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a b s t r a c t

The aim of this study was attempting to investigate the outcome of critical thinking
achievement of learners when its development is infused into subject teaching with peda-
gogical and technological support. A total of 124 junior secondary students participated in
the three-year trial teaching in Integrated Humanities subject. Flipped classroom strategy
was implemented to engage learners in online pre-lesson learning preparation, in-class
group discussion inside digital classroom and after-class extended learning using social
learning platform. The critical thinking tests found that the students had good performance
in the tasks on hypothesis identification, induction and deduction; and some achievements
in the tasks on explanation and evaluation. It was found that students needed more time to
develop capacities of deduction, explanation and evaluation. The semi-structured interviews
found that the teachers and students valued the pedagogical way of providing guidance for
students' group sharing for fostering critical thinking skills development. Three implications
are discussed to shed light on the infusion of critical thinking skills development into the
process of domain knowledge learning, the deployment of appropriate pedagogy tomobilize
learners to engage in learning process, and the use of appropriate technology to facilitate
learning process inside and outside of classroom.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Thegoal of schooleducation in the twenty-first century is toprepare students foradeepunderstandingofdomainknowledge,
andat thesametimeacompetentdemonstrationof the twenty-first centuryskills, suchascritical thinkingskills, to copewith the
challenges in the ever-changing society (Chan, 2010; Kang, Heo, Jo, Shin,& Seo, 2010; Kong, 2014). This article shares experience
of a three-year studywhich aimed to foster junior secondary students inHongKong to develop critical thinking skills when they
learn domain knowledge in flipped classrooms. The domain curriculum targeted in this study was Integrated Humanities, of
which the domain-specific learning tasks often require students to apply the twenty-first century skills.

2. Background of the study

There is an emerging trend toward the pedagogical integration of digital resources and communication tools into cur-
riculum delivery in school education in the twenty-first century. With the access tomultiple perspectives of information from
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massive digital sources, students should be able to judge the suitability and reliability of the retrieved information and to
decide theways to process the selected information (Kong, 2014; Padilla, 2010; Trilling& Fadel, 2009). It is one of the unifying
goals in school education in the twenty-first century to empower students with critical thinking skills for effective learning
(Ku, Ho, Hau, & Lai, 2014; Kwan & Wong, 2014).
2.1. Critical thinking skills

Critical thinking skills are the capabilities to think reflectively and judge skillfully, so as to decide what information is
reliable and what actions should be taken during reasoning and problem-solving (Fung & Howe, 2014; Kwan &Wong, 2014;
Kong, 2014). The study reported in this article, built on Kong (2014), to adopt the views of Hughes, Lavery, and Doran (2010)
and Yeh (2009) that the capacities of critical thinking skills can be categorized into five major dimensions: (i) hypothesis
identification e the capacity to recognize the underlying ideas or unstated assumptions of the problem to be addressed; (ii)
induction e the capacity to reason the connection between a set of specific examples so as to derive a reliable generalization
for the problem; (iii) deduction e the capacity to reason the connection between a set of general statements so as to reach a
logically certain conclusion for the problem; (iv) explanation e the capacity to argue ideas through clarifying the causes,
contexts, and consequences of the facts among different aspects of the problem; and (v) evaluation e the capacity to use a set
of relevant criteria to determine the quality of the arguments and outcomes come up for the problem.

Students are advocated to develop critical thinking skills through the formulation of in-depth understanding of concepts
and principles when learning complex subject matters (Deng, 2001, 2011). Empirical studies have been conducted in linewith
this advocacy. However, there are limited studies focusing on the secondary education sector, with examples including
Cheong and Cheung (2008), Fung and Howe (2014), Huang, Hung, and Cheng (2012), Kwan and Wong (2014), McMahon
(2009), Yang and Chung (2009) and Yang and Wu (2012). As reported in Kong (2014), these empirical studies suggest a
number of critical thinking skill teaching strategies for teachers. For example, teachers should give students sufficient time to
think about the problem-solving questions (Cheong & Cheung, 2008; Kwan & Wong, 2014; Yang & Wu, 2012). Teachers
should also give sufficient time for students to discuss the problem-solving questions with group members (Cheong &
Cheung, 2008; Fung & Howe, 2014; Huang et al., 2012; Kwan & Wong, 2014; McMahon, 2009; Yang & Chung, 2009).
Moreover, teachers should guide different groups of students to make sharing with the whole class (Fung & Howe, 2014;
Huang et al., 2012; McMahon, 2009; Yang & Chung, 2009). In addition, teachers should explain the answers for the
problem-solving questions and then guide students to make reflection (Fung&Howe, 2014; Yang& Chung, 2009; Yang&Wu,
2012). The research by Cheong and Cheung (2008), Huang et al. (2012), Yang and Chung (2009) and Yang and Wu (2012) has
empirically found that the above pedagogical ways can promote secondary students to be more aware that they need to
develop critical thinking skills through a suitable learning process in class.

The researchers have also provided evidence on the strong and weak areas among secondary students in critical thinking
skills development. According to Cheong and Cheung (2008), secondary students are weak in the dimensions of hypothesis
identification and explanation. Yang and Chung (2009) have identified that the strong and weak areas among secondary
students in critical thinking skills development are hypothesis identification and explanation, respectively. Huang et al. (2012)
and Yang andWu (2012) have the similar findings that secondary students performwell in tasks on hypothesis identification
and deduction, but less satisfactorily in tasks on explanation and evaluation. These findings from the past research suggest
that secondary students in general are relatively strong at identifying hypothesis and deductive thinking and relatively weak
in explaining and evaluating conclusions.
2.2. Flipped classroom strategy

The flipped classroom strategy is considered potential to promote the comprehensive development of critical thinking
skills among students under a learner-centered paradigm, as the learning tasks in flipped classrooms depend heavily on
learner-driven preparation outside of formal class time. In flipped classrooms, learning tasks typically done as homework are
undertaken in class with guidance from teachers, especially those collaborative learning tasks such as whole-class brain-
storming, group-based hands-on assignments and peer reviews, feedback exchange and remedial help, etc. (Bergmann &
Sams, 2012; Davies, Dean, & Ball, 2013; Kong, 2014). Teachers in flipped classrooms are enabled to free up class time to
make meaningful contact with students for observing, guiding, commenting, and helping. Students in this regard can take
more control of the pace, progress and responsibility in their own learning process according to individual needs (Flumerfelt
& Green, 2013; Fulton, 2012).

In the digital age, the idea of flipped classrooms has gained prominence due to advancement in digital technology which
enables students to ubiquitously access resources and connection with peers (Davies et al., 2013; Flumerfelt & Green, 2013).
For flipped classrooms in the digital agedthe digital classrooms, students use personal computing devices, especially mobile
devices that are wirelessly interconnected, on their own or with a small group of peers for learning proposes (Chan, 2010;
Wong & Looi, 2011). Such flipped classroom strategy moves passive learning tasks of knowledge delivery beyond formal
class time; and uses classroom learning activities to prompt knowledge construction through the access to additional learning
information from sources other than textbooks, and the extensive interactions with peers and teachers within formal class
time (Bergmann & Sams, 2012; Missildine, Fountain, Summers, & Gosselin, 2013).
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These learning tasks in flipped classrooms often require students to properly process and then critically assimilate in-
formation from different sources for knowledge construction (Chan, 2010; Kang et al., 2010; Kong, 2014). Students are
therefore enabled to progressively develop a deep understanding of domain knowledge through the convenient access to
appropriate and sufficient resources and the extensive sharing of useful information (Kong, 2011, 2014). This study attempted
to investigate the outcome of critical thinking achievement of learners when its development is infused into subject teaching
which deploys the flipped classroom strategy and pedagogical ways to enhance students' awareness of the need and process
of developing critical thinking skills in classroom learning.

