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ABSTRACT 

This quantitative study was aimed to develop and determine the usability of a Bragg’s law 

crystallography model as a teaching aid in Solid State Physics course among undergraduate students in 

Universiti Pendidikan Sultan Idris (UPSI). The usability of Bragg’s law crystallography model in attracting 

students’ interest towards the learning area and the perception of students towards the usability were evaluated. 

A total of 101 UPSI undergraduate students were taken as the respondents in the study via the cluster 

probability sampling method. A questionnaire with four points Likert scale was used to collect the data. The 

instruments including the model and the questionnaire were verified by evaluation experts. Pilot test was carried 

out to measure the reliability of instruments. The data was analysed by using the descriptive statistics. The 

findings showed that the developed Bragg’s law crystallography model was valid and reliable for undergraduate 

students in UPSI. Positive result of the students’ interest towards the learning area by using the Bragg’s law 

crystallography model and the usefulness of this model was showed. Students showed great interest during the 

lecture learning about Bragg’s law. Thus, Bragg’s law crystallography model enabled students to be more 

interested in the learning area and helped the educators to create better learning environment in Solid State 

Physics course as the implications of this research.  
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I. INTRODUCTION 

Physics remained the least favoured subject among students even though physics was the basics for 

understanding many of the natural phenomena [1]. Thus, teaching aids were needed to facilitate physics learning. 

This supplied verbal explanation so that the lesson could be real to students [2]. Developing teaching aids to 

accommodate the mastering of 21
st
 century skills was essential in order to improve the learning effectiveness [3]. 

Teaching and learning could be supported by developing models related to the topics as teaching aids [4]. 

Besides, the using of model in education was making the learning environment interesting [5]. 

A. Problem Statement 

Bragg’s law is one of the fundamental concept under crystallography in Solid State Physics. Many students 

considered crystallography as a difficult subject [6]. Difficult concepts made students lost interest in physics 

learning [7]. Educators were not using instructional materials adequately in teaching physics. The lacking of 

using interesting materials affected the quality of teaching and learning process [2]. The developing of Bragg’s 

law crystallography model was to attract students’ interest and assist students for better understanding. Thus, this 

study was aimed to develop a Bragg’s law crystallography model and evaluate the usability of this model in 

attracting students’ interest towards the learning area and the perception of students towards the usability of 

model. 
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B. Research Purpose and Objectives 

The purpose of this study was to develop and determine the usability of a Bragg’s law crystallography 

model as a teaching aid in Solid State Physics course among undergraduate students in UPSI. The first research 

objective was to develop a Bragg’s law crystallography model. The second research objective was to evaluate 

the usability of Bragg’s law crystallography model in attracting students’ interest towards the learning area and 

the perception of students towards the usability of Bragg’s law crystallography model.  

C. Research Question 

 Is the developed Bragg’s law crystallography model valid and reliable for undergraduate students in 

UPSI? 

 Is the Bragg’s law crystallography model useful? 

D. Research Scope and Significance 

The research scope in this study was focusing on the development and usability of Bragg’s law 

crystallography model in the teaching and learning process and the students’ interest after using the model. 

Research regarding developing model was done either in Malaysia or other countries [8-10]. However, few 

studies about the integration of developing model in physics education regarding the topic of Bragg’s law were 

found. Thus, this research regarding the development and usability of Bragg’s law crystallography model as a 

teaching aids material was significant for educators and students. 

E. Limitations and Delimitations 

The delimitation of this research was the involvement of undergraduate students who learned Bragg’s law 

in Solid State Physics course in UPSI. The limitation for this research was the limited involvement of students. 

The respondents were limited to a part of physics students in UPSI. Thus, the data gathered was limited. Besides, 

cluster sampling method was applied as the respondents elected as sample were Semester 1 session 2020/2021 

students who were taking Solid State Physics course. Another limitation was this cluster might not homogeneous 

among all students. In this context, all the undergraduate students who were taking Solid State Physics course in 

UPSI, which was the population for this research might not having the same characteristics. Thus, the sample 

might not be representative of the population [11]. 

