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Abstract. Improving the mathematical HOTS of students is a recurring global issue. Substantial evidence indicates that 

constructivism is a promising learning strategy that is capable of resolving the issue. As digitalisation increases, technology-

enhanced learning environments are gaining importance in contemporary education. However, scant literature exists on the 

process of improving mathematical HOTS while students use technology-enhanced learning environments. The purpose of 

this paper is to posit a learning process that could improve students' mathematical HOTS based on technology-enhanced 

learning environments, which were developed through constructivism and tested by the authors using data from learning 

analytics technology. Sixty samples participated in this study to learn about and interact with technology-enhanced learning 

environments. Comparing the mathematical HOTS of the samples before and after their interaction with the technology-

enhanced learning environments revealed significant differences in the directions of higher HOTS. The sequential analysis 

technique was applied to 10 759 logs extracted from the learning analytics. Four types of learning engagement activities 

emerged as a result of empirical testing: Content Engagement, Exercises Engagement, Activities Engagement, and 

Evaluation Engagement. Analysis utilising Pearson's correlation and linear regression demonstrated that the students' 

mathematical HOTS were positively affected by their engagement with the content, exercises and activities provided in the 

technology-enhanced learning environments. The framework was found to be capable of explaining 69% of the 

mathematical HOTS enhancement process among the samples. This implies that for students' mathematical HOTS to 

improve or for a technology-enhanced learning environment to have a cognitive implication on students, emphasis must be 

placed on exercises and online activities. Evaluation was given less weight but remains a necessary component of formal 

education. This research also demonstrated that, when designed appropriately, technology-enhanced learning environments 

can enhance students' mathematical HOTS. Therefore, educational technology is a promising solution to the educational 

problems of the information age. 
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INTRODUCTION 

Currently, the majority of students in Malaysia are striving to achieve and master higher-order thinking skills 

(HOTS), particularly in STEM-related subjects such as science and mathematics. This was established as a national 

agenda in the educational system of Malaysia and has been ingrained in the country’s educational framework for 

decades. Today, the calls for HOTS improvement efforts can be heard throughout the nation (1,2). As Malaysia moves 

toward a creative and knowledge-based economic foundation to ensure the economic sustainability of Industrial 

Revolution 4.0, HOTS proficiency is a national imperative. 

The country’s educational approaches have been enhanced to provide students with effective and impactful 

learning experience. As a result, constructivism was viewed as the central tenet of contemporary education in 

Malaysia, with classrooms having evolving around this philosophy. Despite the benefits of constructivism, it is less 

efficient in terms of time and unfamiliar to the majority of Malaysian students (3). This void has allowed technology-

enhanced learning environments to emerge as an effective tool for cultivating students' critical thinking abilities. Prior 

research has demonstrated that technology-enhanced learning environments could improve students' HOTS, including 

in a mathematical context. However, there is a research gap regarding the learning process through which students 

attain HOTS when utilizing technology-enhanced learning environments. 

This study addresses the knowledge gap regarding the learning process through which students develop their 

thinking skills at lower levels in order to achieve mathematical HOTS using technology-enhanced learning 

environments. The learning process was thoroughly analysed using the emerging technology of learning analytics, 

which is gaining popularity in the education sector. This paper's final deliverable is a framework of learning processes 

and activities designed to improve students' mathematical HOTS, which could be employed in teaching and learning 

strategies that encompass technology-enhanced learning environments. The framework was developed using learning 

analytics technology. The objectives of the current study are as follows: 

 

a. Study the effects of technology-enhanced learning environments on the performance of students’ mathematical 

HOTS. 

b. Study the learning process of students while engaging with technology-enhanced learning environments using 

learning analytics. 

c. Propose a framework for a learning process that enhances students’ mathematical HOTS. 

LITERATURE REVIEW 

In the 1990s, the first technology-enhanced learning environment was implemented (3). In 1995, the term first 

appeared in academic writing, when it was introduced by Shapiro et al. (4). The subsequent decades involved the 

expansion of technology-enhanced learning environments in higher education and other academic institutions. 

Multimedia-capable computers play a crucial role in facilitating the development of technology-enhanced learning 

environments (5), not to mention the technology that enables classroom contact with the outside world – the invention 

of networking technologies (6). Presently, researcher are pursuing the ideal teaching and learning methods to use in 

technology-enhanced learning environments (7), and the implementation of technology-enhanced learning 

environments continues to this day (8,9) beside other technologies such as the acceptance of mobile learning (10) and 

other teaching and learning technologies (11). 

To date, the constructivist learning theory has become the focal point of computational education tools (12–15). 

Logically, this evolution had produced the various strategies and frameworks associated with the technology-enhanced 

learning environment. Multiple approaches have been developed as a result of the constructivist's legacy. 

