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Abstract 
Teaching Higher-Order Thinking Skills (HOTS) in Constructivist Smart Learning Environments 
(CSLE) has been treated as an essential goal of higher education in many countries. With new 
roles and functions in smart classrooms, learners' factors influencing teaching HOTS are very 
different from traditional classrooms. Although some cognitive and motivational factors 
always play an important role in teaching HOTS in CSLE, the lack of useful information and 
knowledge has caused many teachers to fail to teach HOTS effectively in smart classrooms in 
China. Based on previous research and related theories,this study aims to propose a 
framework of constructivist smart learning environments integrating cognitive and 
motivational factors for teaching higher-order thinking skills  The results of this study were 
expected to contribute some effective guidance for teaching HOTS in constructivist smart 
learning environments among pre-service teachers in China. 
Keywords: Higher-Order Thinking Skills, Constructivist Smart Learning Environments, 
Cognitive Strategies ,Goal Orientations 
  
Introduction 
Higher-Order Thinking Skills 
learning and working in the 21st century with the highly competitive global "knowledge 
economy", students and employees can no longer survive by memorizing textbooks, they 
must learn to use "21st-century skills" to analyze, synthesize, and evaluate huge amounts of 
facts and information in everyday life, and solve problems effectively(Pithers & Soden, 2016). 
Higher-order thinking skills (HOTS) embodying critical thinking skills, problem-solving skills, 
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and creative thinking skills have been treated as essential skills for students to work and learn 
in the 21st Century (Marwan et al., 2021).  
These skills have become an important part of many international competency models (Preus, 
2012). Especially for student teachers who are future teachers in higher education, it is 
particularly important to cultivate and develop their critical thinking skills(Puig et al., 2020). 
China has focused more on cultivating students' HOTS in higher education (Ministry of 
Education 2021). In 2020, the Chinese Ministry of Education issued "The Implementation of 
Outstanding Teacher Training Plan 2.0 ", which clearly stated "After five years of efforts, we 
will cultivate a group of high-level, high-quality pre-service teachers" with HOTS, which 
indicated that teaching HOTS among pre-service teachers has become especially urgent and 
valued in China (li, 2021). 
 
Constructivist Smart Learning Environments 
Initially, integrating information technology into the classroom is a common method to 
improve learners' HOTS by changing the external environment(Venkatraman et al., 2022). In 
2017, the EDUCAUSE Center for Analysis and Research identified technology-enabled learning 
environments as a strategic investment for colleges and universities, and recently year, smart 
classrooms have gained attention worldwide  (Venkatraman et al., 2022). A constructivist 
smart learning environment is a learner-centered environment that attaches importance to 
students' actively subjective role in learning and their ability to construct knowledge 
independently (Rosmansyah et al., 2022). It combines the physical and virtual environments 
and integrates advanced forms of educational technology to support easy, engaged, and 
effective learning (3E) at any time, anywhere, in any way, and at any pace (4A) (Agbo et al., 
2019; Murthy et al., 2016; Spector, 2014).  
Previous studies have also indicated that the smart classroom environment can stimulate 
students' learning motivation, promote active learning, and improve academic performance 
(Lu, Yang, et al., 2021b). The smart classroom is founded on constructivist epistemology, 
which has become a well-recognized basis of a high-quality pedagogical approach (MacLeod 
et al., 2018). Constructivist pedagogy focuses on students developing their understanding of 
knowledge via social interactions in a learning environment (MacLeod et al., 2018). Such an 
approach has been shown to result in more diverse student learning and to improve students' 
HOTS when compared to traditional settings (MacLeod et al., 2018). Currently, smart learning 
classrooms are supposed could play positive roles in the development of students' HOTS and 
have become more and more popularized in higher education institutions in China (Hu, 2022; 
Zhang et al., 2021). 
However, recently, some studies have shown that the HOTS level of college students including 
preservice teachers in China is still in the middle (Xia,2021) which indicates that attempts to 
teach HOTS among preservice teachers have not been successful in China. With advanced 
functions and roles, a smart learning environment supports and encourages students to 
construct knowledge actively, autonomously, and independently, in which factors such as 
learning strategies and motivation could play important roles (Hu, 2022; Zhang et al., 2021). 
Teachers should integrate personal factors into the environment to achieve effective teaching 
of higher-order thinking skills. 
The traditional learning environment is teacher-centered and teachers are accustomed to 
using a single lecture method to instill knowledge in students, and this "fill-in-the-blank" 
approach tends to ignore the effect of students' factors on learning (Gao, Xie & Zhang,2022). 
As a result, many teachers lack new teaching experience and knowledge in the transition from 



