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Abstract: It is important for students in the Malaysian Matriculation System who learn probability to 

develop problem-solving skills as it could help in important roles encompassing various fields. This study 

aims to identify the essential elements for designing a mobile learning environment that facilitates problem-

solving of probability based on the consensus of experts in the area. Fuzzy Delphi Method (FDM) was 

employed to collect data from a panel of nineteen experts whose expertise ranged from Mathematics 

Education, Matriculation Mathematics, Technology in Education and Instructional Technology. A semi-

structured interview was first conducted to come up with the elements and sub-elements required for the 

FDM questionnaire instrument. The questionnaire was developed using a five-point linguistic scale. The 

conditions to be fulfilled were that the threshold value (d) needed to be less than or equal to 0.2 and 

percentage of expert consensus needed to be greater than or equal to 75%. For the defuzzification process 

meanwhile, the fuzzy score (A) was required to be greater than or equal to the alpha-cut value of 0.5. The 

results indicated the experts’ consensus on the elements objectives, contents, instructional strategies for 

students’ learning and suitable platform or technology. These findings have significant implications for 

designing the mobile learning environment for problem-solving of probability.  

Keywords: Probability, problem-solving, Fuzzy Delphi Method, mobile learning 

INTRODUCTION 

Living in a data-driven world today, probability and statistics affect all aspects of life. Concepts such as data, 

randomness, chance, probability and risk are the concepts in the mathematical realm of probability and statistics 

that are encountered daily. In keeping up with the age of information, the internet, television and newspapers are 

widely used. People come face-to-face with a huge amount of data in the working world and need to solve problems 

and make decisions in uncertain situations. Hence, it is safe to say that most countries include probability and 

statistics in their curriculum because their use in daily life, their roles in other fields of study and their contribution 

to the logical inquiry process are recognized (Koparan, 2022).  Knowledge in statistics is important to students 

as when they eventually go into the employment world, the practice of working with the collection, presentation, 

analysis and use of data becomes applicable in making decisions, solving problems and in designing products and 

processes (Montgomery and Runger, 2018). It is noted that an increased emphasis has been accorded to the subject 

of probability in the curricular and this is substantiated with the increasing number of studies on this subject 

(Koparan, 2019, 2022). However, probability is a top subject where the is a scarcity of comprehensive learning 

environments. Instructional strategies are often limited to drilling exercises and the chalk and talk approach. For 

effective learning of the subject, a suitable environment to develop statistical problem-solving skills is required 

with mobile technology playing a central role in the learning environment.  

Due to the myriad of issues pertaining to the learning of probability, namely that of students’ inadequate abstract 

reasoning skills, their weakness in developing their reasoning ability and their usage of inappropriate visualisation 

forms that causes attention diversion through the illustration of unimportant information, students encounter 

difficulty in problem solving involving conditional probability (Abdul Rahman & Ansari, 2016; Lukac & Gavala, 

2019). The current pedagogy, which is deemed rather dated (Crompton & Traxler, 2018) employs a more teacher 

centred learning which also contributes to the existence of time constraint in the delivery of the lessons (Aziz, 

2005), hence further halting the development of students’ probabilistic reasoning ability which is the essence of 

conditional probability. This indirectly hampers their progress in conditional probability problem solving. 

Therefore, it is important to have a learning environment that incorporates the aspect of mobility as well as 

visualisation suited to the needs of students to assist with their current difficulties in mastering conditional 

probability problem solving. There does not seem to be any mobile learning environment addressing problem 

solving in conditional probability and therefore, the need to design one to address the issues faced by students is 

very much existent. The aspect of mobility of learners’ and mobility of devices in mobile learning is also pivotal 
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in addressing the issue of teacher centred learning and time constraint present in the delivery of lessons by enabling 

learning to happen anytime and anywhere (Rahamat, 2019). The aspect of visualisation through tree diagrams and 

contingency tables is vital to illustrate clearly and systematically the possibilities or cases that need to be analysed 

during the process of problem solving (Lukac & Gavala, 2019). Hence by recognising the issues present in students’ 

learning of conditional probability problem solving and the potentialities of mobile learning in addressing the 

issues, a mobile learning environment integrating mobile technology is designed by taking into consideration the 

opinion of experts in the areas.  

