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The purpose of this study was to produce a theoretical formula for
developing the higher-order thinking skills of mathematics students.
This is a qualitative study that applies grounded theory to produce and
develop a theory based on the empirical data collected by the researcher.
The subjects of this study were mathematics education students at the
Faculty of Teacher Training and Education, Nusa Cendana University,
Indonesia by considering gender demographics and mathematics skills.
The written data was analysed qualitatively using the indicators of
higher-order thinking skills. Consequently, an in-depth interview was
conducted to explore the subject's writing ability and thinking habits,
and the factors or issues relevant to the development of the subject's
higher-order thinking skills. The process of theory formation was
conducted through the stages of open coding, axial coding and selective
coding. The stages of data analysis resulted in an empirical theory of
developing higher-order thinking skills. This involved: 1) building
motivation and confidence; 2) contextual learning (cultural context); 3)
the habit of asking scientific question, 4) group discussion; 5) higherorder thinking exercises; 6) routine discussions in the family and
community; and 7) learning to modify questions. The seven points
describe the whole process and the support the personal self, lecturers
and parents.
Key words: Grounded theory, Higher-order thinking.
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Introduction
The concept of higher-order thinking was proposed by Bloom, Englehart, Furst, Hill, and
Krathwohl (1956) in the taxonomy of education. They divided the cognitive level into 6 parts,
namely (1) knowledge; (2) comprehension; (3) application; (4) analysis; (5) synthesis, and (6)
evaluation. Anderson and Krathwohl (2001) revised Bloom's taxonomy into: (1) remembering;
(2) understanding; (3) applying; (4) analysing; (5) evaluating, and (6) creating. Higher-order
thinking levels in the new taxonomy are (1) analysing; (2) evaluating; and (3) creating, while
the other three levels are categorised as lower-order thinking. The conception of higher-order
thinking was then developed by various researchers more subtly by defining higher-order
thinking as a level higher than simply remembering the existing facts or doing something as
students’ have done before according to the examples. Higher-order thinking skills is related
to working in complex situations, thinking with non-algorithms, solving problems that cannot
be predicted and produce many answers (Thomas & Thorne, 2014; Stein & Lane, 1996; Senk,
Beckmann, & Thompson, 1997; Weiss, 2003; Resnick, 1987, Thompson, 2008).
Developing higher order thinking is important for several reasons: (1) to organise knowledge
learned into long term memory; (2) to develop adaptability in view of a variety of new problems
found in life which could become the exercises to develop a higher order thinking ability in
formal education (this would eventually develop an attitude and a way of creative thinking to
get out of life problems, which are complex); and (3) to encourage the creation of quality
human resources that can compete with other nations (Samo, Darhim, Kartasasmita, 2017).
The last point shows the broader and long-term idea which has become the focus of 21st century
learning. This is a need that does not need to be debated anymore so it indeed requires real
practice to prepare our students to deal with it.
The importance of developing higher-order thinking requires a complete strategy that can be
applied systematically to access it. King, Goodson, Rohani (2011) reveals that a major factor
in the growth of higher order thinking skills is a student-centred classroom. It supports the open
expression of ideas, provides active modelling of thinking processes, develops thinking skills,
and motivates students to learn. Without it, students will not persist in higher level thinking
processes. In this open environment, a teacher’s awareness of students' motivation can
dramatically affect the students' progress. Furthermore, Kruger (2013) explains how we can
encourage higher-order thinking in our students: Look for their strengths! Observe your
students, focus on who demonstrates strengths in the components of higher-order thinking
(creativity, problem solving, critical thinking, logical thinking, mental representation, etc.). It
is essential to understand how emotions can affect brain function and students who are upset
or afraid or stressed, will have a more difficult time learning. It is also important to appreciate
that in order to create more opportunities for “insight”, the teachers need to allow the students’
minds to become ‘quiet’. Yee (2002) elaborates that to gauge whether higher-order thinking is
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happening in a mathematics classroom, there are three characteristics that can be observed: (1)
you can hear students explaining, conjecturing, describing patterns or communicating their
ideas (There is direct teaching of specific problem solving and reasoning strategies), (2) you
can hear teachers asking students why, what and how-questions that demand more than oneword answers (There is an emphasis by the teacher on meaning and understanding), (3) You
can observe students making choices about what procedure to use, or how to integrate
knowledge to new and non-routine tasks, monitoring progress and evaluating solution (There
is classroom atmosphere that encourages student autonomy, persistence and independent
thinking). Collins (2014) reveals that the teachers can do this through the following stages: (1)
specifically teaching the language and concepts of higher-order thinking, (2) planning
classroom questioning and discussion time to tap into particular higher-order thinking skills,
(3) explicitly teaching subject concepts, (4) providing scaffolding, (5) consciously teach to
encourage higher order thinking.
