teachers’ view, the CO factor can predict the cognitive process during mobile learning
activities, such as TG and IL. That is, when conducting ubiquitous learning, the seamless
and continuous wireless connection plays an important role in providing TG and sup-
porting IL. However, the students in this study did not consider CO to be as important as
the teachers did in their cognitive learning process.

In the views of the students, their preferences for EU are highly related to RE and TG.
Moreover, the more relevant learning content they receive (RE), the more cognitive
learning processes they experience in their mobile learning activities (TG, SN, students
negotiation; and IL, inquiry). Finally, the students considered that adaptive learning con-
tent is necessary, as AC predicted IL. In sum, the students in this study considered that the
learning content they received during their learning plays an important role in their cog-
nitive learning processes. However, the teachers, who had the responsibility for designing
the learning activities, did not consider EU, RE, or AC as essential factors in developing
cognitive learning activities.

Discussion and conclusions

In recent years, mobile learning has been regarded as an imperative learning approach, and
several governments, especially that of Taiwan, have started to be concerned about the
implementation of mobile learning in their formal education (Chang et al. 2010). However,
the development of mobile learning environments or activities have challenged teachers,
because this learning approach is different from those of the past (Ertmer and Ottenbreit-
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Leftwich 2013). Therefore, it is essential to realize teachers’ and students’ needs regarding
mobile learning to develop well-constructed mobile-based environments and activities.

In this study, a survey design research was employed to investigate the preference for
mobile learning of Taiwan high school teachers and students. To understand their specific
preferences, the participants of this study had to experience 1 year of mobile learning
activities in their regular school courses. Therefore, those participants could reflect their
actual thoughts and perceptions of mobile learning.

According to the structural model of the Taiwan high school teachers’ mobile learning
environment preferences, it was found that continuity (CO) may be regarded as an
important factor in mobile learning environments. This result indicates that learning
records, given good wireless technology, can assist teachers in adding more authentic, true-
to-life, and varied learning resources to their activities (El-Bishouty et al. 2010; Wu et al.
2011). On the other hand, with respect to the Taiwan high school students’ preferences, the
aspect of content (relevance, adaptive content, and multiple sources) has been regarded as
an important bridge between the technical and cognition aspects of their learning. For
instance, the students felt that having continuous learning may engage them in acquiring
more relevant resources, more information based on their requirements, and multiple data
during their searching activities (Tsai et al. 2011; Vogel et al. 2014). Furthermore, the
adaptive information they acquire during their learning activities may engage them in more
cognitive learning processes (Hsu 2015).

In comparison to the structures of Taiwan high school teachers’ and students’ prefer-
ences in mobile learning environments, there were some agreements regarding what both
teachers and students considered to be important. The most important factor is continu-
ously learning based on wireless communication, which provides efficient information
acquisition. The other is the quality of multiple sources of information which can satisfy
the teaching and learning needs. Therefore, for future development of mobile learning
environments, the critical aspects of the continuity of the wireless services and the multiple
sources provided for learning should be focused on (Kearney et al. 2015; Wong and Looi
2011).

Nonetheless, the Taiwan high school teachers and students also differed in some of their
preferences. The teachers focused more on the technical effects of continuous learning
when developing mobile learning activities (Kordaki 2013), while the students cared more
about the effectiveness of the adaptive and useful learning content for their cognitive
learning process (Kolloffel 2012). These results imply a need to develop awareness of the
gap between teachers’ and students’ preferences in mobile learning, especially in the
technical and content aspects (Kitsantas and Chow 2007). If teachers develop the mobile
learning activities without taking students’ preferences into account, the improper learning
design could seriously affect students’ learning performance.

