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Abstract: With the advancement of information technology and policies encouraging interactivities
in teaching and learning, the use of students’ response system (SRS), commonly known as clickers,
has experienced substantial growth in recent years. The reported effectiveness of SRS has varied.
Based on the framework of technological-pedagogical-content knowledge (TPACK), the current
study attempted to explore the disparity in efficiency of adopting SRS. A concurrent mixed
method design was adopted to delineate factors conducive to efficient adoption of SRS through
closed-ended survey responses and qualitative data. Participants were purposefully sampled
from diverse academic disciplines and backgrounds. Seventeen teachers from various disciplines
(i.e., tourism management, business, health sciences, applied sciences, engineering, and social
sciences) at the Hong Kong Polytechnic University formed a teacher focus group for the current
study. In the facilitated focus group, issues relating to efficient use of clickers, participants explored
questions on teachers’ knowledge on various technologies, knowledge relating to their subject
matters, methods and processes of teaching, as well as how to integrate all knowledge into their
teaching. The TPACK model was adopted to guide the discussions. Emergent themes from
the discussions were extracted using NVivo 10 for Windows, and were categorized according
to the framework of TPACK. The survey, implemented on an online survey platform, solicited
participants on teachers’ knowledge and technology acceptance. The close-ended survey comprised
30 items based on the Technological Pedagogical Content Knowledge (TPACK) framework and
20 items based on the Unified Theory of Acceptance and Use of Technology (UTAUT). Participating
teachers concurred with the suggestion that use of clickers is instrumental in engaging students
in learning and assessing formative students’ progress. Converging with the survey results,
several major themes contributing to the successful implementation of clickers, namely technology,
technological-pedagogical, technological-content, technological-pedagogical-content knowledge,
were identified from the teacher focus groups. The most and second most frequently cited themes
were technological-pedagogical-content Knowledge and the technological knowledge respectively.
Findings from the current study triangulated with previous findings on TPACK and use of clickers,
particularly, the influence of technological-pedagogical-content Knowledge and technological
knowledge on successful integration of innovations in class. Furthermore, the current study
highlighted the impact of technological-pedagogical and technological-content knowledge for further
research to unfold technology adoption with these featured TPACK configurations, as well as
rendering support to frontline academics related to integration of technology and pedagogy.
Keywords: student response system; Hong Kong; eLearning

