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Abstract 
Downward trend of student’s enrolment in science and health studies is an issue that should not be 
taken lightly. This is due to the decrease in the workers in these science-related fields may jeopardise 
the successful implementation of government's agenda in alleviating Malaysia's performance in the 
world stage. In this paper, mobile application named SPATO, a teaching aid in the learning of atomic 
orbitals of elements in the Periodic Table is presented. SPATO is developed with the aim to spur the 
interest of community in studying the science-related subjects in the guise as a mobile-learning tool. 
The Waterfall Model was used to fulfill the aims in the development of this mobile application. Expert 
reviewers were involved in the testing of this mobile-learning tool using TAM model. From the 
distributed questionnaire, SPATO had shown to be well accepted by the users as all the categories 
show positive results. Users found that it is easy to use, even though initially they might not familiar 
with the m-learning application. SPATO provides a platform for the community to engage themselves 
to the topic of atomic orbitals. Results from the acceptance testing show that SPATO can function as 
an alternative approach in understanding the chemical elements.  
Keywords: M-Learning, Applications, Atomic Orbital, Periodic Table. 
 
Introduction 
The number of student enrolled in the field of science and health studies had been reported to be 
decreasing, indicating the interest in the study in science field is dwindling in Malaysia (Meng, Idris, 
& Eu, 2014). However, since Malaysia have aims to become a developed country as in the TN50 plan 
(Transformasi Nasional 50), the importance of the science, technology, engineering, and 
mathematics (STEM) studies cannot be overstated (Phang, 2017; Sipon, 2017; Tyasari, Yusof, 
Bahador, 2018). Providing effective learning solutions through mobile delivery involves multiple 
disciplines, and in this regard, a wide range of technologies are considered to be able to attract 
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student to the studies in the science-related fields. Ratio of students that have a mobile phone is 
increasing from every year. Nowadays, rapid growth of the advancement with mobile technologies is 
seen as new opportunities to incorporate the latest innovation in the digital front for teaching and 
learning process. However, compared to the computer-based educational software and simulation, 
studies using the mobile application are still new to the education world. Indeed, some of the 
educational applications had shown to contribute and enhanced the effectiveness in teaching and 
shaping the characteristics of societies (Falloon, 2013; Wu, Lee, Chang, & Liang, 2013). Mobile 
application is preferable to attract target community in the learning topic of interest by providing a 
flexible platform. It is an alternative way to support the traditional methods in teaching, in which the 
amount of time spent on a topic could be increased (Ting, 2005; Tyasari, Yusof, Bahador, 2018).  

Mobile learning, also known as M-learning, is defined as the learning process by using the 
mobile devices, such as smartphones. It is also known as “e-learning using mobile devices” (Pinkwart, 
Hoppe, Milrad, & Perez., 2003). Learning through M-learning can be considered as an interactive aid 
to the existing methods. M-Learning is supported by a variety of mobile communication platform 
such as communicate using voice, surfing to the learning portal on the Internet and learn on platform 
Short Message Service (SMS) (Ting, 2005). This shows that M-Learning could be an interactive 
learning platform with the combination of audio, portal web and mobile phone technologies in one 
package.  

For studies in the science-related fields, one of the widely used basic information is the atomic 
orbitals of the chemical element of the Periodic Table (PT). PT is widely used due to the important 
information that is usually incorporated in it. Printable PT are available in the internet and text books, 
providing flexibility and convenient for the users. However, due to the limitation of space, not all 
properties of element are included in those sources. One of them is atomic orbital, which is a space 
where the electrons have a chance to be found. It is known as a basic topic that usually thought in 
the introductory chemistry classes  (Autschbach, 2012; Tsaparlis, 1997). While for some other 
countries, it is a part of the secondary school syllabus (Tsaparlis, 1997). Thus, many approaches are 
created to portray the existence of the atomic orbital for PT elements. It is ranging from using marbles 
and papers (Specht & Raley, 2014), software (Bonifácio, 2012; Ramachandran & Kong, 1995) to the 
three dimension printer (Griffith, Cataldo, & Fogarty, 2016).  