Compared to previous research related to students’ perceptions of learning, this study
found that the Taiwan high school students considered that the value of the content they
acquired is an essential element of their cognitive learning. On the other hand, previous
studies have indicated that teachers possessed relatively unfavorable attitudes toward
technologies, and applied fewer mobile technologies in learning; however, the independent
t test in the study showed that the teachers held stronger preferences than the students. The
reason for this outcome may be the professional training in mobile technologies, which
may have improved the teachers’ attitudes toward mobile learning (Ekanayake and Wishart
2014). Moreover, the teachers’” SEM result indicated that the technical effects of contin-
uous learning were important in terms of improving teachers’ willingness to use mobile
phones in teaching and learning.
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Consequently, this study examined the differences in the mobile learning preferences of
the Taiwan high school teachers and students, and found that the teachers might prefer to
have a well-constructed wireless and technological environment, while the high school
students may prefer to acquire information more efficiently to help with their learning. It is
suggested that when teachers develop their mobile learning activities, not only the pro-
vision of technology and wireless support should be considered, but also the learning
content accommodating students’ needs should be taken into account. Furthermore, the
feature of continuous wireless support and the provision of multiple sources could be
important factors to consider when developing a mobile learning environment suitable for
both teachers’ teaching and students’ learning. Therefore, the current study concludes with
two suggestions for educators in Taiwan or in other countries with similar government
policies:

(1)  Support for teachers to conduct mobile learning: sufficient technical support (e.g.,
wireless, mobile devices, learning record systems) should be provided to help
increase teachers’ intentions to integrate mobile learning activities into their regular
courses (Hung et al. 2013).

(2) Training courses for helping teachers develop mobile learning activities: teachers
are encouraged to notice specific learning approaches that could benefit students in
their classes using mobile technology.

(3) Assistance for students in mobile learning: in order to engage students in
experiencing more cognitive learning procedures in mobile learning environments,
educators should consider more carefully the quality and RE of the learning content
(Looi et al. 2011).

This study faced some limitations. It explored the differences in the mobile learning
preferences only focusing on high school teachers and students in Taiwan. It cannot,
therefore, be generalized to all students’ and teachers’ thoughts about learning in all
circumstances. Moreover, the over-redundancy of the survey might lead to high Cron-
bach’s alpha values, which could cause controversy. In order to make the survey more
reasonable, it is suggested that future studies explore individuals’ perceptions of mobile
learning using other research methods, such as in-depth interviews or observation methods.
In future work, it is also suggested that studies investigate the learning environment
preferences for different learning strategies, such as collaborative learning and project-
based learning. Moreover, it is recommended that learning environments conform to both
teachers’ and students’ preferences be developed.
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Appendix 1

See Table 6.
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Table 6 The MLEPS questionnaire items

Item

Factor 1: ease of use (EU)
EU1 When navigating mobile learning, I prefer that it has good wireless communication.

EU2 When navigating mobile learning, I prefer that it takes only a short time to learn how to operate
mobile devices.

EU3  When navigating mobile learning, I prefer that it has user-friendly mobile devices.
Factor 2: continuity (CO)

CO1 When navigating mobile learning, I prefer that it can provide the functions of recording what I have
learned.

CO2 When navigating mobile learning, I prefer that it can provide the tools to continue with my
learning.

CO3 When navigating mobile learning, I prefer that it can record the learning path that I have already
been on.

Factor 3: relevance (RE)
RE1  When navigating mobile learning, I prefer that it presents information that is relevant to me.
RE2  When navigating mobile learning, I prefer that it contains meaningful information for learning.
RE3  When navigating mobile learning, I prefer that it presents realistic tasks.

Factor 4: adaptive content (AC)

AC1 When navigating mobile learning, I prefer that it can provide information which I need, e.g.
documents, images, voice, etc.

AC2 When navigating mobile learning, I prefer that it can provide a correct way to learn what I should
know.

AC3 When navigating mobile learning, I prefer that it can provide information in which I am interested.
Factor 5: multiple sources (MS)
MS1 When navigating mobile learning, I prefer that it can discuss a learning topic through various
perspectives.
MS2 When navigating mobile learning, I prefer that it can present a learning topic using different
methods.

MS3  When navigating mobile learning, I prefer that it can offer various information sources to explore a
learning topic.
Factor 6: timely guidance (TG)

TG1 When navigating mobile learning, I prefer that it can provide useful feedback to guide learning at
the right time and in the right place.