1. Background
Advancement of information technology in recent decades opens new arrays of pedagogical
strategies for incorporating technology. One of the most widely adopted technologies in education is
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the student response system (SRS). Also known as learner response system or “clickers”, the student
response system (SRS) is a medium allowing students in class to respond to teachers’ questions
instantly with simple portal keypads or smart devices. Previous research revealed that SRS are effective
in enhancing students’ engagement and facilitating interactions between teachers and students,
particularly in large class environments [1–4]. Still, as teachers have certain degree of autonomy
to choose the technology matching their pedagogical needs, not all of them choose to adopt SRS
in their classes. The current study attempted to explore the underlying determinants of using SRS
towards collaborative learning, in particular the influence of teachers’ knowledge on belief, with the
mixed-method approach.
Past studies on the use of SRS towards collaborative learning have demonstrated the associations
of SRS with effective classroom engagement of students and interactive formal assessment [5–7].
With regard to teaching, SRS helps to promote contingent teaching [8], collects instant feedback from
students [9], actualizes just-in-time-teaching [10], improves class engagement [11], as well as facilitating
students’ attendance and retention of knowledge [7,12,13].
In understanding the acceptance and adoption of SRS and other emerging technology, beliefs are
crucial and recurrent themes [14–17] to predict behavioral intention of using an innovation. Perceived
consequences about an innovation tend to influence behavioral pattern of using it. The Unified
Theory of Acceptance and Use of Technology (UTAUT) [18] offers a parsimonious solution on efficient
deployment of technology, proposing how individual beliefs impact on behavioral intention on
technology use. Integrating eight models and theories relevant to technology acceptance (for details
and background of the eight models and how they were adapted to UTAUT, please refer to Vankatesh’s
work of applying an integrative approach to the examination of technology adoption [18])—Theory of
Reasoned Action [19], the Technology Acceptance Model [17], the Motivational Model [20], the Theory
of Planned Behavior [21], the Combined Technology Acceptance Model and Theory of Planned
Behavior [22], the Model of PC Utilization [23], the Innovation Diffusion Theory [24], and the Social
Cognitive Theory [25]—the model posits four core constructs on beliefs affecting behavioral intention
to use technology, namely (i) performance expectancy; (ii) effort expectancy; (iii) social influence,
and (iv) facilitating conditions.
Performance expectancy is the belief concerning instrumental consequences associated with
the technology use. Effort expectancy describes the beliefs about the cognitive burden of learning
to use the technology. Social influence is the beliefs on important others who use the technology.
The facilitating condition is the belief about the organizational and technical infrastructure support
to the technology use. Among these factors on belief, performance expectancy and effort expectancy
are widely considered as the key antecedents to technology adoption. The current study will focus on
exploring the determinants on these two factors.
It has been revealed in recent systematic reviews that an abundance of empirical studies have
adopted the UTAUT to investigate the impact of beliefs on behavioral intention and usage of
technology [26,27]. Nevertheless, to contextualize the UTAUT in education settings, more work is
necessary to examine the determinants of beliefs. One of the prominent external variables is knowledge
on information technology. A growing body of literature revealed that IT knowledge, computer
efficacy, and computer anxiety are significant predictors of effort expectancy and performance
expectancy [14,28–31]. People with a higher level of computer efficacy tend to be less frustrated by the
hindrance encountered, more likely to hurdle the problems, inclined to appreciate the usefulness of
the technology, and thus the likelihood for them to use it in the future increases.
Nonetheless, efficient adoption of an innovation in education settings requires an array of
proficiencies, rather than merely the skill of technology application. It also involves knowledge
to use technology in productive and innovative ways, ultimately towards delivering the subject
content through the technological medium. Mishra and Koehler [32,33] conceptualized teaching into
three types of core knowledge. Besides the knowledge of using technology, successful delivery of
knowledge to students is also contingent upon teachers’ knowledge on subject content and pedagogy,
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as well as the interactions among these bodies of knowledge. These interactions between knowledge
about technology, content, and pedagogy formed the foundation of the Technological Pedagogical
Content Knowledge (TPACK) framework. Developed from Shulman’s work on the Pedagogical
Content Knowledge (PCK) framework [34], TPACK propose a model of technology integration for
effective teaching. TPACK is a generic model and has been widely adopted in various disciplinary
and multidisciplinary efforts [35,36]. To date, educators and researchers are still actively developing
and refining the framework of TPACK conceptually, theoretically, and empirically [35,36]. Previous
research suggested that knowledge on technology is relevant to effort expectancy and performance
expectancy [14,31]. The current study attempts to address the research gap and extended prior efforts
to investigate if other domains of TPACK, not just technology knowledge, will contribute to the
determinants of UTAUT. The study is deemed a novel and systemic effort in examining whether
various domains of TPACK play a significant role in effort expectancy and performance expectancy.
An intriguing aspect of the TPACK framework is that the nature of teachers’ knowledge is
context-driven. The types of knowledge teachers applied in their teaching are subtly influenced by the
context [37]. Education researchers categorized a range of contextual factors in three hierarchical
levels [38]. The micro, meso and macro levels refer to contextual factors in classroom, namely
institutional and societal conditions, whereby teachers construct their knowledge in teaching and the
manner they integrate technology in their classes. Context is imperative in research on TPACK, yet it
is often, if not always, missing from prior studies [38]. Stretching the ecological insight of the study,
the current effort addressed the role of context in the qualitative inquiry and probed the complexity of
interactions among teachers, students, learning environment.
2. Materials and Methods
This study features a concurrent mixed method design [39] for simultaneous triangulation of
quantitative and qualitative data sources, using a closed-ended survey and focus group for examining
factors conducive to efficient adoption of SRS. Combining qualitative and quantitative methods not
only allowed us to dissect the multifacetedness of the problem at hand, but also took advantage
of the strength of both methods and compensated the weaknesses inherent in the other method.
The quantitative study allowed exploration of the associative strength of relevant factors, while the
qualitative study offered an in-depth understanding on the associations among them.
2.1. Participants
A closed-ended survey was administered to teachers at a university in Hong Kong with a high
adoption rate of SRS. To improve on the representativeness of the samples, participating teachers were
purposefully drawn in consideration of their disciplines, gender and professional ranks. Fifty-two
teachers completed and returned the surveys. All participating teachers with valid survey returns
were seasoned SRS users in their own classes, having adopted SRS for more than one year (Table 1).
Table 1. Demographic characteristic of the teachers participating in the survey.
N