In the current report, atomic orbitals have been obtained from quantum-mechanical 
calculations (e.g., using software Gaussian (Frisch et al., 2016)). The atomic orbital was then 
presented using a mobile application SPATO (SPatial ATomic Orbitals) with certain properties. This 
mobile application will allow the users to view image of the atomic orbital’s surface and also 
compared the size of atomic orbital between the elements from the PT. 
 
Methodology 
Developing Research Questions 
Few research questions were created in order to achieve the objective in developing the mobile 
learning of atomic orbital for PT elements: 
 
RQ1: Is the mobile application suitable for the community to access in learning?  
RQ2: Is it possible for SPATO to stimulate the community's interest in studying science? 
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Choose Models Used 
To fulfil the aims of this study, Waterfall model was used, in which to proceed to the next phase of 
the Waterfall model, previous phase need to be complete (Balaji & Murugaiyan, 2012). The Waterfall 
model consists of analysis, design, implementation and testing phases, as shown in Figure 1 (Bassil, 
2012). 
 

 
Figure 1. The waterfall model. (Bassil, 2012) 
 
Each phases of the development for this project, shown in Figure 1, is elaborated further in the 
following sections: 
 
Analysis – The information for the development of mobile application were collected from online 
sources, article, journal and online databases, and were analysed and recorded.  
 
Design – The existing interface of another application that is being used for the PT was used as 
reference in order to fulfill the users' requirements. Storyboard was organized using the Adobe 
Photoshop software which includes two different options which are  
 
A: To view the atomic orbital of the PT 
B: To compare the atomic orbitals of the PT.  
 
Implementation – The project was then developed based on the input collected during the analysis 
and design phases. Java language was used as the source code to develop the mobile’s interface links 
and functions. The library used is based on the Android library provided by Android Studio software. 
The atomic orbitals viewed in this mobile application are generated using Gaussian 09 (Frisch et al., 
2016) and Multiwfn (Lu & Chen, 2012) software. The Gaussian 09 is used to generate the atomic 
orbital of the chemical elements through the quantum mechanical calculations. The outputs from the 
calculations were fed to Multiwfn, which provides the coloured atomic orbital with scales overlapping 
the atomic orbital. The interface was then developed using the Android Studio, Genymotion, 
Balsamiq and Adobe Photoshop CS5 
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Testing – Functional testing and acceptance testing are applied to validate the SPATO functions and 
acceptance of the users to SPATO application. Functional testing is aimed for a better performance 
to meet the requirements which includes: 

1. Show list of 18 elements based on the periodic table. 
2. List the type of orbitals for each element. 
3. Zooming properties for the image of atomic orbital. 

For the acceptance testing, the questionnaire was constructed to examine the m-learning interest of 
the research participant on this mobile application using the Technology Acceptance Model (TAM) 
(Dumpit & Fernandez, 2017). The candidates for the testing include the expert reviewers from the 
science-related field.  
 
Results and Discussion 
Interface of the SPATO application 
The final design of the SPATO application is as shown in Figure 2. In Figure 2(a), two different buttons 
were developed to indicate different options. “Explore” button would provide the detailed 
information about the chemical elements and the atomic orbital of the element. The “Explore” 
button will lead to a page with 18 different buttons indicating 18 different elements in PT as shown 
in Figure 2(b). All of these 18 buttons would lead to another page with the information of the chemical 
elements (Figure 2(c)). The atomic orbital and information is placed side by side. The atomic orbitals 
included in this page also has a button to go to another page. Figure 2(d) shows the interface of the 
atomic orbitals for the chemical elements. This interface provides the zooming option of the 
molecular orbital. The name and coordinates overlapped the atomic orbital for better understanding 
of the size of the atomic orbital of the chemical elements. 
 