Some of the strategies above are the strategies of developing higher-order thinking in classroom
learning activities. The development of higher-order thinking skills in terms of learning
activities should be concerned with student-centred learning, building motivation, investigating
students' thinking strengths and evaluating learning content with questions about higher-order
thinking levels. Each expert discloses strategies according to studies, experience and personal
interpretation. Each of them can be read and complete each other. So, what are the strategies
that can be revealed in different life situations, under the conditions of different students' skills
and cultural influences that are still inherent in the students? This study tries to explore the
possibility of developing broader higher-order thinking so that students and readers are able to
optimally develop themselves and their higher-order thinking skills.
Materials and Method
This research uses qualitative methods with a grounded theory approach. The grounded theory
(GT), which later in the research method is called grounded research (GR), is a systematic
qualitative procedure used to produce theories that explain a process, action or interaction of a
substantive, in broader conceptual level, (Creswell, 2015). The research subjects were selected
by theoretical sampling techniques using a procedure that involves simultaneous and sequential
data collection and analysis (Creswell, 2015). The subjects selected were mathematics
education students, in the Faculty of Teacher Training and Education, Nusa Cendana
University, Indonesia. The data in this study was descriptiveand was obtained by researchers
from written test activities, interviews and literature studies. Interviews were conducted to
explore all the subjects' activities in their daily environment, at home, within their culture, as
well as their learning experience or other related aspects that can be a source of data in theory
formation. The data analysis uses three stages:open coding, axial coding and selective coding.
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The research diagram is presented in figure 1:
Figure 1. Research Procedure

Figure 1 shows the research procedure. The first stage is subject selection, higher-order
thinking skills test and interview. Higher-order thinking skills test results are used to categorise
and provide an overview of the subject's abilities. The difference in the subject category is used
as the main information for investigating the influencing factors. The interview process
explores the supporting factors of HOTS ability comprehensively. The results of the interview
were analysed with the coding process to get a category and subcategory and a narrative
relationship between categories, propositions, and finally an empiric theory.
Result and Discussion
Analysis of Categories / Themes
In this process, the researcher examines and analyses the results of the higher-order thinking
skills test. Based on the results of documentation analysis, interviews were then conducted
related to the writing of higher-order thinking skills to classify the subjects in the category of
higher-order thinking skills based on the mathematical problem solving skills, mathematical
reasoning, mathematical critical thinking, and mathematical creativity. Furthermore, in-depth
interviews about the subjects' thinking habits, influencing factors and other things relevant to
the development of the subjects' higher-order thinking skills were conducted. Open coding is
done by giving a sign (number) in each subjects' answers related to the development of higherorder thinking skills. This open coding eventually provides six categories with individual
subcategories that influence or determine the development of higher-order thinking skills. The
six categories and the sub-categories are 1) the cultural influences of the people in East Nusa
Tenggara (NTT), Indonesia, 2) the perceptions of mathematics, 3) individual skills, 4) socioeconomic support, 5) self-regulation, and 6) learning experiences. The following is an open
coding process for the formation of categories about mathematics and cultural influences and
their subcategories based on the results tests of higher-order thinking, observation, and in-depth
interviews.
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Figure 2. Open coding process

In figure 2, the researcher compiles keywords based on the results of in-depth interviews. These
keywords are grouped into several groups of keywords as the initial stage of creating
categories. After the categories are formed, each category is divided into several subcategories.
The same process was carried out to produce the other six categories.
The Findings and Theories that Emerged
Here, the axial process begins with selecting one category from the categories obtained by the
Open Coding process and then placed in the middle of the process that is being explored and
then linked it to the other categories. The process of selective coding according to Strauss &
Corbin (1998) is the process of writing theories that are interconnected among categories in an
axial coding model. At the basic level, this theory provides an abstract explanation for the
process being examined in this research. This integration process is like writing a storyline that
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connects each category. The theory developed can be presented in three ways, specifically: as
a visual coding paradigm, as a series of propositions (or hypotheses) or as a narrative story
(Creswell, 2015). The general design of the conceptual model for developing mathematical
higher-order thinking skills for the students of mathematics education, Faculty of Teacher
Training and Education, Nusa Cendana University, Indonesia is presented in Figure 3
Figure 3. Conceptual models of developing higher order thinking skills

Figure 3 is a conceptual model in the selective coding that shows the influence of each category
to the main category, and the relation among each category. The arrows in the conceptual model
above show the influence among each category. This influence is based on the literature review
of various previous studies, the findings of empirical data of the research subjects and the
reflection of the researchers in accordance with the field conditions experienced by researchers.