 

Since the number of mobile phone users have been increasing, pre-university colleges in Malaysia, namely the 

Malaysian Matriculation Colleges should embrace this technology of learning. This study will then allow the 

Matriculation Division of the Ministry of Education Malaysia to consider using mobile learning for problem 

solving instruction in the topic of Probability at matriculation colleges to develop students’ problem solving skills. 

As for students, learning mathematics, namely that of conditional probability is not just to settle for the 

regurgitation of facts, but also to build up their understanding of the concept. Since students need more platforms 

to practice and communicate in probability language, it would be apt to adopt a mobile learning environment for 

learning independently or collaboratively with others. The integration of technology in teaching and learning acts 

as a means of assistance to students who face difficulties in grasping complex concepts. The mobile learning 

environment designed with the experts will allow conditional probability to be learnt and taught in a more active 

mode that incorporates a variety of media, namely written, visual and audio. Given the educational climate of 

Malaysia, this idea will promote greater engagement with the content material and a deep approach to its learning 

(Norman & Ghazali, 2022). 

 

Since there has been no research investigating the elements needed to design a mobile learning environment at the 

moment, this study intends to provide insights on the suitable elements of the mobile learning environment (MLE) 

for conditional probability problem-solving by taking into consideration the opinion of experts. Thus, this study 

will be investigating what the suitable elements are for designing a mobile learning environment and will answer 

the following research question: what are the suitable elements of the mobile learning environment for conditional 

probability problem-solving according to experts? 

 

METHODOLOGY 

With the objective being to design a mobile learning environment (MLE) based on problem-solving of Probability 

for pre-university level according to the opinions and views of the experts panel, the Fuzzy Delphi Method 

employed for this purpose. Experts needed to fulfil the criteria of having more than five years of experience in 

their field (Berliner, 2004; Akbari & Yazdanmehr, 2014). Those who were considered as experts possessed the 

required expertise and were trained in that particular field (Needham, 1990; Mullen, 2003; Powell, 2003). In order 

to determine the learning environment’s design, a consensus among a panel of experts needed to be obtained on 

the elements and sub-elements of objectives, content, instructional strategy for students’ learning and suitable 

platform or technology. 

 

Participants 

 

The panel of experts were made up of eight males and eleven females. Their expertise ranged from that of 

Matriculation Mathematics, Mathematics Education, Mobile Learning, Instructional Technology, Problem-solving 

and Technology in Education. In particular, there were five matriculation college lecturers, twelve university 

lecturers, one lecturer from the institute of teacher education and one policymaker. This was to ensure that there 

was a balance of practitioners and academicians in the pool of experts. The eight experts who were interviewed 

for the development of the Fuzzy Delphi Instrument were included in the experts’ pool that was involved in 

responding to the Fuzzy Delphi Questionnaire Instrument. The experts possessed eleven years to twenty-eight 

years of experience in their respective fields of expertise. 

 

 

 

 

Table 1 
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Summary of Expert Panels’ Details 

 

 

 

Round 1 of the FDM: Semi-structured interview 

 

The first part of the data collection in the FDM employed the semi-structured interview involving eight experts. 

The eight experts involved possessed relevant experience and expertise in the areas concerning mathematics 

education, matriculation mathematics, technology in education and instructional technology. These experts were 

deemed fit for their role as they were chosen due to their competence and knowledge which helped improve the 

study’s validity. The thematic analysis done saw the emergence of the themes objectives of the MLE, content that 

was going to be the focus of the MLE, instructional strategies for students’ learning and the suitable platform for 

the delivery of the MLE. Based on the elements and sub-elements that emerged from the opinions of experts, the 

Fuzzy Delphi Instrument in the form of a questionnaire was developed. Six items were formed for the theme of 

objective, twelve items for content, six items for instructional strategies for students’ learning and thirteen items 

for platform respectively. 