 

  

 

 

Figure 2. Interface of the application in (a) front page, (b) elements provided, (c) details of element 
and (d) molecular orbital of element. 

(a) (b) 

(c) (d) 
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 The “Compare” button as shown in Figure 2(a) would lead to another interface where a list of 
chemical elements will be shown. To compare two different elements, Figure 2(b) would appear for 
second time for selection of second element that wants to compared to. Last interface would show 
the two different elements put side by side as in Figure 3. Same zooming option was provided to the 
users. The coordinate scale is similar for a better comparison of the atomic orbitals. 
 

 
Figure 3: The comparison of molecular orbital page. 

 
Functional Testing 
Functional testing was done with a module as tabulated in Table 1. From the results of the functional 
test, it can be concluded that the SPATO is easy to use. The users found that it is easy to navigate 
through this mobile application, even though majority of them are not familiar at first with the M-
learning application. From the observation, there were no users facing any problem when using the 
application in the testing phase.  
 
Table 1. Functional Testing 

Test 
ID 

Modules Expected Results Results 

1 
Show list of 18 
elements based on 
the PT. 

Users choose an element to learn the atomic 
orbital shape and information. 

Good 

2 
List the type of 
orbital for each 
element 

The user chooses the type of orbital. Good 

3 
Zooming properties 
for the image of 
atomic orbital 

The user is able to zoom the image to view 
more clearer the shape and coordinate of 
orbitals. 

Good 

 
Acceptance Testing 
For acceptance testing, respondent are from group of expert reviewers where the questionnaire are 
being distributed to each of them individually. Respondent was asked to use the mobile application 
without being assist by the SPATO developer. By using TAM, overall mean was classified as in Table 
2. There are positive, negative, and neutral categories, with values in between zeros to five. 
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Table 2. Range of mean. 

Category Range of Mean 

Negative 0 – 1.66 
Neutral 1.67 – 3.33 
Positive 3.34 – 5 

 
As shown in Table 3, the overall mean for the acceptance test using TAM is 4.16. This concludes that 
for each category tested, positive feedbacks were obtained from the users. This answers the RQ2 
where the reviewers agree that SPATO application can provide enhancement in student knowledge 
on element of PT. For perceive usefulness category, the mean is 4.05 where reviewers agree that the 
information provided by the SPATO are enough for basic information and is beneficial to the users. 
SPATO had been considered as user-friendly and attractive, as navigation is clearly defined, as the 
perceived ease of use had mean result of 4.30. Reviewers also agree that SPATO is easy to understand 
and the design of the SPATO application is acceptable for the users as attitude toward usage reach 
4.25. Lastly, behavioural intention to use the SPATO is 4.05 as the reviewer comment that SPATO is 
easily assessed from any devices; reviewers are interested to use SPATO for their platform in learning 
and teaching. 
 
Table 3. Acceptance testing TAM result 

TAM Category Min Max Mean 
Mean 
Category 

Perceive Usefulness 3.90 4.20 4.05 Positive 
Perceived Ease of Use 4.10 4.50 4.30 Positive 
Attitude Toward Usage 4.10 4.40 4.25 Positive 
Behavioral Intention to Use 4.00 4.10 4.05 Positive 

 
Conclusions 
SPATO mobile application was developed to provide effective learning of atomic orbitals of the 
elements in the PT, with the aim to spur the interests of the community to study science-related 
courses. This mobile application had shown to function well as being tested repetitively by the users. 
It has achieved the objective to stimulate the community’s interest on the atomic orbital of the PT 
elements as 100% of the TAM acceptance testing shows positive results. This had proved the 
effectiveness of the mobile learning for learning and teaching related to sciences and technology. 
The SPATO mobile application will be improved in the future. (Kuan & Tiekink, 2007; Usaini & 
Abubakar, 2015) 
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