TG2 When navigating mobile learning, I prefer that it can provide meaningful questions to promote
thinking at the right time and in the right place.

TG3 When navigating mobile learning, I prefer that it can provide experts’ guidance to facilitate
advanced learning.

Factor 7: student negotiation (SN)
SN1  When navigating mobile learning, I prefer that I can get the chance to talk to other students.
SN2  When navigating mobile learning, I prefer that other students can discuss their ideas with me.
SN3  When navigating mobile learning, I prefer that I can ask other students to explain their ideas.
Factor 8: inquiry learning (IL)
IL1  When navigating mobile learning, I prefer that I can carry out investigations to test my own ideas.

IL2  When navigating mobile learning, I prefer that I can conduct follow-up investigations to answer my
new questions.

IL3  When navigating mobile learning, I prefer that I can design my own ways of investigating
problems.
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Appendix 2

See Table 7.

Table 7 The EFA results of the teachers’ and the students’” MLEPS

Teachers (N = 215) Students (N = 619)

EFA Mean SD Cronbach’s EFA Mean SD Cronbach’s
factor alpha factor alpha
loading loading

Factor 1: ease of use (EU)

EUl 0.84 391 0.81 0.88 0.80 3.15 0.94 0.85
EU2 0.86 0.84
EU3 0.82 0.75

Factor 2: continuity (CO)
Cco1 0.72 4.04 0.63 0.87 0.71 3.52 0.76 0.90
CcO2 0.74 0.76
CO3 0.76 0.75

Factor 3: relevance (RE)
REl 0.81 4.01 0.66 0.87 0.66 3.51 0.74 0.86
RE2 0.80 0.75
RE3 0.74 0.70

Factor 4: adaptive content (AC)
ACl 0.72 4.25 0.64 0.88 0.72  3.69 0.80 0.87
AC2 0.73 0.66
AC3 0.74 0.68

Factor 5: multiple sources (MS)
MS1 0.69 4.22 0.59 0.90 0.78 3.65 0.74 0.91
MS2 0.77 0.79
MS3 0.79 0.73

Factor 6: timely guidance (TG)
TGl 0.64 4.16 0.60 0.89 0.75 3.50 0.74 0.89
TG2 0.66 0.73
TG3 0.60 0.71

Factor 7: student negotiation (SN)
SN1 0.77 4.26 0.60 0.92 0.77 3.66 0.78 0.90
SN2 0.80 0.84
SN3  0.77 0.79

Factor 8: inquiry learning (IL)
IL1  0.84 4.22 0.59 0.94 0.76 3.70 0.74 091
IL2  0.83 0.78
IL3 0.76 0.77

Overall alpha 0.96 0.96

total variance 83.64 % 82.26 %
explained
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Table 7 continued
Teachers (N = 215) Students (N = 619)
EFA Mean SD Cronbach’s EFA Mean SD Cronbach’s
factor alpha factor alpha
loading loading
KMO statistics  0.94 0.95
Skewness value —1.17 to —0.50 —0.48 to —0.10
for each item
Kurtosis value —0.18 to 5.43 —0.73 to 0.48
for each item
Appendix 3
See Table 8.
Table 8 The CFA result for the teachers’ and the students’ MLEPS
Teachers (N = 215) Students (N = 620)
CFA factor loadings t-values CFA factor loadings t-values
Factor 1: Ease of use (EU)
EUIL 0.84 14.48"" 0.82 23.08""
EU2 0.91 16.32°" 0.79 21.82""
EU3 0.82 13.97° 0.78 21.73"
Factor 2: Continuity (CO)
Cco1 0.72 11.73"" 0.85 25.46""
co2 0.88 1551 0.88 27.07°
Cco3 0.83 14.30"" 0.83 24.63""
Factor 3: Relevance (RE)
RE1 0.76 12277 0.81 2375
RE2 0.83 14.08"" 0.87 26.50""
RE3 0.81 13.56"" 0.87 26.74""
Factor 4: Adaptive content (AC)
AC1 0.86 15.15" 0.82 23.88""
AC2 0.82 14.14™ 0.85 2536
AC3 0.76 12.54™ 0.85 2526
Factor 5: Multiple sources (MS)
MS1 0.83 14.55"" 0.84 24.94™
MS2 0.91 17.04™" 0.88 27.08™"
MS3 0.92 17.19" 0.86 25.93™"
Factor 6: Timely guidance (TG)
TG1 0.87 15717 0.85 2530
TG2 0.90 16.56"" 0.90 27.75""
TG3 0.78 13.34™ 0.80 23.11"
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Table 8 continued