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT  
Vol. 1 2 , No. 4, 2023, E-ISSN: 2226-6348 © 2023 

611 
 

a traditional to a constructivist smart learning environment, which makes them fail to teach 
higher-order thinking skills effectively (Gao, Xie & Zhang,2022). Until now, teaching higher-
order thinking skills in smart classrooms has been at a rudimentary and exploratory stage, 
and it urgently needs some relevant theory and information to guide in China (Liu, Wu &Jiang, 
2020). 
Many of the thinking intervention studies have shed light on the importance of learning 
environment, motivation, and cognitive factors during the process of learners' information 
processing (Kwan & Wong, 2015)), which in turn generated various learning outcomes, 
including some high-level thinking. Pintrich and Schrauben (1992) pointed out that students' 
learning outcomes in the classroom can be mainly accounted for by their motivational and 
cognitive factors (Kwan & Wong, 2015).  
 
Cognitive Strategies 
Cognitive strategies are usually defined as an individual's information processing to 
remember, transform, retrieve, and apply knowledge (Kwan & Wong, 2015). The basic 
cognitive strategies include rehearsal strategies, elaboration strategies, and organization 
strategies (Kwan & Wong, 2015). Metacognitive strategies refer to processes of operating 
cognitive processes in a self-monitoring manner (Kwan & Wong, 2015; Li et al., 2019; 
MacLeod et al., 2018). The study by Zohar (1994) implied that different learning environments 
together with students' cognitive strategies would have different effects on students' thinking 
outcomes (Kwan & Wong, 2015). The ''faster learners'' seem to have better improvements in 
high-level thinking skills in a constructivist learning environment as it encourages students to 
actively make full use of some high-level cognitive strategies and metacognitive strategies to 
complete learning tasks (Chen et al., 2022).  
 
Goal Orientations 
Goal orientation is the motivation for individuals to engage in achievement-related tasks that 
is a dynamic factor for individuals to work hard on things that they view are important and 
valuable (Pintrich, 2000). It is an individual belief system about the purpose of achievement 
activities, the significance of success, and the integration of success standards, which reflects 
an internal cognitive orientation of achievement tasks (Pintrich, 2000). Learners with different 
goal orientations always show different characteristics in cognition, emotion, and behavior of 
learning (Vandewalle & Nerstad, 2019). There are many studies have shown that goal 
orientations are good predictors of students' learning strategies, learning engagement, 
learning self-efficacy, and learning performance in different learning environments 
(Pintrich,2000; Vandewalle& Nerstad, 2021).  
Hence, it is very necessary to explore and assess the mechanism of the role of cognitive 
strategies and goal orientations in teaching of higher-order thinking skills in the constructivist 
smart learning environment. This study will extend previous research and fill the research 
gaps to propose a framework of constructivist smart learning environments integrating 
cognitive and motivational factors for teaching higher-order thinking skills with the 
expectation of contributing some effective guidance for teaching HOTS among pre-service 
teachers in China. 
 