Based on that particular relation a theoretical formulation of the development of higher-order
thinking skills is obtained, namely building motivation and belief, contextual learning (cultural
culture context), the habit of asking scientific questions, group discussion, higher-order
thinking exercises, learning to modify problems, routine discussions in the family and
community. These seven points are formed based on the influence of each category with the
main category. The model also examines the relation of several categories that influence the
strategy that develops mathematical higher-order thinking skills that have not been able to be
explained by previous research or existing theories. Therefore, further evidence is needed. The
combination of several categories (not all categories) brings out the influences to the
development strategies that are not intact, which are thought to affect mathematical higherorder thinking skills.
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The First Category is the Culture of the People in East Nusa Tenggara (NTT)
This category consists of oral speech culture, attitude/ character, parents' ways to educate and
how gender differences in general affect the development of students' mathematical higherorder thinking skills. The four sub-indicators in this category play a major role in the formation
of the first strategy, which is to build motivation and confidence and the ability to ask scientific
questions. This is in accordance with the opinion of Ginsberg (2015) who states that students'
cultural experiences significantly impact how they respond in the classroom. Classes tend to
be more effective in developing the capacity of the students which come from various
backgrounds if the teacher understands how the culture can shape learning and how teachers
can develop intrinsic motivation of the students with diverse cultures in the classroom. In line
with Ginsberg, Trumbull & Rothstein-Fisch (2011) reveals that the achievement of motivation
is something that everyone wants to support the students, but some may realise that this is
influenced by the culture. The meaning of “achievement” is the cultural variable and the
motivation that the students hold. Therefore, how to achieve it might be different from one to
another, depending on their cultural background. Furthermore, Igbo, Sam, Onu & Dan (2015)
reveal that gender differences have a significant effect on learning motivation at school. Male
students have a higher learning motivation than their female classmates. This is not a surprising
result since gender differences in student motivation might be a result of the influence of
parents' low expectations of the girls' education. Parents tend to believe that investment in the
boys' education is more important than that of girls. Mostly, female students are preoccupied
by house work including raising children. The differences in parental and community
provisions have achieved far-reaching consequences and can explain the gender differences in
the students' learning motivation (Innabi, 2003). Furthermore, culture also plays a role in
forming scientific questioning strategies. Dkeidek, Mamlok-Naaman & Hofstein (2010) utters
that culture, tradition, norms, social structure, lifestyle, and related factors play an important
role in developing students' questioning ability and it seems that every effort intended to target
questioning skills must be done by shifting the existed paradigm, which concerns the
multicultural context to be implemented. Here, it is clear that the cultural or ethnic background
of students who are multicultural influences the students' questioning ability.
The Second Category is Individual Skills
This category consists of some subcategories namely, problem solving ability, reasoning
ability, critical thinking and creative thinking skills, which are all categorised into one
individual skills category. Subjectively, it can be said that individual skills will greatly affect
the ability of the students to ask scientific questions and learn to modify questions. A good
individual skill will provide a high curiosity impulse that can be realised by exploring more of
his/her curiosity by asking questions and modifying the problems faced. The encouragement
of curiosity can be a reason to get new information or to strengthen the personal opinions that
979

International Journal of Innovation, Creativity and Change. www.ijicc.net
Volume 14, Issue 5, 2020
he/she builds. Good individual ability strongly supports a sense of comfort of the students to
ask and do other relevant activities to support their curiosity.
The Third Category is Socio-Economic Support
This category consists of the subcategories of parental support, economic support, parents'
education and interaction with others. These four sub-categories influence the development of
the subjects' higher-order thinking skills as explained in theme analysis 3. These four subcategories contribute to the strategy of developing higher-order thinking skills, namely building
motivation, asking questions scientifically, group discussion and family discussion routines.
When the subjects get good support from the family, especially in learning activities, the
subjects' readiness in facing learning activities with all the challenges is available. The subjects
will come with confidence and good motivation because of the support that he/ she gets.