II. METHOD  

A. Research Design 

In this study, the research designs were Design and Development Research (DDR) and survey research 

designs. Analysis, design, development, implementation, and evaluation (ADDIE) model was used for the 

development aspect. This research was a quantitative research for determining the usability of Bragg’s law 

crystallography model as a teaching aid in Solid State Physics course among undergraduate students in UPSI. 

The usability was determined by using survey method to generalize the findings. One single method was applied 

as data collection method, which was quantitative method. The data collection was current and survey method 

was conducted to collect data from respondents elected.  

B. Population and Sample 

Respondents involved in this research were sample selected from the undergraduate students who were 

learning Bragg’s law in Solid State Physics course as population. Cluster probability sampling method was used 

for election. There were 36 male and 65 female students from Semester 1 2020/2021 participated as respondents. 

All groups in this course were selected. 

C. Instruments 

The instruments involved in this research were the validity form, reliability form, consent form, Bragg’s 

law crystallography model and survey questionnaire. The validity and reliability forms were prepared to evaluate 

the validity and reliability respectively of the instruments. The concrete mode of representation was applied to 

build the model, which was three-dimensional and made of resistant materials. Questionnaire was used to collect 

data. The usability of the model was measured by two constructs, which were students’ interest towards the 
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learning area by using the Bragg’s law crystallography model (ILB) and usefulness of Bragg’s law 

crystallography model (UM). The questionnaire consisted ten items adapted from the interest scale in the study 

made by Harackiewicz, Barron, Carter, Lehto, and Elliot [12], Harackiewicz, Barron, Tauer, Carter, and Elliot 

[13] and also the study made by Cēdere, Jurgena, Helmane, Tiltiņa-Kapele, and Praulīte [14]. Besides, ten items 

were adapted from the usefulness scale in the study made by Bangor, Kortum, and Miller [15]. Four-point Likert 

scale from 1-strongly disagree to 4-strongly agree was applied. The validity of the instruments was evaluated by 

two lecturers from UPSI and determined by using percentage agreement. A pilot test was carried out to measure 

the reliability of instruments based on Cronbach’s alpha.  

D. Data Collection Procedures 

The data collection was carried out after all the research instruments were prepared. The Bragg’s law 

crystallography model was developed and the questionnaire was prepared to collect data. The items in the 

questionnaire were adapted from the previous researches done by the investigators to fulfill the research 

purposes. This was to ensure that the research result was relevant to the research objective. Moreover, the 

research instruments including the model and the questionnaire were reviewed and verified by evaluation expert 

in the field of research and physics education. A pilot study was also carried out to measure the reliability of the 

instruments. This was to ensure that the instruments could be implemented in this research. 

Then, the study was conducted by using the sample elected in UPSI. Before conducting the study, a video 

with link https://youtu.be/BwfuiiAoclI regarding the Bragg’s law crystallography model was made. Survey 

respondents were required to understand and fill the research consent form as an agreement to participate in this 

research. A teaching and learning session was conducted for respondents to learn the Bragg’s law with the video 

watching of Bragg’s law crystallography model. Survey respondents were asked to answer the questionnaire 

after lecture. The date for this session was discussed with the respondents for ensuring that this study did not 

interfere with their learning session and daily activities.  

The questionnaire was prepared in the form of Google Form. Before starting to answer the questionnaire, 

respondents were briefed on the objectives of the research and how to answer the questions prepared in the 

questionnaire. Respondents were required to ensure that their demographic profile was filled and all the answer 

for each question were marked. Discussion or imitation was prohibited. Next, the questionnaire was submitted. 

All items in the questionnaire for the survey are analyzed descriptively by using Statistic Package for the Social 

Science (SPSS) software. Finally, the research findings was obtained and discussed. 

