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Introduction: The purpose of this study is to evaluate students’ responses regarding the usefulness of a graphical user interface (GUI) tool in the context of their respective learning environments. The Energy Computator GUI (EC-GUI) helps to simplify the STEM student’s learning processes. The EC-GUI serves as a simulator that can assist in computing formulas, designing graphs, acting as a unit converter, and automatically deriving parameters.

Methodology: Furthermore, a survey, which included closed and open questions, was carried out on a selection of students majoring in STEM subjects at Universiti Malaysia Terengganu (UMT) who were enrolled in the Renewable Energy course. A total of 54 respondents participated in the survey and 90.8% of them expressed satisfaction with the EC-GUI provided. The research involved using two distinct kinds of analysis: a parametric analysis, the paired sample t-test, and a non-parametric analysis, the Wilcoxon signed-rank test.

Results: The study findings indicated that the majority of the respondents felt that the difficulty level of the subjects did not change after using the EC-GUI. However, it helped to simplify the learning process for students in STEM fields. The p-value of the appropriate teaching aid tool was less than 0.05, indicating that the results were significant both before and after using the EC-GUI.

Conclusion: The study suggests that a similar GUI tool could be implemented in Malaysia’s teaching and learning processes as it is easy to build and use.
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1. Introduction

STEM is an acronym for four closely related fields of study: science, technology, engineering, and mathematics. STEM is a challenging subject and STEM courses are disliked by many students (John and Estonanto, 2017). STEM education has received much interest over the last decade (Honey et al., 2014; Alam et al., 2021). STEM education combines ideas that are often taught independently in different courses and focus on the ability to apply knowledge to actual issues. As a result, the world has need of additional STEM-literate individuals, experts, and leaders, and its significance cannot be overemphasized (Alam et al., 2021). Moreover, STEM also refers to all technologies that use mathematics and science (Albani and Ibrahim, 2019). Author explains that non-effective teaching and learning processes encountered by students in the classroom might be one of the factors for the drop in interest in STEM courses.

The integration of Information, Communication, and Technology (ICT) can support educators in meeting the necessity of replacing conventional teaching approaches with technology-based teaching and learning resources and infrastructures (Ghavifekr and Rosdy, 2015). Technology is an essential topic in many sectors, including education, in the twenty-first century, as technology has become the preferred method of information transfer in most countries. Technology-based teaching and learning may bring about numerous improvements in the classroom, but good planning and policy development are required (Ghavifekr and Rosdy, 2015).

Assessment is a key component of the teaching and learning process because it gathers, interprets, and analyses student progress data. The effectiveness of assessment techniques in the classroom determines the quality of learning. The difficulties in the education system require the development and execution of ideas of teaching, learning, and assessment (TLA) methods that consider both rational thoughts of knowledge and practical implementations while also decreasing the time needed to perform the TLA cycle (Albani and Ibrahim, 2019). An extremely imaginative and unique strategy is essential to ensure students comprehend the knowledge shared during lectures (Hussin et al., 2017). An approach involving immersive online and offline materials can increase students’ inspiration toward understanding advanced courses, allowing them to acquire high grades (Hussin et al., 2017).

A graphical user interface (GUI) is a graphical representation of one or more windows containing commands or features that enable users to execute activities effectively. The simulator defines as a type of user interface in which people interact with digital equipment using graphical icons and visual indications (Nass et al., 2021). This visual system design is not intended to replace traditional programming but rather to convert pictorial presentations into structural lists, after which researchers generate a GUI that represents as a communication interface throughout which users can interact with the computer graphically (Kholil and Wahyudin, 2018). A GUI can also be defined as an application demonstrating menu options, icons, navigation, and other tools that replace command prompts or shell commands (Kholil and Wahyudin, 2018). Moreover, the study focuses on the development of the Energy Computator GUI., or EC-GUI, a teaching aid tool to address a renewable energy technology and energy management challenge. The study seeks to present the notion of a check and balance approach (CBA) in teaching, learning, and evaluation processes. The designed EC-GUI tool is forecast to expand the teaching quality, learning, and evaluation of comprehending both the computation algorithms and theories.