Framework For Teaching Hots In Csle 
Gibson invented the word "affordance" to reveal the relationship between the environment 
and the organism in ecological psychology. According to Gibson organisms can be defined as 
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actors which are perceiving and behaving in the environment (Gibson, 1986), while 
affordances mean the possibilities and opportunities that the environments afford actors to 
make some available perceptions and actions to achieve some special goals (Oliver, 2005). In 
this sense, affordance is a term that relates to both the environment and the organism, 
emphasizing that the organism and the environment are an inseparable unity. It introduces 
the idea of actor-environment mutuality which means that the environment influences and 
constrains the actions of the organism, while the organism determines the properties of the 
environment (Gibson, 1986). 
Gibson argued that affordances always have specific properties and effects that are 
associated with the perceptions and actions of organisms, and these properties and effects 
can only be actualized and achieved through the perception and utilization by organisms 
(Kordt, 2018a). Following Gibson, affordances theory has received more and more attention, 
been introduced into different disciplinary fields, and been developed further by some 
scholars (Lainema et al., 2021). 
Some studies have found that organisms' needs and goal orientations influence their 
perceptions and actions of affordances (Kordt, 2018b; Pozzi et al., 2014a), and that matching 
the properties and effects of affordances with organisms' needs and goals is conducive to 
effective perceptions and behaviors, ultimately enabling the effects of affordance to be 
achieved (Bernhard et al., 2013; Pozzi et al., 2014b). In recent years, it has also found 
application in Education (Lainema et al.2020; li&wu2016; Wang et al., 2020). Young 
introduced the concept of effectivity from an ecopsychological perspective, he argued that 
effectivity refers to an individual's ability to take action (the ability to perceive and make use 
of affordances) (C.Wang et al., 2020), and affordances are properties of the environment that 
enables individual to take some effective actions (Young et al., 2000). 
According to Young (2000), the learning environment provides affordances for learner's 
behaviors and thinking, and the learners act on the environment through their effectivity 
(Churchill,2008; Kordt,2018a), however, in this process, the learner's intentions and goals 
always influence how he or she perceives and utilizes affordances (Jenkins, 2008; Oliver, 2005; 
C. Wang et al., 2020), which means that the learning environment provides the learners with 
opportunities and possibilities for certain learning activities, but how these opportunities and 
possibilities are perceived and utilized by the learners is closely related to the learner's 
intentions and goals (Kordt, 2018b; Park & Song, 2015; Pozzi et al., 2014b; C. Wang et al., 
2020). 
In short, Gibson's (1986) affordance theory of Ecological psychology introduced the idea of 
actor-environment mutuality in which affordance is the result of the interaction between the 
environment and the organism. Organisms are defined as actors which are perceiving and 
behaving in the environment (Gibson,1986), while affordances mean the possibilities and 
opportunities the environments afford actors to achieve some specific goals (Oliver, 2005). 
however, Gibson argued that the affordances need to be perceived and actualized by the 
organism(actors ) so that the properties and effects can be achieved (Kordt, 2018a) 
furthermore, it is emphasized that actors' perception and actualization of affordances a goal-
oriented process that could further determine the effects of the affordances (Kordt, 2018b; 
Pozzi et al., 2014b). 
Based on the affordance theory, this study conducted the theoretical framework that is 
shown as Figure 1. In this framework, the affordances are the results of the interaction 
between constructivist smart learning environments (CSLE) and learners that mainly involves 
student negotiation (SN), inquiry learning (IL), reflective thinking (RT), ease of use (EOU), 
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perceived usefulness(PU), multiple sources(MS), connectedness(CN)and functional 
design(FD). These affordances could provide opportunities and possibilities for students to 
engage in some high-level learning activities (G. J. Hwang, 2014; Yang, 2018). However, it 
needs students to adopt corresponding cognitive strategies to recognize and actualize the 
affordances, and meanwhile, this process is always driven by goal orientations which would  
further infuluence the achievement of the affordance’s effects on developing the HOTS.  

 
Figure1: Tramework For teaching HOTS in CSLE 
 
Discussion 
The Components of CSLE support the development of HOTS 
Based on Gibson's (1986) affordance theory, as affordances of constructivist smart learning 
environments(CSLE), the eight components of student negotiation(SN), inquiry learning(IL), 
reflective thinking(RT), ease of use (EOU), perceived usefulness(PU), multiple sources(MS), 
connectedness(CN)and functional design(FD) have the advantage of providing learners with 
opportunities and possibilities to develop and upgrade their higher-order thinking skills. This 
study tries to explain that as follows. 
 
Student Negotiation and HOTS 
According to the dialogue theory of Paulo(1958), negotiation is a kind of cooperative dialogue, 
which requires people to put aside their subjective ideas, so that they can carefully examine 
these ideas themselves. At the same time, people should listen carefully to other people's 
ideas and put them on hold, and further analyze, synthesize, and evaluate these ideas 
repeatedly, to find out the true meaning of all these ideas and achieve consensus and win-
win (Page & Mukherjee, 2007). 
In constructivist smart learning environments, student negotiation is a process of cooperative 
learning, in which students discuss topics together as equals. They understand and care about 
each other, integrate their opinions, and complete learning tasks together. This kind of 
cooperative learning dialogue requires students to shelve their thinking assumptions and 

Opportunities and Possibilities 
(Engagement in Higher-order learning activities) 
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judgments and seriously consider their opinions from the perspective of others to encourage 
students to reflect on their knowledge, restructuring, and creation. 
To sum up, ' negotiated dialogue ' is a constructive way of thinking. First of all, it requires 
students to listen to the information spoken by others and analyze their argumentation logic. 
Secondly, students reflect on their judgments and arguments based on listening, enrich their 
knowledge with others ' viewpoints, and then reconstruct meaning and convey meaning. 
These requirements are very consistent with the quality of higher-order thinking skills. 
 
