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Research question: The aim of the study is to examine the inclination of engineering students in Serbia to adopt M-
learning. Motivation: Mobile technologies provide new solutions in the current concept of learning. Students today have
a new approach to learning since they live in the era of digital technology. The use of mobile technology in higher education
came along with the technological enlightenment of professors and students, eradicating geographical boundaries and
enabling cooperative learning. Idea: Mobile learning (M-learning) is unthinkable without the use of mobile devices and it
plays an increasingly important role in the development of teaching methods in higher education. The research refers to
the analysis and assessment of M-learning in higher education with the aim to identify problems and weaknesses related
to the application of M-learning in order to set alternatives and criteria for the proposed model. Data: The survey was
conducted through a questionnaire, and 341 correctly filled out questionnaires were collected. The obtained data were
processed by the Visual Promethee software package. Tools: The research methodology was based on the Multi-criteria
decision analysis (MCDA) method which was used in the form of PROMETHEE II/GAIA technique. In order to rank the
student programmes from different study areas, groups of questions were used as criteria, and study programmes were
used as alternatives. Findings: The acquired results indicated that M-learning was mostly used by the students of
Engineering Management, since they frequently used mobile technology in certain required courses, as well as for
obligatory business practice. It was also concluded that the study programme Metallurgical Engineering had the lowest
performance concerning the implementation of M-learning among all other observed study programmes. Contribution:
The conclusions of this study can add to the awareness-raising of the higher education institutions' interested parties and
alert them to improve the quality of M-education by pointing out that there are differences in the adoption of M-learning
depending on the type of engineering sciences. 
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Abstract:

1. Introduction

Modern technologies and globalization bring rapid changes to all aspects of human life (Alioon & Delialioglu,
2015). According to the research of Bower et al. (2010) in which the possibilities of new technologies through
the application of mobile devices were described as "creating a new kind of reality, in which physical and
digital environments, media and interactions are woven together throughout our daily lives", the concept of
socialization increasingly gained new dimensions in transformation of lifestyle and habits of citizens.

A daily creation of new information and a general tempo of development of society continuously require the
improvement and endorsement of new knowledge and skills. Therefore, there is a constant need for faster,
timely information that is readily available at all times (Wen-Hsiung et al., 2012; Milosevic et al., 2015).
Advances in technology, such as wide availability of Wi-Fi, Bluetooth, wireless LAN, and global wireless



technologies such as GSM, GPRS, 3G, LTE, and GPS provide opportunities for a new way of learning to
users around the world.

In addition, the expansion of the use of information technology, computers, tablets, and smartphones has
raised educational opportunities and opened the way for a new approach to learning known as M-learning.
The high availability of information technologies and the ease and comfort of their use have significantly
transformed the everyday life of people around the world and created new social habits and even their
approach to learning. This rapid technological revolution provides a different - mobile approach to learning
for today's students who grow up in the digital age (Sarrab, 2015).

M-learning can be defined as the ability to use a mobile device to support the process of teaching and
learning (Masrom et al., 2016) and it is considered a new platform for distance learning. Electronic learning
by mobile devices is described as learning anytime, anywhere (Uhlig et al., 2005), where M-learning is
considered to be a natural evolution of E-learning with efficient communication consisting of powerful and
personalized mechanisms (Moreira et al., 2017). Mobile technology can be seen as a paradigm in which the
mode of education is generally changing. This is also significantly reflecting on higher education (Moreira
et al., 2017, Bond et al., 2020), in which this concept of learning is widely used today as a learning aid (Koruc
& Alkan, 2011; Chang et al., 2016), where students only need a mobile device and a wireless network.

The motive for examining mobile learning in different contexts and different target groups is explained in the
research of Duru, Peker, and Akcakýn (2010). In this study, the student's positive attitudes towards using
computers in learning mathematics were confirmed. Accordingly, in their study, Shin et al. (2011) investigated
the effect of game technology on learning Mathematics, where students who played technology-based
arithmetic games outperformed students who played paper-based arithmetic games, which showed the
positive effects of using information and communication technologies. Similarly, the research of Briz-Ponce,
Pereira, Carvalho, Juanes-Mendez, and Garcia-Penalvoa (2017) was based on the model of accepting and
using mobile technology among medical science students, with the model pointing to a pattern of behaviour
based on experience and ease of perception of the performance through its application.

