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a b s t r a c t

A study was conducted for creating digital classrooms to support students to develop information lit-
eracy competency and critical thinking skills through domain knowledge learning in digital classrooms. A
total of 107 students from four Secondary 1 classes were invited from a secondary school in Hong Kong to
participate in the study. In the 13-week trial teaching, every three students shared a Tablet PC for
learning two topics in the Integrated Humanities subject.
The pre- and post-tests of the two target subject topics found that the students had a statistically sig-
nificant growth in domain knowledge. The three identical information literacy tests and critical thinking
tests throughout the trial teaching found that the students had a statistically significant growth in in-
formation literacy competency and critical thinking skills. The semi-structured interviews found that the
students and teachers positively perceived the effectiveness of the pedagogical designs of the digital
classrooms on supporting the development of information literacy competency and critical thinking
skills. Three implications are drawn for enhancing the pedagogical designs in digital classrooms that put
emphasis on fostering students' development of information literacy competency and critical thinking
skills through day-to-day domain knowledge learning in class.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

School education in the twenty-first century is expected to equip students with both domain knowledge and the twenty-first century
skills in order to meet the requirements of a vigorously changing society (Chan, 2010; Gut, 2011). Information literacy and critical thinking
skills are two important parts of the twenty-first century skills (Gut, 2011; Kang, Heo, Jo, Shin,& Seo, 2010). This article shares an experience
in creating digital classrooms to support Hong Kong students at the junior secondary stage to develop information literacy competency and
critical thinking skills through day-to-day domain knowledge learning in class. The study reported in this article focused on the Integrated
Humanities subject, of which the curriculum delivery emphasizes the application of twenty-first century skills into domain-specific learning
tasks.

2. Background of the study

The growth of digital culture in the twenty-first century drives the use of digital resources and communication tools in school education.
To benefit from this emerging learning trend, students need to be able to retrieve, select and collate useful information from the enormous
digital sources, as well as able to judge the suitability and reliability of the retrieved information and to decide whether to process the
selected information (Padilla, 2010; Trilling & Fadel, 2009). Students in the twenty-first century, therefore, need to master information
literacy and critical thinking skills for their success in learning advancement.
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Information literacy (IL) refers to the mastery of necessary knowledge of gathering, synthesizing, analyzing, interpreting and evaluating
information; and the proper attitudes for information processing with an understanding of the rationale behind using information (Kong,
2007; Price, Becker, Clark, & Collins, 2011). IL addresses capacities in four major perspectives (Kang et al., 2010; Kong, 2008): the cognitive
perspective about capacities to demonstrate necessary information skills to inform decisions and problem solving; the meta-cognitive
perspective about capacities to process information reflectively; the affective perspective about capacities to appreciate and enjoy the
process of inquiry; and the socio-cultural perspective about capacities to demonstrate autonomy over and social responsibility for the use of
information in both individual and collaborative learning.

Researchers have put efforts into empirical studies for an attempt to integrate IL competency development into domain knowledge
learning. For example, Cochrane (2006), Kenedy andMonty (2008), and Price et al. (2011) have conducted the related empirical studies with
students at tertiary education level; whereas Smith (2013), Spektor-Levy and Granot-Gilat (2012) and Walton and Archen (2004) have
conducted empirical studies with students at basic education level. These empirical studies have adopted a number of ways to develop IL
competency among students. For instance, the teachers integrated IL elements, such as identifying keywords for information search, into
day-to-day class activities (Cochrane, 2006; Kenedy & Monty, 2008; Price et al., 2011; Smith, 2013; Spektor-Levy & Granot-Gilat, 2012).
Some of these researchers such as Cochrane (2006), Kenedy and Monty (2008), and Spektor-Levy and Granot-Gilat (2012) have recommend
the teachers to lead students to discussion about IL elements, such as the effective ways to search information, involved in learning tasks
after class activities. In the empirical studies by Kenedy and Monty (2008) and Walton and Archen (2004), teachers guided students to
discover IL elements tacit in learning tasks, such as designing a few post-task self-reflection questions on the necessary knowledge and
proper attitudes for processing information. These past studies found that the classroom integration of IL elements in general can lead to a
significant increase in IL competency, in both necessary knowledge and proper attitudes of information processing, among learners at
tertiary education level (Cochrane, 2006; Kenedy & Monty, 2008; Price et al., 2011). For students at basic education level, such pedagogical
arrangement is found to be helpful in raising students' awareness of the importance and need of IL competency in classroom learning; but
not yet effective in leading students to a great improvement in the necessary knowledge, especially the ones about information search
(Spektor-Levy & Granot-Gilat, 2012; Walton & Archen, 2004); as well as in the proper attitudes toward information processing (Smith,
2013).

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 (Ennis, 2002; Gut, 2011). In this article, the capacities of critical thinking skills
focus on fivemajor perspectives (Hughes, Lavery,& Doran, 2010; Yeh, 2009). The perspective of hypothesis identification for recognizing the
underlying ideas or unstated assumptions of the problem to be addressed; the perspective of induction for reasoning the connection be-
tween a set of specific examples so as to derive a reliable generalization for the problem; the perspective of deduction for reasoning the
connection between a set of general statements so as to reach a logically certain conclusion for the problem; the perspective of explanation
for arguing ideas through clarifying the causes, contexts, and consequences of the facts among different aspects of the problem; and the
perspective of evaluation for using a set of relevant criteria to determine the quality of the arguments and outcomes come up for the
problem.

Deng (2001, 2011) advocates the development of critical thinking skills by learning complex subject matters for in-depth understanding
of concepts and principles. Empirical studies in line with this advocacy have been conducted across different school sectors in the recent
years. Examples include the empirical studies conducted by Kim, Sharma, Land, and Furlong (2013), McMahon (2009) and Yang and Wu
(2012) with students at tertiary education level; and the ones by Cheong and Cheung (2008), Huang, Hung, and Cheng (2012) and Yang
and Chung (2009) with students at basic education level. Researchers in these empirical studies have recommended a number of ways
for teachers to develop critical thinking skills among students. For example, Cheong and Cheung (2008) and Yang and Wu (2012) have
recommended teachers to give students sufficient time to think about the problem solving questions. Teachers are also recommended to
give sufficient time for students to discuss the problem solving questions with groupmembers (Cheong& Cheung, 2008; Huang et al., 2012;
Kim et al., 2013;McMahon, 2009; Yang& Chung, 2009; Yang&Wu, 2012). Moreover, teachers are recommended to guide different groups of
students to make sharing with the whole class (Huang et al., 2012; McMahon, 2009; Yang & Chung, 2009; Yang &Wu, 2012). There is also a
recommendation that teachers should explain the answers for the problem solving questions and then guide students to make reflection
(Kim et al., 2013; Yang & Chung, 2009). The findings of these past studies show that integrating elements of critical thinking into classroom
learning in general can lead learners at tertiary education level to achieve a significant improvement in critical thinking skills (Kim et al.,
2013; McMahon, 2009; Yang & Wu, 2012). For students at basic education level, such pedagogical arrangement is able to enhance stu-
dents' awareness of the need and process of developing critical thinking skills in classroom learning; but not yet able tomake students better
perform critical thinking tasks, especially for the tasks on hypothesis identification and deduction (Cheong & Cheung, 2008; Huang et al.,
2012; Yang & Chung, 2009).