Inquiry Learning and HOTS 
According to Kauchak and Eggen (1998), inquiry was a process of posing problems, gathering 
information, using tools to gather, analyze, and interpret data; proposing answers, 
explanations, and predictions(Jumilah et al., 2021); and communicating the results; thinking 
creatively about possibilities, making decisions and justifying conclusions. (Khan & 
O'Rourke,2015). It is particularly valuable for giving students practice in defining problems, 
gathering data to solve the problems, and developing their higher-order thinking 
abilities(Yulianti et al., 2018). Previous research found that inquiry learning enhances 
students' learning achievement, especially in the aspects of problem-solving skills, ability to 
explain data, critical thinking, and understanding of concepts in learning science(Chiappetta 
&Russel,2019; Saunders & Shepardson,2020). 
In the constructivist smart learning environments, "inquiry-based learning is a student-
centered, active learning approach focused on questioning, critical thinking, and problem-
solving. Inquiry-based learning activities begin with a question followed by investigating 
solutions, creating new knowledge as information is gathered and understood, discussing 
discoveries and experiences, and reflecting on new-found knowledge." In conclusion, inquiry-
based learning is a learner-centered teaching approach that emphasizes deep learning. It may 
take several forms, including analysis, reflecting on new-found knowledge, problem-solving, 
discovery, and creating activities that will be conducive to the development of students' high-
order thinking skills. 
 
Reflection and higher-order thinking skills 
Dewey (1910) first put forward the concept of reflective thinking, he believes that one of the 
best ways of thinking is reflection and the methods and processes of reflective thinking are 
mainly ' identifying problems, collecting and analyzing data, putting forward hypotheses, 
verifying hypotheses, and drawing conclusions(Mete, 2020). Zheng (2018) and Wu et al. 
(2019) define reflective learning as a learning activity in which learners consciously and 
critically examine their own cognitive structure, learning activities, and related factors 
involved, creatively foresee the learning activities to be carried out, scientifically explore the 
problems found in the process of learning activities, and effectively regulate the whole 
process of learning activities, to promote problem-solving. 
In the smart learning environment, learners have strong reflective ability and regular 
reflective consciousness. They will reflect on their learning process and results, to effectively 
solve the problems existing in the learning process, realize the monitoring, adjustment, 
remedy, and improvement of their learning, promote the understanding, application, and 
transfer of knowledge, and finally realize high-level learning(García-Tudela et al., 2020). 
Through positive and effective reflection, learners can re-understand and re-evaluate 
themselves and get newer self-experience (Marzano et al., 2021). Many studies have shown 
that reflective learning is inquiry, critical, and innovative. In short, reflection will run through 
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the whole process of higher-order thinking development, and it is an effective way to promote 
the achievement of higher-order thinking goals(Gambo & Shakir, 2019). 
 
Function design and higher-order thinking skills 
According to the awakening view of environmental psychology, environmental stimulation 
will awaken people's psychological or behavioral responses to a certain extent, while positive 
and appropriate environmental stimulation will improve people's work quality and efficiency 
(Honebein,1999). The function design of a constructivist smart learning environment is 
centered on students' needs from the aspects of space area, desk and chair design, space 
temperature, green plants, and space planning (liu,2010). These characteristics of spatial 
environment elements can awaken students' learning participation emotions, improve 
students' attitudes, and increase their learning input to a certain extent (Zong & Hung,2019). 
In addition, the smart classroom is equipped with touch all-in-one machines, electronic 
whiteboards, handheld iPads for teachers, and touch all-in-one machines and mobile phone 
terminal screens for students' groups(Freigang et al., 2018). These devices can effectively 
support teachers and students to carry out quick intelligent terminal interaction, resource 
sharing, and data transmission interaction, thus enhancing students' learning depth and 
breadth(Freigang et al., 2018). 
 