3. Methodology

3.1. Research design

This article reports an experience of a three-year study on supporting secondary students in Hong Kong to develop critical
thinking skills through learning Integrated Humanities (IH) knowledge. The whole four-class cohort of 144 students at the
grade of Secondary 1 in a secondary school was purposefully sampled at the beginning of this study. All of the 144 students
were arranged to go through the three-year trial teaching, which covered nine topics as well as administered seven tests and
five interviews, throughout their three-year junior secondary schooling at the grades from Secondary 1 (aged 12 to 13) to
Secondary 3 (aged 14 to 15). This study finally had a valid sample of 124 participating students (with 63 male students and 61
female students) who could complete all the seven tests across the three-year study. As per the exploratory nature of the
study, the trial teaching was designed to include all the four classes of students as a single group for participation, and in turn
no control group was arranged.

There were six IH teachers responsible for the trial teaching in the four participating classes, with two teachers in Year 1
and the other four in Years 2 and 3. The six teachers had teaching experience from one to 13 years. The four participating
classes received trial teaching from different teachers in each of the three years, according to the teacher deployment plan of
the sampled school. The research team respected this school-based arrangement, though had an understanding that this
arrangement might influence the internal validity of research design. In this regard, this study only tracked critical thinking
development of student across the three years without considering the aggregated factor of class grouping.

The designed pedagogy for teaching IH subject in flipped classrooms was new to all the six participating teachers. The
researchers organized an annual induction training of the designed pedagogy for the participating teachers before the start of
trial teaching in each year. The two teachers in Year 1 were also invited to share their experiencewith the four teachers joined
Year 2 in the annual induction training since Year 2. Fig. 1 shows the study flow of the three-year study. There were three trial
teaching periods in each year. Table 1 shows the organization of the trial teaching in the three-year study. Each trial teaching
period focused on one topic in the IH subject, and lasted for three to ten weeks. The trial teaching across the three years
amounted 66 h and 40 min, with 100 lessons of each lasted for 40 min.

3.2. The flipped classrooms for critical thinking skills development

3.2.1. Technological deployment
The trial teaching was delivered in mobile technology-supported flipped classrooms. The teachers used the school-based

e-learning platform for distributing online reading materials and activity worksheets; and a web-based word processor
(Google Docs) for performing group discussions. During the trial lessons, each pair of students used one Tablet PC provided by
school for task completion and three pairs form a group in the class. There were six groups in a class. The school-based e-
Fig. 1. The study flow of the three-year study.



Table 1
The organization of the trial teaching in the three-year study.

Year Topic No. of weeks Duration of teaching time (40 min per lesson)

1 Topic 1: Environmental Protection in Hong Kong 10 10 lessons (6 h 40 min)
Topic 2: Hong Kong under the British Colonial Governance 9 9 lessons (6 h)
Topic 3: Economic Development of Hong Kong 3 5 lessons (3 h 20 min)
Sub-total 22 24 lessons (16 h)

2 Topic 4: City Planning for a New Hong Kong 10 14 lessons (9 h 20 min)
Topic 5: Energy Crisis in China 5 10 lessons (6 h 40 min)
Topic 6: The Issue of Water Resources in China 5 12 lessons (8 h)
Sub-total 20 36 lessons (24 h)

3 Topic 7: Global Warming 8 14 lessons (9 h 20 min)
Topic 8: Solid Waste Problem in Hong Kong 8 14 lessons (9 h 20 min)
Topic 9: Economic Globalization 6 12 lessons (8 h)
Sub-total 22 40 lessons (26 h 40 min)
Total 64 100 lessons (66 h 40 min)
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learning platform used in the trial teaching had four main sections (Kong, 2014). Before each lesson, students used “Online
Pre-lesson Learning” section to retrieve pre-lesson worksheets for understanding lesson goals and creating pre-lesson mind
maps. During class time, the students used “Lesson Learning” section to access textbook, websites and presentation files
selected for group learning tasks andmindmaps drawing. After each lesson, the students used “Post-lesson Learning” section
to retrieve selected learning outputs and references for the self-reflection activities and post-task quizzes. Students used
“Discussion Forum” section for group discussion about domain knowledge online when needed.

The web-based word processor (Google Docs) used in the trial teaching provided students with a template for organizing,
presenting and sharing information in group discussion activities (see Fig. 2). The class-specific Google Docs account engaged
students in sharing views on the discussion questions with groupmembers and other classmates in class, and extending their
discussions after class when needed. The teacher opened the contents of online discussion to all students of the class. This
Fig. 2. The web-based word processor (Google Docs) used in the trial teaching for encouraging group discussion: An online discussion sub-page at the group
level.
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provided each student with multiple opportunities of information exchange and idea discussion on the group and whole-
class bases.

3.2.2. Pedagogical intervention
A typical trial lesson in this study consisted of three parts. The first part was pre-lesson learning preparation. The students

mainly read online readings, brainstormed topic scopes and drewmindmaps on the school-based e-learning platform for the
topics to be learned. The second part was in-class domain knowledge learning. The students mainly answered worksheet
questions by referring to the paper-based textbook and the selected e-learning resources on the school-based e-learning
platform. The third part was post-lesson learning consolidation. The students mainly extended learning discussions and
refinedmindmaps on the school-based e-learning platform for the learned topics. These three parts were designed to expose
students to a stepwise approach to critical thinking through both the processes of individual work and group discussion. The
students needed to apply critical thinking skills such as identifying keywords in the worksheet questions for solving subject-
related problems. Themajor learning activity inside of the flipped classroomswas teacher-guided group discussion; while the
ones outside of the flipped classrooms were individual brainstorming and concept-map drawing, together with occasional
student-coordinated group discussions.

The teachers were asked to adopt four teaching strategies in the trial lessons to prepare students to critically solve learning
problems (Kong, 2014; also see Table 2 for an illustration). The first strategy (a) is sufficient time for students' thinking. The
teachers gave students sufficient time to think about the problem-solving questions. The teachers normally spent the first
5e6 min for this pedagogical way in a trial lesson. The second strategy (b) is sufficient time for students' discussion. The
students were given sufficient time to discuss the problem-solving questions with group members. The teachers were
observed to spend around 10e15 min for this pedagogical way in a trial lesson. The third strategy (c) is guidance for students'
group sharing. The teachers guided different groups of students to present and discuss their works with the whole class. It
usually took around 15e20 min for the teachers to implement this pedagogical way in a trial lesson. The fourth strategy (d) is
explanation and guidance for students' reflection. The teachers explained the answers for the problem-solving questions and
then guided students to make reflection. It was observed that the teachers usually used this pedagogical way to close a trial
lesson in 5e10 min.

Activity worksheets were tailor-made for the trial teaching to lead students to properly process information from different
sources and critically assimilate information on the target topics. For facilitating students to develop critical thinking skills
when completing learning tasks related to domain knowledge development, critical thinking questions which embedded
theme-based problem-solving scenarios were designed for topic-specific activity worksheets. The critical thinking questions
were designed by the researchers at the very beginning of Year 1. The classroom usage of these worksheet questions for
provoking students' application of critical thinking skills was also demonstrated by the researchers before the start of trial
teaching. Subsequent to this teacher development, the teachers were then prepared to co-design and use worksheet ques-
tions for the trial lessons. Five categories of critical thinking questions were designed in line with the five dimensions of
critical thinking skills, namely hypothesis identification, induction, deduction, explanation, and evaluation. Tables 3 to 5 show
the number, distribution, examples and suggested answers of critical thinking questions in activity worksheets for the trial
lessons in the study.