The introduction of flipped classrooms is favorable to the development of IL and critical thinking skills among students in class. The
flipped classroom strategy is that work typically done as homework is better undertaken in class with the guidance of teachers. At the heart
of flipped classrooms is moving teachers' knowledge delivery outside of formal class time and using formal class time for students to actively
engage in knowledge construction through extensive interactions with peers and teachers (Bergmann & Sams, 2012; Missildine, Fountain,
Summers, & Gosselin, 2013). Formal class time is then dedicated to learning tasks in a collaborative manner, 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). Students in flipped classrooms are assumed to take control of their own pace, progress and responsibility in
the learning process based on their own individual needs. Teachers in flipped classrooms are enabled to free up class time to make
meaningful contact with students for observing, guiding, commenting, and helping (Flumerfelt & Green, 2013; Fulton, 2012). Flipped
classrooms are learning environments potential to promote paradigm shift from the teacher-centered one to the learner-centered one, as
the learning tasks in flipped classrooms depend heavily on learner-driven preparation outside of formal class time. The idea of flipped
classrooms is not new, but it has recently gained prominence due to advancement in digital technologies which enable students to ubiq-
uitouslymake access to resources and connectionwith peers. In the digital age, flipped classrooms include blended learning designs that use
digital technologies to move passive learning tasks of knowledge delivery beyond formal class time and use learning activities to move
constructive learning tasks of concept building within formal class time (Davies et al., 2013; Flumerfelt & Green, 2013).
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Echoing the rationale of flipped classrooms, the creation of digital classrooms in school education in the twenty-first century can bring
about opportunities to foster students' IL competency and critical thinking skills through day-to-day learning in class time. Digital
classrooms, which are general classrooms supported by mobile technology, provide students with many chances to use digital technology
to access digital resources that contain information in digital form for learning subject content (Chan, 2010; John & Wheeler, 2008). The
emergence of digital classrooms is highly related to the advocacy of constructivist learning in school education in the twenty-first century,
which concerns that how meaning and knowledge are made and built, respectively, within the individual mind, and that how a shared
meaning is developed within a social grouping such as a classroom (Kirschner, Sweller, & Clark, 2006; Richardson, 2003). Digital
classrooms help to create an ideal constructivist learning environment, in which learners are enabled to progressively develop a deep
understanding of domain knowledge through the convenient access to appropriate and the sufficient resources and extensive sharing of
useful information (Kong, 2011; Richardson, 2003). Students in digital classrooms use mobile devices that are wirelessly interconnected
for completing learning tasks, especially accessing additional learning information from sources other than textbooks (Chang et al., 2009;
Wong & Looi, 2011). These learning tasks in digital classrooms often require students to properly process information from different
sources and then critically assimilate information for knowledge construction. Digital classrooms, therefore, also provide students with
many opportunities to develop and then apply IL competency and critical thinking skills in day-to-day learning of domain knowledge
(Gut, 2011; Kang et al., 2010).

With the background as discussed in this section, this study focused on the research question “What are the outcomes of students in
terms of domain knowledge, IL competency and critical thinking skills when the elements of IL and critical thinking are integrated into
domain knowledge learning process in digital classrooms?”

3. Methodology

3.1. The study

This article reports an experience from a study in Hong Kong that created digital classrooms to support students to develop IL com-
petency as well as critical thinking skills through learning Integrated Humanities (IH) knowledge. By purposeful sampling, a total of 107
students (aged 12e13) from four Secondary 1 classes in a secondary school in Hong Kong were invited to participate in the study (see
Table 1).

3.1.1. The trial teaching period
A 13-week trial teaching across two school years was conducted for each participating class. The trial teaching covered on two topics in

the IH subject, namely “Economic Development of Hong Kong” (lasting for three weeks in the ending stage of the first school year) and “City
Planning for a New Hong Kong” (lasting for ten weeks in the beginning stage of the second school year). The trial teaching amounted
760 min, with 19 lessons of each lasted for 40 min. The six IH teachers of the four participating classes (two teachers in the first school year
and four teachers in the second school year) were responsible for the trial teaching. The years of teaching experience for the six teachers
ranged from one to thirteen. The arrangement of different teachers for the trial teaching in different classes across the two different school
years was in line with the teacher deployment plan set by the invited school as in the research period. The research team showed respect to
this school-based arrangement, with an understanding of the possible influences led by this arrangement to the internal validity in the
research design. 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. Fig. 1 shows the learning flow in the study.

The students in each participating class were divided into groups of three for class activities. Each group of students used the Tablet PC
provided for completing worksheets specially designed for the trial teaching. These worksheets aimed to lead students to properly process
information from different sources and critically assimilate information on the target topic. The questions in these worksheets aimed to
embed elements of IL and critical thinking, in order to facilitate students to develop IL and critical thinking skills when completing learning
tasks related to domain knowledge development. The worksheet questions can be categorized into three scopes. First, nearly 30% of the
worksheet questions were in the scope related to IL. These worksheet questions aimed to engage students in tasks directly related to IL
activity, explicit discussion about IL tasks, and reflection on IL tacit tasks. Second, around a quarter of the worksheet questions were in the
scope related to critical thinking skills. Theseworksheet questions aimed to engage students in tasks on hypothesis identification, induction,
deduction, explanation, and evaluation. Third, nearly half of the worksheet questions were in the scope general for IH domain knowledge.
These worksheet questions mainly asked students to demonstrate knowledge about the two target topics of the IH subject. The worksheet
questions were designed by the researchers at the very beginning of the first year of trial teaching. The classroom usage of these worksheet
questions for provoking students' application of IL and 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 questions for the
trial lessons. Tables 2 and 3 show the number, distribution and examples of questions in activity worksheets for the teaching sessions in the
study.

3.1.2. The classroom pedagogical intervention
The teachers in this study were asked to adopt three ways to prepare students to skillfully process learning information. The first way e

class activities integrating IL elements, was integrating IL elements into class activities. Examples include asking students to identify
Table 1
Profile of students participated in the study.

Class A Class B Class C Class D Total

Number of students 30 34 22 21 107
Ratio of boys to girls 7:23 8:26 11:11 11:10 37:70



Fig. 1. The learning flow in the study.
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keywords on their own for information search and to upload relevant information onto e-learning platforms for peer sharing before group
presentations. The second way e explicit discussion about IL tasks, was leading students to discuss IL elements involved in learning tasks
after class activities. Examples include discussing with students about the effective ways to search information, such as using reliable online
search engines, using suitable keywords, browsingwebsites created by reliable sources, and comparing information collected from different
websites. The third way e reflection on IL tacit tasks, was guiding students to discover IL elements tacit in learning tasks. Examples include
designing a few post-task questions which ask students to reflect on the necessary knowledge and proper attitudes for the successful
completion of previous learning tasks.

The teachers were also asked to adopt four ways to prepare students to critically solve learning problems. The first way e sufficient time
for students' thinking, was giving students sufficient time to think about the problem solving questions. The secondwaye sufficient time for
students' discussion, was giving students sufficient time to discuss the problem solving questions with group members. The third way e

guidance for students' group sharing, was guiding different groups of students to make sharing with the whole class. The fourth way e

explanation and guidance for students' reflection, was explaining the answers for the problem solving questions and then guiding students
to make reflection.

A typical trial lesson in this study consisted of three parts: pre-lesson learning preparation, in-class domain knowledge learning, and
post-lesson learning consolidation. For the pre-lesson learning preparation, the students mainly brainstormed topic scopes and drew mind
maps on the school-based e-learning platform for the topics to be learned. For the in-class domain knowledge learning, the students were
first asked to answer worksheet questions by referring to the paper-based textbook and the selected e-learning resources on the school-
based e-learning platform. The students then discussed worksheet questions with their group members. In the discussion activities, the
students needed to apply critical thinking skills such as identifying keywords in theworksheet questions for problem solving, and to apply IL
competency such as searching information from reliable websites. After the discussion activities, the students were guided by their teachers
to present and discuss their works with the whole class. For the post-lesson learning consolidation, the students mainly extended learning
discussions and refined mind maps on the school-based e-learning platform for the learned topics.