The major contribution of the study is to enhance the importance of using better teaching aid tools for difficult subjects, such as in STEM studies. STEM subjects are unpopular among high school graduates, and most of the students deny entry to STEMs due to complex subjects and also a less proper ways to identify the terms and equation. This study aims to help boost students’ motivation to work smarter by using the GUI interface to accumulate such terms and equations. The EC-GUI is designed to be intuitive and simple to use, making it ideal for use in educational settings. The application, along with other ways of solving difficulties, will help to improve high school students’ ability to study STEM subjects.

The research focuses on students’ feedback toward the teaching aid tool and the efficiency of the learning process using the EC-GUI. The study objectives are: (1) to develop a TLA aid tool for the course of Renewable Energy Technology and Energy Management, and (2) to analyze the impact of the developed teaching aid tool in the learning process. The study was done with a closed- and open-ended survey evaluation. It was carried out with a limited sample of enrolled students from the Renewable Energy Technology and Energy Management course. The selected candidates were STEM students from Universiti Malaysia Terengganu (UMT). The analysis of the study focused on parametric and non-parametric methods. The parametric method used the paired sample t-test, and the non-parametric used the Wilcoxon signed-rank test. The total number of respondents were 54 students who were enrolled in the Renewable Energy course. The outcome of the study parameters were significant. The difficulty of the course was kept the same or constant, but the teaching aid tool helped to simplify the lectures. The students were pleased with the teaching aid tool, and the p-value of the test was less than 0.05 both before and after. The parametric and non-parametric test were validated, reliable, and significant regarding the sample collected. The results proved that the hypothesis of the study was achieved in the creation of the EC-GUI teaching aid tool for STEM students and the subject of Renewable Energy Technology and Energy Management.



2. Benchmark of simulation tool


2.1. The graphical interface development

The MATLAB-based learning aid tool was developed for the purpose of enhancing students’ comprehension in order to improve their ability to solve a specific energy-related design problem. A graphical user interface, also known as a GUI, is an interactive display consisting of one or more windows and various controls and components that allow users to complete tasks interactively. The developed interface, which can be seen presented in Figure 1, is made up of a number of different components that are utilized in the process of carrying out a simulation. These components can take many forms, such as menus, buttons, tables, and axes. The EC-GUI tool was developed with the intention of being able to solve design problems in the following fields (as shown in Figure 2): (i) Renewable Energy Technology; (ii) Energy Management; and (iii) Energy and Climate Change. The user of the tool, who may be a student or a teacher, operates the tool and manipulates the control element in order to carry out an act of simulation. The linear and non-linear equation solvers provided in the MATLAB optimization toolbox function are used for any computation that needs an iterative process to solve. This function is adopted by the MATLAB optimization toolbox. The result is produced at the conclusion of the simulation process, and it is presented both numerically and graphically.
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FIGURE 1
The main screen of the graphical user interface (GUI) panel.
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FIGURE 2
The GUI tool map.





3. Application in teaching learning and assessment

The designed EC-GUI interface is an interactive application that allows users to be fully involved in a simulation and discovery learning. Overall, a check and balance approach (CBA) was designed to shorten and simplify the TLA procedure. According to the Oxford English Dictionary (OED), the word “check” is defined as the process of examining something to see if it is safe, correct, and acceptable (Stevenson, 2010); the word “balance” is defined as maintaining things in equal, correct, and the right proportions, also according to the OED (Stevenson, 2010). As a result, the terms check and balance combined were added to the TLA approach, in which both the educator and student participate to comprehend the underlying ideas and properly solve any graphical interface design issues (Albani and Ibrahim, 2019). Figure 3 below explains the flow of the CBA within the TLA approach.
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FIGURE 3
The check and balance approach.