Connectedness and higher-order thinking skills 
Compared with the simple multimedia teaching environment, the smart classroom has rich 
types of efficient teaching interactions. In a smart classroom, teachers and students fully 
display and share their thinking processes and learning outcomes with the help of advanced 
technology, which can effectively promote the interaction and collision of students' thinking, 
forming a multiple-interaction model of students' self-reflection, peer interaction, and 
teacher-student interaction(J. Wang et al., 2022). In the process of interacting with teachers 
and peers, students can effectively enhance their motivation to learn, stay focused, and 
maintain classroom participation, which in turn stimulates them to think deeply about 
learning(Hu, 2022). 
In the smart classroom environment, advanced technology and equipment provide diversified 
ways for "student-student" and "teacher-student" emotional interaction, which creates a 
good learning atmosphere and interpersonal environment for teachers and students(Sousa-
Vieira et al., 2022). This transformation will facilitate high-level and personalized learning for 
students. In short, in the constructivist smart classroom, the advantages of convenient 
interactive ways, equal interactive relations, deep interactive effects, and high interactive 
participation provide strong support for students to engage in effective higher-level learning. 
 
Ease of use, Perceived usefulness, and higher-order thinking skills 
TAM (Technology Acceptance Model) theory was put forward by Davis in 1989 based on the 
rational behavior theory. According to TAM theory, the attitude of use is the subjective 
evaluation of student's participation in learning activities in smart classrooms, while 
perceived ease of use and perceived usefulness are the important factors of students' 
attitudes towards participating in smart classrooms (Jiang et al., 2022). Perceived ease of use 
refers to the degree of physical and mental difficulty that students feel in participating in 
learning activities in a smart classroom (Han, 2019). Venkatesh et al. (2020) argued that 
students are very concerned about the ease of online learning and class discussion sessions 
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in the smart classroom. Wu et al (2018) stated that perceived ease of use is one of the 
important prerequisites for determining perceived usefulness. 
Perceived usefulness refers to the effectiveness of the smart classroom in enhancing learning 
outcomes. Wang, et al. (2021) found that college students are more concerned about the 
practical utility of smart classroom teaching for their learning. If college students perceive the 
practical effects of smart classrooms strongly, they will significantly increase their 
participation and learning engagement in smart classrooms, which could in turn enhance their 
higher-order learning(Petrovie et al., 2022). 
Loughlin et al. (2020) found that through careful design, all elements in the classroom can 
enhance the learning experience and strengthen the desire to learn. A smart classroom is a 
virtual-real mixed classroom environment that combines advanced technologies and media 
devices making smart classrooms socialized, intelligent, interactive, flexible, and adaptable ( 
Zhang, 2021 ). In a smart classroom, teachers are more capable of supervising, guiding, and 
assessing students, and can provide timely feedback to students when necessary to escort 
higher-order learning(Edwards et al., 2020); students are more capable of engaging in formal 
learning, and their interest and motivation will be stimulated and creativity will be mobilized, 
which can efficiently facilitate the development of higher-order thinking skills (Zhu &Peng, 
2019). 
 
Multiple Sources and higher-order thinking skills 
Rich and diverse learning resources help learners complete tasks, promote knowledge 
construction, and improve thinking ability(Kasperiuniene & Tandzegolskiene, 2020). 
Smart classroom learning resources have the following advantages(Gambo & Shakir, 2021): 
1. Diversity, it can fully characterize the complexity of the ' 4S ' knowledge structure, while 
meeting the individual needs of learners' multi-sensory channel. 2. Mobility, Learning 
resources are not static, but change dynamically with the advancement of the main clue of 
cognitive process, which effectively supports the development of learners ' cognitive process. 
3. Sharing, each learner can not only have their personalized learning resources but also can 
cooperate with other learners and share resources, which improves the utilization of learning 
resources and learning effectiveness.4. Interaction, in the process of sharing learning 
resources, there are rich interactive behaviors between man-machine, teacher-student and 
student-student, including knowledge transfer, thinking collision, emotional communication, 
inspiration and other processes, which greatly promote students ' higher-order 
learning.5.Contextuality, learning resources can be close to the real problem situation 
greatest extent to effectively promote the development of learners ' problem-solving ability 
(Gambo & Shakir, 2021). 
The rich and diversified learning resources in the smart learning environment  promote 
cooperation and joint efforts among learners. Through the understanding and perception of 
diversified learning resources and the criticism and reflection on the existing knowledge and 
experience, learners further create new ideas, methods, and problem-solving strategies, so 
as to effectively develop and improve higher-order thinking skills. 
 