Based on the review of the relevant literature sources, the issues regarding implementation of M-learning in
technical sciences, which requires extensive experimental work both in laboratories and in the field, have not
been adequately researched. The aim of this paper is to examine the application of M-learning among
students of four different academic disciplines of engineering sciences and thereby to carry out the ranking
of individual study programmes based on the observed criteria.

2. Literature Review

There have been some expected and rapid changes in the concept of learning, especially in higher
education institutions, over the past ten years. The use of M-learning is increasingly prevalent (Milosevic et
al., 2015) and Internet and mobile computing devices have increased educational opportunities. This rapid
evolution is complemented by generations of students born in the era of digital technology, which leads to
a significantly different approach to learning.

Many authors have recognized the benefits of M-learning, such as O'Malley et al. (2005) who stated that this
type of learning increased the flexibility of transferring responses, as well as the feeling of freedom of
movement among students. Through M-learning, the students remained connected with the student
environment, although they did not have to be physically present at all times (Yi et al., 2009). Also, the good
side of this type of support to the traditional way of learning could be recognized in the increased motivation
of students, better co-ordination of team activities, faster responsiveness in providing answers, as well as in
the increased level of communication on relation student - student and student - professor (Katic et al., 2017). 

The expansion of the use of mobile phones and tablets also has an impact on changes in learning and
knowledge management, which can be seen from an increasing number of researcher papers on this topic
over the past few years (Table 1). Little (2013) pointed out that due to the development of mobile technology,
there was an  increased use of mobile devices for educational purposes (Little, 2013). However, Ozdamli &
Cavus (2011) suggested it could be very useful to enrich standard learning methods with additional online
activities beyond the classroom (Ozdamli & Cavus, 2011). Ramble and Bere (2013) concluded that the use
of mobile technologies resulted in increased participation of students in creative pedagogical activities. Table
1 presents the literature review of the concept of M-learning in higher education.
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Table 1: Literature review of the concept of M-learning in higher education
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Year Author(s) Brief description 

2017 Moreira, F., Pereira, C. S., 
Durão, N., Ferreira, M.J. 

This paper examined the perception of professors who work in 
higher education and use M-learning in Portugal and Spain, 
analyzing their needs and identifying how they could be used to 
advance students' engagement inside and outside of the classroom. 
Most professors, who were included in this research, suggested that 
they could effectively incorporate M-learning into the classroom 
without additional training. 

 2017 Hamidi, H., Chavoshi., A. This study analyzed factors that affected the students' acceptance 
and use of mobile systems in Iran, such as ease of use factor, 
usefulness factor, trust factor, features, and personal characters of 
students. The results indicated that the context of application and 
usefulness had a significant positive effect on the ease of use factor, 
and trust had a positive and significant effect on the behavioural 
intention factor as well. 

2017 Briz-Ponce, L., Pereira, A., 
Carvalho, L., Juanes-
Méndez, J.A., García-
Peñalvoa, F.J 

This research examined the different factors and drivers that had an 
influence on students' behaviour into the usage of mobile 
technologies for learning. Findings indicated that the students' ease 
of perception was the main factor affecting the social Influence, and 
the reliability for recommending this technology for learning was the 
main factor that affected the behavioural intention. 

2016 Chang, Y-S., Chien, Y-H., 
Yu, K-C., Lin, H-C., Chen, 
M.Y-C. 

This study analyzed how cloud-based M-learning affected students' 
perceptions of creative performance and innovative environments. 
The results of the research indicated that there was a positive 
connection between perceptions of innovative environments and 
creative performance. Moreover, M-learning based on the cloud had 
significant effect on overall perceptions of innovative environments 
based on features such as motivation from the head, team support, 
and enough resources. Also, the results of the research indicated 
that M-learning based on the cloud had positive effects on students' 
overall creative products, their novelty, and usefulness. 