3.1.3. The digital learning resources
Teachers in the trial teaching used the school-based e-learning platformwith fourmain sections (see Fig. 2). “Online Pre-lesson Learning”

enabled students to view lesson goals, download and complete brainstorming worksheets, and create and share pre-lesson mind maps.
“Lesson Learning” enabled students to browse e-textbook and selected websites, create and share mind maps, presentation files and
evaluation forms in groups during class time. “Post-lesson Learning” enabled students to browse selected learning outputs, complete self-
reflection worksheets and post-task quizzes, and browse selected references after class. “Discussion Forum” enabled students to discuss
domain knowledge online in groups.

Apart from the school-based e-learning platform, the teachers also used a web-based word processor (Google Docs) in the trial teaching
for the purposes of group discussion (see Fig. 3). The students were asked to share their views on the discussion questions with group
members and other classmates in the class-specific Google Docs account, especially when the in-class discussions needed to be extended
after class. As the contents of online discussion were opened to all students in the class, each student then had multiple opportunities to
access learning information and exchange discussion ideas at the group and whole-class levels.
Table 2
The number and distribution of questions in activity worksheets for the teaching sessions in the study.

Question scopes Topic 1a Topic 2a Overall

Count % Count % Count %

1. Related to information literacy (IL)
Class activities integrating IL elements 7 11.48 12 12.12 19 11.88
Explicit discussion about IL tasks 6 9.84 11 11.11 17 10.63
Reflection on IL tacit tasks 4 6.55 6 6.06 10 6.25

Sub-total 17 27.87 29 29.29 46 28.75

2. Related to critical thinking skills
Hypothesis identification 2 3.28 3 3.03 5 3.12
Induction 3 4.91 4 4.04 7 4.37
Deduction 2 3.28 7 7.07 9 5.63
Explanation 2 3.28 5 5.05 7 4.37
Evaluation 2 3.28 7 7.07 9 5.63

Sub-total 11 18.03 26 26.26 37 23.12

3. General IH domain knowledge
Sub-total 33 54.10 44 44.45 77 48.13
Total 61 100.00 99 100.00 160 100.00

a Remark: Topic 1: Economic Development of Hong Kong; Topic 2: City Planning for a New Hong Kong.



Table 3
Examples of questions in activity worksheets for the teaching sessions in the study.

Question scopes Examples

1. Information literacy (IL)
Class activities integrating
IL elements

Search information from the Internet on two stakeholders who have conflict of interests in the use of Long Valley. Briefly
describe their rationale and justification.

Explicit discussion about IL tasks Compare the information on lands in Hong Kong in Source 1 and Source 2 to check which source is more reliable. Explain
your selection.

Reflection on IL tacit tasks Based on the experience from Questions 5 and 7, what are your criteria in selecting the use of older or newer sources of
information?

2. Critical thinking skills
Hypothesis identification The Secretary for Development said, “The problem of sub-divided units is serious. We must have a plenary meeting in

Monday's afternoon to discuss the solutions.”
Which of the followings is a valid hypothesis for the above description?
, (A) All officials can only hold the meeting in Monday's afternoon.
, (B) The officials have to hold a meeting for discussing solutions.
, (C) Solutions can be identified when the meeting is to be held in Monday's afternoon.

Induction For managing solid waste, the Environment Bureau suggests on developing the cutting-edge IntegratedWaste Management
Facilities (IWMF), which will adopt advanced incineration as the core treatment technology for minimizing the landfilling of
waste. From this we can infer that:
, (A) Incineration of solid waste is better than landfilling of solid waste.
, (B) Incineration is the best way of solid waste treatment.
, (C) Incineration helps minimize the landfilling of waste.

Deduction The implementation of every policy raises diverse concerns from different stakeholders. Environmental Protection
Department suggests on extending South East New Territories Landfill to part of a country park. This policy plan is strongly
opposed by environmental protection bodies. They think that landfill cannot be extended limitlessly; and the government
has to promote waste reduction and waste recycling.
Which of the followings is a valid conclusion for the above description?
, (A) Environmental protection bodies must strongly oppose for the extension of landfill.
, (B) There are some stakeholders support the extension of South East New Territories Landfill.
, (C) Environmental protection bodies strongly oppose for every policy implemented by the government.

Explanation Since 1991, Environmental Protection Department (EPD) has provided hotline services and supported different bodies to
organize activities for raising public awareness to waste reduction and waste recycling. EPD has also provided the public
with information on recyclable waste collectors and technical advice on waste recycling. From 2000 to 2010, there was an
increase in the recovery quantity of paper waste and plastics waste.
Which of the followings is a reasonable explanation for the above description?
, (A) Governmental activities on waste reduction and waste recycling are themajor factor in the increase of waste recovery
quantity.
, (B) The unsatisfactory waste recovery quantity in the past was caused by the lack of governmental activities on waste
reduction and waste recycling.
, (C) It is possibly that there will be an increase in recovery quantity of paper waste and plastics waste in future.

Evaluation Do you think the current way of solid waste treatment can match the goal of waste reduction for the society's sustainable
development?
Argument 1: Yes, it can. From 2000 to 2010, there was a significant increase in the recovery quantity of municipal solid waste
in Hong Kong. In 2006e2010, there was also an increase in the recovery rates of municipal solid waste in Hong Kong. These
indicate that more and more recyclable waste is recovered for reuse. This matches the goal of waste reduction for the
society's sustainable development.
Argument 2: No, it cannot. In 2010, only half of the quantity of municipal solid waste was recovered for reuse; the other half
was landfilled. This indicates that much waste had not been recovered for reuse. This does not match the goal of waste
reduction for the society's sustainable development.
, (A) Argument 1 is strong.
, (B) Argument 2 is strong.
, (C) Both Argument 1 and Argument 2 are strong.

3. IH domain knowledge What are the common types of financial activities in Hong Kong?
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3.2. The methods

For investigating students' development of IH domain knowledge in the designed digital classrooms, a pre-test and a post-test were
conducted before and after the trial teaching of each of the two target IH topics. All the 107 participating students were asked to complete
the tailor-made test papers in the pre-test and post-test periods. The tailor-made test papers were designed by the six teachers participated
in this study. The types of test questions were set with reference to Bloom's revised taxonomy (Anderson & Krathwohl, 2001). The cate-
gorization of test questions according to Bloom's revised taxonomy was carefully calibrated by two research team members. For Topic 1
“Economic Development of Hong Kong”, two separate test papers were designed for the pre-test and post-test respectively. The pre-test
paper (with a maximum mark of 30) consisted of seven data-response questions with reference to a newspaper column about the
competitiveness of Hong Kong's financial sector. The post-test paper (with a maximum mark of 30) consisted of seven data-response
questions with reference to a newspaper column about the competitiveness of Hong Kong's tourism sector. The pre-test and post-test
papers had the same composition of question types, yet the different focus of question contents (see Table 4 for the question design and
inter-rater reliability in the development of this research instrument). The Cronbach's alpha reliability coefficients for the pre-test and post-
test of Topic 1 are 0.69 and 0.74 respectively. For Topic 2 “City Planning for a New Hong Kong”, the test papers for the pre-test and post-test
were identical. The test paper (with a maximummark of 30) consisted of six data-response questions with reference to a newspaper article
about the launch of an urban renewal plan in Hong Kong (see Table 4 for the question design and inter-rater reliability in the development of
this research instrument). The Cronbach's alpha reliability coefficients for the pre-test and post-test of Topic 2 are 0.63 and 0.75 respectively.