There are three key components in the CBA approach: (1) the graphical interface tool (EC-GUI), (2) the teaching, learning, and assessment (TLA) process, and (3) the users (teacher/instructor or students). For instructors, the EC-GUI might be utilized as a teaching tool for Renewable Energy and Energy Management course concepts and theories, as well as for tutorial class teaching. Furthermore, the teacher can use the EC-GUI as a calculator to speed up the evaluation of students’ assignments and exams. Similarly, for students, the EC-GUI can be used as a learning tool for course ideas and theories, as well as for calculations in tutorial classes. Students can even use it as a calculator to ensure the accuracy of their answers when completing assignments or self-learning.

The EC-GUI application tool has advantages with a CBA in the TLA process: by using iterative calculations and sensitivity analysis, the tool will improve the comprehension of the Renewable Energy Technology and Energy Management subject’s notions or theories. The EC-GUI application also lets students monitor performance by comparing iterated outcomes in various ways. Therefore, students can improve their understanding of Energy Management and Renewable Energy Technology more efficiently by using this technology and also assess the impact of various Energy subject unit operations. In essence, when the tool is applied in the TLA process, there is a double-feedback process, enabling the user to examine the multiple design capabilities of the EC-GUI unit process.

After evaluating the global results of the unit process performance, the users may draw numerous assumptions, after which the users can adjust the parameters and repeat the simulation. This repeated process improves students’ understanding of the EC-GUI design and operation. Furthermore, the designed technology enables students to double-check their work while self-learning and finishing projects. Students will benefit from the GUI tool’s self-discovery capability, including in understanding and addressing their unique problems during learning process. Also, the proposed tool assists in reducing the time required to finish the TLA procedure, particularly during short semesters.



4. Research methods


4.1. Close-ended survey analysis

The close-ended survey was conducted among the STEM students enrolled in the Renewable Energy Technology and Energy Management course. The total number of respondents was 54 students. The questionnaire was distributed to the 54 students and consisted of multiple sections. The questionnaire was split into two elements: preliminary action and the final action of the research, which meant there will be two different questionnaires with the same questions and sections. The questionnaires were conducted before using the EC-GUI tool, and then the following questionnaires were conducted after utilizing the EC-GUI tool. This was to help identify the efficiency of the tool. The survey consisted of four parts: (1) Common section: Demographics, (2) Part A: Level of difficulties for energy subjects, (3) Part B: Relationship of student interests with props, and (4) Part C: Characteristics of appropriate props. The questionnaire consisted of 30 questions. The demographic part of the survey was analyzed using descriptive analysis. Part 2 and part 3 were analyzed using both parametric and non-parametric analysis, which helped to compare the pre- and post-study results of the survey. Likert scales were used in all of the questions to assist analysis of every parameter. Further explanation regarding the analyses used are listed below with precise descriptions.


4.1.1. Likert scale

The Likert scale is a psychometric measure widely used during survey research. The Likert scale has been utilized in all the sections of the questionnaire. Table 1 explains the levels of the scales used.


TABLE 1    Five point likert scale.
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4.2. Parametric analysis: Paired sample t-test

Parametric analysis is a statistical analysis in which a test establishes certain requirements regarding the form of distribution of parameters or populations, such as whether the data are interval-scaled and normally distributed (Yosani, 2006). The term “parametric analysis” refers to statistical procedures that are predicated on the premise that the distribution of population data is normal (Nawangsari, 2017).

This study focused on the paired t-test in regard to the interval scales of the data. The paired sample t-test was used to examine whether the mean difference of the data should be adjusted before performing parametric tests (Khosravi et al., 2018). As a result, the authors conducted a descriptive study before doing the t-test. When there was only one group of people and we needed to gather data from them about two distinct times, we used the paired sample t-test, and if the sig(2-tailed) value was less than 0.5, there was a significant difference between the two scores (Khosravi et al., 2018).