Constructivism is a learning theory that emphasises the hierarchical nature of knowledge and encourages active 

learning. Knowledge is presented operationally as a means to establish contexts that encourage discovery, 

investigation, manipulation, and collaboration. Inquiry-based pedagogies, such as problem-based learning, project-

based learning, and discovery learning, represent the vanguard of innovative and new pedagogies. These pedagogies 

have emerged due to the viability of technology-enhanced learning environments, which significantly altered many 

educational beliefs and practices (16,17) including the one in mathematics (18). 

In the new millennium, the constructivist theory of learning reached a new milestone. The technology-enhanced 

learning environment was a synthesis of novel breakthroughs in the learning approach. In the new millennium, 

researchers have determined that to maximise students' comprehension of science subjects such as mathematics, a 

method that simulates scientists’ laboratory conditions would produce the best results. This modern approach 
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established a bridge between the construction of knowledge and the situation in which it originated or would ultimately 

be applied. This trending method is the renowned inquiry-based learning - a constructivist learning approach or 

learning strategy that envisages the postmodern science classroom as featuring investigation, active experimentation, 

planning, discussion, and questioning. Although numerous constructivist pedagogical strategies exist, inquiry is 

particularly suited for students to attain higher levels of deduction. This action has laid solid foundations for addressing 

scientific difficulties and misconceptions in school and university science education (19–21). 

The development of the Internet has enhanced our capacity to disseminate knowledge. The web is a versatile, 

effectively utilized platform that transcends geographical and social barriers. The Internet has accelerated the 

development of web-based computer simulation, a variant of the technology-enhanced learning environment. Al-

Zoubi and Wainer (22) defined web-based computer simulation as an attempt to exploit web technology to support 

the future of computer simulation. The advent of the Internet in the 1990s prompted the exploration and development 

of both new and old instructional strategies and teaching methods. This resulted in a rapid shift toward a more 

individualised approach to learning. With simulation as their partner, the new technologies were recognised as highly 

effective and efficient. The methodologies of student-centred learning and educational simulation serve as effective 

illustrative tools (23). During the knowledge construction process, educational activities can be separated into three 

distinct domains: cognitive, affective, and psychomotor (24,25). With the context of a traditional classroom, all three 

domains have been examined in depth. However, in technology-enhanced learning environments, research focuses 

almost exclusively on the cognitive and psychomotor domains (26,27). Nonetheless, online interactions that go beyond 

these domains, such as interactions that cover the affective domain, are also crucial, particularly among adolescents 

(28). Affective domains, such as emotional intelligence, are crucial not only in student’s future workplace (29). The 

affective ties is also influential toward student’s and institution relationship (30). 

According to classroom research, the affective domain involving students' navigation is significantly associated 

with academic achievements and study strategies (31). The potential for predicting the navigation behaviour of current 

users, which may contribute to the personalization of the web, is afforded by the establishment of navigation profiles 

that are based on the parallel behaviour of website users. This also allows designers to improve the organisational or 

design quality of websites, based on the profiles obtained. Numerous studies have been initiated to clarify the identified 

issue by attempting to comprehend navigation in cognitively diverse positions. Many researchers - such as Bannert et 

al. (32) and Kornmann et al. (33) have inspected the issues in various angle with different methodologies to 

comprehend how characteristics (domain knowledge, for example) could justify the differences in navigational 

patterns within technology-enhanced learning environments. Aesaert et al. (34) constructed a learning analytics model 

using log files to probe samples’ ICT competency. The triangulation of log files to construct a learning analytics 

framework using audio conversation (35) and video recording (36) created new thrust in learning analytics techniques. 

Beside physical engagement (28), online engagement is also imperative in modern classroom. The researcher 

identified several techniques for analysing the navigation patterns of multimedia courseware, based on a review of the 

relevant literature. These techniques are as follows:  

The Cluster Analytic Technique: the differences between groups of individuals signifying various profiles of 

navigation in multimedia courseware could be evaluated using the cluster analytic technique (37). The current 

technique necessitates the use of a scoring rubric; the creation of a new scoring rubric may affect the validity and 

reliability of the analysis. The cluster analytic technique evaluates and calculates the frequency of choices, the 

frequency of access to screens and deviations, the selections of the Help button, the movies viewed, and the total 

navigation time, as well as shifts from one subdivision to another. The cluster analysis technique was also practiced 

by Endert et al. (38) and Kandogan (39). This technique reached a new benchmark in 2015 as an analytical method 

for comprehending the development of the human brain and its complex neuron system (40).  