 

Round 2 of the FDM: Distribution of Fuzzy Delphi instrument 

 

Based on the suggestions of the experts’ panel during the interview process, the Fuzzy Delphi Instrument was 

designed. Through the emergence of elements and their respective sub-elements from the interview done in the 

first part, the instrument was administered to other experts to determine the agreement extent. In order to ensure 

there was consistency between the interview findings and elements chosen, the eight experts who were interviewed 

in Round 1 from the panel of nineteen experts were also included in the questionnaire round. 

 

Data Analysis 

 

Data yielded via experts’ interview was analysed by means of the thematic analysis (Braun & Clarke, 2006). 

Through this, data was put in categories in order to spot elements to be incorporated into the mobile learning 

environment. Based on the categories suggested by the experts’ panel during the interview process, the Fuzzy 

Delphi Instrument was designed. Through the emergence of themes from the interview done in the first part, the 

instrument was administered to other experts to determine the agreement extent. In order to ensure there was 

consistency between the interview findings and elements chosen, the eight experts who were interviewed in Round 

1 were also included in the questionnaire round. 

 

Data from the FDM instrument was analysed by using Microsoft Excel. The issue of fuzziness among experts was 

addressed through a linguistic scale similar to that of a Likert scale with the provision of additional fuzzy numbers. 

These considerations were given attention to in designing the Fuzzy Delphi instrument whereby the level of 

importance was placed upon the identified elements; objectives of the MLE, content that was going to be the focus 

of the MLE, instructional strategies for students’ learning and the suitable platform for the delivery of the MLE of 

the problem-solving instruction related to the learning of conditional probability by using mobile learning. Only 

Number of           Area of                        Years of                Position                                                  Highest 

  Experts Expertise        Experience                                                                        Qualification 

      5                Matriculation                    13 – 17               Senior Lecturer                                   Master’s, PhD 

                        Mathematics, 

                        Problem-solving 

 

      5                Mathematics                     11 – 26               Associate Professor,                                  PhD 

                        Education,                                                    Senior Lecturer 

                        Problem-solving 

 

      4                Technology in                   13 – 28              Professor, Associate Professor,                  PhD 

                        Education,                                                   Senior Lecturer 

                        Mobile Learning    

 

      5                Instructional                      11 – 19              Associate Professor, Senior Lecturer,        PhD 

                        Technology                                                 Senior Assistant Director 
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the elements deemed to be relatively important were further considered for the study. The degree of importance, 

which ranged from ‘very unimportant’ to ‘very important’ could be positive or negative (Kardaras et al., 2013). It 

was represented in a 5-point linguistic scale with 1 = Unimportant, 2 = Little important, 3 = Moderately important, 

4 = Important, 5 = Very important. This represents the 5-point linguistic scale for the agreement level. The steps 

involved in FDM are as follows: 

 

Step 1: Selecting the eligible panel of experts according to the criteria of 10-15 experts (Adler & Ziglio, 1996) or 

10-50 experts (Jones & Twiss, 1978). 

 

Step 2: Determining the linguistic scale according to the triangular fuzzy number in order to frame feedback. 

 

Step 3: Calculating the mean of experts’ opinions for each dimension. 

 

Step 4: Determining the distance between two fuzzy numbers to determine the threshold, d. If the value of d is less 

than or equal to 0.2, therefore the experts have all reached a consensus. Otherwise, it requires a round two. 

 

Step 5: Determining the consensus of the group. The group consensus percentage needs to exceed 75%, otherwise 

needing round two to be conducted. 

 

Step 6: Identifying the Alpha-cut level for the selection of elements to develop the mobile learning environment; 

literature mostly makes use of an Alpha-cut level of 0.05. 

 

Step 7: Aggregating the Fuzzy Evaluation by adding up all the fuzzy numbers. 

 

Step 8: Carrying out the Defuzzification process which is a conversion technique of the numbers into crisp real 

numbers. 

 

Step 9: Choosing the elements according to the defuzzification value to rank. The element with the highest 

defuzzification value will be prioritised and ranked the highest. 

 

FINDINGS 

This section reports the FDM consensus from the nineteen experts. The aspects of which the consensus were 

obtained for are objectives, contents, instructional strategies for students’ learning and suitable platform or 

technology to be used. The conditions to be fulfilled were that the threshold value (d) needed to be less than or 

equal to 0.2 and percentage of expert consensus needed to be greater than or equal to 75%. For the defuzzification 

process meanwhile, the fuzzy score (A) was required to be greater than or equal to the alpha-cut value of 0.5. 