The paired sample t-test, also known as the dependent sample t-test, is a statistical process for determining if the mean difference between two groups of data is zero. Each subject or object is measured twice in a paired sample t-test, resulting in pairs of observations. Studies and repeated-measures techniques are two common uses of the paired sample t-test. The below equation represents the paired t-test (Boyd, 2020).
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4.3. Non-parametric analysis: Wilcoxon signed-rank test

Non-parametric analysis is used for data that are devoid of distribution (Teguh, 2014); non-parametric analysis is statistical analysis that does not specify normally distributed data conditions (Yosani, 2006). Non-parametric statistics use statistical approaches that do not assume that population parameter distribution is normal (Nawangsari, 2017).

Like the related t-test, the Wilcoxon test can be used as a non-specific test of the empirical hypothesis, ‘the empirical measure differs in the two samples’, or as a particular test of an empirical shift hypothesis (Kornbrot, 1990). The Wilcoxon is “appropriate” in circumstances with non-normally distributed interval measures because it has the highest asymptotic relative efficiency for exploiting the information provided in the sample ranks (Kornbrot, 1990).

The non-parametric form of the paired samples t-test is the Wilcoxon signed-rank test. When the distribution of the differences between the two samples cannot be assumed to be normal, it is used to determine whether there is a significant difference between two population means. The test’s purpose is to assess if two or more sets of pairings differ from one another in a statistically meaningful way. Equation 2 below shows the formula of Wilcoxon signed-rank test (MacFarland and Yates, 2016).
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5. Results and discussion


5.1. Demographic information of the respondents

Section “5.1. Demographic information of the respondents” emphasizes the demographic profiles of the respondents. The respondents of the study were students at UMT. Figure 4 summarizes the overall findings as well as the demographic information of the respondents. The demographics profiles contain the respondents’ program of study, year of study, ethnicity, and cumulative grade point average (CGPA). The results indicated that most of the respondents (57.4%) were from the Bachelor of Technology (Environment) program and in their third year of study (66.7%). Regarding ethnicity, as can be seen in Figure 4, the majority of respondents identified as Malay, with all other ethnicities reported, such as Indian, only accounting for 1.9% combined. The lowest number of students whom performed in the survey is others category which is Bumiputera Sarawak. Moreover, Figure 4 shows the CGPA of the students specifically in ranges. The highest number of students were categorized in the 3.01 to 3.49 CGPA range and the lowest were in the range of less than 3.00 CGPA. The demographic sections contributed the details of the respondents clearly in a few questions. For further details, see Figure 4.
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FIGURE 4
The demographic result of the user (respondents) of teaching aid tool.




5.2. Analysis using the non-parametric Wilcoxon signed-rank test

In the case that the normality assumption was not satisfied, we used the Wilcoxon signed-rank test to perform the comparison on the medians. In SPSS, we used Analyze, then Non-parametric tests, then Two related samples: Tables 2–4 show the SPSS output. A p-value < 0.05 was considered significant for all statistical tests conducted. The Z reported in Tables 2–4 is the test statistic for the non-parametric Wilcoxon signed-rank tests. It is a statistic that is used in hypothesis testing for the non-parametric Wilcoxon signed-rank test and is the sum of the signed ranks. This test was conducted on: the levels of difficulties for energy subjects (Part A), the relationship of students’ interest with props (Part B), and the characteristics of appropriate props (Part C), which were all taken from the survey data.


TABLE 2    Non-parametric test using Wilcoxon signed-rank test (Part A).
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TABLE 3    Non-parametric test using Wilcoxon signed-rank test (Part B).
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TABLE 4    Non-parametric test using Wilcoxon signed-rank rest (Part C).
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A student survey for the levels of difficulties for energy subjects (Part A) was implemented pre and post use of the teaching aids tool (EC-GUI). The Wilcoxon signed-rank test results indicated a statistically significant difference between the perceived pre and post levels of difficulty for energy subjects. Since the p-value (0.024) was less than 0.05, we can reject the null hypothesis (see Table 2). We have sufficient evidence to conclude that “the topics containing equation problems in energy subjects are the most difficult to study” is statistically significant, meaning the difficulties of the subjects became easier after using the EC-GUI.