Teachers (N = 215) Students (N = 620)

CFA factor loadings t-values CFA factor loadings t-values

Factor 7: Student negotiation (SN)

SN1 0.81 14.14™ 0.87 26.76"""
SN2 0.92 17.13" 0.91 2871
SN3 0.93 17.67°" 0.88 27.02""
Factor 7: Inquiry learning (IL)
IL1 0.92 17.45™" 0.89 27.62"
IL2 0.94 18.23"" 0.90 28.15™"
IL3 0.88 16.09"" 0.83 24.69™"
7 p < 0.001
References

Akinoglu, O. (2013). Effects of concept maps on students critical thinking skills in science education.
Journal of Environmental Protection and Ecology, 14(3A), 1424-1431.

Antonenko, P. D., Derakhshan, N., & Mendez, J. P. (2013). Pedagogy 2 go: student and faculty perspectives
on the features of mobile learning management systems. International Journal of Mobile Learning and
Organisation, 7(3-4), 197-209.

Baran, E. (2014). A review of research on mobile learning in teacher education. Educational Technology &
Society, 17(4), 17-32.

Bentsen, P., Schipperijn, J., & Jensen, F. S. (2013). Green space as classroom: outdoor school teachers’ use.
Preferences and Ecostrategies. Landscape Research, 38(5), 561-575.

Beyers, R. N. (2009). A five dimensional model for educating the net generation. Educational Technology &
Society, 12(4), 218-227.

Bogdanovi¢, Z., Baraé, D., Jovani¢, B., Popovié, S., & Radenkovi¢, B. (2013). Evaluation of mobile
assessment in a learning management system. British Journal of Educational Technology, 45(2),
231-244.

Briggs, S. R., & Cheek, J. M. (1986). The role of factor analysis in the development and evaluation of
personality scales. Journal of Personality, 54(1), 106-148.

Browne, M. W., & Cudeck, R. (1993). Alternative ways of assessing model fit. Sage Focus Editions, 154,
136.

Cattell, R. B. (1978). The scientific use of factor analysis in behavioral and life sciences. New York:
Plenum.

Chang, K. E., Lan, Y. J., Chang, C. M., & Sung, Y. T. (2010). Mobile-device-supported strategy for Chinese
reading comprehension. Innovations in Education and Teaching International, 47(1), 69-84.

Chang, C. C., Liang, C. Y., Yan, C. F., & Tseng, J. S. (2013). The impact of college students’ intrinsic and
extrinsic motivation on continuance intention to use english mobile learning systems. Asia-Pacific
Education Researcher, 22(2), 181-192.

Chau, P. Y. K. (1997). Reexamining a model for evaluating information center success using a structural
equation modeling approach. Decision Sciences, 28(2), 309-334.

Chen, C. M. (2013). An intelligent mobile location-aware book recommendation system that enhances
problem-based learning in libraries. Interactive Learning Environments, 21(5), 469—495.

Chen, C. C., & Huang, T. C. (2012). Learning in a u-Museum: Developing a context-aware ubiquitous
learning environment. Computers & Education, 59(3), 873-883.

Christensen, R. (2002). Effects of technology integration education on the attitudes of teachers and students.
Journal of Research on Technology in Education, 34(4), 411-433.

Chu, H. C. (2014). Potential negative effects of mobile learning on students’ learning achievement and
cognitive load—a format assessment perspective. Educational Technology & Society, 17(1), 332-344.