Fig. 2. The school-based e-learning platform adopted in the trial teaching.
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For investigating students' development of IL competency in the designed digital classrooms, three identical IL tests, in the form of semi-
structured questionnaire surveys on students' self-perceived level of IL competency, were conducted at the beginning, middle and ending
stages of the trial teaching. The items in the IL tests were primarily adapted from an important instrument used in a territory-wide survey on
the development of IL competency among Hong Kong students (Education andManpower Bureau, 2005; Kong, 2007). The test paper (with a
maximum mark of 124) consisted of 31 statements about students' perceptions of IL competency, in which 13 statements related to the
cognitive perspective; seven statements related to the meta-cognitive perspective; five statements related to the affective perspective; and
six statements related to the social-cultural perspective. All 107 participating students were asked to indicate their level of agreement with
each statement on a four-point Likert scale ranging from 1¼ “completely unmanageable” to 4¼ “completely manageable”. The mean rating
for each statement and the corresponding standard deviationwere then calculated. The Cronbach's alpha reliability coefficients for the three
IL tests are 0.89, 0.90 and 0.89 respectively.

For investigating students' development of critical thinking skills in the designed digital classrooms, three critical thinking tests were
conducted at the beginning, middle and ending stages of the trial teaching. The critical thinking test papers were primarily adapted from an
established instrument developed by Yeh (2009, 2012), with the Cronbach's alpha reliability coefficient at 0.80. Each test paper (with a
maximum mark of 25) consisted of 25 multiple-choice questions, of each provided three sentences for selection. The 25 questions can be
divided into five categories, of each addressed one of the five major perspectives of critical thinking skills. Questions 1e5 focused on the
perspective of hypothesis identification. Each of these questions asked students to select a sentence that represents the valid hypothesis
behind the given statement in the question. Questions 6e10 focused on the perspective of induction. Each of these questions asked students
to select a sentence that represents the valid inference derived from the given scenario description in the question. Questions 11e15 focused
on the perspective of deduction. Each of these questions asked students to select a sentence that represents the valid conclusion for the
given two statements in the question. Questions 16e20 focused on the perspective of explanation. Each of these questions asked students to
select a sentence that represents the valid reason behind the given scenario description in the question. Questions 21e25 focused on the
perspective of evaluation. Each of these questions asked students to select a sentence that represents the most appropriate judgment of the
validity of a set of pro-and-con statements for the given controversial scenario described in the question.

Semi-structured interviews were conducted with the students and teachers participating in the study for investigating their perception
of the support from the designed digital classrooms on developing IH knowledge, IL competency and critical thinking skills. Four groups of
students were randomly selected from the four participating classes for four group interviews. The six teachers participating in the study
were invited for six individual interviews. The semi-structured interviews focused on three aspects, namely the school-based approach of
developing IH knowledge in class; the three suggested ways of developing IL competency in class; and the four suggested ways of
developing critical thinking skills in class. The invited students and teachers were asked about their experiences, comments and expec-
tations of learning and teaching in the designed digital classrooms.



Fig. 3. 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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4. Results and discussion

This section reports on the results from the pre-tests and post-tests, the IL tests in the form of questionnaire surveys, the critical thinking
tests, and the semi-structured interviews with students and teachers. The first set of results examines the impacts of the designed digital
classrooms on students' development of IH knowledge, the second set examines the impacts of the designed digital classrooms on students'
development of IL competency, the third set examines the impacts of the designed digital classrooms on students' development of critical
thinking skills, and the final set of results explores students' and teachers' overall perception of the learning and teaching in digital
classrooms.

4.1. The development of IH knowledge

Table 5 shows the means, standard deviations and paired t-test scores of the pre-test and post-test measures among all students in the
two IH tests within the study period. The findings show that the increase in learning achievements between the pre-test and post-test
among students in each of the two IH tests was statistically significant. This indicates that students in the digital classrooms experi-
enced a significant gain in their learning about the target topics throughout the trial lessons.

According to the interview feedback from the students and teachers (see Table 6), the significant learning gains probably relate to the
lesson arrangement of learning tasks that involved the use of additional information and/or resources from the Internet. From the semi-
structured interviews, drawing mind maps and completing activity worksheets were the major learning tasks in trial lessons. The stu-
dents and teachers indicated that these two major learning tasks, especially the drawing of mind maps, were effective for supporting
concept building, knowledge consolidation, information organization and presentation, and learning reflection.
Table 4
The question design and inter-rater reliability in the development of pre-test and post-test papers for the two IH tests in this study.

Test papera Question type (with reference to Bloom's revised taxonomy) Inter-rater
reliability

Topic 1 pre-test (7 questions) Question 1: Recall; Questions 2e3: Understand; Question 4: Analyze; Questions 5e7: Evaluate 0.73
Topic 1 post-test (7 questions) Question 1: Recall; Questions 2e3: Understand; Question 4: Analyze; Question 5e7: Evaluate 0.73
Topic 2 pre-/post-test (6 questions) Question 1: Recall; Questions 2: Understand; Question 3: Analyze; Question 4: Synthesize;

Questions 5e6: Evaluate
0.87

a Remark: Topic 1: Economic Development of Hong Kong; Topic 2: City Planning for a New Hong Kong.



Table 5
Means, standard deviations and t-tests of the two IH tests for all students in this study.

IH testa Pre-test (max. mark ¼ 30) Post-test (max. mark ¼ 30) t-test

M S.D. M S.D.

Topic 1 8.62 3.53 20.15 4.05 �22.21*** t (106)
Topic 2 9.86 2.87 14.07 3.60 �9.47*** t (106)

***p < 0.001.
a Remark: Topic 1: Economic Development of Hong Kong; Topic 2: City Planning for a New Hong Kong.
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The students and teachers also provided a feedback thatmany learning tasks in the trial lessons required the searching and/or retrieval of
additional information and resources from the Internet. They indicated that the additional information and resources were effective for
increasing learningmotivation and deepening subject learning, by providing useful and update information as well as sufficient and suitable
examples on the issues omitted in textbook. The students even expressed that after trial teaching they were motivated to search additional
information from the Internet for pre-lesson learning, and able to link the knowledge learned to other topics of the same subject, such as
economic development and ecology system. With regard to the future use of additional resources in digital classrooms, the students and
teachers expressed their concern on the level of difficulty, the way of presentation and the quantity of resources.

In sum, the students could effectively develop IH knowledge in the designed digital classrooms. The learning tasks in the designed digital
classrooms brought about positive impact on students' learning of IH knowledge. The design of the learning tasks that involved the drawing
of mind maps and the use of additional resources was recognized to be effective in supporting the development of domain knowledge.

4.2. The development of IL competency

In general, the students were able to develop IL competency through learning IH knowledge in the designed digital classrooms. From
Table 7, there is a statistically significant increase in the overall IL test scores and in the specific test scores in IL cognitive andmeta-cognitive
perspectives after the learning of the first selected IH topic. These indicate that the participating students could successfully develop IL
competency, especially in terms of the necessary knowledge about information processing, in the designed digital classrooms during the
trial teaching.