There were two characteristics in the design of critical thinking questions in the three-year study. First, there was an
increase in the number of critical thinking questions between Year 1 and Year 3. Second, there was a tendency to balance the
uneven distribution of critical thinking questions in the five dimensions. These two characteristics were caused by the
rationale change in question design for critical thinking skills development. In Year 1, there was no requirement for the
deliberate design of critical thinking questions on specific dimensions. Teachers were encouraged to design questions ac-
cording to their needs in subject teaching. Starting from Year 2, the teachers were mobilized to embed critical thinking
questions into activity worksheets across the five dimensions for providing students with more opportunities to develop
critical thinking skills in the five dimensions.

3.3. Evaluation of critical thinking skills development in the flipped classrooms

The critical thinking test papers were adapted from Yeh's established instrument (2003, 2009, 2012), which has the
Cronbach's alpha reliability coefficient at 0.80. There were 25 multiple-choice questions in each test paper for a maximum
mark of 25 in each test. The 25 questions were divided into five dimensions of critical thinking skills, as reported in Kong
(2014). The first five questions examined students' competency in identifying hypothesis. Students selected a sentence
about the valid hypothesis behind the statement given in each question. The sixth to tenth questions examined students'
competency in inductive thinking. Students selected a sentence about the valid inference derived from the scenario described
in each question. The eleventh to fifteenth questions examined students' competency in deductive thinking. Students
selected a sentence about the valid conclusion for the two statements given in each question. The sixteenth to twentieth
questions examined students' competency in explaining conclusions. Students selected a sentence about the valid reason
behind the scenario described in each question. The last five questions examined students' competency in evaluating con-
clusions. Students selected a sentence about the most appropriate judgment of the validity of a set of pro-and-con statements
for the controversial scenario described in each question. Please refer to the Appendix for one sample question for each of the
five critical thinking skills dimensions in Yeh's (2003) original instrument.



Table 2
An illustration of the flow of a trial lesson under Topic 7 in Year 3.

Duration
(min)

Activity

6 Implementation of strategy (a) e Sufficient time for students' thinkinge The teacher announced that this lesson focused on the interna-
tional cooperation for tackling global warming, and asked the
whole class to brainstorm two questions on the local capability
and the international efforts to tackle global warming.

e The teacher broadcasted the online video clip “Climate Change Conference extends the Kyoto Protocol”.
e The teacher introduced the discussion question on the activity worksheet “Solutions to Global Warming” for group discussion task.

11.5 Implementation of strategy (b) e Sufficient time for students' discussione The teacher arranged grouping of six students in a group and
each group with three pairs.

e The teacher assigned the question issues “Kyoto Protocol”, “Copenhagen Accord” and “Cancun Agreements” to the three student pairs in
each group.

e The teacher distributed one Tablet PC to each student pair and asked the students to search and summarize relevant information from the
Internet; and reminded them to pay attention to the plagiarism issue.

e Each student pair discussed the question issue assigned and completed the related part in the activity worksheet online using Google
Docs and supported other pairs whenever need arise.

e The teacher walked around the classroom to monitor the discussion progress of each student pair, and provided guidance on the
searching and summarization of information.

17.5 Implementation of strategy (c) e Guidance for students' group sharinge The teacher displayed the Google Docs work of each student pair
and asked the whole class for their answers on each question
issue. The corresponding student pairs gave responses for further
discussion.

e The teacher summarized the important points of all question issues in the discussion question.
e The three student pairs of each six-student group used Google Docs to combine their answers for discussing and formulating a group

answer on the target question.
e The teacher walked around the classroom to monitor the progress of each group, and reminded the students to use the information

searched to support their arguments.
e The teacher invited each group to present their answers on “Kyoto Protocol”, “Copenhagen Accord” and “Cancun Agreements” to the

whole class.
5 Implementation of strategy (d) e Explanation and guidance for students' reflectione The teacher summarized the answers from all

groups.
e The teacher asked follow-up questions to the whole class for students to finalize answers and complete the activity worksheet “Solutions

to Global Warming”.
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For investigating teachers' and students' pedagogical design and practices and technological use for critical thinking skills
development, five rounds of semi-structured interviews were conducted with the teachers and students across the three
years (see Fig. 1). In every round of semi-structured interviews, each of the teachers participating in the study was invited for
an individual interview. Four students were randomly selected from each of the four participating classes for group in-
terviews. Table 6 shows the demographic data of the semi-structured interviews in the three-year study.

The invited teachers and students were asked about their experiences and reflection on the learning process and outcomes
in developing critical thinking skills during the trial teaching periods. The semi-structured interviews aimed to understand
how the teachers and students perceived the appropriateness and effectiveness of theme-related critical thinking questions
designed for the trial lessons; how the teachers implemented the four critical thinking skill teaching strategies in class; and
what they expected for the difficulty level of critical thinking questions and the implementation grade of four critical thinking
skill teaching strategies in future.

4. Results and discussion

This section reports on the results from the critical thinking tests and the semi-structured interviews with teachers and
students. It first examines the impacts of the flipped classrooms on students' achievement in critical thinking skills, and then
discusses teachers' and students' overall perception and reflection on the process and outcomes in developing critical
thinking skills in flipped classrooms.

4.1. Students' achievement in critical thinking skills development

In general, the students demonstrated a progressive growth of overall competency in critical thinking skills across the
three years, with the test mean marks increased from 12.13 to 16.88 (see Table 7). The students remarkably improved their
critical thinking skills in Year 2 and Year 3, as the statistically significant differences found across the three tests in each of
these two years.

Tables 8 to 12 further compare the mean learning outcomes specifically related to the five dimensions of critical thinking
skills, respectively, among all critical thinking tests in the three-year study. The results in these five tables indicate that the
students reached a relatively satisfactory level of the competency in the five dimensions of critical thinking skills after the trial
teaching, with the test mean marks ranging from 1.90 to 4.01 across the five dimensions throughout the three years.



Table 3
The number and distribution of critical thinking questions in activity worksheets for the trial lessons in the study.

Hypothesis identification Induction Deduction Explanation Evaluation Overall

Count % Count % Count % Count % Count % Count %

Year 1
Topic 1 1 33.33 1 33.33 1 33.33 0 0.00 0 0.00 3 100.00
Topic 2 1 25.00 0 0.00 1 25.00 0 0.00 2 50.00 4 100.00
Topic 3 2 28.57 0 0.00 4 57.14 0 0.00 1 14.29 7 100.00
Sub-total 4 28.57 1 7.14 6 42.86 0 0.00 3 21.43 14 100.00

Year 2
Topic 4 3 13.64 4 18.18 7 31.82 2 9.09 6 27.27 22 100.00
Topic 5 2 13.33 8 53.34 2 13.33 0 0.00 3 20.00 15 100.00
Topic 6 0 0.00 8 61.54 3 23.08 0 0.00 2 15.38 13 100.00
Sub-total 5 10.00 20 40.00 12 24.00 2 4.00 11 22.00 50 100.00

Year 3
Topic 7 1 5.00 6 30.00 6 30.00 3 15.00 4 20.00 20 100.00
Topic 8 3 17.65 4 23.53 4 23.53 4 23.53 2 11.76 17 100.00
Topic 9 2 11.11 2 11.11 4 22.22 4 22.22 6 33.34 18 100.00
Sub-total 6 10.91 12 21.82 14 25.45 11 20.00 12 21.82 55 100.00

Total 15 12.61 33 27.73 32 26.89 13 10.92 26 21.85 119 100.00
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For the dimension of hypothesis identification, the students started with a relatively high score among the five dimensions
and improved further across the three years, with the test meanmarks increased from 2.96 to 4.01 (see Table 8). The students
already performed quite well in this dimension in Year 1; and had a statistically significant increase in test marks in Year 2.
The students leveled off their development in this dimension in Year 3, once they achieved a relatively high competency level
in hypothesis identification.

For the dimension of induction, the students also had a good improvement across the three years, with the test mean
marks increased from 2.49 to 3.55 (see Table 9). The students achieved a statistically significant increase in test marks in Year
2; and again leveled off their development of this dimension in Year 3, once they fairly mastered inductive thinking.