Further, the difference between the pre and post scores for the relationship of students interests with props (see Table 3) was also statistically significant in “The teaching aid tools used during the teaching were able to maintain my interest in the subject of energy” with a p-value of 0.030, “My interest in the subject of energy increased when the lecturer used the teaching aid tools in his teaching” with a p-value of 0.046, “I am interested in doing energy subject calculation exercises provided by lecturers” with a p-value of 0.038, and “I am interested in doing energy subject exercises that are available in reference books other than those given by the lecturers after using the teaching aid tools” with a p-value of 0.021. These results explain that the teaching aid tool (EC-GUI) assisted students in increasing their interest in the learning process and cultivated their spirits to learn about the subject of energy. Regarding the outcome of the Part B section, the students were highly interested in doing calculations using smoother tools like the EC-GUI interface tool.

The Wilcoxon signed-rank test result indicated a statistically significant difference between the pre and post scores for appropriate teaching aid tools characteristics, as seen in Table 4. Table 4 shows the multiple types of teaching aid tools used in the classes, whereas the EC-GUI interface is the most highly relevant tool for STEM students especially for energy subjects. We found statistically significant improvements in the characteristics of appropriate EC-GUI tools in terms of the responses to question (26) Teaching aid tools were used by lecturers in accordance with the content of learning delivered, (27) Teaching aid tools could be clearly seen, (28) Teaching aid tools caught my attention, (29) Teaching aid tools were organized and easy to use, and (30) Teaching aid tools were used by the lecturers while teaching especially non-print materials and videos. The levels of significance are clearly shown in Table 5. The teaching aid tools such as non-print materials and videos were highly attractive to STEM students; non-print materials had a p-value of 0.036 and videos had a p-value of 0.027. These two teaching tools were highly accepted by students as elements of teaching. Other tools, such as audio, printed materials, and 3D materials, were not as highly regarded by the students. Non-printed materials and videos can be used later on after the class for further discussions. This result revealed that the teaching aid tools (GUI) made difficult subjects easier, especially those associated with many calculations, formulas, theories, and concepts.


TABLE 5    Overall outcome of the paired t-test for the pre and post surveys.
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5.3. Pre and post survey analysis: Parametric analysis—Paired sample t-test

In this section, we discuss the paired sample t-test between the average means of constructs obtained from the pre and post survey data regarding: the levels of difficulties for energy subjects (Part A), the relationship of students’ interests with props (Part B), and characteristics of appropriate props (Part C). For this purpose, we computed the paired sample t-test between the pre and post means of the teaching aid tool (EC-GUI) as follows.

A paired sample t-test was performed between the levels of difficulty for the subject of energy (Part A) pre and post using the teaching aids tool (EC-GUI). Table 5 shows the results of the paired sample t-test. The mean difference was computed as 0.68519 with a standard deviation of 3.28992, whereas the t-statistics was 1.530, the degrees of freedom (df) was 53, and the sig (2-tailed) p-value was 0.132. These results meant there was no significant difference in the levels of difficulty for the subject of energy before and after using the teaching aid tool. Further, a paired sample t-test was also performed between the relationship of students’ interests with the teaching aid Tool (Part B) before and after using the teaching aid tool (EC-GUI). The result of the paired sample t-test showed the mean difference was computed as 2.37037 with a standard deviation of 7.75156, whereas the t-statistics was 2.247, the degrees of freedom (df) was 53, and the sig(2-tailed) p-value was 0.029. These results meant there was a significant relationship between students’ interests in the teaching aid tool before and after using it and that the teaching aid tool (EC-GUI) made it easier and more efficient to understand the calculation approaches and subject concepts [t(53) = 2.247, p ≤ 0.05]. Additionally, a paired sample t-test of the characteristics of appropriate teaching aid tools (Part C) was carried out. The paired t-test results, as presented in Table 5, indicated that the difference between the pre and post means of using teaching aid tools was 5.51852, with a standard deviation of 4.46682; furthermore, the t- statistics was 9.079, the degrees of freedom (df) was 53, and the sig(2-tailed) p-value was 0.000, meaning there was a significant difference in the characteristics of appropriate teaching aid tools and the teaching aid tools were more affordable as compared to the before [t(53) = 9.0749, p ≤ 0.05].