Tables 8e11 further show students' test results specifically related to the four perspectives of IL competency, respectively. The results in
these four tables indicate that the students reached the “manageable” level in all items related to all of the four IL perspectives after the
learning of the first selected IH topic.

It is noticed that the students had a statistically significant growth in five items related to the IL cognitive and meta-cognitive per-
spectives. For the cognitive perspective, students had a statistically significant growth in the capacities to make decisions by applying
relative information; and to summarize the collected information and create new idea or interpretation. For the meta-cognitive perspective,
students had a statistically significant growth in the capacities to reflect on and evaluate achievements and failures of their performance; to
design strategies to modify, improve and renew self-established knowledge; and to review and modify previous searching strategies when
necessary.

Table 12 shows the major interview feedback from students and teachers on the development of IL competency in the trial lessons. The
results showed that all the three suggested ways of developing IL competency were implemented in trial lessons, with different levels of
frequency and effectiveness. The way of teacher-led discussions about IL elements after learning tasks was most frequently implemented
and regarded as the most effective way to support junior secondary students to develop IL competency in class. The students and teachers
Table 6
Major interview feedback on the development of IH knowledge in the trial lessons.

Major feedback

Experiences � The students and teachers indicated that the school-based e-learning platformwas used in class for the convenience in accessing selected
resources additional to textbooks, retrieving useful information available on the Internet, and drawing mind maps for the related topics.

� The students pointed out that the trial teaching focused on drawing mind maps and completing activity worksheets, with much
emphasis on the use of mobile devices and e-learning resources but less on the use of school-based textbook.

� The teachers indicated their attempt to empower students with more control on their process of classroom learning. However, they
reflected that they did not give their students sufficient time and guidance to interpret the key contents of the additional resources
within class time.

Comments � The students and teachers agreed that the additional resources were effective for increasing learning motivation and deepening subject
learning, by providing useful and update information as well as sufficient and suitable examples on the issues omitted in textbook.

� The students and teachers agreed that the drawing of mind maps was effective for supporting concept building, knowledge
consolidation, information organization and presentation, and learning reflection.

� The students indicated that after trial teaching they were motivated to search additional information from the Internet for pre-lesson
learning, and able to link the knowledge learned to other topics of the same subject, such as economic development and ecology system.

Expectations � The teachers suggested that the additional resources selected should match students' learning stage, in order to avoid lengthy and
complicated documents that students cannot fully comprehend.

� The students suggested that teachers should prepare a list of links to useful websites for their direct clicking, in order to save the time for
entering website links in the access to online resources during class activities.

� The students expected for more additional e-learning resources for learning after class, in particular the ones with authentic learning
contents and interesting learning scenarios for supplementing resources used in class.



Table 7
Comparison of mean learning outcomes of all students in the three IL tests.

Perspective Test 1 (max. mark ¼ 124) Test 2 (max. mark ¼ 124) Test 3 (max. mark ¼ 124) F-test (2, 321)

M (S.D.) M (S.D.) M (S.D.)

Cognitive 40.27 (4.37) 42.16 (4.46) 41.33 (4.76) 4.66**
Meta-cognitive 21.66 (2.61) 22.70 (2.46) 22.55 (2.36) 5.48**
Affective 16.21 (1.88) 16.31 (1.81) 16.50 (1.77) 0.66
Socio-cultural 19.76 (2.42) 19.76 (2.21) 19.73 (2.49) 0.01

Overall 97.91 (9.25) 100.93 (9.14) 100.10 (9.51) 3.01*

*p < 0.05, **p < 0.01.
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generally perceived that these three suggested ways made students become more aware of the necessary knowledge and proper attitudes
for processing information, especially for the tasks on making decisions, summarizing information, interpreting ideas, evaluating outcomes
and modifying strategies. The teachers hoped to provide more guidance for junior secondary students to explore and reflect on the IL el-
ements tacit in the process of learning tasks in class, although they realized that more timewas required for such lesson arrangement when
comparing with the traditional teaching approach.

The results in Table 12 help to explain that the significant growth of students' capacities in the IL cognitive and meta-cognitive per-
spectives may be attributed to the first two suggested ways of developing IL competency in trial teaching. The major learning task of
students in the trial lessons was worksheet completion with group discussions. The worksheets had a series of guiding questions which
integrated IL elements to lead students to apply knowledge related to the IL cognitive perspective for various important tasks in information
processing. The guiding questions, as shown by the three examples in Table 3, integrated information processing tasks with scenarios
specific for solving problems in IH domain. These questions led students to, for example, brainstorm sub-topics of the target topics, draw
mind maps for linking the sub-topics, identify suitable search engines and keywords for information search under different scenarios,
browse a list of possible websites for finding relevant and reliable information, reflect on the information collected by comparing the
different websites browsed, and categorize and interpret information under a list of guiding questions for working out deductions and
conclusions. The teachers were observed to lead the students to discuss the IL elements integrated into the worksheets soon after the
learning tasks, although they found the students at that time were not able to discover the IL elements tacit. The students were almost
exposed to each of the important tasks on information processing in every lesson (see Table 2 for details). They therefore had many chances
to apply and reflect on their cognitive knowledge in information processing in progress through the guidance fromworksheet questions, the
discussions with group members, and the feedback from their teachers.

For the result that therewas no statistically significant difference found in the specific test scores of all items related to the IL affective and
socio-cultural perspectives (see Tables 10 and 11), it may be related to the less emphasis put on these two IL perspectives during the trial
lessons, comparing with the IL cognitive and meta-cognitive perspectives.

In sum, the students could effectively develop IL competency, especially in the cognitive and meta-cognitive perspectives, in the
designed digital classrooms. This study found that the junior secondary school students, on top of their positive perception and attitude
toward the development of IL competency in classroom learning, are able tomake significant improvement in information processing tasks,
especially the tasks which require students to apply collected information in, for example, decision making, information summary, idea
interpretation, outcome evaluation and strategy modification. The findings of this study vary from the ones by Spektor-Levy and Granot-
Gilat (2012) and Walton and Archen (2004), of which the three suggested ways of developing IL competency are not effective enough in
leading students at basic education level to greatly improve the necessary knowledge of information processing; but conformwith the ones
by Smith (2013) about the ineffectiveness of the three suggested ways in developing students with the proper attitudes toward information
processing. These findings contribute different angles in understanding the potential of developing IL competency through daily learning
and teaching in digital classrooms. The results of this study also reveal the need of more time and effort to enhance students' capacities in
the IL affective and socio-cultural perspectives when promoting students' IL development in future, and the need of more investigations into
effective ways to equip students with proper attitudes of information processing.
Table 8
Comparison of students' mean learning outcomes specifically related to IL competency in the cognitive perspective.

Item Test 1 Test 2 Test 3

Ma (S.D.) Ma (S.D.) Ma (S.D.)