 

Objectives 

 

Table 2 

Sub-elements of Objective 

  

Under the element of Objective, Items 1, 2 and 3 obtained an experts consensus of greater than 75% each and a d 

value below 0.2. Hence, these three items were accepted. Based on the defuzzification values of the accepted items, 

No.  Item   Threshold Percentage Fuzzy Expert  Ranking  

    Value (d) of Expert Score Consensus 

      Consensus (A) 

      (%) 

 

1.     Solve conditional  0.194  89  0.704 Accepted 3  

        probability problems.  

2.     Represent problems by 0.183  100  0.705 Accepted 2 

        by using diagrams. 

3.     Show the steps taken to 0.162  95  0.716 Accepted 1 

        solve conditional 

        probability problems. 
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Item 3 ranked the highest as it had the highest fuzzy score of 0.716 and this was followed by Item 2 which ranked 

second with a fuzzy score of 0.705 and Item 1 which came in third with a fuzzy score of 0.704 as can be seen on 

Table 2. This showed that most of the experts perceived “showing the steps taken to solve conditional probability 

problems” as the most important objective of the MLE.  

 

Content 

Table 3 

Sub-elements of Content 

 

In order to map out the relevant content areas to be included in the MLE, experts’ opinions regarding the items 

under the Content element were acquired. The threshold value (d), experts consensus percentage, defuzzification 

value and ranking of each item contained under the banner of Content element with regard to the consensus of the 

experts are as portrayed in Table 3. Most of the experts were in agreement that Item 1 that is “Real-world contextual 

problem scenarios” is the most important content as it ranked top with the highest fuzzy score of 0.726. This was 

followed by Item 4 which was “Prior knowledge related to the problem” which had a fuzzy score of 0.716. Being 

jointly ranked third were Items 2 and 5 which were “step-by-step instructions on how to solve the problems” and 

“independent and dependent events” respectively. “Diagrams to assist with carrying out the steps to solve problems” 

came in fourth in ranking among all the items which were accepted according to the percentage of the experts’ 

consensus.  

Instructional Strategies for Students’ Learning 

Table 4 

Sub-elements of Instructional Strategies for Students’ Learning 

The element Instructional Strategies for Students’ Learning contained items to plan the approaches in the MLE. 

The threshold value (d), expert consensus percentage, fuzzy score (A) and ranking of every accepted item under 

this element gauged considering the consensus of the experts is displayed in Table 4. Most of the experts were in 

No.  Item   Threshold Percentage Fuzzy Expert  Ranking  

    Value (d) of Expert Score Consensus 

      Consensus (A) 

      (%) 

 

1.     Real-world contextual 0.154  95  0.726 Accepted 1  

        problem scenarios 

2.     Step-by-step instructions on 0.186  89  0.695 Accepted 3 

        how to solve the problems 

3.     Diagrams to assist with 0.168  95  0.653 Accepted 4 

        carrying out steps to solve 

        the problems 

4.     Prior knowledge related to 0.149  100  0.716 Accepted 2 

        the problem 

5.     Independent and dependent 0.186  89  0.695 Accepted 3 

        events 

 

 

No.  Item   Threshold Percentage Fuzzy Expert  Ranking  

    Value (d) of Expert Score Consensus 

      Consensus (A) 

      (%) 

 

1.    Problem based learning 0.102  79  0.758 Accepted 1 

2.    Co-operative learning  0.186  89  0.684 Accepted 4 

3.    Collaborative learning  0.168  95  0.684 Accepted 4 

4.    Inquiry based learning  0.142  100  0.726 Accepted 2 

5.    Game based learning  0.169  95  0.695 Accepted 3 
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agreement that the first item which was “problem based learning” was the most important one to be considered for 

inclusion in the MLE as it raked the highest fuzzy score (A) of 0.759.  