Parental supports for learning at home is significantly and positively related to the students'
academic motivation and their perseverance in learning mathematics in the classroom which,
in the long term, can improve their mathematics achievement. Moreover Igbo, Sam, Onu &
Dan, (2015) mentions that a good relationship between parents and children provides a good
influence on learning motivation in school. Parent-child relationships involve providing
supportive learning resources such as books, newspapers, magazines, and encouragement for
the children to read, do and send their assignment on time. Willingness to spare their time to
help the children learn at home, care, comfort and affection, adequate arrangements for the
children's food, protection, rest, clothing and shelter, active participation in parent-school
contacts are all needed to motivate their children to perform better at school. That means, when
parents provide their children with nurturing and various stimulation through all areas of social
life, academic achievement is significantly increased (Innabi, 2003). When parents can be
involved as a resource for academic activities at home, the bridge between the school and the
home environment becomes clearer. Thus, children feel more capable to master academic
activities in school. Parents can help children in leaning the new material by scaffolding the
new activity (Gonzalez-DeHass, Willems, & Holbein, 2005). Having regular discussions at
home is a form of good support from parents to equip children with the capacity to ask
questions and make decisions. This is related to debriefing for the children to be able to interact
in group discussions in the classroom learning activities.
The Fourth Category Is Self-Regulated Learning
This category is related to how the subject regulates him/ herself, controls him/ herself,
regulates learning, motivates him/ herself, fosters confidence, regulates anxiety and overcomes
learning obstacles. These attitudes will greatly affect the success of the subject in the activities
of increasing higher-order thinking skills. Self-regulation is related to the motivational building
strategy (Pintrich & De Groot, 1990). Self-regulation comprises several attributes in itself as
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part of the strategy of developing the students' higher-order thinking skills while on the other
hand influences other strategies such as asking questions scientifically, group discussion,
higher-order thinking exercises and learning to modify questions. All the strategies mentioned
above will be the right strategies or are able to become a contributing strategy to the
development of higher-order thinking ability if it is based on a good self-confidence, good
motivation and is supported by other self-regulated attributes.
The Fifth Category Is the Subjects' Views of Mathematics
In the context of the subjects of this research, the views on mathematics in general show
similarities that mathematics is abstract; it is the science of logical thinking, and is complicated
and challenging. This view in fact does not discourage the motivation of the subjects to learn
mathematics. Attitudes toward mathematics have a positive relation with motivation (Mata,
Monteiro, & Peixoto, 2012). The view of mathematics as the ability to think presents different
things. Subjects who are accustomed to mathematics as a matter of quantification change their
conceptions of mathematics in forging thinking skills. A positive changing of view enables the
subjects to survive and be ready to face mathematics in the form of any thinking review. This
condition contributes to motivation and confidence in the strategy of developing higher-order
thinking skills.
The Sixth Category Is Learning Experience
Based on the previous theme analysis, learning experiences both at the previous education level
and personal learning experience ready the subjects to face learning activities which in this
case relates to the strategies to build motivation and confidence, ask scientific questions and
learn to modify questions. Learning experiences in various opportunities are used by the
teachers as a reference in the preparation of learning tools (Hailikari, Katajavuori, & LindblomYlanne, 2008; Pritchard, Lee & Bao, 2008). The exploration of learning experiences aims to
produce learning designs that activate or use learning experiences as encouragement or support
in increasing the students' participation and abilities. Students who come with a good learning
experience background must be used to increase their capacity to use existing experience to
learn something new. Students who come with a minimal learning experience background must
be supported more intensively to learn something new. Both types of students have different
experiences and different types of support in learning.
Main Category: Development of Higher Order Thinking Skills
Building Motivation and Confidence
Some students suggest developing higher-order thinking skills first by convincing themselves
that they are able to deal with these problems. Building confidence is one of the biggest
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motivators in being able to deal with any situation. Students believe that laziness and doubt are
obstacles to learning. Other students don't mention the same thing but in various theories,
motivation is fundamental to being able to do anything. Motivation can be built from the inside
like the belief that being able to think at a high level but also from outside is the desire to be
able to make parents proud. Building motivation and confidence is placed as the first strategy
in developing higher-order thinking abilities for students because motivation and confidence
are the basis for further work.