The results indicated that the teaching aid tool is efficient enough and STEM students preferred using the EC-GUI teaching aid tool. The tool was sufficient to help the students become more interested in energy subjects despite STEM subjects being categorized as difficult subjects by the majority of the students. Whereas the tools of multiple features help the students to study in more comfortable ways. Regarding using the calculator for mathematical calculations, STEM students, especially students studying energy subjects, need advanced technology and software such as EC-GUI to be more efficient. Additionally, the response to the initial query also agreed with author (4) in that the teachers of the specified subject should value the use of diverse tactics that stray from the traditional teaching of the subject. Here, the teaching aid tools need to be smarter and more helpful for the students, such as the EC-GUI tool. The pre survey results of the study explained the difficulties of students to adapt to STEM subjects, especially energy subjects. The necessity to tackle engineering issues or mathematics in the syllabus frequently contributes to students’ perceptions of the subject’s difficulty (4). Here, the post survey showed how satisfied the students were after using the EC-GUI.




6. Conclusion

The overall research shows that EC-GUI teaching aid tool is highly efficient among STEM students. However, 63% of students strongly agreed that the Teaching Aid Tools that the lecturers had used while teaching in the current semester. The EC-GUI did not reduce the difficulties of the subject but it did help to enhance the ways to learn more efficiently. It helped the students to work on energy subjects in a much simpler manner. The main objective of the teaching aid tool is to provide more flexible ways of learning and implementing equations and the study proved that STEM students were able to use it to study in a wiser manner. Hence, in the future more students or STEM candidates should use teaching aid tool interfaces as an easier way to accumulate the outcomes of functions and graphic images. The parametric and non-parametric results indicated that the students preferred to use tools such as the EC-GUI. The study aimed to estimate the efficiency of the EC-GUI teaching aid tool among STEM students associated together with a reduction in the perceived complicatedness of energy subjects. The research was conducted among UMT STEM students enrolled in energy subjects. This teaching aid tool will help to improve students’ capabilities to derive formulas and compute equations and graphs easily. Altogether, the study’s findings indicate that the designed tool is a possible tool that may help in the teaching, learning, and evaluation processes of the challenging subject of energy taught in a higher-learning institution. To sum up, using the EC-GUI tool in the teaching, learning, and assessment (TLA) process helps the understanding of energy subjects and contributes a few advantages:


(i)The EC-GUI tool can be used in TLA processes with easy functions for the tutors.

(ii)The designed interface can be quickly installed on any computer without the need to acquire a database or costly software.

(iii)The users can use the tool to derive formulates, compute formulas, and show figures and graphs.

(iv)The users are allowed to change the settings of the EC-GUI tool according to self-preferences to produce the desired results.



Limitations can be identified in multiple scope in a study. Here, the graphical user interface (GUI) was found by the authors to bring a smoothness to the learning processes of STEM subjects. The EC-GUI application has multiple uses for the students and this is also a limitation in the study where this application was only used by students from UMT. Several research gaps exist in this field, given the need for more research on STEM education in Malaysia. The study gap defines that STEM regarding research are rare. Research in future can use the same EC-GUI interface to evaluate the difficulties of STEM subjects in a wider range of survey analyses by allocating more funds for its usage. The research can also be conducted with more variety of student’s perceptions, by adding other characteristics into the EC-GUI interface. This could justify the usage of the teaching aid tool as an efficient necessity for STEM students. In the future, researchers can use a wider sampling selection by having a greater number of respondents. In this study, the number of students for the pre and post study survey were the same.
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Part B: relationship of
students’ interest with props.