For the dimension of deduction, the students had a progressive growth and finally achieved a relatively high level of
competency across the three years, with the test mean marks increased from 2.51 to 3.65 (see Table 10). The students made a
statistically significant increase in the test marks across the three tests in Year 2 and Year 3, respectively.

For the dimension of explanation, the students had a progressive growth of competency in explaining conclusions across
the three years, but an overall achievement at a less competent level, with the test mean marks increased from 1.90 to 2.80
(see Table 11). The students had a statistically significant improvement across the three tests in Year 2 and Year 3, respectively.

For the dimension of evaluation, the average performance of the students improved much across the three years, with the
test mean marks increased from 2.05 to 3.02 (see Table 12). The students had a statistically significant improvement and
achieved an intermediate competency level in this dimension in Year 2 and Year 3, respectively.

Overall, the students could improve critical thinking skills across the three years. It is observed that there was a similar
increment of competency level of around one score out of five score across all five dimensions throughout the three years
with various starting mean scores in the range of 1.90e2.96. The students improved significantly in Year 2, and continued the
significant improvement in three dimensions in Year 3. Year 2 was the critical year for students' development of critical
thinking skills, as the students had statistically significant improvement in all the five dimensions in that year. This might be
due to the increased number of critical thinking questions and so the increased opportunities for practicing critical thinking
skills.

The students performed the best in hypothesis identification tasks; and the weakest in explanation tasks. Hypothesis
identification, induction and deductionwere the top three dimensions in critical thinking skills development; and evaluation
and explanationwere the bottom two. For the case in the dimension of explanation, the students had no practice opportunity
in Year 1; insufficient practice opportunities in Year 2; and therefore a relatively weak development despite the increased
practice opportunities in Year 3. For the case in the dimension of evaluation, the students only had limited practice oppor-
tunities in Year 1; but more practice opportunities since Year 2. Perhaps the students found it was difficult to master the skills
in evaluating conclusions and thus no statistical significant improvement was made in this dimension. This could also be the
reason accounting for students' relative low level of competency in explanation achieved in this study. It could be postulated
that increasing the number of questions for students' practice is a necessary but not a sufficient condition for the success in
skills development. Explanation and evaluation were relative difficult skills for students to master at junior secondary level.

It is worthwhile to notice that the students only had statistically significant and continuous improvement in Years 2 and 3
in the dimensions of deduction, explanation and evaluation. There were increased practice opportunities of dimension-
specific critical thinking questions in these three dimensions. Such increase of practice opportunities might help students
to get familiar with the related process in these three dimensions. The continuous improvement in the dimensions of
deduction, explanation and evaluation might also relate to the fact that students might need more time and opportunities to
develop capacities in these three dimensions which were relatively challenging for junior secondary students to master.



Table 4
Examples of critical thinking questions in activity worksheets for the trial lessons in the study.

Question scopes Examples (Corresponding suggested answers can be found in Table 5)

Hypothesis identification
(Topic: Solid Waste

Problem in Hong Kong)

Question: Enhancing the awareness of environmental protection among Hong Kong people will certainly reduce
the amount of solid waste. Based on your assumptions, please explain whether the statement is reasonable.

Induction
(Topic: The Issue of Water

Resources in China)

Question: According to China's environmental protection agency and the Organization for Economic Co-
operation and Development in 2007, up to 1/3 of China's rivers were heavily polluted. The quality of drinking
water sources failed to meet the standard in nearly 50% of major cities. 320 million out of 1.3 billion Chinese
people were drinking unsafe water. Inferring:
▫ (A) 2/3 of China's rivers were not polluted.
▫ (B) Pollution of water sources imposed risks to the citizens.
▫ (C) A majority of Chinese urban citizens could not drink water that meets the safety standard.

Deduction
(Topic: Economic Globalization)

Question: Economic globalization triggers the transnational corporations in developed countries to carry out the
measure of international division of labor, outsourcing the manufacturing process to developing nations, where
production cost is lower. The economic structure of developing countries has been changing from farming to
manufacturing industry, creating ample job opportunities to the locals as a result. Furthermore, comparing the
people working in farms with those in factories, the latter is less vulnerable to environmental change and
eventually leads to an unstable income. From the above, we can deduce that:
▫ (A) Compared with the developed countries, the working opportunity in developing countries is greater.
▫ (B) The agricultural industry is fading out in developing countries, with no one engaging in the industry.
▫ (C) Economic globalization changed the economic structure of the developing nations, increasing working
opportunities.

Explanation
(Topic: Global Warming)

Question: The increase of concentration of greenhouse gases reduces the release of infra-red radiation to outer
space; therefore, the climate of Earth needs to change e altering the quantities of absorption and release of the
radiation so as to reach a new equilibrium. The changes include the warming of the earth surface and the lower
atmosphere at a “global scale”, in a bid to release excessive radiation to outer space.
▫ (A) The increase of greenhouse gases may bring about the continue rise of solar radiation in Earth.
▫ (B) If the concentration of greenhouse gases reduce, extreme weather can be avoided.
▫ (C) Extreme weather is a result of the natural adjustment mechanism against global warming.

Evaluation
(Topic: Economic Globalization)

Question: Local small and medium-sized enterprises will have troubles facing the external competition under
economic globalization, which will result in market monopolization by multi-national corporations. To what
extent do you agree with the statement?
Argument A: I agree with the statement to a great extent. The integration of labor market enables low cost of
production among the multi-national corporations. Trade liberalization also allows the flow of goods in more
markets. Furthermore, since multi-national corporations have a great pool of economic capital and efficient
operation mode, they are able to expand their business around the world rapidly. Hence, it is difficult for local
small and medium-sized enterprises to compete with multi-national corporations, which further narrows the
development of the enterprises, and leads to withdrawals from the market eventually, resulting in market
manipulation by the multi-national corporations. Although the “competition law” has been enforced in some
nations, whose intention is to safeguard the room of survival of local small and medium-sized enterprises, the
legislation is yet to be a common practice and monopolization is still a problem to many nations and regions.
Argument B: I disagree with the statement to a great extent. Currently, small and medium-sized enterprises also
have their own advantages and people like purchasing goods from these enterprises. Thus, it can be observed
that they are still supported by the general public. For example, multi-national fast food corporations can hardly
replace Hong Kong style cafes. As the small and medium-sized enterprises still have their advantages, the room
of survival of them will not be reduced or even replaced by the multi-national corporations. Hence, these large
corporations do not have capabilities in dominating the market.
Which argument is stronger? Why?
▫ (A) Argument A is strong.
▫ (B) Argument B is strong.
▫ (C) Both arguments are strong.
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4.2. Teachers' and students' feedback on the pedagogical design and practices, technological support, and learning outcome of critical
thinking skills development

The feedback from teachers and students in semi-structured interviews may further explain the critical thinking test
results. Tables 13 and 14 show the feedback from teachers and students on the pedagogical design and practices and tech-
nological support in developing critical thinking skills in the trial lessons under the four critical thinking skill teaching
strategies (Kong, 2014).

For the aspect of pedagogical design and practices, the teachers pointed out that they mainly developed students'
awareness to the steps of critical thinking in Year 1; and then fostered students to master and apply critical thinking process
while answering theme-related critical thinking questions; and in Year 3 focused on increasing demands of students' scope
and depth in problem-solving. The teachers indicated that a theme-related approach was adopted for the design of critical
thinking questions. This approachwas intended to stimulate students to acquire both domain knowledge and critical thinking
skills in learning tasks. The teachers observed this approach supported students to gradually master the desirable ways to
brainstorm and answer critical thinking questions, such as paying attention to the keywords.