Clark, L. A., & Watson, D. (1995). Constructing validity: Basic issues in objective scale development.
Psychological Assessment, 7(3), 309-319.

@ Springer



552 C.-L. Lai et al.

Cochrane, T. D. (2014). Critical success factors for transforming pedagogy with mobile Web 2.0. British
Journal of Educational Technology, 45(1), 65-82.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). New Jersey: Lawrence
Erlbaum Associates.

Comrey, A. L. (1973). A first course in factor analysis. New York: Academic.

De Hei, M. S. A., Strijbos, J. W., Sjoer, E., & Admiraal, W. (2015). Collaborative learning in higher
education: Lecturers’ practices and beliefs. Research Papers in Education, 30(2), 232-247.

Donnelly, R. (2010). Interaction analysis in a ‘Learning by Doing’ problem-based professional development
context. Computers & Education, 55(3), 1357-1366.

Ekanayake, S. Y., & Wishart, J. (2014). Integrating mobile phones into teaching and learning: A case study
of teacher training through professional development workshops. British Journal of Educational
Technology,. doi:10.1111/bjet.12131.

El-Bishouty, M. M., Ogata, H., Rahman, S., & Yano, Y. (2010). Social knowledge awareness map for
computer supported ubiquitous learning environment. Educational Technology & Society, 13(4),
27-37.

Ertmer, P. A., & Ottenbreit-Leftwich, A. (2013). Removing obstacles to the pedagogical changes required
by Jonassen’s vision of authentic technology-enabled learning. Computers & Education, 64, 175-182.

Field, A. (2000). Discovering statistics using SPSS for windows: Advanced techniques for the beginner.
London: Sage publications Ltd.

Fraser, B. J. (1982). Differences between student and teacher perceptions of actual and preferred classroom
learning environment. Educational Evaluation and Policy Analysis, 4(4), 511-519.

Gikas, J., & Grant, M. M. (2013). Mobile computing devices in higher education: Student perspectives on
learning with cellphones, smartphones & social media. The Internet and Higher Education, 19, 18-26.

Hargis, J., Cavanaugh, C., Kamali, T., & Soto, M. (2013). Measuring the difficult to measure: Teaching and
learning with an iPad. International Journal of Mobile and Blended Learning (IJMBL), 5(2), 60-77.

Herro, D., Kiger, D., & Owens, C. (2013). Mobile technology: Case-based suggestions for classroom
integration and teacher educators. Journal of Digital Learning in Teacher Education, 30(1), 30-40.

Hsu, C. K. (2015). Learning motivation and adaptive video caption filtering for EFL learners using handheld
devices. Recall, 27(1), 84-103.

Hung, P. H., Hwang, G.J., Lin, Y. F., Wu, T. H., & Su, 1. H. (2013). Seamless connection between learning
and assessment-applying progressive learning tasks in mobile ecology inquiry. Educational Technol-
ogy & Society, 16(1), 194-205.

Hung, I. C., Yang, X. J., Fang, W. C., Hwang, G. J., & Chen, N. S. (2014). A context-aware video prompt
approach to improving students’ in-field reflection levels. Computers & Education, 70, 80-91.
Hwang, G. J. (2014). Definition, framework and research issues of smart learning environments—a context-

aware ubiquitous learning perspective. Smart Learning Environments, 1(1), 4.

Hwang, G. J., Shi, Y. R., & Chu, H. C. (2011). A concept map approach to developing collaborative
Mindtools for context-aware ubiquitous learning. British Journal of Educational Technology, 42(5),
778-789.

Hwang, G. J., Tsai, C. C., Chu, H. C., Kinshuk, & Chen, C. Y. (2012). A context-aware ubiquitous learning
approach to conducting scientific inquiry activities in a science park. Australasian Journal of Edu-
cational Technology, 28(5), 931-947.

Hwang, G. J., Tsai, C. C., & Yang, S. J. H. (2008). Criteria, strategies and research issues of context-aware
ubiquitous learning. Educational Technology & Society, 11(2), 81-91.