I am able to figure out sources of information. 3.27 (0.61) 3.33 (0.49) 3.33 (0.47)
I am able to plan the way to look for necessary information. 3.13 (0.57) 3.23 (0.51) 3.21 (0.53)
I am able to ask relative questions according to the information. 3.05 (0.62) 3.11 (0.63) 3.10 (0.66)
I am able to decide the nature and area of information that I need. 3.11 (0.57) 3.27 (0.54) 3.16 (0.70)
I am able to make decisions by applying relative information. 3.07 (0.60) 3.29 (0.55) 3.22 (0.59)

I am able to think critically by applying the information. 2.99 (0.59) 3.17 (0.64) 3.09 (0.67)
I am able to solve problems by applying the information. 3.24 (0.66) 3.40 (0.55) 3.30 (0.63)
I am able to make records, categorize and manage the information and its sources. 3.19 (0.59) 3.24 (0.66) 3.22 (0.62)
I am able to carefully analyze the collected information. 3.12 (0.59) 3.17 (0.68) 3.25 (0.62)
I am able to summarize the collected information and create new idea or interpretation. 2.93 (0.65) 3.26 (0.60) 3.08 (0.69)

I am able to figure out relations between information for deductions and conclusions. 2.98 (0.64) 3.18 (0.63) 3.06 (0.74)
I am able to decide whether the information is accurate, related and comprehensive. 3.07 (0.59) 3.20 (0.54) 3.11 (0.68)
I am able to integrate new knowledge into my own knowledge and personal value. 3.11 (0.66) 3.31 (0.61) 3.18 (0.64)

a Remark: 1 ¼ “completely unmanageable”; 2 ¼ “unmanageable”; 3 ¼ “manageable”; 4 ¼ “completely manageable”.



Table 9
Comparison of students' mean learning outcomes specifically related to IL competency in the meta-cognitive perspective.

Item Test 1 Test 2 Test 3

Ma (S.D.) Ma (S.D.) Ma (S.D.)

I understand that searching for information is a gradual and changing process. 3.30 (0.63) 3.23 (0.59) 3.34 (0.60)
I understand that I need time, practice and effort for information processing. 3.37 (0.62) 3.36 (0.54) 3.43 (0.53)
I am able to figure out main problem issues and set reasonable problem solving time. 2.94 (0.67) 3.15 (0.60) 3.13 (0.67)
I am able to integrate new and old knowledge to plan and create new products and ideas. 2.97 (0.67) 3.14 (0.71) 3.06 (0.63)
I am able to reflect on and evaluate achievements and failures of my performance. 3.01 (0.61) 3.24 (0.61) 3.13 (0.66)

I am able to design strategies to modify, improve and renew self-established knowledge. 3.05 (0.61) 3.32 (0.59) 3.31 (0.57)

I am able to review and modify previous searching strategies when necessary. 3.02 (0.67) 3.25 (0.58) 3.16 (0.57)

a Remark: 1 ¼ “completely unmanageable”; 2 ¼ “unmanageable”; 3 ¼ “manageable”; 4 ¼ “completely manageable”.
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4.3. The development of critical thinking skills

The students in general were also able to develop critical thinking skills through learning IH knowledge in the designed digital class-
rooms. From Table 13, there is a statistically significant increase in the overall critical thinking test scores and in the specific test scores in
each of the five major perspectives of critical thinking skills after the learning of the second selected IH topic. These indicate that the
participating students could successfully develop critical thinking skills in the designed digital classrooms after learning with a significant
proportion of time.

The significant growth of students' capacities in all of the five major perspectives of critical thinking skills may be attributed to the four
suggested ways, in particular the first and the third ones about sufficient time for students' thinking and guidance for students' group
sharing, of developing critical thinking skills in trial teaching. As mentioned, worksheet completion with group discussions was the major
learning task in the trial lessons. The worksheets had a series of guiding questions to lead students to go through the five important
components in critical thinking process, namely identifying hypotheses, making inductive thinking, making deductive thinking, explaining
conclusions, and evaluating conclusions. As shown in the five examples of questions in Table 3, the students were asked to refer to a set of
descriptions related to a given problem and then spell out the underlying ideas or unstated assumptions of the problem; draw a reliable
generalization or a logically certain conclusion for the problem; clarify the causes, contexts, and consequences of the different facts of the
problem; and judge the validity of the arguments and outcomes come up for the problem. The teachers were observed to give the students
some time to digest the questions before the critical thinking tasks, and then lead different student groups to report on their outcomes to the
whole class for sharing and discussion purposes. The students were observed to engage in tasks on the five components in critical thinking
process in almost every lesson (see Table 2 for details). Following the flow of worksheet questions, the students had iterative opportunities
to practice critical thinking on a stepwise basis. The group discussions and teacher feedback inside the critical thinking tasks could also give
students the chance to reflect on their capacities to think reflectively, explain clearly and judge skillfully.

The major interview feedback from students and teachers (see Table 14) further supports the above conjecture. The results showed that
all the four suggested ways of developing critical thinking skills were implemented in trial lessons, with different levels of frequency and
effectiveness. The ways of teacher-guided sharing with whole class and discussion within student groups were most frequently imple-
mented and regarded as themost effectiveways to support junior secondary students to develop critical thinking skills in class. The students
and teachers generally perceived that the four suggestedways together with theworksheet questions designed for classroom learningmade
students become more aware of the process and skills in critical thinking, such as distinguishing different keywords “relieve” and “resolve”
for problem solving. The students and teachers expected for more time and guidance for thewhole class to discuss and reflect on the process
and products of critical thinking in subject lessons. There is a need to enhance the implementation of the way of sufficient time for students'
discussion for encouraging more group discussion, as Chinese learners tend to keep silent in discussion activities. There is also a need to
enhance the implementation of theway of explanation and guidance for students' reflection, as this way is important to support students on
consolidating the critical thinking skills developed through the other three suggested ways. These require teachers to carefully plan pre-
lesson and in-class learning tasks for a better arrangement of class time for students' discussion and reflection.

In sum, the students could successfully develop the five major perspectives of critical thinking skills in the designed digital classrooms.
The learning tasks in the designed digital classrooms could effectively lead students to accumulate experience and develop practice of the
important tasks in critical thinking. The results of this study provide evidence that pedagogically integrating elements of critical thinking
into daily curriculum are able to support junior secondary school students on enhancing their awareness and capability of critical thinking
skills. The findings of this study are different from the ones in earlier research (Cheong & Cheung, 2008; Huang et al., 2012; Yang & Chung,
2009) that the four suggestedways of developing critical thinking skills are unable to lead students to better performance in critical thinking
Table 10
Comparison of students' mean learning outcomes specifically related to IL competency in the affective perspective.

Item Test 1 Test 2 Test 3

Ma (S.D.) Ma (S.D.) Ma (S.D.)

I enjoy reading the collected information. 3.26 (0.60) 3.24 (0.60) 3.21 (0.60)
I am able to search for resources that are suitable for my ability and interest. 3.39 (0.58) 3.27 (0.61) 3.39 (0.60)
I am able to make decisions after achieving accurate and all-round information. 3.21 (0.58) 3.21 (0.63) 3.24 (0.58)
I understand the significance of being an independent learner for lifelong learning. 3.13 (0.58) 3.23 (0.58) 3.28 (0.64)
I understand how free flow of information contributes to society. 3.22 (0.72) 3.36 (0.55) 3.36 (0.61)

a Remark: 1 ¼ “completely unmanageable”; 2 ¼ “unmanageable”; 3 ¼ “manageable”; 4 ¼ “completely manageable”.



Table 11
Comparison of students' mean learning outcomes specifically related to IL competency in the socio-cultural perspective.

Item Test 1 Test 2 Test 3

Ma (S.D.) Ma (S.D.) Ma (S.D.)