Lag sequential is the complementary analysis technique used with procedures interrelated to the contingency table 

analysis (41). It was also defined as a technique for determining the sequences of multiple series of behaviours and 

tracing overall sequential behavioural patterns. The lag sequential technique involves four imperative measures: 1 - 

calculation of the transition matrix's frequency, 2 - computing the conditional frequency matrix, 3 - calculating the 

expected value matrix, and 4 - calculating the table of adjusted residuals. The consecutiveness of these measures 

enables the researcher to infer the behavioural sequence transition diagram, which depicts statistically significant 

structures, as well as to visualise sequential behavioural patterns for detecting behavioural patterns during an explicit 

time frame (44).  

The change pattern technique can be piloted by drawing a graphical representation of the navigation of samples 

throughout the system. This representation is a pyramid with four distinct sectors on each of its four edges. The 

connections between each sector are interdependent and account for 100 percent of the total change pattern. Briefly, 

the navigation pattern technique can be implemented through a series of bar charts representing the navigation of 
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samples from one page to another. The graphical representation reveals what the sample did at a particular time while 

using the system and how they approached the learning task. This information is readily discernible at a glance using 

the change pattern technique. 

METHODOLOGY 

This study employed a pre-experimental research design involving 60 samples from schools in Malaysia. The 

intervention began with a pre-test administered with the samples to determine their current level of mathematical 

HOTS prowess. Moodle was used to create the technology enhanced learning environments created for testing 

purposes. The technology-enhanced learning environments were designed through learning strategies based on 

constructivism, and they were organised in phases for learning mathematics. In the first stage, the students had to 

interact with the given problem and develop a solution strategy. The students then implemented the plan, reported 

their findings, and concluded by reflecting on their experiences. 

The data collected is the students' pre- and post-test performance on the HOTS test. The second type of data 

collected is engagement data, which is recorded and stored in Moodle's learning analytics feature. Then, these data 

were statistically analysed in order to comprehend the students' mathematical HOTS achievement and the learning 

process involved in attaining the HOTS. 

 The Shapiro-Wilk normality test was performed on the pre- and post-test data to determine the nature of the data 

distribution. Once the data distribution had been understood, the choice was made between parametric and 

nonparametric tests. Later, the analytic data gathered using the learning analytics technology implanted in Moodle to 

understand the nature of student to technology-enhanced learning environments engagement. In total, 10 759 activity 

logs were extracted from the data logs, and 5 054 views data were extracted from the activity completion report. The 

Sequential Analysis technique was applied to all of these data sets. From the pre- and post-test data, samples that had 

attained mathematical HOTS were identified, and their data logs were analysed to develop an engagement framework. 

To develop a mathematical HOTS cultivation model, the previously constructed framework was evaluated with the 

Pearson's Correlation and regression tests. 

FINDINGS 

The Shapiro-Wilk test conducted after the intervention revealed that the datasets were normally distributed with p 

>.05. Therefore, paired sample t-tests were utilised to continue the testing. The results of the paired sample t-tests 

indicated that the samples’ pre-test and post-test scores were significantly different, p < 0.0001. From this, it was 

concluded that interaction with the technology-enhanced learning environments had enhanced the students’ 

mathematical HOTS.  

Decoding the analytics data revealed the online activity sequences of the samples. The activity completion report's 

decoded data and activities were organised into engagement patterns. Then, the validity of the online activities was 

evaluated by measuring the amount of time spent on each sequence. For the analysis, only valid engagement data was 

selected. Four main engagement categories were derived from the data after the screening processes. The categories 

were Content Engagement, Exercises Engagement, Activities Engagement and Evaluation Engagement. The number 

of hits in terms of views and engagement time was then determined. The samples were divided into two groups, 

designated Alpha and Beta. The framework output for Alpha Group is shown in Fig. 1.  

 

 

 

 

 

 

 

 

 

 

 

060007-4

 08 M
arch 2024 08:54:15



Content Engagement: Total hits = 55.23 %, Total time of visit = 73.17 % 

Exercise Engagement: Total hits = 26.90 %, Total time of visit = 12.35 % 

Evaluation Engagement: Total hits = 12.44 %, Total time of visit = 7.45 % 

Activities Engagement: Total hits = 15.89 %, Total time of visit = 7.03 % 

Content Engagement: Total hits = 55.23%, Total time of visit = 73.17% 

Exercises Engagement: Total hits = 26.90%, Total time of visit = 12.35% 

Evaluation Engagement: Total hits = 12.44%, Total time of visit = 7.45% 

Activities Engagement: Total hits = 15.89%, Total time of visit = 7.03% 

 

 

 

 

 

 

 

 

 

FIGURE 1. The HOTS enhancement framework using learning analytics for Alpha Group. 