Ismail, I., Azizan, S. N., & Azman, N. (2013). Mobile phone as pedagogical tools: Are teachers ready.
International Education Studies, 6(3), 36-47.

Jan, S. L., & Shieh, G. (2014). Sample size determinations for Welch’s test in one-way heteroscedastic
ANOVA. British Journal of Mathematical and Statistical Psychology, 67(1), 72-93.

Joreskog, K. G., & Sorbom, D. (1993). LISREL 8: Structural equation modeling with the SIMPLIS command
language. Lincolnwood: Scientific Software International.

Kafyulilo, A. (2014). Access, use and perceptions of teachers and students towards mobile phones as a tool
for teaching and learning in Tanzania. Education and Information Technologies, 19(1), 115-127.

Kamarainen, A. M., Metcalf, S., Grotzer, T., Browne, A., Mazzuca, D., Tutwiler, M. S., & Dede, C. (2013).
EcoMOBILE: Integrating augmented reality and probeware with environmental education field trips.
Computers & Education, 68, 545-556.

Kang, Y., Harring, J. R., & Li, M. (2015). Reexamining the impact of nonnormality in two-group com-
parison procedures. Journal of Experimental Education, 83(2), 147-174.

Kearney, M., Burden, K., & Rai, T. (2015). Investigating teachers’ adoption of signature mobile pedagogies.
Computers & Education, 80, 48-57.

@ Springer


http://dx.doi.org/10.1111/bjet.12131

Differences between mobile learning environmental... 553

Kelloway, E. K. (1998). Using LISREL for structural equation modeling: A researcher’s guide. Newbury
Park: Sage.

Kim, P., Suh, E., & Song, D. (2015). Development of a design-based learning curriculum through design-
based research for a technology-enabled science classroom. Educational Technology Research and
Development, 63(4), 575-602.

Kitsantas, A., & Chow, A. (2007). College students’ perceived threat and preference for seeking help in
traditional, distributed, and distance learning environments. Computers & Education, 48(3), 383-395.

Kline, R. B. (1998). Principles and practise of structural equation modeling. New York: Guilford Press.

Kolloffel, B. (2012). Exploring the relation between visualizer—verbalizer cognitive styles and performance
with visual or verbal learning material. Computers & Education, 58(2), 697-706.

Kordaki, M. (2013). High school computing teachers’ beliefs and practices: A case study. Computers &
Education, 68, 141-152.

Kukulska-Hulme, A. (2012). How should the higher education workforce adapt to advancements in tech-
nology for teaching and learning? The Internet and Higher Education, 15(4), 247-254.

Lai, C. L., & Hwang, G. J. (2015). High school teachers’ perspectives on applying different mobile learning
strategies to science courses: The national mobile learning program in Taiwan. International Journal of
Mobile Learning and Organization, 9(2), 124—145.

Lee, S., & Kim, B. G. (2015). Users’ preferential factors in Web-based e-learning systems for ease of
workplace learning in Korea. Learning and Individual Differences, 39, 96—104.

Li, Q. (2007). Student and teacher views about technology. Journal of Research on Technology in Edu-
cation, 39(4), 377-397.

Liaw, S. S., Hatala, M., & Huang, H. M. (2010). Investigating acceptance toward mobile learning to assist
individual knowledge management: Based on activity theory approach. Computers & Education,
54(2), 446-454.

Looi, C. K., So, H. J., Toh, Y., & Chen, W. (2011). The Singapore experience: Synergy of national policy,
classroom practice and design research. International Journal of Computer-Supported Collaborative
Learning, 6(1), 9-37.

Looi, C. K., Sun, D., Wu, L., Seow, P., Chia, G., Wong, L. H., & Norris, C. (2014). Implementing mobile
learning curricula in a grade level: Empirical study of learning effectiveness at scale. Computers &
Education, 77, 101-115.

Marty, P. F., Alemanne, N. D., Mendenhall, A., Maurya, M., Southerland, S. A., Sampson, V., & Schel-
linger, J. (2013). Scientific inquiry, digital literacy, and mobile computing in informal learning
environments. Learning Media and Technology, 38(4), 407-428.