In addition, both the teachers and students indicated that all of the four critical thinking skill teaching strategies had been
adopted in trial lessons, with a flexibility of activity adjustment according to different classroom teaching situations. The four



Table 5
The suggested answers for the examples of critical thinking questions in activity worksheets for the trial lessons in the study.

Question scopes Suggested answers (Corresponding critical thinking questions can be found in Table 4)

Hypothesis identification
(Topic: Solid Waste

Problem in Hong Kong)

Suggested answer: By enhancing the awareness of environmental protection among Hong Kong people, the public may
be more engaged in supporting recycling of waste. If this is coupled with the implementation of relevant initiatives by
the government such as educating the public concerning the correct attitude on waste separation and recovery and the
provision of appropriate facilities for the convenient separation and recovery of wastes, the quantity of solid waste will
certainly be reduced. The statement will be reasonable.
If there is an enhancement of awareness of environmental protection among Hong Kong people, but without the
implementation of relevant initiatives by the government on waste separation and recovery such as promoting the
development of the waste recycling industry, the collected recycled waste will still end up in landfills ultimately. Waste
problem cannot be alleviated. The statement will not be reasonable.

Induction
(Topic: The Issue of

Water Resources in China)

Suggested answer: The answer is B.
(A) is not necessarily justified. According to the information, “1/3 of China's rivers were heavily polluted” cannot imply
the rest of the 2/3 rivers did not have any pollution problem.
(B) is justified.Within 1.3 billion Chinese people, 320millione that is one in four Chinese peopleewere drinking unsafe
water, which imposed risks to the citizens.
(C) is not necessarily justified. Information pointed out that the quality of drinking water sources failed to meet the
standard in nearly 50% of major Chinese cities, meaning about half of the major cities could still offer clean water. Hence,
it does not imply that the majority of Chinese urban citizens could not drink water that meets the safety standard.

Deduction
(Topic: Economic

Globalization)

Suggested answer: The answer is C.
(A) is not necessarily justified. The information simply states the emergence of the new economic structure in
developing countries enhances job opportunities; however, it cannot be interpreted as “the working opportunity in
developing countries is greater than developed countries”. Owing to economic globalization, developed countries
concentrate on the development of high-skilled industries and high value-added services, which also offer ample job
opportunities.
(B) is not necessarily justified. Economic globalization changes the economic structure of developing countries, which
makesmanufacturing industry dominates over agricultural industry, turningmore people working in themanufacturing
sector; however, it doesn't mean that there is no person engaging in the farming industry. What we can interpret is that
the number of farmers has been greatly reducing but the industry has not yet faded out.
(C) is justified. Economic globalization integrates capital and labor, causing the transferal of the whole manufacturing
process from developed countries to developing countries in which the production cost is lower. Ample job
opportunities from manufacturing sector are provided to developing countries as a result of the changes.

Explanation
(Topic: Global Warming)

Suggested answer: The answer is C.
(A) is not necessarily justified. Although the increase of concentration of greenhouse gases may enhance the solar
radiation in Earth, excessive radiation will be released under the natural adjustment mechanism.
(B) is not necessarily justified. The increase of the concentration of greenhouse gases leads to extreme weather, but it is
not the only cause.
(C) is justified. The climate in Earth changes to alter the quantities of absorption and release of the radiation so as to
reach a new equilibrium, which includes the warming of the earth surface and the lower atmosphere at a “global scale”.
Extreme weather exists ascribed to the natural adjustment mechanism.

Evaluation
(Topic: Economic

Globalization)

Suggested answer: The answer is A.
Argument A is strong. The writer is able to relate the advantages of expansion of business by the multi-national
corporations to economic globalization (e.g. economic globalization enables low cost production among multi-national
corporations) and points out what strong position these corporations stand. For example, a great pool of economic
capital is favorable to the global enterprise expansion. Apart from that, refutations have also been made to further
support the writer's stance. For instance, as for the point concerning the difficulty of local small and medium-sized
enterprises in competing externally, which finally leads to market manipulation among those global corporations, the
writer explains that the “competition law” has tried to safeguard the room of survival for local small and medium-sized
enterprises, but to little avail. It is because the law is yet to be a common practice. The inferences made by the writer are
based on clear evidence, which are objective and reasonable.
Argument B is weak. The writer points out local small and medium-sized enterprises have their own advantages and
people support these enterprises though, no further examples have been demonstrated to explain how local small and
medium-sized enterprises are superior to the global counterparts, and hence will not be replaced by them. The
inferences made are not strong enough.

Table 6
Demographic data of the semi-structured interviews in the three-year study.

Class Interview with teachers Interview with students

Year 1 Topic
1

Year 2 Topic
5

Year 2 Topic
6

Year 3 Topic
8

Year 3 Topic
9

Year 1 Topic
1

Year 2 Topic
5

Year 2 Topic
6

Year 3 Topic
8

Year 3 Topic
9

N Min N Min N Min N Min N Min N Min N Min N Min N Min N Min

A 1 38 1 38 1 38 1 24 1 20 8 34 4 24 4 31 4 34 4 38
B 1 29 1 33 1 29 1 15 4 20 4 28 4 42 4 25
C 1 26 1 48 1 18 1 30 1 18 8 40 4 22 4 22 4 35 4 38
D 1 20 1 38 1 38 1 30 4 21 4 31 4 28 4 35
Total 2 64 4 135 4 127 4 111 4 83 16 74 16 87 16 112 16 139 16 136

Remarks: (1) N: Number of teachers or students interviewed; (2) Min: Number of minutes in the interview; (3) In Year 1 Topic 1, Classes A& B and Classes C
& D combined as two groups for interviews with teachers and students.
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Table 7
Comparison of students' mean learning outcomes of all critical thinking tests in the three-year study.

Year Mean SD Mean SD Mean SD F-value

1 Test 1 Test 2 Test 3 0.45
12.51 (2.90) 12.40 (3.18) 12.13 (3.60)

2 Test 3 Test 4 Test 5 30.80***
12.13 (3.60) 15.52 (3.68) 15.31 (4.12)

3 Test 5 Test 6 Test 7 6.33**
15.31 (4.12) 16.88 (3.63) 16.79 (3.97)

Remarks: Max. mark of each test ¼ 25.
**p < 0.01 ***p < 0.001.

Table 8
Comparison of students' mean learning outcomes specifically related to the dimension of hypothesis identification in critical thinking skills in the three-year
study.

Year Mean SD Mean SD Mean SD F-value

1 Test 1 Test 2 Test 3 0.07
2.96 (1.09) 3.02 (1.11) 2.99 (1.36)

2 Test 3 Test 4 Test 5 16.68***
2.99 (1.36) 3.73 (1.03) 3.75 (1.12)

3 Test 5 Test 6 Test 7 2.04
3.75 (1.12) 4.01 (0.89) 3.85 (1.01)

Remarks: Max. mark of each test ¼ 5.
***p < 0.001.

Table 9
Comparison of students' mean learning outcomes specifically related to the dimension of induction in critical thinking skills in the three-year study.

Year Mean SD Mean SD Mean SD F-value

1 Test 1 Test 2 Test 3 0.22
2.59 (1.11) 2.49 (1.18) 2.55 (1.19)

2 Test 3 Test 4 Test 5 10.17***
2.55 (1.19) 3.06 (1.23) 3.23 (1.31)

3 Test 5 Test 6 Test 7 2.18
3.23 (1.31) 3.55 (1.14) 3.48 (1.28)

Remarks: Max. mark of each test ¼ 5.
***p < 0.001.

Table 10
Comparison of students' mean learning outcomes specifically related to the dimension of deduction in critical thinking skills in the three-year study.