Questions Z Asymp. sig. (2-tailed)
0.I am very interested in learning the subject of energy when lecturers use Teaching Aid —1.250 0.211
Tools while teaching.
1. I don’t like studying energy subjects without Teaching Aid Tools. —0.612 0.541
2.1 get bored of learning energy subjects if the lecturers do not use Teaching Aid Tools —1.417 0.157
during teaching.
3.1 enjoy learning the subject of energy with Teaching Aid Tools. —1.623 0.105
4. The use of Teaching Aid Tools by the lecturers has become a motivation for me to —0.847 0.397
follow the subject of energy.
5.1 cannot concentrate even though the lecturer used Teaching Aid Tools while teaching. —0.757 0.449
6.1 enjoy learning the subject of energy if the lecturers use Teaching Aid Tools. —1.403 0.161
7. The Teaching Aid Tools that are used during the teaching maintained my interest in the —2.169 0.030**
subject of energy.
8. My interest in the subject of energy increased when the lecturer used Teaching Aid —1.992 0.046**
Tools in his teaching.
9.Tam interested in doing energy-subject calculation exercises provided by lecturers. —2.075 0.038**
20. The use of Teaching Aid Tools by lecturers did not directly interest me in the subject of —0.457 0.648
energy.
21. Learning the subject of energy is not interesting with the use of Teaching Aid Tools. —0.348 0.728
22. The use of Teaching Aid Tools by lecturers has sparked my interest to be more diligent —1.098 0.272
in studying the subject of energy.
23. Learning the subjects of energy becomes more interesting with the availability of —1.427 0.154
Teaching Aid Tools.
24.1am interested in doing energy subject exercises that are available in reference books —2.313 0.021**
other than those provided by the lecturers after using the Teaching Aid Tools.
25. I managed to solve energy subject problems when the lecturers used Teaching Aid Tools —1.015 0.310

while teaching.

**Significant at five percent.
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Part A: levels of difficulties
for energy subjects

Questions Z Asymp. sig. (2-tailed)
1. T am interested in studying the subject of energy. —1.013 0.311
2. The subject of energy is a difficult subject to excel in (Grade A). —0.561 0.575
3. T have problems solving the calculation parts of energy subjects. —0.012 0.991
4.1 have problems understanding the theories of the subject of energy. —1.331 0.183
5.1 often postpone energy subject assignments or projects until the last minute due to lack —0.564 0.573
of understanding.

6.1 feel energy subjects are very complex as well as difficult to learn. —1.877 0.061
7.1 feel the topics containing equation problems in energy subjects are the most difficult to —2.251 0.024**
study.

8.1 feel it is difficult to understand conventional teaching techniques in the classroom. —0.221 0.825
9.Tam not interested in conventional or passive teaching techniques in the classroom. —0.172 0.864

**Significant at five percent.
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Paired difference

95% confidence interval
of the difference

Mean Std. Std. error Lower Upper
deviation mean

Part A total of pre and post findings 68519 3.2899 0.44770 0.21279 1.58316 --

Part B total of pre and post findings

Part C total of pre and post findings 5.51852

**Significant at five percent.
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Part C: characteristics of

appropriate props.

Questions z Asymp. sig. (2-tailed)
26. The Teaching Aid Tools used by lecturers in accordance with the content of learning —2.645 0.008**
delivered.

27. The Teaching Aid Tools used by the lecturers can be clearly seen. —2.912 0.004**
28. The Teaching Aid Tools used by the lecturers caught my attention. —2.747 0.006**
29. The Teaching Aid Tools used by lecturers are organized and easy to use. —1.935 0.053**
30.1 am pleased if the following Teaching Aid Tools are used by the lecturers while teaching:

a. Printed material —1.063 0.288
b. Non-printed material —2.100 0.036**
c. 3D material —0.145 0.885
d. Video —2.214 0.027**
e. Audio —0.525 0.599

f. Software or mobile apps 1.22 0.222

**Significant at five percent.