%

26
26

50
50

11
14
7
5
15

21.15
26.92
13.46
9.62
28.85

Gender
Female
Male
Disciplines
Business
Health & Social Sciences
Humanities & Design
Sciences, Technology & Engineering
Tourism & Hospitality
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Table 1. Cont.
N

%

4
23
25

7.70
44.23
48.08

Professional Ranks
Professor
Assistant professor
Teaching fellow

Regarding the focus group study, 17 of the participating teachers (10 males and 7 females) who
completed the closed-ended survey were invited to join the focus group study. The 17 participants were
also drawn from diverse academic disciplines and backgrounds (i.e., tourism management, business,
health sciences, applied sciences, engineering, and social sciences) to maintain the representativeness
of the sample (Table 2).
Table 2. Demographic characteristic of the teachers participating in the focus group.
N

%

7
10

41
59

3
7
1
4
2

18.65
41.18
5.88
23.53
11.76

Gender
Female
Male
Disciplines
Business
Health & Social Sciences
Humanities & Design
Sciences, Technology & Engineering
Tourism & Hospitality

2.2. Instruments
The closed-ended survey comprised 70 items tapping into various dimensions of the Technological
Pedagogical Content Knowledge (TPACK) model, and the Unified Theory of Acceptance and Use of
Technology (UTAUT). Items of TPACK and UTAUT were adapted from the previous studies [18,40].
Results were represented on a five-point Likert scale, ranging from 1 (strongly disagree) to 5
(strongly agree).
A focus group protocol was developed for the qualitative study. Questions were constructed
around themes on teachers’ knowledge and technology adoption for the facilitation of semi-structured
discussion in the focus group.
2.3. Procedure
The closed-ended survey was launched on an online survey platform between May and July of
2015. Teachers from seven faculties including the Faculty of Applied Science and Textiles, Faculty of
Business, Faculty of Construction and Environment, Faculty of Engineering, Faculty of Health and
Social Sciences, Faculty of Humanities, and School of Hotel and Tourism Management participated in
the survey. A total of 52 teachers completed the survey.
Among those who completed the survey, 17 were invited to join our focus group study. Five focus
groups were conducted between December 2015 and February 2016. A semistructured questioning
method was adopted in the group discussions. This method allowed both consistency and flexibility
in the questions asked in various focus groups. The discussions in the focus groups were digitally
recorded, and the audio files were transcribed verbatim to ensure a further analysis of the discussions.
All groups lasted for 60 min and were facilitated by a moderator. All moderators have received training
in psychology and research methods, and are experienced in conducting focus-group research.
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2.4. Data Analysis
All data from the closed-ended survey were analyzed with the Statistical Package for the Social
Sciences (SPSS), version 22. All transcriptions of the focus group discussions were coded using NVivo
10 for further analysis processes. All coders were well-trained in the area of psychology, education,
and qualitative research methods. In the inquiry of how and why teachers’ knowledge exerts influence
on technology adoption, a grounded approach was employed. Themes regarding various domains
of teachers’ knowledge and their relevance to effort expectancy and performance expectancy were
continuously analyzed and sampled from the transcriptions until no emergent themes were able to be
extracted from the transcriptions.
3. Results
3.1. Result of the Quantitative Study
The descriptive statistics for various constructs of UTAUT and TPACK is demonstrated in Table 3.
With the minimum rating of 1 (strongly disagree) and maximum rating of 5 (Strongly agree), the mean
ratings for various dimensions of UTAUT are between 3.30 and 3.88. The highest mean scores are
facilitating condition (M = 3.88, SD = 0.58), and behavioral intention (M = 3.88, SD = 0.77), whilst the
lowest mean score is social influence (M = 3.30, SD = 0.78).
With regard to the TPACK, the means for various TPACK scores range from 3.43 to 4.15.
The highest mean score is the content knowledge (M = 4.15, SD = 0.74), and the lowest mean scores are
technology knowledge (M = 3.43, SD = 0.78) and TPACK knowledge (M = 3.75, SD = 0.72).
Table 3. Descriptive statistics of various dimensions of Technological Pedagogical Content Knowledge
(TPACK) and Unified Theory of Acceptance and Use of Technology (UTAUT).
Minimum