Year Mean SD Mean SD Mean SD F-value

1 Test 1 Test 2 Test 3 0.11
2.51 (1.24) 2.58 (1.34) 2.57 (1.36)

2 Test 3 Test 4 Test 5 12.68***
2.57 (1.36) 3.36 (1.35) 3.29 (1.40)

3 Test 5 Test 6 Test 7 3.33*
3.29 (1.40) 3.65 (1.20) 3.65 (1.19)

Remarks: Max. mark of each test ¼ 5.
*p < 0.05 ***p < 0.001.

Table 11
Comparison of students' mean learning outcomes specifically related to the dimension of explanation in critical thinking skills in the three-year study.

Year Mean SD Mean SD Mean SD F-value

1 Test 1 Test 2 Test 3 1.68
2.15 (1.10) 1.90 (1.08) 1.97 (1.06)

2 Test 3 Test 4 Test 5 11.38***
1.97 (1.06) 2.73 (1.41) 2.42 (1.29)

3 Test 5 Test 6 Test 7 3.76*
2.42 (1.29) 2.80 (1.20) 2.79 (1.24)

Remarks: Max. mark of each test ¼ 5.
*p < 0.05 ***p < 0.001.
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Table 12
Comparison of students' mean learning outcomes specifically related to the dimension of evaluation in critical thinking skills in the three-year study.

Year Mean SD Mean SD Mean SD F-value

1 Test 1 Test 2 Test 3 3.33
2.31 (1.10) 2.40 (1.10) 2.05 (1.16)

2 Test 3 Test 4 Test 5 10.45***
2.05 (1.16) 2.64 (1.11) 2.61 (1.17)

3 Test 5 Test 6 Test 7 4.02*
2.61 (1.17) 2.87 (1.11) 3.02 (1.18)

Remarks: Max. mark of each test ¼ 5.
*p < 0.05 ***p < 0.001.
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critical thinking skill teaching strategies formed a general teaching flow in IH lessons in the school, in the sequence of student
individual reading, student group discussion, teacher guided discussion, student group presentation and teacher guided
reflection. The teachers pointed out those students in Year 1 were not familiar with the basics of critical thinking process; they
needed to guide the students in in-class critical thinking tasks and thus emphasized the use of strategy (a) (sufficient time for
students' thinking) and strategy (c) (guidance for students' group sharing). The teachers further noted that more lesson time
was needed to implement strategy (c), and it was an effective pedagogical way. The students gave an example in the
implementation of strategy (c) that the teachers had reminded them to notice the keywords in critical thinking questions,
such as distinguishing the terms “relieve” from “resolve”, when explaining the answers. This deepened their impression of
important skills in handling critical thinking questions. The teachers also indicated that they tried to balance the imple-
mentation of the four critical thinking skill teaching strategies since Year 2 by increasing the use of strategy (b) (sufficient time
for students' discussion) and strategy (d) (explanation and guidance for students' reflection), building on the one-year
foundation among students on critical thinking skills. The students also noticed this pedagogical arrangement, and agreed
with teachers' emphasis on group discussion.

Both the teachers and students perceived that the pedagogical practices of interlocking critical thinking skills application
with domain-specific problem-solving tasks was effective to support the progressive development of critical thinking skills.
The four critical thinking skill teaching strategies were considered to be able to foster critical thinking skills development.
Strategy (c) (guidance for students' group sharing) was thought to be the most effective approach, due to its high level of
interactivity among students for mutually sharing insights and making reflection. The students further indicated that stra-
tegies (b) and (d) were also effective, as strategy (b) (sufficient time for students' discussion) promoted results comparison
with group members; and strategy (d) (explanation and guidance for students' reflection) allowed feedback collection for
learning improvement.
Table 13
Feedback from teachers on the pedagogical design and practices, and technological support in developing critical thinking skills in the trial lessons.

Major feedback

Pedagogical design
and practices

� The teachers adopted all of the four teaching strategies: Year 1 emphasized strategies (a) and (c); Year 2 made the four
teaching strategies as a standard teaching sequence in the IH lessons, and expected to increase the use of strategies (b) and
(d); and Year 3 had a balanced implementation of the four teaching strategies in the IH lessons.

� The teachers thought that it would be appropriate to expose students to critical thinking tasks as early as possible since
Secondary 1, with some implementation adjustments along with students' grade promotion. The teachers intended to
employ the four strategies to develop students' critical thinking skills, especially strategies (c) and (d) within limited
lesson time.

� Strategy (c) was believed to be themost effective approach, due to its high level of interactivity among students for mutual
sharing and mutual reflection.

� The teachers in Year 1 mainly developed students' awareness to the steps of critical thinking. Teachers in Year 2 mainly
fostered students to master and apply critical thinking process while answering theme-related critical thinking questions.
Teachers in Year 3 focused on increasing demands of students' scope and depth in answering critical thinking questions.

� The teachers agreed that the approach of interlocking critical thinking skills application with domain-specific problem-
solving tasks was effective to support students' progressive development of critical thinking skills.

Technological support � The teachers appreciated the function of school-based e-learning platform on the convenient sharing and retrieval of
multimedia files for students' learning exploration before class; and the function of Google Docs on synchronous data
input and display for students' immediate update of discussion outputs and tracking of discussion progress within the
limited class time.

� The teachers indicted that the classroom use of digital technology across the three years did not slow down their teaching
flow in general; but they had a concern on the speed and stability of campus wireless network for an efficient and smooth
connection to online learning resources in the flipped classrooms.

Critical thinking � Opportunities for interactive learning including in-class group sharing tasks and after-class online discussion tasks were
provided for the students throughout the three-year trial teaching. Year 2 focused the training on induction, deduction
and evaluation; and Year 3 further expanded the training on hypothesis identification and explanation.

� The teachers observed students' gradual progress in critical thinking skills. Students in Year 1 had difficulties in handling
critical thinking questions; in Year 2 got familiar with critical thinking process, especially evaluation; and in Year 3
mastered skills in solving critical thinking questions, especially the ones on induction and explanation.



Table 14
Feedback from students on the pedagogical design and practices, and technological support in developing critical thinking skills in the trial lessons.

Major feedback

Pedagogical design
and practices

� The students indicated that teachers had applied the four teaching strategies for developing critical thinking skills. The
general teaching flow had four parts: (i) students thought about and jotted down main ideas; (ii) students discussed in
groups; (iii) student groups presented their group viewpoints and discussion results; and (iv) the teacher explained
answers.

� The students were aware that the critical thinking tasks incorporated both domain knowledge and critical thinking skills
throughout the three years. Since Year 2, the students tried to apply the critical thinking skills learned in IH lessons to
summarize opinions and show respect to other viewpoints for rational discussions with their family members in daily life.

� The students agreed that the four teaching strategies fostered critical thinking skills development. Strategy (c) was
thought to be themost important; strategies (b) and (d) followed. Strategy (c) provoked insights from the sharing by other
classmates. Strategy (b) promoted results comparison with group members. Strategy (d) allowed feedback collection for
learning improvement.

� The students expected the teachers to continue the use of the four teaching strategies in future IH lessons, as these
strategies formed an important sequence in developing critical thinking skills. The students suggested that the level of
difficulty and the quantity of questions should be increased along with their grade promotion.

� Critical thinking tasks for Secondary 1 students should focus more on simple information processing skills. The tasks for
Secondary 2 students should ask students to think from wide perspectives and make concrete judgments.

Technological support � The students expressed the use of Tablet PCs made them more interested, active, engaged and concentrated in the
classroom learning activities; and the use of school-based e-learning platform and Google Docs enabled them to
conveniently share and update multimedia materials for group discussion inside and outside of classroom.

� The students indicated that they were able to operate the Tablet PCs and school-based e-learning platform used in trial
lessons across the three years; but sometimes faced the situation of slow speed in Internet access during online
information search activities, due to the limitation of campus wireless network for synchronous access at one time.