I am able to share information and knowledge with others. 3.36 (0.65) 3.32 (0.59) 3.31 (0.69)
I am able to co-operate with others to seek and establish new knowledge. 3.27 (0.62) 3.24 (0.61) 3.32 (0.64)
I understand that every piece of information carries different messages and values. 3.21 (0.67) 3.26 (0.59) 3.26 (0.66)
I understand and respect the principle concerning obtaining information in a fair manner. 3.31 (0.57) 3.32 (0.64) 3.27 (0.65)
I understand and respect the principle concerning intellectual freedom. 3.36 (0.65) 3.28 (0.64) 3.35 (0.66)
I understand the law concerning acquiring and using information and the social etiquette. 3.25 (0.67) 3.34 (0.58) 3.22 (0.78)

a Remark: 1 ¼ “completely unmanageable”; 2 ¼ “unmanageable”; 3 ¼ “manageable”; 4 ¼ “completely manageable”.
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tasks, especially for the tasks on hypothesis identification and deduction. This gives new insights into future research on realizing the
potential of critical thinking skills development through daily learning and teaching in digital classrooms.

5. Implications

The study found that students and teachers in general positively perceived the support of the designed digital classrooms on facilitating
the learning of IH knowledge and the development of IL competency as well as critical thinking skills. Based on the results of the study, three
implications can be drawn for the related future work.

The first implication is about enhancing the approach of classroom development of IL competency. The teachers in the study imple-
mented the three suggested ways of developing IL competency. The IL test results show that students in general could demonstrate
cognitive knowledge and consider affective issues in information processing in the designed digital classrooms. Students had a significant
growth in the cognitive and meta-cognitive perspectives of IL competency, especially in making decisions, summarizing information,
interpreting ideas, evaluating outcomes and modifying strategies; but no in the affective and socio-cultural perspectives.

These findings may be due to the design of worksheet questions related to IL, and in turn the implementation of ways to develop IL
competency in the trial teaching. Students in this study were asked to complete worksheet questions related to IL in terms of three scopes
(see Tables 2 and 3), in which 41.3% about completing IL tasks for solving domain-specific problems, mainly the ones on searching, orga-
nizing, analyzing and judging information from sources additional to textbooks; 37.0% about discussing IL tasks explicitly, mainly the ones
on exchanging initial thoughts or explaining final decisions on the processes or products in completing IL tasks; and 21.7% about reflecting
on IL tasks tacit in domain knowledge, mainly the ones on justifying previous actions and suggesting possible improvements for completing
IL tasks. The emphasis on the first two scopes of worksheet questions turned the teachers tomainly use two suggestedwaysd integrating IL
elements into class activities and leading students to discuss IL elements involved in learning tasks after class activities d in the designed
digital classrooms for developing IL competency in the trial teaching. Students in this study were then observed to havemany opportunities
to demonstrate the necessary knowledge but less to the proper attitudes for information processing.

These results reveal the need of purposeful design of guiding worksheet questions. Teachers might consider three approaches. First,
teachers should keep designing two scopes (class activities integrating IL elements and explicit discussion about IL tasks) of worksheet
Table 12
Major interview feedback on the development of IL competency in the trial lessons.

Major feedback

Experiences � The students and teachers indicated that all the three ways suggested were adopted in class, with the way of explicit discussion about IL
tasks was used most frequently. The way of class activities integrating IL elements and the way of reflection on IL tacit tasks were used
less frequently, with the way of class activities integrating IL elements was usedmore in Secondary 1 level; while the way of reflection on
IL tacit tasks in Secondary 2 level more.

� The students were impressed that the teachers often adopted the way of explicit discussion about IL tasks to lead the whole class to
discuss effective ways and distinguish reliable sources of information search after every group task completion.

� The teachers reflected that more class time was needed for implementing the way of reflection on IL tacit tasks to guide students to
discover IL elements tacit in the questions on the activity worksheets; as their students might not be able to discover IL elements tacit
even after hints-giving at that time.

Comments � The students and teachers thought that the way of explicit discussion about IL tasks was most effective for supporting junior secondary
students to develop IL competency, with the way of class activities integrating IL elements the second and the way of reflection on IL tacit
tasks the least. Task-specific advice was given through the way of explicit discussion about IL tasks in teacher-led whole-class
discussions.

� The students indicated that after the trial teaching they often tended to search and compare information from various reliable websites,
and then share and discuss the collected information with peers for judging the suitability of target information.

� The students and teachers agreed that it was suitable to implement all the three ways suggested to develop IL competency among
students progressively throughout the junior secondary stage.

Expectations � The teachers suggested that students should be provided with more guidance on the rationale behind IL starting from Secondary 1.
� The teachers suggested that the way of reflection on IL tacit tasks should be adopted in preference, so as to deepen students'
understanding of IL after exploratory discussions in class.

� The teachers expected that schools could adopt a cross-discipline approach for supporting students to develop IL competency under a
coherent process in their learning.



Table 13
Comparison of mean learning outcomes of all students in the three critical thinking tests.

Perspective Test 1 (max. mark ¼ 25) Test 2 (max. mark ¼ 25) Test 3 (max. mark ¼ 25) F-test (2, 321)

M (S.D.) M (S.D.) M (S.D.)

Hypothesis identification (max. mark ¼ 5) 3.02 (1.11) 3.00 (1.33) 3.66 (1.06) 11.14***
Induction (max. mark ¼ 5) 2.57 (1.18) 2.55 (1.17) 3.13 (1.23) 8.18***
Deduction (max. mark ¼ 5) 2.52 (1.34) 2.63 (1.36) 3.37 (1.28) 13.12***
Explanation (max. mark ¼ 5) 1.95 (1.14) 1.97 (1.10) 2.68 (1.49) 11.73***
Evaluation (max. mark ¼ 5) 2.38 (1.15) 2.06 (1.11) 2.71 (1.10) 9.17***
Overall 12.45 (3.07) 12.21 (3.59) 15.56 (3.64) 31.61***

***p < 0.001.
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questions and using two suggested ways (integrating IL elements into class activities and leading students to discuss IL elements involved in
learning tasks after class activities) that are found to be favorable for an effective development of IL competency in the cognitive and meta-
cognitive perspectives during subject teaching in digital classrooms. Second, teachers should design sufficient IL tasks that purposefully lead
students to demonstrate and reflect on proper attitudes toward information processing in order to enhance students' development of IL
affective and socio-cultural perspectives. Students are unable to automatically reflect on the proper attitudes toward information processing
when doing learning tasks. The future work should look into other suitable ways to develop students with proper attitudes of information
processing, apart from theway of guiding students to discover IL elements tacit in learning tasks. Third, teachers should consider developing
students' IL competency on a cross-discipline basis. From the experience in this study, a trial teaching with two topics under one subject was
yet to be able to induce students' significant improvement in all the four perspectives of IL competency. This drives the need to promote
students' development of IL competency through the teaching of various topics across different subjects. A cross-discipline approach in
which teachers of different subjects provide more guidance on the rationale behind IL during subject-specific learning tasks in class would
be one of the possible directions for creating a favorable environment conducive to the development of IL competency under a coherent
process in their learning.

The second implication is about enhancing the approach of classroom development of critical thinking skills. The critical thinking test
results show that students in general could significantly enhance their critical thinking skills in the five major perspectives after learning
with a significant proportion of time in the designed digital classrooms. There are two possible reasons for these findings: the design of
worksheet questions addressing all five important perspectives of critical thinking skills, as well as the implementation of all four suggested
ways to develop critical thinking skills in the trial teaching. As shown in Tables 2 and 3, there was a fairly even distribution of worksheet
questions addressing each of the five perspectives of critical thinking skills in this study. Students were providedwithmany opportunities to
identify valid hypothesis behind the given domain-specific questions (through the 13.6% of related worksheet questions); derive valid
inferences from the given domain-specific scenarios (through the 18.9% of related worksheet questions); derive valid conclusions for the
given domain-specific scenarios (through the 24.3% of relatedworksheet questions); explain valid reasons behind the given domain-specific
problems (through the 18.9% of related worksheet questions); and judge the validity of a set of pro-and-con statements for the given
domain-specific scenarios (through the 24.3% of related worksheet questions).
Table 14
Major interview feedback on the development of critical thinking skills in the trial lessons.