Maximum

Mean

Std. Deviation

1.00
1.00
1.29
2.00
2.00
1.40

5.00
5.00
5.00
5.00
5.00
5.00

3.43
4.15
4.10
3.81
3.81
3.75

0.78
0.74
0.65
0.72
0.56
0.72

2.00
2.25
1.25
2.50
1.75

5.00
5.00
5.00
5.00
5.00

3.78
3.76
3.30
3.88
3.88

0.77
0.66
0.78
0.58
0.77

TPACK model
Technology knowledge
Content knowledge
Pedagogical knowledge
Technological content
Technological-pedagogical
TPACK knowledge
UTAUT model
Performance expectancy
Effort expectancy
Social influence
Facilitating condition
Behavioral intention

A correlation analysis was conducted to examine the association among various constructs
of TPACK and UTAUT (Table 4). Technology knowledge was positively related to Performance
expectancy (r = 0.32, p < 0.05), effort expectancy (r = 0.41, p < 0.01), and behavioral intention (r = 0.30,
p < 0.05). Teachers with higher scores in technology knowledge tended to appreciate the usefulness
and the usability of SRS. They were more likely to report that they would keep using SRS in the future.
In addition, positive associations were found among TPACK knowledge, performance expectancy
(r = 0.38, p < 0.01), effort expectancy (r = 0.37, p < 0.01), and behavioral intention (r = 0.28, p < 0.05).
Teachers with higher TPACK knowledge reported SRS were useful and easy to use, and they would be
more likely to use SRS in the future.
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Table 4. Correlation table of various dimensions of teachers’ knowledge as measured by Technological
Pedagogical Content Knowledge (TPACK) to technology acceptance as measured by Unified Theory of
Acceptance and Use of Technology (UTAUT).

Technology
Content
Pedagogical
Pedagogical Content
Technological Content
Technological Pedagogical
TPACK

Performance
Expectancy

Effort
Expectancy

Social
Influence

Facilitating
Condition

Behavior
Intention

0.320 *
0.067
0.203
0.027
0.267
0.232
0.383 **

0.405 **
0.199
0.251
0.210
0.347 *
0.223
0.366 **

0.172
−0.024
0.123
−0.157
−0.027
−0.030
0.101

0.168
0.213
0.422 **
0.055
0.194
0.335 *
0.512 **

0.300 *
0.243
0.183
0.031
0.199
0.225
0.282 *

* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).