Critical thinking � The students in Year 1 indicated that they learned the mode of critical thinking, ways to analyze information and skills in
substantiating arguments through critical thinking tasks; and in Year 2 they applied critical thinking skills for learning;
and in Year 3 they considered applying their critical thinking skills to other subjects.

� The students indicated that they could gradually develop critical thinking skills throughout the three years. The students
noted that in Year 2, they enhanced the confidence and skills in oral presentation of problem-solving results after repeated
opportunities for group presentation; and in Year 3 the group presentation tasks promoted them to reflect on their
learning weaknesses, after comparing viewpoints among classmates.
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The teachers in general asserted the need to nurture students' critical thinking skills in their junior secondary stage. They
noted that in Year 1 some students who lacked the domain knowledge involved in the critical thinking questions were less
motivated to engage in critical thinking tasks. So, it might be comparatively challenging for Secondary 1 students to suc-
cessfully engage in every step in critical thinking process. The teachers therefore considered that it will be suitable to start
exposing students to the learning of critical thinking skills since Secondary 1 for early preparation. Based on their trial
experience, the teachers recommended that the level of difficulty and the quantity of questions should be increased along
with the grade promotion among students. Critical thinking tasks for Secondary 1 students should focus more on simple
information processing skills. The tasks for Secondary 2 students should ask students to think from wide perspectives and
make concrete judgments. The teachers indicated that the design of worksheet questions for Secondary 1 should raise
students' attention to the need to think critically, such as their experience in Year 1 for enabling students to reflect on the
different outcomes of “relieving” and “solving” problems; and so raise students' awareness to the steps of critical thinking
process. Both the teachers and students expected for the continuous use of the four critical thinking skill teaching strategies in
future IH lessons, as these strategies formed an important sequence in developing critical thinking skills. The teachers
intended to employ more strategy (c) (guidance for students' group sharing) and strategy (d) (explanation and guidance for
students' reflection) within the limited lesson time.

For the aspect of technological support, both the teacher and students pointed out that the three-year trial teaching inside
of the flipped classrooms could keep its teaching and learning pace as the normal one in traditional classrooms. Both the
teachers and students did not face technical problems in operating the Tablet PCs and school-based e-learning platform used
in trial lessons. However, they expected for an improvement in the relatively slow and unstable Internet connectivity in the
flipped classrooms when classes of students conducted the online learning tasks at one time.

Both the teachers and students highly appreciated the impact of technological use in the flipped classrooms on enhancing
the quality of subject learning and skills development. From teachers' perspectives, the school-based e-learning platform
promoted the students to actively explore additional multimedia resources and clearly organize group discussion outputs for
a better preparation and consolidation of subject learning before and after class, respectively. The teachers also stressed that
the Google Docs played an important role in the designed flipped classroom, as its function on synchronous data input and
display could facilitate different groups of students to immediately update within-group discussion outputs and track
between-group discussion progress within the limited class time. The teachers observed that such technological support
promoted the students to enhance learning interest and peer interaction in the learning process; and achieve multi-
perspectives thinking in discussion activities and deep understanding of domain knowledge. The students' feedback
further explains these teachers' observations. The students expressed their preference to learn domain knowledge and
develop critical thinking skills under the flipped classroom strategy. They indicated that the classroom use of Tablet PCs for
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task completion motivated them to be more interested, active, engaged and concentrated in the learning process. The stu-
dents valued the autonomy to access the Internet to search update and comprehensive information on the learning topics, as
well as the opportunities to use the school-based e-learning platform and Google Docs for sharing, discussing, presenting and
reflecting on the learning outputs with teachers and peers in group learning tasks. The students considered these technology-
supported learning activities fostered them to develop and apply domain knowledge as well as critical thinking skills ac-
cording to their own needs inside and outside of classroom.

For the aspect of critical thinking, the students elaborated that in Year 1 they learned the mode of critical thinking, ways to
analyze information and skills in substantiating arguments through critical thinking tasks; and in Year 2 the application of
critical thinking skills for learning. The dimensions focused in Year 2 training included induction, deduction and evaluation;
and in Year 3 expanded to hypothesis identification and explanation. The teachers observed students' gradual progress in
critical thinking skills. The teachers reflected that students in Year 1 had difficulties in handling critical thinking questions; in
Year 2 got familiar with critical thinking process, especially evaluation; and in Year 3 mastered skills in solving critical
thinking questions, especially the ones on induction and explanation. From students' perspectives, the three-year gradual
development of critical thinking skills was asserted. The students noted that in Year 2, they enhanced the confidence and
skills in oral presentation of problem-solving results after repeated opportunities for group presentation; and in Year 3 the
group presentation tasks promoted them to reflect on their learning weaknesses, after comparing viewpoints among
classmates. The students indicated that in Year 2 they tried to apply the critical thinking skills learned in IH lessons in their
daily life, such as summarizing opinions and showing respect to other viewpoints for the rational discussions with their
family members.

Many students in Year 1 considered that questions on hypotheses identificationwere comparatively difficult. However, the
critical thinking test results showed that the students performed best in this dimension, comparing with the other four
dimensions. By the end of the trial teaching, the students performed very well in this area. It reflects that the introduction of
critical thinking questions in Years 2 and 3 helped the students develop further. In Year 2, the students pointed out that they
were particularly benefited from questions on induction, deduction and evaluation. They further indicated that questions on
deduction were especially helpful for learning how to differentiate the situations of “definitely to be”, “with a possibility to
be” and “not likely to be”. This feedback explains students' statistically significant improvement in deductive thinking in Year
2. In Year 3, the students noted that they felt difficult to evaluate different viewpoints for judging correct answers when they
were unfamiliar with the target domain knowledge involved in the problem-solving scenarios. This feedback explains stu-
dents' relatively unimpressive performance in evaluation tasks in Year 3. The feedback from the teachers and students in
general confirms the critical thinking test results that the students could improve their critical thinking skills after related
practices. However, it is noticed that the reflection on learning outcomes between teachers and students was slightly deviated
from the critical thinking test results reported in previous section. They reflected that students performed well in dimension
of evaluation in Year 2; but the critical thinking test results show that this dimension ranked the second last across the five
dimensions though students did improve in this dimension in Year 2. They also reflected that students performed well in the
dimensions of induction and explanation in Year 3; but the test results show that the dimension of explanation ranked the
bottom across the five dimensions though students did improve in this dimension in Years 2 and 3.

5. Implications

The study found that the designed pedagogy in the flipped classrooms in general could support students to develop critical
thinking skills in domain knowledge learning on a theme-related basis. The students could progressively improve their
competency in the five dimensions of critical thinking skills across the three-year study. The results of this study contribute
further insights to the existing literature on the aspects of activity design and challenging areas for critical thinking skills
development among junior secondary students. For activity design, the results of this study assert the views from Fung and
Howe (2014) and Kwan and Wong (2014) on the need and potential of group-based classroom learning activities for pro-
moting critical thinking skills development. The findings of this study and past research show that students' social in-
teractions with teachers and peers are especially helpful in enhancing their development of competency in explanation.

For the aspect of students' strengths and weaknesses in critical thinking skills development, the results of this study
generally concur with the existing literature. From the findings of the past research by Cheong and Cheung (2008), Huang
et al. (2012), Yang and Chung (2009) and Yang and Wu (2012), secondary students are strong in identifying hypothesis
and deductive thinking; but comparatively weak in explaining and evaluating conclusions. This study also has similar
findings. The junior secondary students in this study performed well in the dimensions of hypothesis identification and
deduction, but less impressively in the dimensions of explanation and evaluation. In addition, the junior secondary students
are found to perform well in inductive thinking. It is further found that the students demonstrated a level-off in developing
capacities of hypothesis identification and induction; and needed more time to improve capacities of deduction, explanation
and evaluation.