 

Platform or Technology 

Table 5 

Sub-elements of Evaluation 

 

The platform or technology element contained items to plan the platform and technology to deliver and facilitate 

the MLE. The threshold value (d), expert consensus percentage, fuzzy score (A) and ranking of every accepted 

item under this element gauged considering the consensus of the experts are displayed in Table 5. Mobile phones 

came out as the top ranked item with a defuzzification value of 0.758 while the Google Workspace for Education 

was ranked second with a defuzzification value of 0.716. 

 

DISCUSSION 

 

This section discusses the findings from the analysis of the Fuzzy Delphi Method carried out to identify the experts’ 

consensus of the elements for the mobile learning environment for problem-solving of probability at pre-university 

level. As stated in the findings earlier, the items under the respective elements were prioritised according to their 

rankings. The experts’ consensus in this study depicted the priority listing of the required elements for the MLE 

in terms of the objective, content, instructional strategy for students’ learning, and suitable platform or technology 

for delivery. While some elements showed absolute acceptance by the experts, there were also some elements that 

showed a substantial rejection of items and other elements where there were a balanced amount of acceptance and 

rejection of the items. These findings were used as a guide in coming up with a framework to develop a MLE for 

problem-solving of probability at pre-university level. 

Under the aspect of objectives, in developing a MLE, it is important that the learning objectives chosen are a 

reflection of the needs of students in order to make sure that students can then achieve what the MLE intended to 

convey in the first place. The experts agreed that problem-solving skills needed to be emphasised as the skills were 

essential in developing higher order thinking skills. The objectives accepted by the experts were that by the end of 

making use of the MLE, students should be able to represent problems by using diagrams, show the steps taken to 

solve conditional probability problems and solve conditional probability problems. These items indicate that the 

strategy and process of problem-solving should be the focus of the MLE. This finding resonates with (Al-Khateeb, 

2018) who acknowledged that these objectives as being slaves to time constraints and the traditional learning setup, 

hence much more reasonable to be accomplished in a mobile learning setting. Following the evidences put forth 

by (Shchedrina et al., 2020), the accepted learning objectives  for the MLE were arranged according to their level 

of cognitive complexity. 

In designing the content of the MLE, the experts agreed that real-world contextual problem scenarios, prior 

knowledge related to the problem, step-by-step instructions on how to solve the problem, independent and 

No.  Item   Threshold Percentage Fuzzy Expert  Ranking  

    Value (d) of Expert Score Consensus 

      Consensus (A) 

      (%) 

1.    Mobile phones/  0.102  79  0.758 Accepted 1 

       smartphones 

2.    Laptops   0.168  95  0.705 Accepted 3 

3.    Google Classroom  0.173  95  0.684 Accepted 4 

4.    Websites   0.149  100  0.684 Accepted 4 

5.    Education mobile  0.183  89  0.674 Accepted 5 

       applications 

6.    Interactive learning  0.086  79  0.621 Accepted 7 

       platforms 

7.   Youtube   0.097  79  0.632 Accepted 6 

8.   Google Workspace for     0.162  95  0.716 Accepted 2  

      Education 

 



JURNAL KURIKULUM & PENGAJARAN ASIA PASIFIK April 2023, Bil. 11, Isu 2 

 

juku.um.edu.my | E-ISSN: 2289-3008 

 JuKu  
 

[44] 

  

dependent events and diagrams to assist with carrying out the steps to solve the problems needed to be included in 

the MLE. The content which received the highest expert consensus here was real-world contextual problem 

scenarios. With students often questioning the need to study mathematics and statistics (Schukajlow et al., 2017), 

this was understandable as there have been concerns for mathematics educators related to the inadequacy and lack 

of relevance of traditional learning methods to engage students in problem-solving (Kohen & Orenstein, 2021; 

Sierpinska, 1995; Wu & Adams, 2006). Exposing students to authentic problems of conditional probability has the 

potential to improve their understanding of real-world situations from a mathematical perspective (Hernandez-

Martinez & Vos, 2018). Prior knowledge related to the problem and the step-by-step instructions on how to solve 

the problem assisted by the usage of diagrams also achieved agreement between the experts for inclusion in the 