Contextual Learning
Students express that the use of contextual problems in learning could strongly support them
to think and imagine. Learning with real or contextual problems can improve their thinking
skills because the focus of learning is clear, has benefits, and the dynamic situation of the
problem can encourage them to be more adaptive. This is in line with components in contextual
learning, namely critical thinking analysing and achieving high standards. Contextual learning
in accordance with this study has had a positive impact on the development of higher-order
thinking abilities of students compared to ordinary learning. Contextual learning provides the
possibility for students to experience learning as a daily activity in which there is the connection
between material content and life. Furthermore, students also have the opportunities to discuss
and express ideas with friends and to deal with problems that are not routine.
Habit of Asking Scientific Questions
Some students expressed the strategy to develop higher order thinking skills by asking
questions that are critical and analytical. Researchers categorise this type of asking as a type of
scientific questioning that is the type of inquiry based on fact. The interview results show that
students realise that scientific inquiry is an encouragement to think differently or from within
another context. Students have experienced learning with the researchers who use presumptive
and reasoned questions, thus helping the subject to think differently.
Group Discussion
All students expressed that group discussion helped them to better understand the problem and
achieve a better level of their thinking. The interview results show that students realise that
group learning helps them find or get something new. By studying in groups each person can
exchange ideas, equalise perceptions and correct them by asking critical questions to the
discussion partners. Group discussion will also encourage students to study independently as
well.
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Hots Exercises
All students revealed that the way to train and develop higher-order thinking skills was by
continuing to practice higher-order thinking type problems both in the classroom and in
personal learning activities. The interview results showed that students revealed the plan based
on the understanding that being familiar with mathematical problem solving would train the
brain to think. The provision of higher-order thinking questions in learning activities teach
them to think and work out of context.
Learning to Modify Problems
An interesting thing expressed by the students in developing higher-order thinking skills is the
modification of the questions. Modifying the understanding of students is to practice making
new problems from existing problems. Modifying the questions then solving them has provided
very good input for students in supporting students' thinking abilities. Students benefit from
that habit. Modifying the problem can be done by asking yourself what if the problem is
changed with different facts, why the facts are given like this, what if the facts are changed,
why use this concept in solving it.
Routine Discussions in the Family and Community
Some students stated that the habit of discussion in family and community is one way to
develop higher-order thinking skills. The habit of discussing in the family supported someone’s
ability to express their opinions, make decisions and take responsibility in the decisions taken.
The habit of discussion in this family becomes an important task for parents, especially in
directing and shaping the way children think. Parents should get children to talk with
discussions that build and implement ideas.
Conceptual Models between Categories
Several categories influence each other which shows their integration in developing students’
higher-order thinking skills. The integration of several categories can in fact eliminate some of
the verbal strategies in the conceptual model of developing higher-order thinking abilities of
students but that may not necessarily fail in their grand goals. The process of integrating several
categories depends on the influence of these categories and their effects must be proven to
develop the higher-order thinking ability of students which will be presented in the form of
hypotheses as a conceptual model of propositions. The arrow in Figure 2 shows the effect
between each category. Double arrows are a relationship model or a two-way influence, while
a single arrow is a one-way influence model. Category 1 has an effect on all categories but on
983

International Journal of Innovation, Creativity and Change. www.ijicc.net
Volume 14, Issue 5, 2020
the other hand it has no effect on category 1. All categories have an effect on the main category
but not on all subcategories in the main category.
Conceptual Proposition Models
The conceptual model of developing students' higher-order thinking influences each category
toward the main category as well as supports each category toward the existing development
strategy. In addition, there is a relation between each category and the other categories
supported by the theories or results of previous studies. The model also manifests the relation
of several categories that influence the development of mathematical higher-order thinking
skills that have not been able to be explained by previous research or existing theories.
Therefore, further evidence is needed. The combination of several categories (not all
categories) brings out the influences to the development strategies that are not intact, and are
thought to affect mathematical higher-order thinking skills.
Self-Regulated Learning Influences the Ability to Ask HOTS Exercises and Learn to Modify
Questions
In general, self-regulated learning has an important role in developing mathematical skills.
Good self-regulation could control anxiety and also could strongly support the achievement of
good mathematical skills. Self-regulated learning in the conceptual model of the strategy of
developing higher-order thinking skills and the literature review influence the strategies of
building motivation and confidence. The limited role of SRL raises a new suspicion of the role
of self-regulated learning in the ability to ask questions (question-asking ability). This role can
be cited since self-regulated learning is related to good self-regulation which raises the curiosity
that first arises by asking questions. Other SRL developments can also influence higher-order
thinking and the learning problems modification strategies.