Cognitive Strategies play the mediateing role in teaching HOTS in CSLE  
Cognitive strategies are not only a variety of information processing methods adopted by 
learners to complete learning tasks, but also an internal information processing skill organized 
by learners to regulate their own learning and thinking activities (Puig et al., 2020). According 
to the theories of cognition, cognitive strategies are mainly divided into rehearsal strategies, 
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elaboration strategies, and organization strategies (Pintrich, 1985). Rehearsal strategy refers 
to the method of using internal language to reproduce learning materials or stimuli in the 
brain to keep information in working memory, and to keep attention on learning materials 
(liu,1998). 
Elaboration strategies refer to deep processing strategies that link new information with old 
information in the mind to increase the meaning of new information (Pintrich, 1985). It is 
often described as a strategy for understanding memory, whose essence is to make 
connections between information (Chen,2006). The more connections you have, the more 
ways you can recall the original information, that is, the more clues you can extract and the 
deeper and more detailed the finishing, the easier it is to recall (wu,2001). Elaborate 
processing strategies include telling the general idea, summarizing, building analogy, taking 
notes in one's own words, explaining, asking questions, and answering questions 
(wang,2002). 
Organization strategy is a higher-level information processing strategy that constructs the 
refined knowledge points to form a knowledge structure (Al-Qaysi et al., 2021). There are two 
main organizational strategies: one is the categorization strategy, which is used to categorize 
and organize knowledge such as concepts, words, and rules; the other is the outline strategy, 
which is mainly used to grasp the structure of learning materials (Nurfadilah et al., 2020). 
The main functions of cognitive strategies include two aspects: first, to identify and encode 
the information input from the outside world, and then process and organize it effectively; 
second, systematically store the processed information and classify it reasonably (Pambudi et 
al., 2022). 
metacognitive strategies are a series of high-level psychological activities with executive 
functions and can be applied to different learning activities. They are the cognition of 
cognition and are mainly used to evaluate, manage, and monitor the use of cognitive 
strategies(Price & Reus-Smit, 1998). It is generally believed that metacognitive strategies can 
be divided into three types (liu, 1997). 
The first one is planning strategy, which refers to planning various activities before a cognitive 
activity, predicting the results, choosing strategies, figuring out various solutions to problems, 
and predicting their effectiveness, including setting learning objectives, browsing reading 
materials, and analyzing how to complete learning tasks. The second one is the monitoring 
strategy, which means that in the actual process of cognitive activities, timely evaluation and 
feedback of the results and deficiencies of one's cognitive activities according to cognitive 
goals, and correctly estimate the degree and level of one's achievement of cognitive goals; 
criteria evaluate the effects of various cognitive activities and strategies, including tracking 
attention, self-questioning of material, and monitoring one's speed and time; the third one is 
the regulating strategy, which refers to taking corresponding remedial measures to modify 
and regulate the cognitive strategy timely according to the results of the examination of 
cognitive activities (Evcim & Arslan, 2021; Zach & Ophir, 2020). 
Cognitive strategies play a pivotal role in enabling students to regulate their entire learning 
process, enhance their learning initiative, and ultimately improve their learning effectiveness 
(Badie, 2018); the acquisition of metacognitive strategies empowers students to 
comprehend, select, and monitor the strategies they have learned, thereby enhancing the 
effectiveness of their learning (Xie &Zhang, 2022). It is evident that cognitive strategies and 
metacognitive strategies exhibit a significant positive correlation with students' academic 
performance in smart learning environments (Wei & Nelson, 2019). 
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These affordances in the smart learning environment could provide opportunities and 
possibilities for students to engage in some high-level learning activities so as to develop their 
high-order thinking skills. However, the affordances need to be perceived and actualized by 
learners so that the properties and effects of promoting the development of HOTS can be 
achieved (Xun & Wu,2019). 
Considering the essential characteristics and functions of cognitive strategies and 
metacognitive strategies, it is reasonable to assume that the process of learners' perception 
and utilization of affordances involves the process of taking appropriate cognitive strategies 
to process and construct the information and stimuli related to affordances, accordingly, we 
can propose that cognitive strategies play the mediating role within high-order thinking skills 
and the smart learning environment. 
For example, when students recognize and actualize the affordances of student negotiation, 
they adopt elaborate processing strategies and organization strategies to compare different 
viewpoints, summarize their strengths and weaknesses, extract valuable information for 
reference, establish a connection between new knowledge and existing old knowledge, and 
further assign new explanations to new information, which can effectively develop and 
enhance learners ' critical thinking skills and creative thinking skills. 
In the process of Perceiving and actualizing the inquiry learning, students need to make full 
use of elaborate processing strategies, organizational strategies, and metacognitive strategies 
in every stage of finding problems, collecting materials, clarifying problems, establishing 
hypotheses, verifying hypotheses and acquiring new knowledge, which makes their problem-
solving thinking skills, critical thinking skills, and creative thinking skills effectively developed 
The process of reflection involved planning and guiding the upcoming learning activities, 
monitoring and adjusting the ongoing learning activities, and summarizing and evaluating the 
learning results that need learners to adopt some high-level cognitive strategies such as 
elaborate processing strategies, organizational strategies, and metacognitive strategies to 
actualize that would promote the development of their problem-solving thinking skills, critical 
thinking skills, and creative thinking skills to a certain extent improved. 
In short, in the process of actualizing the affordances in smart classrooms, learners need to 
adopt some high-level cognitive strategies to critique and reflect on their existing knowledge 
and experience, and further create new ideas, methods, and problem-solving strategies, thus 
effectively developing and enhancing their higher-order thinking skills. 
 