3.2. Result of the Qualitative Study
The findings in qualitative study was triangulated with the variables in the quantitative study.
Major themes and patterns were extracted from the discussions in the five focus group studies until
achieving theoretical saturation. The themes were then aligned to the constructs of TPACK and UTAUT
to obtain an in-depth understanding on how teachers’ knowledge influences performance expectancy
and effort expectancy of using SRS.
3.2.1. Impact of Technology Knowledge on Performance Expectancy
The SRS offers a platform for instant question-and-answer sessions in class. Yet with better
proficiency in technology, one was able to recognize how the SRS can assist them to achieve other goals
and enhance the performance expectancy.
a. Facilitating class management
Class management is the process by which teachers establish order, engage students or elicit
their cooperation in class [41]. Good class management strategies facilitate learning, improve
teacher–student interaction, and minimize off-task behavior [42]. Some teachers reported that SRS
alleviated the administrative hassle of, for example, taking attendance. Also, the results of the SRS
sessions could automatically uploaded to Learning Management System (LMS). These greatly improve
the efficiency of teaching in class:
“I adopted clickers to replace paper and pen for taking attendance. It saved much time
and teachers and students could focus more on teaching and learning.”—A teacher in
electrical engineering.
b. Promoting teacher–student interaction
Supportive teacher–student interactions promote student engagement and learning and have
appreciable effect on learning outcomes [43,44]. Nevertheless, with the increasing number of large
classes in universities, the opportunity of discourse between teachers and students has abated.
Reporting from the focus groups, some teachers surprised with how SRS improves the classroom
dynamic and student engagement:
“It’s the only way they (students) interact with me. SRS is crucial. In big classes without
this technology, it is just silence. It is just one way. That’s not the way to learn. They have
to be involved in the class.”—A teacher in mathematics.
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c. Fostering formative assessment
Formative assessment refers to the recurring use of assessment-based information to recognize
and respond to students’ learning outcomes to enhance learning process [45]. It is an important
teaching practice in education setting. With the facilitation of SRS, teachers were able to understand
student learning progress more easily. Formative assessment became feasible, even in large classes:
“You posed a question to test the basic understanding of students, to evaluate how efficient
your teaching was, and to assess how well they absorbed the information.”—A teacher in
computer science.
“ . . . I could check the results instantly, and see how many students can understand the
concepts. If not many students could understand, I would spend more time for explanation.
It is helpful for my teaching as well as for the students’ learning.”—A teacher in textile
and clothing.
d. Keeping records of students’ performance for further analysis
Responses obtained from SRS not only allowed teachers to keep track of students’ performance,
the data could also be employed for further statistics analysis. Based on the data, teachers could design
and refine their teaching strategies that fit students’ needs.
“It (SRS) is very efficient. You don’t have to input them (students’ responses). They are
already in the soft copy.”—A teacher in nursing.
e. Better utilizing built-in functions for particular subjects
Not all teachers had adopted all functions embedded in SRS. Some teachers admitted that to
fully appreciate the usefulness of SRS in teaching, certain technological knowledge was required in
preparing an SRS session. For instance, a teacher in applied mathematics reported that to display
formulas in the SRS environment, teachers should have some practical knowledge on LateX.
3.2.2. Impact of Technological Pedagogical Content Knowledge on Performance Expectancy
a. Facilitating innovative pedagogy with SRS in particular subjects
Technological Pedagogical Content Knowledge also facilitated innovative pedagogical strategies
with SRS in particular contexts. Peer assessment, peer instruction, and class experiment were made
feasible with SRS:
“A student completed a piece of work for sharing in class, and other students would use
clickers (SRS) to give a score. I found the whole process convenient. The results could be
exported, which is much better than entering the results manually one by one.”—A teacher
in health technology informatics.
“I would put up a case, which was deemed confusing to students, and let them have a