Self-Regulated Learning Affects the Perception of Mathematics
The perception about mathematics is mostly formed by external support, which is related to
the culture and views of parents and the surrounding environment. Some subjects express that
their beliefs and motivations affect their perceptions of mathematics. The presence of external
support raises allegations that internal support is possible with the development of SRL.
Different Cultural Backgrounds as well as Socio-Economic Support Influence the Strategy
of Developing Higher-Order Thinking Ability
If we examine the influence of these two categories partially, each of them will support the
strategy of building motivation and confidence and scientific questioning, while socio984
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economic support forms a scientific questioning strategy, group discussion and family
discussion routine. This relationship has degraded several other strategies which are higherorder thinking and learning to modify questions. From the interviews, information was
obtained that cultural background affects all existing categories. Moreover, socio-economic
support affects all other categories except the cultural categories of the NTT community.
Therefore, the cultural background and economic support should influence all strategies in
developing higher order thinking skills. Its influence toward the strategies needs to be further
proven.
Perception of Mathematics and Experience Jointly Influencing the Strategy of Developing
Higher-Order Thinking Skills
Each of them contributes to the influence of building motivation and beliefs as well as habit of
asking scientific question and learning to modify questions. This support seems to have a
considerable effect which can be evaluated with the support of the six categories
simultaneously.
Conclusion
The empirical theoretical formulation of the development of higher-order thinking skills in
mathematics education students is the development of higher-order thinking skills that can not
only be achieved by classroom learning strategies but also a comprehensive conceptual design
involving the personal elements of students, parents, the environment and classroom learning.
Development of higher-order thinking skills includes building motivation and confidence,
contextual learning (culture-based), the habit of asking scientific questions, group discussion,
higher-order thinking type exercises, learning to modify questions, and routine discussions in
the family and community. The recommendations for further studies is to validate the above
empirical theory quantitatively using statistical tests and quantitative tests for conceptual
proposition models.
Acknowledgments
This paper was supported by funding from The Ministry of Education and Culture, Indonesia.
I would like to thank the first-year mathematic education students for their support. Without
their help this work would have never been possible.

985

International Journal of Innovation, Creativity and Change. www.ijicc.net
Volume 14, Issue 5, 2020
REFERENCES
Anderson, W. L., & Krathwohl, D. R. (Ed). (2001). A Taxonomy for learning, teaching, and
assessing: A revision of Bloom’s taxonomy of educational objectives. New York:
Addison Wesley Longman, Inc
Bloom, B., Englehart, M., Furst, E., Hill, W., & Krathwohl, D. R. (1956). Taxonomy of
educational objectives: The classification of educational goals Handbook I: Cognitive
domain. New York: Addison Wesley Longman, Inc.
Choy, C. & Cheah, P.K. (2009). Teacher Perceptions of Critical Thinking Among Students and
its Influence on Higher Education. International Journal of Teaching and Learning in
Higher
education,
20(2),
198-206.
Retrieved
from
http://www.isetl.org/ijtlhe/pdf/IJTLHE336.pdf
Collins, R. (2014). Skills for the 21st century: teaching higher order thinking. Briefings, a
Monthly Member Publication of Independent Schools Queensland, 12 (14), 110-125.
Conklin, W. (2012). Higher-order thinking skills to develop 21st century learners.
Huntingon Beach: Shell Educationl Publishing, Inc.
Creswell, J. (2015). Educational research, planning, conducting, and evaluating qualitative
and quantitative. USA: Pearson Education, Inc.
Dkeidek, I., Mamlok-Naaman, R., & Hofstein, A. (2010). Effect of culture on high-school
students’ question-asking ability resulting from an inquiry-oriented chemistry laboratory.
International Journal of Science and Mathematics Education, 9(6), 1305–1331. doi:
10.1007/s10763-010-9261-0
Elder, L., & Paul, R. (2004). Critical thinking and the art of close reading (part IV). Journal of
Developmental
Education,
28(2):
36-37.
Retrieved
from
https://eric.ed.gov/?id=EJ718574.
Esch, E. (2009). Crash or Clash? Autonomy 10 years on. In R. Pemberton, S. Toogood, & A.
Barfield (Eds.), Maintaining control: Autonomy and language learning (pp. 27-44).
Hong Kong: Hong Kong University Press.
Facione, N. C., & Facione, P. A. (1996). Externalizing the critical thinking in knowledge
development and critical judgment. Nursing Outlook, 44(3): 129-136. doi:
10.1016/s0029-6554(06)80005-9.