E. Data Analysis 

For determining the validity, 75% of agreement was the minimum cutoff [16]. Values above 0.6 of 

Cronbach’s alpha were considered indicating satisfactory reliability [17]. All items in the questionnaire were 

analyzed descriptively by using SPSS software. This included the frequency, percentage, mean and standard 

deviation. The findings were discussed based on the interval and description showed in Table 1 from Pimentel 

[18].  

Table 1. Likert Scale, Interval and Description 

Likert Scale Interval Description 

1 1.00 – 1.75 Strongly Disagree 

2 1.76 – 2.51 Disagree 

3 2.52 – 3.27 Agree 

4 3.28 – 4.00 Strongly Agree 

The standard deviation which was less than one based on the data collected by using Likert scale was 

considered having a good concentration of preference by respondents [19]. Table 2 showed the data analysis that 

was carried out to answer the research question. 

Table 2. Data Analysis 

Research Question Data Analysis Method 

Is the developed Bragg’s law 

crystallography model valid and 

reliable for undergraduate students in 

UPSI? 

Validity Percentage agreement 

 

Reliability Cronbach’s alpha 

Is the Bragg’s law crystallography 

model useful? 

Interest in 

Learning 

Bragg’s Law 

Descriptive Statistic 

 Mean 

 Standard 

Deviation Usefulness of 

https://youtu.be/BwfuiiAoclI
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model 

 

III. RESULTS AND DISCUSSION 

 The results obtained based on data analysis has provided an explanation for the relevant data regarding the 

validity and reliability of the developed Bragg’s law crystallography model. Besides, the data analysis was also 

focusing on the usability of Bragg’s law crystallography model in attracting students’ interest towards the 

learning area and the perception of students towards the usability of Bragg’s law crystallography model. 

A. The Development of a Bragg’s Law Crystallography Model as a Teaching Aid in Solid State Physics Course 

ADDIE model was used for the development aspect in this research. The five phases in ADDIE model 

which were Analysis, Design, Development, Implementation, and Evaluation were applied in this research. The 

Bragg’s law crystallography model was built and developed based on these elements. In the analysis phase, 

instructional problem was identified along with learner characteristics in education. According to the studies 

done by few researchers, Bragg’s law was one of the fundamental concept under crystallography in Solid State 

Physics and many students consider crystallography as a difficult subject. Thus, a model was needed for showing 

how the mechanism happened [4, 6, 20]. This was indicating that a need for creating an illustrative example for a 

better environmental condition based on behaviourism and cognitivism learning theory [21]. The necessary for 

developing the Bragg’s law crystallography model was analysed before designing the model.  

In the designing phase, instructional strategies were created. At the same time, the learning activities and 

assessment were determined. After making the literature review, all of the instruments were designed and 

prepared. The objectives of developing the Bragg’s law crystallography model were also determined. The frame 

of the design for this model was determined, which were the size, cost, materials and layout. Solids were used to 

build this model and the model was three-dimensional. 

Besides, the instruments used to collect data for evaluation purpose was designed. This was to determine 

the usability of Bragg’s law crystallography model in attracting students’ interest towards the learning area and 

the perception of students towards the usability of Bragg’s law crystallography model. The usability of the model 

was measured by two constructs, which were students’ interest towards the learning area by using the Bragg’s 

law crystallography model (ILB) and usefulness of Bragg’s law crystallography model (UM). In the 

development phase, Bragg’s law crystallography model and the survey questionnaires were developed. The 

Bragg’s law crystallography model was developed by using perspex sheets, laser pens, protractor, iron sticks, 

small mirrors, glue and papers as shown in Figure 1.  

 
(a)                                                         (b) 

Fig. 1. (a) Front view of model and (b) Top view of model 

In the implementation phase, the Bragg’s law crystallography model and survey questionnaires were 

validated by two lecturers as experts from UPSI. This was to ensure that these instruments were valid and could 

be implemented in this research for validity purpose. Comments and suggestions were given by the experts for 

improvements of the model and questionnaires. The percentage of face validity and content validity was 

calculated. Pilot test was carried out to test the reliability for this research. The data was analysed and the value 

of Cronbach’s alpha was obtained by using SPSS. The comments obtained from the questionnaire were also 

analysed for improvement of the instruments. Then, the participating of respondents was carried out.  