Goal Orientations could enhance the achievements of teaching HOTS in CSLE through 
Cognitive Strategies  
According to the affordances theory, the organism's perception and actions toward 
affordances are goal-driven processes. By integrating the properties of affordances with their 
needs and goals, individuals can perceive and act upon these affordances more effectively 
and fully. Ultimately, this maximizes the positive effect of affordances on individuals' 
achievements (Kordt, 2018b; Park & Song, 2015; Pozzi et al., 2014b; C. Wang et al., 2020). 
Young(2000) argued that the learning environment provides affordances for learner's 
behaviors and thinking, and the learners act on the environment through their effectivity 
(Churchill,2008; Kordt,2018a) always influenced by the learner's intentions and goals (Jenkins, 
2008; Oliver, 2005; C. Wang et al., 2020), which means the extent to which learners perceive 
and utilize these opportunities and possibilities depends on their intentions and goals. The 
organism's needs and goal orientations would influence its perception and actions toward the 
affordances present in its environment (Kordt, 2018b; Pozzi et al., 2014a). 
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Hence, Affordances in the constructivist smart learning environment need learner' to 
recognize and actualize to achieve the effects of developing HOTS, however, goal orientations 
always enhance students' adoption of cognitive strategies to recognize and actualize the 
affordances which can further determines the achievement of the affordances' effects on 
developing the HOTS 
Goal orientation refers to the motivation for individuals to engage in an achievement-related 
task which can explain individuals' cognitive judgment and value judgment of achievement 
motivation (Kaspi-Baruch,2019). M.L. Mehr (1998) defined it as an individual's perception of 
the reasons for engaging in various achievement activities and they believe that achievement 
goal is an intrinsic trait of individuals who strive to show their abilities and make their actions 
more effective(He et al., 2016). 
According to Pintrich et al(1998), goal orientation can be divided into intrinsic goal 
orientations( challenge, curiosity, mastery) and extrinsic goal orientations (grades, rewards, 
performance). Learners with different goal orientations always show different characteristics 
in cognition, emotion, and behavior of learning (Dweck, 1992). Students with intrinsic goal 
orientations always attach importance to the development and progress of their abilities 
(Lefran, 2000), maintain a positive emotional state (Gopalan et al. 2017), and prefer to choose 
challenging tasks, using more deep processing strategies and make continuous efforts 
(nie&shen,2008; Chen,2009); while students with extrinsic goal orientations always pay more 
attention to show good performance (liu&wang,2009) hold negative emotions such as anxiety 
and shame when facing failure (Chen,2009) and more likely to choose low-effort tasks, use 
more superficial strategies that are easier to succeed (nie&shen,2008; Chen, 2009; Ames & 
Archer, 1988; Meece, Anderman, 2006). 
The existing research findings consistently show that in the process of learning and mastering 
the achievement task, individuals who accept the mastery goal orientation use more deep 
processing strategies such as integration and reorganization, and can effectively use self-
regulating learning strategies such as planning, management, and monitoring, while 
performance-oriented students tend to adopt simple processing strategies such as recitation 
and simple retelling which have a quick effect on their academic result (liu,2022). 
Hence, considering the positive association of goal orientation with cognitive strategies, it is 
reasonable to assume that goal orientation, especially internal goal orientation, can enhance 
students' use of high-level cognitive strategies, thus further improving higher-order thinking 
skills in the constructivist smart learning environment. 
For example, when students recognize and actualize the affordances of student negotiation 
in the constructivist smart learning environment, intrinsic goal orientations could make them 
maintain a positive and confident emotional state and enhance their adopting of high-level 
learning strategies to analyze and question others ‘views, put forward open questions worthy 
of discussion, or respond to others’ questions with arguments and explanations to 
supplement others' views (Telaumbanua et al., 2019) so as to construct and create high-level 
cognitive structure and develop their HOTS. 
Inquiry learning in a constructivist smart learning environment values students' autonomous 
learning and encourages students to complete some complex tasks and goals that stimulate 
learners to use some high-level cognitive strategies, during the process, students with goal 
orientations such as challenging themselves and developing abilities would make their best 
efforts to actively adopt various deep learning strategies(Lefranc¸ois, 2020) to identify 
problems, collect information, solve problems and construct higher-order knowledge so as to 
develop HOTS. 
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Reflection of a constructivist smart learning environment always requires learners to 
creatively anticipate the learning activities, effectively monitor and regulate the learning 
process, and evaluate and summarize the learning outcomes, thus achieving good 
performance and self-development (Afifah & Azizah, 2021). Goal orientations could enhance 
students' engagement in using different cognitive especially metacognitive strategies to 
conduct effective reflection to promote their development of HOTS. 
To summarize, specific tasks and goals in the constructivist smart learning environment 
require and motivate learners to employ various cognitive strategies. Throughout this 
process, goal orientation plays a crucial role in reinforcing students' engagement in higher-
order learning activities and motivating them to improve their utilization of cognitive 
strategies to a higher level. This heightened engagement and utilization of high-level cognitive 
strategies contribute to the successful completion of complex tasks that are catalysts for the 
development of higher-order thinking skills. Therefore, goal orientation plays a significant role 
in enhancing the positive effects of on the development of cognitive strategies and indirectly 
strengthens the development of students' higher-order thinking skills. 
 