 

The outcomes indicate that 55.23 per cent of the samples engaged with the content, the engagement category with 

the greatest number of hits. This was also the most frequent activity performed by the samples. The sample 

engagement with exercises was the lowest at 26.90 per cent, but the frequency was moderate at 12.35 percent. The 

engagements with the lowest frequency account for slightly more than seven per cent of the total percentage of 

engagements. The interaction between each engagement was calculated using the Sequential Analysis Technique and 

based on the overall percentage of navigation from one engagement to another, as shown in Table 1. 

 

TABLE 1. Percentage of interactions between each engagement for Alpha Group. 

Interaction between Engagement Percentage, % 

Content                                  Exercise 29.32 

Exercise                               Evaluation 2.26 

Evaluation                           Activities 0.75 

Activities                               Content 25.56 

Activities                               Exercise 36.9 

Content                              Evaluation 6.02 

 

Figure 1 and Table 1 show that content and exercises were significant in terms of engagement for cultivating 

HOTS, accounting for 91.32 per cent of all hits. Samples spent the majority of their time engaging with the content 

(54.67%), while their engagement with exercises and activities was balanced (16.99%); both were longer than their 

engagement with evaluation (13.18%). In terms of the interaction between each type of engagement, content, 

activities, and exercises account for 91.78 per cent of the total. For the Beta Group, the framework constructed is 

shown in Fig. 2. 

 

 

 

 

 

 

 

 
 

FIGURE 2. The HOTS enhancement framework using learning analytics for Beta Group. 
 

The interaction between each engagement type was calculated using Sequential Analysis, based on the overall 

percentage of navigation from one engagement type to another, as illustrated in Table 2. 
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TABLE 2. Percentage of interactions between each engagement for Beta Group. 

Interaction between Engagement Percentage, % 

Content                                  Exercises 35.67 

Exercises                               Evaluation 1.74 

Evaluation                           Activities 1.25 

Activities                               Content 17.54 

Activities                               Exercises 40.18 

Content                              Evaluation 3.62 

 
Again, the data indicates that 82.13 per cent of the engagement required to cultivate mathematical HOTS was 

composed of content and exercises engagement. Nonetheless, the total time spent by the samples on content, exercises, 

and activities exceeded the time spent on evaluation; 92.55 per cent of the time spent on engagement accounted for 

content, exercises, and activities. 

To construct a mathematical HOTS cultivation model based on the collected analytical data, a number of samples 

were individually analysed for their engagement frequency and duration. As previously reported, this analytical data 

was normally distributed, so Pearson's correlation was used instead of Spearman's correlation test to examine their 

correlation. However, the test conducted showed that the samples’ mathematical HOTS cultivation (based on their 

scores) was related to their frequency of engagement with content, exercises and activities. The results of Pearson’s 

correlation between the scores and visit frequency and the content (hits) are shown in Table 3. 

 

TABLE 3. Correlation of score and hits with content, exercises, and activities. 

 r Sig. 

Score - Content .552 .003 

Score - Exercises .616 .001 

Score - Activities .543 .004 

 

To understand how engagement led to the HOTS improvement, linear regression testing was conducted with the 

data, as shown in Table 4. 

TABLE 4. Result of regression testing. 

 B SD Beta t Sig. 

Constant -8.01 16.62 .00 -.48 .634 

Exercises f 1.71 .56 .41 .61 .006 

Activities f 1.58 .40 .48 3.98 .001 

Content f .43 .19 .32 2.32 .030 

 

The outcome demonstrates that attendance at each of these three engagements contributed to the development of 

the samples' HOTS. To evaluate the reliability of this result, the model summary of the regression test is shown in 

Table 5. 

 
TABLE 5. The model summary. 

R R2 

.85 .69 

 

The correlation coefficient of 0.85, indicates a high degree of correlation, 69 per cent of it which can be explained. 

The ANOVA result, as presented in Table 6, indicates that the model predicted the variable with statistical 

significance. 
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TABLE 6. ANOVA of the model. 

Model Sum of 

Squares 

F Sig. 

Regression 

Residual 

Total 

1851.56 

840.35 

2691.91 

16.16 .000 

CONCLUSION 

We believe that the implementation of a technology-enhanced learning environments with the appropriate learning 

strategies will increase the mathematical proficiency of school students in the HOTS domain. In this study, we were 

successful in developing technology-enhanced learning environments that incorporated constructivism learning 

strategies. Sixty samples were used to test the effectiveness constructivism in cultivating mathematical HOTS. On the 

basis of their statistical significance, technology-enhanced learning environments were deemed suitable for use in 

Malaysian schools to foster and improve HOTS. Through sequential analysis of more than 10,000 data logs collected 

by the learning analytics technology embedded in the technology-enhanced learning environments, three engagements 

(content, exercises, and activities) were revealed to be essential for the development of mathematical HOTS. These 

three activities contributed to a 69% improvement in the samples' mathematical HOTS, as demonstrated by the 

additional statistical analysis. 
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