Morrison, G. R., Morrison, G. R., & Lowther, D. L. (2009). Integrating computer technology into the
classroom: Skills for the 21st century. London: Pearson.

Newhouse, C. P. (2014). Learning with portable digital devices in Australian schools: 20 years on! Aus-
tralian Educational Researcher, 41(4), 471-483.

O’Bannon, B. W., & Thomas, K. (2014). Teacher perceptions of using mobile phones in the classroom: Age
matters! Computers & Education, 74, 15-25.

Onwuegbuzie, A. J., Bustamante, R. M., & Nelson, J. A. (2010). Mixed research as a tool for developing
quantitative instruments. Journal of Mixed Methods Research, 4(1), 56-78.

Otter, R. R., Seipel, S., Graeff, T., Alexander, B., Boraiko, C., Gray, J., & Sadler, K. (2013). Comparing student
and faculty perceptions of online and traditional courses. The Internet and Higher Education, 19, 27-35.

Ozdamli, F., & Uzunboylu, H. (2014). M-learning adequacy and perceptions of students and teachers in
secondary schools. British Journal of Educational Technology, 46(1), 159-172.

Patchen, T., & Smithenry, D. W. (2015). More than just chemistry: The impact of a collaborative participant
structure on student perceptions of science. Research in Science Education, 45(1), 75-100.

Ramos, A. J., & Trifiona, J. (2010). Mobile technology in non-formal distance education. In J. Baggaley &
T. Belawati (Eds.), Distance education technologies in Asia. New Delhi: SAGE Publications India.

Roblyer, M. D., McDaniel, M., Webb, M., Herman, J., & Witty, J. V. (2010). Findings on Facebook in
higher education: A comparison of college faculty and student uses and perceptions of social net-
working sites. The Internet and Higher Education, 13(3), 134-140.

Ruchter, M., Klar, B., & Geiger, W. (2010). Comparing the effects of mobile computers and traditional
approaches in environmental education. Computers & Education, 54(4), 1054-1067.

Saavedra, A. R., & Opfer, V. D. (2012). Learning 21st-century skills requires 21st-century teaching. Phi
Delta Kappan, 94(2), 8-13.

Sad, S. N., & Goktas, O. (2014). Preservice teachers’ perceptions about using mobile phones and laptops in
education as mobile learning tools. British Journal of Educational Technology, 45(4), 606-618.
Schuck, S., Aubusson, P., Kearney, M., & Burden, K. (2012). Mobilising teacher education: a study of a

professional learning community. Teacher Development, 17(1), 1-18.

@ Springer



554 C.-L. Lai et al.

Schultz, W. P. (2000). Empathizing with nature: The effects of perspective taking on concern for envi-
ronmental issues. Journal of Social Issues, 56(3), 391-406.

Sharples, M., Corlett, D., & Westmancott, O. (2002). The design and implementation of a mobile learning
resource. Personal and Ubiquitous Computing, 6, 220-234.

Shea, P., & Bidjerano, T. (2009). Community of inquiry as a theoretical framework to foster “epistemic
engagement” and “cognitive presence” in online education. Computers & Education, 52(3), 543-553.

Shieh, G., & Jan, S. L. (2015). Optimal sample size allocation for Welch’s test in one-way heteroscedastic
ANOVA. Behavior Research Methods, 47(2), 374-383. doi:10.3758/s13428-014-0477-8.

Sung, H. Y., Hwang, G. J., & Chang, Y. C. (2013). Development of a mobile learning system for local
culture courses based on a collaborative problem-posing strategy. Interactive Learning Environments.
doi:10.1080/10494820.2013.867889.

Tan, T. H, Lin, M. S., Chu, Y. L., & Liu, T. Y. (2012). Educational affordances of a ubiquitous learning
environment in a natural science course. Educational Technology & Society, 15(2), 206-219.

Tsai, C. C. (2008). The preferences toward constructivist Internet-based learning environments among
university students in Taiwan. Computers in Human Behavior, 24(1), 16-31.