MLE. This shows that focusing on the mechanics of the problem solving coupled with emphasis on visual 

representation and underlying concepts are central to making a difference in students’ ability to solve conditional 

probability problems (Chow & Van Haneghan, 2016; Even & Kvatinsky, 2010). In Brase (2007), he suggested 

that the evolution of human capabilities to address probabilities was linked to affordances of previous learning so 

much so that in cases where there was a lack of such affordances, problem solving was less intuitive. In addition 

to that, independent and dependent events of conditional probability also achieved the desired consensus of the 

experts to be considered in the MLE. The high misconception rate of independent and dependent events has been 

faulted on the lack of prominence they have been given in the curriculum resulting in them only being covered if 

time permitted (Molnar, 2016). Therefore, the inclusion of independent and dependent events in the MLE creates 

an opportunity for its learning with the affordance of learning happening anytime and anywhere in the MLE. 

The outcome of the experts’ agreement when it came to instructional strategy for students’ learning ranked 

problem-based learning to be the top instructional strategy for the MLE. Problem based learning being a student-

centred method of learning is suitable for mobile learning as it controls and guides the activities done by students 

in that learning environment (Binsaleh & Binsaleh, 2020; Othman et al., 2013; Yusof et al., 2016; Yusoff et al., 

2021). The strategies of problem based learning plays an essential role in helping students transfer their experience 

of analysing the learning activities critically to their day-to-day activities in life especially when they need to solve 

problems (Chiang et al., 2009; Hawari & Noor, 2020). 

Suitable platform or technology for the mobile learning environment, mobile phones, Google Workspace for 

Education, laptops, Google Classroom, websites, education mobile applications, YouTube and interactive learning 

platforms were accepted for inclusion. Previous research findings have suggested that mobile phones were a 

suitable technology for mobile learning environments, providing students with new learning opportunities that 

were not limited by place and time as well as supporting different learning styles (Ahmad, 2018; Al Hosni, 2016; 

Bernacki et al., 2020). Google Workspace for Education which has tools such as Google Classroom that acts as a 

virtual classroom positively impacted students’ learning experience and the platform was accessible and easy to 

use on mobile devices (Gupta & Pathania, 2021). It has proven to be effective in improving students’ access and 

attentiveness towards learning, and the knowledge and skills gained through the platform makes learning more 

efficient and enjoyable (Hussaini et al., 2020). Laptops are among the devices commonly used for mobile learning 

(Majeed, 2014). Laptops are suitable for mobile learning environments as they offer benefits of access to learning 

materials, self-directed learning opportunities and tools for collaboration and engagement (Demir & Akpinar, 2018; 

Mouza, 2008). Laptops are essential in a mobile learning environment for learning probability due to its capability 

of giving students the chance of supplemental thinking and enhancing problem-solving skills by enhancing 

communication and collaboration  (Mouza, 2008; Sung et al., 2016). Google Classroom is a platform that is good 

for the landscape of learning today because through Google Classroom, students get to collaborate and discuss in 

groups while working on their tasks (Ching, 2022). Google Classroom offers several benefits for mobile learning 

environments such as flexibility, instantaneous deployment of material, mobile-friendly interfaces, more storage 

space and a platform that is both secure and versatile (Bradley, 2021; Chatterjee et al., 2023; Kayali et al., 2016). 

Mobile friendly websites are becoming increasingly popular for mobile learning environments given the increasing 

use of mobile devices for accessing online content. 

 

CONCLUSION 

 

This study intended to identify the required elements to design a mobile learning environment based on problem-

solving of probability. The findings of this study suggest that the elements objective, content, instructional strategy 

for students’ learning and suitable platform or technology are essential when wanting to come up with a mobile 

learning environment for students’ learning of conditional probability. This can guide Higher Education 

Institutions to come up with learning environments which are relevant to students’ needs and endorsed by experts 

in the field. More research can be carried out with experts from other pre-university institutions. The information 
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gained from this study can be used as a concrete input to design a mobile learning environment for problem-solving 

of probability for pre-university level.  

 

This study will add to the existing body of knowledge with regard to experts’ consensus in determining elements 

for designing learning environments for learners. By addressing relevant concerns about creating and planning a 

mobile learning environment for students’ learning, it is clear that focus needs to be paid to how these efforts are 

brought together and emphasised appropriately to ensure that the elements incorporated are for the betterment of 

the present and future learning of the students. 
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