Based on the results of the study, three implications are drawn for the related future work. The first implication is about
the infusion of critical thinking skills development into the process of domain knowledge learning. The teachers in this study
intended not to deliberately design a fixed number of critical thinking questions in the five related dimensions in Year 1, as
they expected for a spontaneous development of critical thinking skills among students through subject learning. Starting
from Year 2, the teachers realized the need to deliberately infuse the process of skills development into domain knowledge
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learning tasks. The students in Year 2 and 3 received more opportunities to practice the five dimensions of critical thinking
skills. From the critical thinking test results, the students made significant skills improvement staring from Year 2. They
achieved much in the dimensions of hypothesis identification, induction and deduction; but less in the dimensions of
evaluation and explanation. This experience implies the need to deliberately design critical thinking questions which
interlock with domain knowledge learning on a theme-related basis, with a balance between the holistic development of
critical thinking skills and the deep learning of domain knowledge. Practice questions specific for every dimension of critical
thinking skills should be sufficiently offered to students to prompt a balance in critical thinking skills development. Teacher
professional development on the appropriate design of critical thinking questions for the feasible infusion of skills devel-
opment into subject teaching can help teachers for a better preparation in this regard.

The second implication is about the deployment of appropriate pedagogy to mobilize learners to engage in learning
process. The teachers in this study implemented all the four critical thinking skill teaching strategies in trial lessons. In the in-
class discussion and presentation activities, the students were observed to view searching results at the two-student sub-
group level and then listen to answer presentations at six-student group level. These student group tasks were observed to
stimulate a distributed cognition for sharing loading on both the within-group and between-group bases, as well as the
between-group discovery of similarities and differences in knowledge understanding. The semi-structured interviews further
found that the teachers often provided the students with guidance during group discussion and presentation activities. This
pedagogical deployment was particularly valued by both teachers and students, and considered effective to promote critical
thinking skills development. The teachers further expressed their expectation for more students' interaction for skills
development through discussion; while the students expected for more teachers' support on skills development through
reflection. These findings imply that to facilitate students' active engagement and reflection in knowledge construction and
skills development, teachers should pedagogically arrange sufficient opportunities for students to interact and discuss with
peers on a group-based labor-division approach.

The third implication is about the use of appropriate technology to facilitate learning process inside and outside of
classroom. In this study, the teachers used school-based e-learning platform to assign students to individually work on pre-
lesson reading and brainstorming tasks before in-class discussion activities. The pre-lesson use of school-based e-learning
platform for learning preparationwas observed to support the students to efficiently acquire basic domain knowledge and try
critical thinking process outside of classroom without time and location constraints. The teachers then arranged students to
use Google Docs in class to collaboratively complete onlineworksheets with groupmembers. It is observed that the classroom
use of Google Docs for a synchronic input and display of different contributions across groups could motivate the students to
complete group tasks on information search and organization within a short period of time; and to reinforce knowledge
sharing and diversify thinking perspectives. These experiences reveal the potential of appropriate use of digital technology to
increase students' engagement in learning domain knowledge and developing critical thinking skills inside and outside of
classroom. This implies the need for careful planning of technological support in flipped classrooms for the development of
critical thinking skills through domain knowledge learning.

6. Conclusion

The teachers and students asserted the potential of the pedagogical deployment and technological use in the designed
flipped classrooms to facilitate the process and outcomes of skills development through subject learning. The results reveal
that the future work on developing critical thinking skills could infuse critical thinking skills development into the process of
domain knowledge learning; deploy appropriate pedagogy to mobilize learners to engage in learning process; and use
appropriate technology to facilitate this learning process.

Two recommendations are made in view of the above three implications for the future work on developing critical
thinking skills among junior secondary students in flipped classrooms. First, it is important that teachers put effort to design
learning materials in which the questions articulate the domain-specific problem scenarios and are formatted as critical
thinking tasks for students to critically think about the related domain-specific knowledge for answering questions. Having
the deliberate design of critical thinking questions, it is important for teachers to deploy suitable pedagogical practices to lead
students to become aware of critical thinking process and deeply understand the related domain knowledge. Professional
development is therefore recommended to enable teachers to identify domain knowledge points that are suitable for
designing learning tasks and practice questions that well infuse elements of critical thinking; and then iteratively tryout and
refine the pedagogical practices and learning materials for developing students' critical thinking skills through subject
teaching.

Second, the tasks on critical thinking skills development should be facilitated by both pedagogical and technological
support to enable personal learning, peer interaction and teacher support. Group discussion activities in small groups are
highly recommended as the core task for skills development, as students are exposed to many opportunities to actively
express, share and reflect on personal learning ideas with fellow classmates and subject teachers. In this study, the use of
digital technology which allows synchronous input and display of discussion data among student groups enables this
pedagogical support to engage students in the group work on formulating, explaining and judging answers on critical
thinking questions. This reveals the importance of using appropriate technology to actualize pedagogical design in critical
thinking skills development. The teaching goal in skills development determines the technological integration for a successful
realization of the pedagggoical support. As the experience in this study, the combined support from the appropriate
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pedagogical deployment and appropriate technological use in digital classrooms under the flipped classroom strategy con-
tributes to students' enhanced engagement in the self-paced preparation process before class and their potential extension of
skills development after class when they need more time for the time-demanding tasks on formulating, explaining and
judging answers on critical thinking questions.

Appendix:

One sample question for each of the five critical thinking skills dimensions in the original instrument (Yeh, 2003)
Sample questions (original in Chinese) were retrieved June 25, 2015, from http://140.119.177.212/uploads/tadnews/file/

2003%20CTT-I%20introduction.pdf.
The table below lists the English translation of the sample questions (orginal in Chinese).
Dimension Sample question

Hypothesis
identification

Hsiao-Hua said, “I need to check whether there is a warm-keeping coat in the baggage compartment, because I will go to
Yangmingshan for traveling tomorrow.”
☑ (A) It will be very cold tomorrow.
▫ (B) There is a warm-keeping coat in the baggage compartment.
▫ (C) Visitors must bring a coat when they travel Yangmingshan.

Induction Weather report: “It will be very hot and calm tomorrow. Schools should reduce the number of outdoor activities, in order to
prevent students from heat stroke.” From this, we can induce that:
▫ (A) It will rain heavily tomorrow.
▫ (B) The air quality will be poor tomorrow.
☑ (C) The temperature will be very high tomorrow.

Deduction Assusement parks are crowded with visitors in holidays. People will lose temper when it is crowded.
☑ (A) Visitors in assusement parks in holidays will lose temper.
▫ (B) Bad temper is caused by crowded environments.
▫ (C) People must lose temper in holidays.

Explanation Class 2C had low attendance rate. For improving this situation, the tutor announced, “If there is no absentee in thewhole class for
a whole week, I will treat all of you a drink.” Just as expected, the tutor observed there is an obvious improvement in attendance
rate few days later.
☑ (A) The reward from the tutor was the important factor for improving the attendance rate.
▫ (B) As the tutor had not treated the whole class for a drink, the attendance rate was unsatisfactory.
▫ (C) After the reward announcement, the tutor treated the whole class for a drink few days later.

Evaluation Should every primary and secondary school cancel the morning self-study sessions?
View 1: Yes. Research finds that students who have breakfast have better learning outcome. Surveys by different schools also
find that a lot of primary and secondary school students have no time for breakfast as they need to keep punctual in themorning
self-study sessions. In this regard, themorning self-study sessions should be canceled. Students can then have time for breakfast,
and so enhance their learning outcome.
View 2: No. Students will dawdle in bed and cannot develop the good habit of early wake-up, if there is no morning self-study
session. Early wake-up is good for health-keeping, students should develop the habit of early wake-up since their young age.
☑ (A) View 1 is strong.
▫ (B) View 2 is strong.
▫ (C) Both View 1 and View 2 are strong.
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