Ghanizadeh, A. (2011). An investigation into the relationship between self-regulation and
critical thinking among Iranian EFL teachers. The Journal of Technology & Education,
5(3):
213-221.
Retrieved
from
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=195514.
Ghanizadeh, A., & Ghonsooly, B. (2014). A tripartite model of EFL teacher attributions,
burnout, and selfregulation: toward the prospects of effective teaching. Educational
Research in Policy and Practice, 13(1): 145-166. doi: 10.1007/s10671-013-9155-3
Ginsberg, M. B. (2015). Cultural diversity, motivation, and differentiation. Theory into
practice, 44(3): 218-225. doi: 10.1207/s15430421tip4403_6
986

International Journal of Innovation, Creativity and Change. www.ijicc.net
Volume 14, Issue 5, 2020
Gonzalez-DeHass, A. R., Willems, P. P., & Holbein, M. F. D. (2005). Examining the
relationship between parental involvement and student motivation. Educational
Psychology Review 17(2): 99–123. doi: 0.1007/s10648-005-3949-7
Hailikari, T., Katajavuori, N., & Lindblom-Ylanne, S. (2008). The relevance of prior
knowledge in learning and instructional design. American Journal of Pharmaceutical
Education, 72(5): 1-8. doi: 10.5688/aj7205113
Halpern, D. F. (2007). Halpern critical thinking assessment using everyday situations:
Background and scoring standards. Claremont, CA: Claremont McKenna College.
Hassan, S., Rosli, R. and Zakaria, E. (2016). The use of i-think map and questioning to promote
higher-order thinking skills in mathematics. Creative Education, 7(1): 1069-1078.
Retrieved from https://m.scirp.org/papers/66899
Henderson-Hurley, M., & Hurley, D. (2013). Enhancing critical thinking skills among
authoritarian students. International Journal of Teaching and Learning in Higher
Education,
25(2):
248-261.
Retrieved
from
http://www.isetl.org/ijtlhe/pdf/IJTLHE1555.pdf.
Huang, J., Normandia, B., & Greer, S. (2005). Communicating mathematically: comparison of
knowledge structures in teacher and student discourse in a secondary math classroom.
Communication Education, 54(1): 34-51. doi: 10.1080/14613190500077002.
Igbo, J.N., Sam, O. A., Onu, V. C & Dan, M. (2015). Parent-child relationship motivation to
learn and students academic achievement in mathematics. International Journal of
Research in Applied, Natural and Social Sciences, 3(9): 87-108.
Innabi, H. (2003). Aspects of critical thinking in classroom instruction ofsecondary school
mathematics teachers in Jordan. In A. Rogerson (Eds.) Proceedings of the International
Conference the Decidable and the Undecidable In Mathematics Education Brno, Czech
Republic (Brno, Czech Republic: Brno University of Technology) pp.124-129,
King, F. J., Goodson, L., & Rohani, F. (2011). Higher order thinking skills. Center for
advancement of learning and assessment, Retrieved from www.cala.fsu.edu
Kruger,
K.
(2013).
Higher
order
thinking.
Retrieved
from
http://hswow.s3.amazonaws.com/02-13-2013/higher_thinking_02-13-2013.pdf
Kuhn, D., & Dean, D. (2004). Metacognition: a bridge between cognitive psychology and
educational
practice.
Theory
into
Practice,
43(4):
268-274.
doi:
10.1207/s15430421tip4304_4
Sim, L. L. (2013). An inquiry of teachers’ perception on the relationship between higher-order
thinking nurturing and liberal studies public assessment in Hong Kong. Teachers’ Centre
Journal,
12(1):
183-215.
Retrieved
from
https://www.edb.org.hk/HKTC/download/journal/j12/HKTCJv12_14-C01.pdf
Little, D. (1991). Learner autonomy I: Definitions, issues and problems. Dublin: Authentik.
Mata, M., dL, Monteiro, V., & Peixoto, F. (2012). Attitudes towards mathematics: effects of
individual, motivational, and social support factors. Child Development Research,
(2012): 1-10. doi: 10.1155/2012/876028
987

International Journal of Innovation, Creativity and Change. www.ijicc.net
Volume 14, Issue 5, 2020
Moon, J. (2008). Critical thinking: An exploration of theory and practice. London and New
York: Routledge.
Pintrich. P. R., & De Groot, E. V. (1990). Motivational and self-regulated learning components
of classroom academic performance. Journal of Educational Psychology, 82(1):33-40.