The evaluation phase occurred at the end of the implementation in the form of a summative evaluation, the 

data obtained from 101 respondents were collected by using survey questionnaires. The data was analysed 

quantitative descriptively by using SPSS. At the end of this study, suggestions and improvements that could be 

carried out in future studies were presented.  

B. Analysis on Validity and Reliability Test of Instruments 
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The validity and reliability were considered for the development of an instrument [22]. Thus, the 

determination of the development of Bragg’s law crystallography model was divided into two parts, which were 

the validity and reliability. 

Face validity and content validity were evaluated by using percentage agreement of experts’ responses. The 

validity level of Bragg’s law crystallography model and questionnaire were 92.5% and 95.0% respectively as 

showed in Table 3. Both of the instruments were having validity level of higher than 75%. These values 

indicated that the instruments were valid to be used in testing the usability of Bragg’s law crystallography model. 

Table 3. Validity Score of Instruments 

Validity 
Validity Score (%) 

Bragg’s Law Crystallography Model Questionnaire 

Face validity 90.0 97.5 

Content validity 95.0 92.5 

Average score 92.5 95.0 

 

Pilot test was then carried out to measure the reliability of instruments. In this research, 16 respondents 

were involved. This sample was UPSI undergraduate Solid State Physics course students who were not involving 

in the data collection. The value of Cronbach’s alpha obtained in the pilot test for the first construct was 0.877. 

For the second construct, the value of Cronbach’s alpha was 0.813. The overall value of Cronbach’s alpha was 

0.845 for both constructs as showed in Table 4. This showed that questionnaire was having good level of internal 

consistency and reliable to be used in order to obtain the required data. The findings answered the first research 

question that the developed Bragg’s law crystallography model was valid and reliable for undergraduate students 

in UPSI. 

Table 4. Reliability by Construct 

Construct Number of Items Cronbach’s Alpha 

ILB 10 0.877 

UM 10 0.813 

Overall 0.845 

 

C. Usability of Bragg’s Law Crystallography Model 

Table 5. Analysis of Students’ Interest towards the Learning Area by Using the Bragg’s Law 

Crystallography Model 

Item Mean 
Standard 

Deviation 

ILB1 I think what we are learning in this class regarding 

Bragg’s law is interesting. 

3.68 0.468 

ILB2 The using of this model in the learning lesson make me 

think regarding the Bragg’s law. 

3.70 0.459 

ILB3 I am enjoying this Solid State Physics class very much. 3.75 0.456 

ILB4 I think this field of crystallography is very interesting. 3.67 0.471 

ILB5 This learning lesson has been a flourish moment of my 

time. 

3.54 0.521 

ILB6 I am glad I took this subject. 3.76 0.428 

ILB7 I think this model as course material in this class is 

useful for me to learn. 

3.76 0.451 

ILB8 I desire to understand about Bragg’s law. 3.69 0.505 

ILB9 I am interested to explore about this learning area.   3.68 0.509 
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Item Mean 
Standard 

Deviation 

ILB10 I am interested in mastering this learning area. 3.64 0.521 

Total 3.69 0.345 

Table 6. Analysis of Usefulness of Bragg’s Law Crystallography Model 

Item Mean 
Standard 

Deviation 

UM1 I think I would like to use this model 

frequently in the learning of Bragg’s law. 

3.64 0.521 

UM2 I find the using of this model is simple to be 

understood. 

3.58 0.515 

UM3 I think this model is easy to use. 3.48 0.610 

UM4 I think that I do not need the support of a 

technical person to be able to use this model. 

3.14 0.762 

UM5 I find the functions in the model is well 

integrated. 

3.55 0.556 

UM6 I think there is consistency in this model. 3.52 0.502 

UM7 I imagine that most people would learn to 

use this model in learning very quickly. 