Conclusion And Recommendations 
In constructivist smart learning environments, affordances such as student negotiation(SN), 
inquiry learning(IL), reflective thinking(RT), ease of use (EOU), perceived usefulness(PU), 
multiple sources(MS), connectedness(CN)and functional design(FD) have some attributes and 
functions that contribute to the development of higher-order thinking skills among Chinese 
pre-service teachers. 
These affordances provide students with opportunities and possibilities to engage in higher-
order learning activities and motivate learners to employ various cognitive strategies 
especially some high-level cognitive strategies to engage in some complex or in-depth 
learning activities, ultimately leading to the development of higher-order thinking skills. 
Moreover, students' adopting of various cognitive strategies to engage in some complex or 
high-level learning activities is intrinsically tied to learners' intentions and goals, underscoring 
the goal-driven nature of the process. Hence learners' intentions and goals significantly 
influence the strength of their perception and utilization of the available affordances. Goal 
orientations catalyze students' improvement of cognitive strategies and maximize the 
development of higher-order thinking skills. 
In the constructivist smart environment, teachers should leverage the affordances of inquiry 
learning, reflective thinking, and perceived usefulness to create a conducive learning 
environment that fosters learners' adoption of high-level cognitive strategies and 
engagement in complex learning tasks. 
Teachers should play a vital role and attach importance to the cultivation and development 
of pre-service teachers' goal orientations through various strategies within the context of 
inquiry learning in order to improve their higher-order thinking skills. By incorporating in-
depth learning tasks, flexible learning processes, and open and creative learning outcomes 
assessment, teachers could effectively develop and enhance pre-service teachers' goal 
orientations within inquiry learning. This approach promotes intrinsic motivation, fosters 
higher-order thinking skills, and prepares pre-service teachers to become lifelong learners 
who are capable of setting and achieving meaningful goals in their future teaching careers. 
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