Retrieved
from
http://rhartshorne.com/fall-2012/eme6507-rh/cdisturco/eme6507eportfolio/documents/pintrich%20and%20degroodt%201990.pdf
Pritchard, D. E., Lee, Y. J., & Bao, L. (2008). Mathematical learning models that depend on
prior knowledge and instructional strategies. Physical Review Special Topics - Physics
Education Research. 4(2018), 123-125. doi: 10.1103/PhysRevSTPER.4.010109
Raya, M. J., Lamb, T., & Vieira, F. (2007). Pedagogy for autonomy in language education in
Europe: Towards a famework for learner and teacher development. Dublin: Authentik.
Resnick, L. (1987). Educating and learning to think. Washington: National Academy Press
Samo, D. D., Darhim, & Kartasasmita, B. G. (2017). Developing contextual mathematical
thinking learning model to enhance higher order thinking ability for middle school
students. International Education Studies. 10(12): 17-29. doi: 10.5539/ies.v10n12p17
Scriven, M., & Paul, R. (2004). Defining Critical Thinking. Retrieved March 2020 from
http://www.criticalthinking.org/aboutCT/definingCT.shtml.
Senk, S. L., Beckmann, C. E., & Thompson, D. R. (1997). Assessment and grading in high
school mathematics classrooms. Journal for Research in Mathematics Education, 28(2):
187-215. doi: 10.2307/749761
Smith, I. (2007). How to ask better questions. Retrieved March 2020 from
http://www.edb.gov.hk/attachment/en/sch-admin/schquality-assurance/professionalsupport-online-resources/seminar/assessment_for_learning_info2.pdf.
Smith, V. G., & Szymanski, A. (2013). Critical thinking: More than test scores. International
Journal of Educational Leadership Preparation, 8(2): 15-24. Retrieved from
https://www.icpel.org/uploads/1/5/6/2/15622000/ijelp_8_2_fall_2013.pdf
Stapleton, P. (2011). A survey of attitudes towards critical thinking among Hong Kong
secondary school teachers: Implications for policy change. Thinking Skills and Creativity,
6(1): 14-23. doi: 10.1016/j.tsc.2010.11.002
Stein, M., K., & Lane, S. (1996). Instructional tasks and the development of student capacity
to think and reason: An analysis of the relationship between teaching and learning in a
reform mathematics project. Educational Research and Evaluation, 2(1): 50-80. doi:
https://doi.org/10.1080/1380361960020103
Strauss, A., & Corbin, J. (1998). Basic of qualitative research:grounded theory procedures and
techniques. NewburyPark,CA: Sage.
Thomas, A., & Thorne, G. (2014). Higher-order thinking. Retrieved from
http://www.readingrockets.org/article/higher-order-thinking.
Thompson, T. (2008). Mathematics teachers’ interpretation of higher-order thinking in
Bloom’s taxonomy. International Electronic Journal of Mathematics Education, 3(2):
96-109.
Retrieved
from
https://www.iejme.com/article/mathematics-teachers988

International Journal of Innovation, Creativity and Change. www.ijicc.net
Volume 14, Issue 5, 2020
interpretation-of-higher-order-thinking-in-blooms-taxonomy
Trumbull, E., & Rothstein-Fisch, C. (2011). The intersection of culture and achievement
motivation. The School Community Journal, 21(2), 25-53. Retrieved from
http://www.adi.org/journal/2011fw/TrumbullRothstein-FischFall2011.pdf
Weiss, R. E. (2003). Designing problems to promote higher-order thinking. New Directions
For Teaching and Learning Special Issue: Problem-Based Learning in The Information
Age, 95. doi:10.1002/tl.109
Yee, F. P. (2002). Open-ended problems for higher-order thinking in mathematics Teaching
and Learning, 20(2): 49-57.
Yen, T. S., & Siti, H. H. (2015). Effective teaching of higher-order thinking (HOT) in
education. The Online Journal of Distance and e-Learning, 3(2): 41-47. Retrieved from
https://tojdel.net/journals/tojdel/articles/v03i02/v03i02-04.pdf
Yeung, S. Y. (2012). Conceptualizing higher-order thinking for reforming school curriculum
and teaching. Hong Kong Teachers’ Centre Journal, 11(1), 131-144. Retrieved from
https://www.edb.org.hk/HKTC/download/journal/j11/HKTCJv11_12-B03.pdf

989