3.59 0.533 

UM8 I find this model very convenient to use. 3.55 0.538 

UM9 I feel very confident in using this model. 3.50 0.541 

UM10 I can get going with this model easily. 3.58 0.515 

Total 3.51 0.404 

 

Table 5 and Table 6 above showed the mean and standard deviation of the respondents regarding the first 

construct and second construct respectively. In this context, usability was measured relative to certain users and 

certain tasks by having a number of test users to use the system to perform a task [23]. Besides, interested level 

was investigated in evaluating usability [24]. Thus, the evaluation of usability was divided into two parts, which 

were the usability in attracting students’ interest regarding the learning area and the usefulness of the model.  

For the first construct, the standard deviation for all items in this construct were less than one. Thus, there 

was a consensus among the respond given by respondent [19, 26]. Overall, the average mean and average 

standard deviation were 3.69 and 0.345 respectively. Therefore, the respondents strongly agreed regarding the 

students’ interest towards the learning area by using the Bragg’s law crystallography model with good 

concentration. 

For the second construct, the standard deviation for all items in this construct were less than one. Thus, 

there was a consensus among the respond given by respondents [19, 26]. Overall, the average mean and average 

standard deviation were 3.51 and 0.404 respectively. Therefore, the respondents strongly agreed regarding the 

usefulness of Bragg’s law crystallography model with good concentration.  

Table 7. Analysis of Usability of Bragg’s Law Crystallography Model by Constructs 

Construct in Questionnaire Mean Value Standard Deviation 

Total IBL 3.69 0.345 

Total UM 3.51 0.404 

Grand total 3.60 0.351 

 

According to Table 7, the average mean and average standard deviation regarding the students’ interest 

towards the learning area by using the Bragg’s law crystallography model were 3.69 and 0.345 respectively. 

Therefore, the respondents strongly agreed regarding the students’ interest towards the learning area by using the 

Bragg’s law crystallography model with good concentration. Next, regarding the usefulness of Bragg’s law 

crystallography model, the average mean and average standard deviation were 3.51 and 0.404 respectively. 
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Therefore, the respondents strongly agreed regarding the usefulness of Bragg’s law crystallography model with 

good concentration.  

Overall, the average mean and standard deviation for the usability of Bragg’s law crystallography model 

were 3.60 and 0.351 respectively. Therefore, the respondents strongly agreed regarding the usability with good 

concentration of preference. The findings answered the second research question that the Bragg’s law 

crystallography model was useful.  

These findings aligned with many of the previous studies. One of the findings showed that students were 

interested towards the learning area by using the Bragg’s law crystallography model. This was aligning with the 

study made by Jancaríková and Jancarík [5] that the learning environment was interesting with the using of 

model in teaching and learning process. Besides, the Bragg’s law crystallography model was useful since the 

respondents strongly agreed regarding the usability of this model. This was aligning with the previous research 

regarding models were useful to be used in physics education [4]. Overall, the findings aligned with many of the 

previous researches where students were getting the positive outcome when applying models in learning [8][9]. 

IV. CONCLUSION 

This research began with the determination of title and scope of the research for preparing proposal. The 

research instruments including the model and the questionnaire were verified by evaluation experts to determine 

the validity of the instruments. Pilot test was carried out to measure the reliability of instruments, which involved 

16 undergraduate students from UPSI as respondents. The improvement for instruments was made based on the 

feedback of experts and also the pilot test. Then, this research was carried out in UPSI. Data was obtained by 

using four points Likert scale questionnaire with the participation of 101 undergraduate students from Solid State 

Physics course as respondents via the cluster probability sampling method. Finally, the data was analysed by 

using the descriptive statistics to determine the frequency, mean and standard deviation for every items of the 

students’ interest towards the learning area by using the Bragg’s law crystallography model and the usefulness of 

Bragg’s law crystallography model. 