discussion. Then I would give them one more piece of information, and then asked them
switch around for another round of discussion . . . ”—A teacher in accounting and finance.
“In my class, I used the students as the participants. The experiment is very simple. (I) just
asked two questions, with only some different wordings. Because of the different wordings,
they get different results . . . ”—A teacher in psychology.
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3.2.3. Impact of Technology Knowledge on Effort Expectancy
a. Proficiency in information technology
Teachers agreed that SRS was able to facilitate their teaching. Nevertheless, to run a SRS session
smoothly required knowledge and implementation skills on harnessing the featured information
technology. Numerous studies emphasize the role of information technology proficiency in predicting
effort expectancy [46–48]. Concurring with prior studies, many teachers in the focus group study
reported how knowledge on information technology influences their perception on SRS. To efficiently
integrate SRS in class, teachers need to feel comfortable with the software environment. Besides
software operation, knowledge on compatibility of computers and other infrastructure of information
technology also ensured a seamless adoption of the student response system. As some technologically
anxious teachers commented:
“I was worried the first time I used it. Mostly technological issues: internet/Wi-Fi
connection, software compatibility with computers in different lecture rooms.”—A teacher
in microbiology.
“The technological challenges vary from room to room, student to student.”—A teacher
in psychology.
With good technological knowledge, teachers were able to manage the SRS confidently and feel
easier to balance the time of SRS sessions and lecturing effectively to benefit knowledge delivery
and consolidation:
“If an SRS session was too long, students might do something else and be distracted. Just
like changing tires. I had to do it quickly . . . ”—A teacher in psychology.
3.2.4. Impact of Technological Pedagogical Content Knowledge on Effort Expectancy
a. Openness to incorporate innovative pedagogy and technology in particular subjects
Openness/resistance to change is one of the critical factors on effort expectation and technology
adoption [49,50]. One interesting finding in our focus group study is that teachers with higher TPACK
were more ready to embrace innovative technological and pedagogical strategies. They were more
willing to spend time and other resources to explore the possibility of integrating new ideas and
technologies into their subject, as several teachers with high TPACK reflected:
“This semester, I use a combination of TodaysMeet, and this thing called a Web White
Board, and SRS in math instruction.” —A teacher in mathematics.
“I used clickers to conduct peer instruction, and to see if this can help students to
enhance learning effectiveness, and manage difficult concepts in accounting.”—A teacher
in accounting finance.
b. Higher perceived enjoyment (Technological Pedagogical Content Knowledge)
Perceived enjoyment refers to the degree of enjoyment perceived through using the
technology [20]. The association between perceived enjoyment and effort expectancy is supported by
prior studies on technology adoption [51,52]. In our focus group study, teachers with higher TPACK
tend to find it intrinsically enjoyable to prepare a class with SRS, even though the hours of preparation
work are usually longer:
“To create questions, insert pictures, set up answers, make sure it looks nice... On average
it takes an hour for each lecture. Fine. I think students are much more engaged, and to be
honest, it is less boring for me, too. I can do a static lecture with my document projector.
Anyone can do that. But actually I would be very bored at that type of class.”—A teacher
in mathematics.
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3.3. Aligning Results of Quantitative and Qualitative Studies
Current research evidence suggested that technology domain is central to the TPACK framework
in planning, design, and implementation of integrating technology [53]. Findings in the current
quantitative and qualitative inquiries supported such observation and offered delineation of how
TPACK, not only the technology domain, is central to adoption of SRS towards practicing collaborative
learning in class with the effort expectancy and performance expectancy. Except the association
between Technological Content and Effort Expectancy, themes extracted from the qualitative study
were aligned well with the associations revealed in the quantitative study. Themes extracted from the
focus group studies were summarized in Table 5 below.
Table 5. Themes extracted from the focus group studies.
Performance Expectancy