Major feedback

Experiences � The students and teachers indicated that all the four ways suggested were adopted in class, with the way of sufficient time for students'
thinking and the ways of guidance for students' group sharing were almost adopted in every lesson.

� The students appreciated the sequence of learning tasks on individual thinking, mutual sharing and open discussion; and the adoption of
the way of guidance for students' group sharing with the provision of sufficient time and special hints for question interpretation and
award incentives to peer discussions in class.

� The teachers reflected that their students needed more time for discussions in problem solving tasks, also more guidance in thinking
exercises.

Comments � The students and teachers thought that the way of guidance for students' group sharing was particularly helpful for the development of
critical thinking skills; while the way of sufficient time for students' discussion was less helpful one as students tended to keep silent
when they were asked to freely share ideas with group members.

� The students and teachers indicated that the trial teaching promote a gradual mastery of critical thinking skills, such as performing
stepwise process for logical thinking in learning tasks, distinguishing keywords of problem solving questions for logical thinking, and
judging logicality of viewpoints noted in textbooks and made by peers.

� The students and teachers agreed that it was suitable to implement all the four ways suggested to develop critical thinking skills:
introducing students to the fundamentals of critical thinking in Secondary 1, and engaging them in the application of critical thinking
skills in Secondary 2.

Expectations � The students and teachers suggested that the way of sufficient time for students' discussion and the way of explanation and guidance for
students' reflection should be adopted more frequently, especially in the lessons which focus on debatable issues, so that students can
have more chances to exchange products of critical thinking with the whole class.

� The teachers suggested that less attention to class discipline but more encouragement to group sharing should be made when the way of
sufficient time for students' discussion is adopted, so as to enable students to actively discuss and deeply reflect with classmates.

� The students expected for the provision of clear guidelines and sufficient time for group discussion in class when the four ways suggested
are implemented, especially for lessons in Secondary 2 of which students need to apply critical thinking skills in learning tasks.
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From the observation of trial lessons as well as the feedback from students and teachers, all the four suggestedways of developing critical
thinking skills were implemented in the trial teaching. Two of these suggested ways d teacher-guided sharing with whole class and
discussion within student groupsdwere mainly used in the designed digital classrooms, in which the teachers took these two ways as the
major approach to the promotion of students' critical thinking skills development during subject teaching. To forward the promotion of
students' development of critical thinking skills, teachers should consider enhance the purposeful design of worksheet questions together
with the comprehensive implementation of all four suggested ways in this regard. These results reveal the need of teacher development on
learning materials design.

The third implication is about enhancing the implementation of flipped classrooms for skills development. The teachers in the study
made an attempt to implement flipped classroom strategy. They designed trial lessons echoing the rationale of flipped classrooms, by
arranging pre-lesson online mind map drawing tasks for learning preparation; and then encouraging face-to-face peer interactions in
domain knowledge learning in class; and finally promoting post-lesson online sharing and discussion tasks for learning consolidation. It is
found that students could reach “manageable” level of IL competency in all the four perspectives, as well as master critical thinking skills
under the five major perspectives at the ending stage of the trial teaching. These positive findings imply the potential of flipped classroom
strategy to support students to develop IL competency and critical thinking skills through day-to-day domain knowledge learning.
Meanwhile, the teachers and students were found to have an expectation of more class time for group-based and whole-class discussions
about problem solving questions, followed by teachers' explanation of answers and guidance on self-reflection. This result implies the
experience of flipped classroom strategy in this studywas yet to be completely successful. The teachers and students expressed their need of
sufficient time to mutually discuss and deeply reflect on the rationale and process of information processing and critical thinking.

The results of this study reveal the need of more discussion time in flipped classrooms. The implementation of flipped classrooms should
be enhanced by increasing the extent of “flipping” learning tasks, especially the discussion activities, in line with the emphasis of flipped
classroom strategy on in-class discussion. Teachers should strengthen the role of flipped classrooms in fostering skills development with
two concerns: to arrange pre-lesson tasks for students to learn about domain knowledge; and then to focus in-class tasks on promoting
students to discuss and reflect on domain knowledge, and providing students with timely explanation and guidance in learning tasks for
developing IL and critical thinking skills. To improve students' resource sharing and peer discussion before and after in-class learning ac-
tivities, future research should also consider working further on the use of technological support from social learning platform, on top of the
web-based word processor (i.e. Google Docs) used in the study. Teachers might face challenges in this regard, and therefore need related
teacher development for their better preparation of flipped classroom strategy.

6. Conclusion

The study created digital classrooms which support students to develop IL competency and critical thinking skills through day-to-day
learning of domain knowledge. The 107 Secondary 1 students in Hong Kong in the study participated in a 13-week trial teaching, in
which the trial lessons were designed to echo the rationale of flipped classrooms. The students, who shared the use of a Tablet PC in groups
of three for learning two target topics in the IH subject, were engaged in pre-lesson onlinemindmap drawing tasks for learning preparation;
and then face-to-face peer interactions in domain knowledge learning in class; and finally post-lesson online sharing and discussion tasks
for learning consolidation.

The study found that the trial teaching enabled the students to achieve a statistically significant growth in domain knowledge, in the
cognitive and meta-cognitive perspectives of IL competency, and in all the five major perspectives of critical thinking skills. The students and
teacherswere found tohavepositiveperceptionsof theprocess andoutcomes in skills development through IH subject learning in thedesigned
digital classrooms, with the implementation of the three suggested ways of developing IL competency and the four suggested ways of
developing critical thinking skills. The results reveal that the future implementation of the suggested ways of developing IL competency and
critical thinking skills should increase class time for students' interaction and discussions within own groups and with whole class. One of the
possible directions for future research is to strengthen the role of flipped classrooms in fostering students' interactive learning for skills
development beyond class time. Themeaningful useof digital communication tools, such as social learningplatforms,wouldhelp in this aspect.

As the approach of developing IL competency and critical thinking skills through learning domain knowledge in digital classrooms is
relatively new to school education, further support and research are therefore needed for teacher development that enables teachers to
enhance competency in this aspect. In this study, the six teachers (with two of them taught the IH subject in the first school year and the
other four in the second year) worked collaboratively on sharing teaching schemes and learning resources for the trial lessons. The teachers
alsoworkwith the researchers to develop and refine teachingmaterials for the trial teaching. These experiences echo the promising trend of
teacher development d that teachers develop a shared repertoire of resources through sustained reciprocal interactions, experience
reflective discussions which support mutual growth and the attainment of common curricular goals, and share their pedagogical principles
and instructional practices (Kong & Song, 2013). This reveals a need of future research on engaging teachers in reflective, interactive
pedagogical practices for enhancing teaching competency.

From the experience on this study, the questions designed for the guided activity worksheets played a critical role in facilitating students
to develop IL and critical thinking skills; as these questions closely linked the problem solving scenarios addressing domain-specific concern
and the problem solving process applying IL and critical thinking skills. These questions, however, are hard to be designed suitably as
teachers need to truly master domain knowledge for identifying domain knowledge points that are suitable for integrating IL and critical
thinking skills into learning and teaching activities. In this regard, the related professional development activities should be able to support
teachers on designing suitable learning and teaching tasks that well integrate elements of IL and critical thinking into domain knowledge
learning process.
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