The findings showed that majority of the respondents were female. At the same time, the number of Malay 

respondents was the majority in this research. Although the respondents were from different semester, 

respondents from Semester 5 was the majority in this research. Nevertheless, the representativeness of the 

sample results to the target population was ensured since all of the groups in Solid State Physics course were 

selected. The findings showed that the instruments were valid and reliable to be used. The using of valid and 

reliable instruments was important for research quality [25]. Next, the findings showed that students were 

interested towards the learning area by using the Bragg’s law crystallography model and this model was useful. 

The findings answered both of the research questions of this research. First, the developed Bragg’s law 

crystallography model was valid and reliable for undergraduate students in UPSI. Next, the Bragg’s law 

crystallography model was useful since the respondents strongly agreed regarding the usability of this model 

with good concentration of preference. This aligned with the interesting learning environment was created by 

using model [5]. Besides, model was useful in physics education [4].  

A. Research Implications 

This research gives some implications for the development and usability of a Bragg’s law crystallography 

model as a teaching aid in Solid State Physics course among undergraduate students in UPSI. The first 

implication is the using of Bragg’s law crystallography model as a teaching aid in learning makes the learning 

environment more interesting. This is showed by findings that students are interested towards the learning area 

by using the Bragg’s law crystallography model. The using of this model is crucial for the transformation of the 

learning to a more interactive learning.  

Beside that, the using of Bragg’s law crystallography model is enabling the practicing of 21
st
 century skills 

by students. Students could apply wise judgment to produce a reasoned critique with the visual representing of 

concept in models. In this context, Bragg’s diffraction is imagined as a reflection of X-rays on a surface of 

imaginary mirror formed by atomic plane. Thus, students understand by producing reasoned critique with the 

three-dimensional visual representing associated with Bragg’s law. This is showed by the analysis of findings 

that the using of Bragg’s law crystallography model in the learning lesson makes students think as well as desire 

to understand about Bragg’s law. Moreover, findings has shown that students are interested to explore and 

master this learning area by using Bragg’s law crystallography model.  

Furthermore, the teaching and learning process is enhanced by the using of Bragg’s law crystallography 

model. The learning of students about Bragg’s law in Solid State Physics course is facilitated since students are 

able to have a better interaction with the content learned. The lesson could be real to the students because verbal 

explanation of the description is supplied by using this teaching aids. This is showed by the analysis of findings 
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that the Bragg’s law crystallography model as course material in class is useful for them to learn. Bragg’s 

diffraction is imagined as a reflection of X-rays on a surface of imaginary mirror formed by atomic planes. Thus, 

students are able to understand by producing reasoned critique with the three-dimensional visual representing 

associated with Bragg’s law.  

 

B. Recommendations 

This research is a small research conducted in a specific area. Nevertheless, this study has the potential to 

be a significant part of that contribute to a larger study. This research focuses on the development and usability 

of a Bragg’s law crystallography model as a teaching aid in Solid State Physics course among undergraduate 

students in UPSI. Thus, this research could be a starting point to examine related studies regarding the using of 

models in education which is still less focused by the educators. The teaching and learning method nowadays 

should be integrated with various new elements such as teaching aids for diversification purpose.  

This research is only focusing on the development and usability, which includes the interest level and 

perception of students towards the usefulness by using the model. Thus, further studies examining the acceptance 

of students from various aspects such as motivation and achievement can be carried out in the future. This is 

important to provide additional information for ensuring effectiveness of the using of Bragg’s law 

crystallography model as a teaching aid. In addition, different groups of respondents may be used and number of 

respondents may be increased. This is to collect data with higher reliability. 

Furthermore, this research can provide guidance for further studies regarding the using of model in physics 

education. Moreover, further studies can be carried out to study the readiness of educators regarding the using of 

model in physics education. This is because the findings can provide information for educators to improve the 

implementation of teaching and learning. In conclusion, the findings illustrated the potential of Bragg’s law 

crystallography model to be used in physics education as a teaching aid since the model was valid, reliable and 

useful. 
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