Technology
Knowledge

−
−
−
−
−

TPACK

−

Facilitating class management
Promoting teacher-student interaction
Fostering formative assessment
Keeping record of students’ performance
for further analysis
Better utilizing built-in functions for
particular subjects
Facilitating innovative pedagogy with
SRS in particular subjects

Effort Expectancy

−

Proficiency in information technology

−

Openness to incorporate innovative pedagogy
and technology in particular subjects
Higher perceived enjoyment

−

4. Discussions and Conclusions
The current study attempted to explore the factors for successful adoption of SRS, and how
teachers’ knowledge impacts on beliefs in particular. Findings from the current study echoed previous
findings on TPACK and use of SRS, especially, the influence of technological-pedagogical-content
knowledge and technological knowledge on successful integration of innovations in class [54].
The association between teachers’ knowledge and factors influencing usage behavior were first
examined with the quantitative analysis. Results demonstrated that technology knowledge and
TPACK knowledge were positively correlated with performance expectancy and effort expectancy.
Qualitative data from focus groups were then examined to perform an in-depth exploration of how
teachers’ knowledge impacted on effort expectancy and performance expectancy.
On how teachers’ knowledge enhanced performance expectancy, teachers in the focus group
study revealed that with the knowledge on technology, SRS could facilitate class management,
communication between teacher and student, formative evaluation, keeping track of students’
performance, and better utilizing the specific function in SRS especially in particular subject, whilst
TPACK knowledge enabled teachers to incorporate innovative pedagogical strategies with SRS
matching the needs of particular subjects. Regarding how teachers’ knowledge enhances effort
expectancy in using SRS, several themes emerged: proficiency in information technology (technological
knowledge), openness to embrace new pedagogies and technologies in their teaching (technological
pedagogical content knowledge), and higher perceived enjoyment (technological pedagogical content
knowledge). The current study echoed prior research in technology adoption—that technology
knowledge is an imperative determinant of effort expectancy and performance expectancy. Yet,
the current effort took one step further in enriching the concept of technology knowledge by
taking into consideration the impact of subject content and pedagogy. Findings in quantitative and
qualitative studies both offered evidence that TPACK also exerts influence on effort expectancy and
performance expectancy.
Both the quantitative and qualitative findings supported that teachers’ knowledge—technology
and TPACK—influences performance expectancy and effort expectancy of using SRS. Accordingly,
to promote adoption of SRS in university settings, resources should be allocated to support training
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on using technology so that teachers’ transaction cost of switching from conventional unidirectional
lecture to interactive classrooms facilitated by emerging innovations is not significant, or the benefit
can simply outweigh the transaction cost of introducing SRS in their classes.
The implications for training are easy to discern. This is especially crucial for the dissemination
and implementation of an emerging technology when considering the low mean scores of both
technology knowledge and TPACK knowledge. First, the training should be able to empower teachers
to think about, or work with the technology in more different ways, rather than just teaching them how
to use it. In our focus group study, teachers with better technology knowledge did not just view SRS as
a simple response device or application. They had a broad understanding on the technology and used
it in different ways (e.g., taking attendance, collect data for statistical analysis). Besides, it is essential
to regularly upgrade not just teachers’ knowledge on technology, but more importantly, the knowledge
on TPACK, the methods of applying the technology in their own disciplines to match their unique
teaching needs, so that to optimize the effectiveness of using the technology. Futhermore, the contents
of the training should value simplicity to ease-in technologically-anxious teachers in adopting the
technology confidently and effortlessly. In addition, the training should be designed to balance the
utilitarian and hedonic components of using the technology [55,56], so that teachers can keep a more
positive perception on the technology and continue to adopt it in their class, in view of the extra time
cost or resources involved.
5. Limitations and Future Directions
The current study values context in which education professionals deliberate and equilibrate
different domains in TPACK towards arriving at a pedagogical design and decision [50]. Nonetheless,
contextual components in the themes extracted in the qualitative inquiry were mainly on the micro level.
Meso-level context such as logistic constraint faced by large undergraduate classes and macro-level
context such as reform policies on tertiary education, also mediates the impact of TPACK. Future
research could further delineate the variations among the interrelations of meso- and macro-level
factors in determining TPACK orientations.
Teaching knowledge in the age of information technology explosion is continuously evolving.
This statement is particularly accurate for knowledge involving emerging technology. The TPACK
framework is a widely adopted framework delineating technology integration in classroom.
Nonetheless, the subconstructs used in the framework were static in nature. To dissect the problem with
better precision, some researchers proposed the concept of TPACKing: using the radical constructivist
approach to address the aggregative nature of knowledge building [57]. In the process of investigating
various domains of knowledge, the roles of contextual influences and past experiences of participating
teachers should be taken into consideration. The continuous interplays of teachers’ knowledge and
their environment should be underscored in understanding technology adoption in future study.
In our focus group study, no themes can be aligned with the technological content knowledge,
which was found statistically significant in the quantitative study. Particular items in this construct in
the closed-end survey should be reviewed and refined in reference to the findings of the qualitative
study to improve the sensitivity as well as the face validity of the construct. In addition, technology
adoption is a multifaceted problem. A structural equation model illustrating the interrelationships
among various constructs is essential to offer a gestalt solution to the problems presented.
Acknowledgments: The research is funded by the Hong Kong SAR UGC’s Additional Funding for Teaching and
Learning Related Initiatives for the 2012-15 Triennium (UGC-89BM).
Author Contributions: All these authors contributed equally on study design, data analyses, and manuscript drafting
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or interpretation of data; in the writing of the manuscript, and in the decision to publish the results.
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Appendix A
Table A1. Items in the self-report questionnaire.
Subconstructs

Items

1

Technology knowledge

I know how to solve my own technical problems.

2

Technology knowledge

I can learn technology easily.

3

Technology knowledge

I keep up with important new technologies.

4

Technology knowledge

I frequently play around with the technology.

5

Technology knowledge

I know about a lot of different technologies.

6

Technology knowledge

I have the technical skills I need to use technology.

7

Technology knowledge

I have had sufficient opportunities to work with
different technologies.

8

Content knowledge

I have sufficient knowledge about my discipline.

9

Content knowledge

I can use a way of thinking adopted in my discipline.

10

Content knowledge

I have various ways and strategies of developing my
understanding of my discipline.

11

Pedagogical knowledge

I know how to assess student performance in a classroom.

12

Pedagogical knowledge

I can adapt my teaching based upon what students currently
understand or do not understand.

13

Pedagogical knowledge

I can adapt my teaching style to different learners.

14

Pedagogical knowledge

I can assess student learning in multiple ways.

15

Pedagogical knowledge

I can use a wide range of teaching approaches in a
classroom setting.

16

Pedagogical knowledge

I am familiar with common student understandings
and misconceptions.

17

Pedagogical knowledge

I know how to organize and maintain a class.

18

Pedagogical content knowledge

I know how to select effective teaching approaches to guide
student thinking and learning in my discipline.

19

Technological content knowledge

I know about technologies that I can use for understanding and
doing my discipline.