Tsai, P. S., Tsai, C. C., & Hwang, G. H. (2011). College students’ conceptions of context-aware ubiquitous
learning: A phenomenographic analysis. The Internet and Higher Education, 14(3), 137-141.

Tsai, P. S., Tsai, C. C., & Hwang, G. J. (2012). Developing a survey for assessing preferences in con-
structivist context-aware ubiquitous learning environments. Journal of Computer Assisted Learning,
28(3), 250-264.

Vermunt, J. D. (2007). The power of teaching-learning environments to influence student learning. BJEP
Monograph Series II Number 4-Student Learning and University Teaching, 1(1), 72-89.

Vermunt, J. D., & Verloop, N. (1999). Congruence and friction between learning and teaching. Learning
and Instruction, 9(3), 257-280.

Vogel, B., Kurti, A., Milrad, M., Johansson, E., & Muller, M. (2014). Mobile inquiry learning in sweden:
Development insights on interoperability, extensibility and sustainability of the LETS GO software
system. Educational Technology & Society, 17(2), 43-57.

Webster, T. E., & Son, J. B. (2015). Doing what works: A grounded theory case study of technology use by
teachers of English at a Korean university. Computers & Education, 80, 84-94.

Wen, M. L., Tsai, C. C., Lin, H. M., & Chuang, S. C. (2004). Cognitive—metacognitive and content-technical
aspects of constructivist Internet-based learning environments: A LISREL analysis. Computers &
Education, 43(3), 237-248.

Wong, L. H., & Looi, C. K. (2011). What seams do we remove in mobile-assisted seamless learning? A
critical review of the literature. Computers & Education, 57(4), 2364-2381.

Wu, P. H., Hwang, G. J., Tsai, C. C., Chen, Y. C., & Huang, Y. M. (2011). A pilot study on conducting
mobile learning activities for clinical nursing courses based on the repertory grid approach. Nurse
Education Today, 31(8), e8—e15.

Zhu, C. (2013). Students’ and teachers’ thinking styles and preferred teacher interpersonal behavior. Journal
of Educational Research, 106(5), 399-407.

Ms. Chiu-Lin Lai is a post doctorial researcher in the Graduate Institute of Digital Learning and Education,
National Taiwan University of Science and Technology, Taiwan. Her research interests include computer-
assisted learning and digital game-based learning.

Dr. Gwo-Jen Hwang is a Chair Professor in the Graduate Institute of Digital Learning and Education,
National Taiwan University of Science and Technology, Taiwan. His research interests include mobile and
ubiquitous learning, digital game-based learning, artificial intelligence in education, and web-based learning.

Prof Jyh-Chong Liang is currently an Associate Professor in the Graduate Institute of Digital Learning and
Education, National Taiwan University of Science and Technology, Taiwan. His research interests are
scientific epistemological beliefs, conceptions of and approaches to learning science, Web information
assessment and online peer assessment.

Prof Chin-Chung Tsai is currently a Chair Professor at National Taiwan University of Science and
Technology. Prof Tsai’s research interests deal largely with science education and human perceptions and
behaviours towards Internet-based learning environments. He is currently the Co-Editor of “Computers &
Education”.

@ Springer


http://dx.doi.org/10.3758/s13428-014-0477-8
http://dx.doi.org/10.1080/10494820.2013.867889

	Differences between mobile learning environmental preferences of high school teachers and students in Taiwan: a structural equation model analysis
	Abstract
	Introduction
	Literature review
	Students’ and teachers’ perspectives on learning
	The advance and challenge of mobile technologies in learning

	The framework of mobile learning preferences: technical, content, and cognitive
	Method
	Participants
	Measurement
	Data analysis

	Results
	Validity and reliability of the teachers’ and the students’ MLEPS
	The difference in teachers’ and students’ preferences in mobile learning environments
	The structural equation modeling of the teachers’ and the students’ MLEPS

	Discussion and conclusions
	Acknowledgments
	Appendix
	Appendix 1
	Appendix 2
	Appendix 3

	References