20

Technological pedagogical knowledge

I can choose technologies that enhance the teaching approaches
for a lesson.

21

Technological pedagogical knowledge

I can choose technologies that enhance students’ learning for
a lesson.

22

Technological pedagogical knowledge

My teacher education program has caused me to think more
deeply about how technology could influence the teaching
approaches I use in my classroom.

23

Technological pedagogical knowledge

I am thinking critically about how to use technology in
my classroom.

24

Technological pedagogical knowledge

I can adapt the use of the technologies that I am learning about to
different teaching activities.

25

TPACK

I can teach lessons that appropriately combine subject contents of
my discipline, technologies, and teaching approaches.

26

TPACK

I can use strategies that combine content, technologies, and
teaching approaches that I learned about in my coursework in
my classroom.

27

TPACK

I can choose technologies that enhance the content for a lesson.

28

TPACK

I can select technologies to use in my classroom that enhance what
I teach, how I teach, and what students learn.

29

TPACK

I can provide leadership in helping others to coordinate the use of
content, technologies, and teaching approaches in my discipline.

30

Performance expectancy

I would find the Student Response System (“Clickers”) useful in
my teaching.
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Table A1. Cont.
Subconstructs

Items

31

Performance expectancy

Using the Student Response System (“Clickers”) enables me to
accomplish teaching tasks more quickly.

32

Performance expectancy

Using the Student Response System (“Clickers”) increases my
teaching productivity.

33

Performance expectancy

If I use the Student Response System (“Clickers”), I will increase
my chances of becoming more competent in teaching.

34

Effort expectancy

The procedures of using the Student Response System (“Clickers”)
would be clear and understandable.

35

Effort expectancy

It would be easy for me to become skillful at using the the Student
Response System (“Clickers”).

36

Effort expectancy

I would find the Student Response System (“Clickers”) easy
to use.

37

Effort expectancy

Learning to operate the Student Response System (“Clickers”) is
easy for me.

38

Social influence

People who influence my teaching behavior think that I should
use the Student Response System (“Clickers”).

39

Social influence

People who are important to me think that I should use the
Student Response System (“Clickers”).

40

Social influence

My faculty/department/school has been helpful in the use of the
Student Response System (“Clickers”).

41

Social influence

In general, the members of my teaching community support the
use of the Student Response System (“Clickers”).

42

Facilitating conditions

I have the tangible resources necessary (e.g., equipment,
accessories) to use the Student Response System (“Clickers”).

43

Facilitating conditions

I have the knowledge necessary to use the Student Response
System (“Clickers”).

44

Facilitating conditions

The Student Response System (“Clickers”) is compatible with
other e-learning systems I use.

45

Facilitating conditions

A specific person or group is available for assistance with using
the Student Response System (“Clickers”).

46

Behavioral intention

I am a keen user of the Student Response System (“Clickers”).

47

Behavioral intention

All things considered, I think it is positive to keep using the
Student Response System (“Clickers”) in my class.

48

Behavioral intention

All things considered, I think it is good to keep using the Student
Response System (“Clickers”) in my class.

49

Behavioral intention

All things considered, I think it is beneficial to keep using the
Student Response System (“Clickers”) in my class.

Table A2. Questions used in focus group discussion
A.

The Relationship between Technology and Pedagogy

1.
2.
3.
4.

How could clickers enhance pedagogy?
What did you need to consider in integrating clickers with you teaching?
Please share a remarkable event/experience in using clickers.
How could you use clickers more efficiently to facilitate teaching?

B.
1.
2.

Technology and Content
How could clickers help students in understanding subject contents?
What are the subject specific factors in implementing clickers?
How could you use clickers more efficiently to facilitate students in
understanding subject contents?

3.
C.
1.

Technology, content and pedagogy
What are the relationship among technology, content and pedagogy?
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Table A2. Cont.
D.
1.
2.
3.
4.
5.

Clickers and clickers questions
Please present the types of clicker questions used in your class.
Which types of questions are more beneficial to students?
Which types of questions can enhance learning motivation/interests?
Which types of questions can improve academic performance?
Which types of questions can help in understanding concepts?

E.
1.
2.
3.
4.

Implementation of clickers
Do you think clickers is easy to use?
Will you continue to use clickers in class?
Which classes you will use clickers in the future?
Can you use clickers in other areas? Any new types of questions?
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