 2015  Alioon, Y., Delialioglu, O. The aim of the paper was to find out and highlight the main aspects 
that had considerable impact on M-learning and to make a frame 
that could enable scientific researchers to better understand M-
learning projects and studies. Frequently considered issues in 
investigating M-learning projects for choosing instructional methods 
were similar and focused on M-learning in terms of engagement of 
students. The results indicated that game-based learning and 
inquiry were commonly used instructional methods in M-learning 
projects and smartphones were the most frequently used devices. 

2015 Garcia-Cabot, A., De-
Marcos, L., Garcia-Lopez, E. 

This paper considered the performance of learning and attitude of 
graduate students when they used an adaptive mobile system that 
tailored learning contents to their skills, their device, and current 
context. Results indicated that mobile adaptation had a limited 
impact on learning performance of practical skills when compared 
to an E-learning approach. Within the same study information about 
the context of the use of the mobile system was also collected and 
compared with traditional computer accesses, and it indicated that 
students learned in a similar context independently of the way that 
they used to access learning contents. 

2016 Sabah, N.M. This research analyzed students' awareness and perceptions of M-
learning and examined the factors affecting students' behavioural 
intention to adopt M-learning in Palestine. The obtained results 
showed that perceived usefulness and perceived ease of use were 
primary factors driving students' intentions to use m-learning. 
Furthermore,  M-learning services and social influence had positive 
effects on the acceptance of m-learning. Generally, this study 
indicated that students had a positive attitude and potential to 
integrate mobile technology into their educational system. 

 



In many studies students are in the focus when analyzing intention to use and implement M-learning for
educational purposes (Hamidi & Chavoshi, 2017; Briz-Ponce et al., 2017; Chang et al., 2016). Based on the
analysis of the state of the art of M-learning it can be concluded that all analyzed scientific papers mainly
focused on testing hypotheses based on SEM methodology and analyzed various aspects of using M-
learning in the process. The crucial difference between current studies and this research is the application
of PROMETHE/GAIA multi-criteria decision method (MCDM), which is based on ranking more alternatives
according to different criteria at the same time. The scientific contribution of this paper is reflected in the
application of MCDM methodology in order to perform the ranking of the study programmes in engineering
sciences, in regard to the adaptation and implementation of M-learning.

3. Performance Criteria and Research Model

Numerous efforts and attempts to develop a universal research model in the field of M-learning have not
offered an adequate theoretical solution. In this study the proposed theoretical model uses the following
criteria for the ranking of the study programmes: Performance Expectancy, Effort Expectancy, Lecturer’s
Influence, Quality of Service, Personal Innovativeness, and Intention of Behaviour.

3.1 Performance Expectancy (C1)

M-learning Performance expectancy criterion evaluates the usefulness of M-learning as the opportunity for
quick access to information, anytime and anywhere, for further knowledge acquisition (Milosevic et al., 2015).

3.2 Effort Expectancy (C2)

The expected students' effort to use M-learning refers to the assessment of ease of use, which is reflected
in the easy and quick acceptance of the application and does not require much effort (Gao et al., 2011;
Hamidi & Chavoshi, 2017).
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Year Author(s) Brief description 

2015 Khan, A.I., Al-Shihi, H., Al-
khanjari, Z.A., Sarrab, M. 

The aim of this paper was to help the creators of education in 
developing countries (Middle Eastern countries) overcome the 
challenges of M-learning following the practice of developed 
countries. Based on the experience of using M-Learning in the 
educational system of advanced countries, the authors indicated 
that the full realization of the potentials of mobile devices in the 
educational process was a complex and multi-dimensional process, 
consisting of both financial and non-financial investments (that 
involved educational, economic, social, cultural, and technical 
aspects, institutional willingness, and teaching ability). 

2015 Mohammadi, H. The purpose of this paper was to examine the proposed constructs 
in the context of M-learning in Iran based on an integrated model of 
the Technology Acceptance Model and Expectation Confirmation 
Theory. The results showed that intention and user satisfaction 
predicted the actual use of M-learning between the students. 
Moreover, the perceived image and subjective norm were found to 
be the most important antecedents of user intention towards the use 
of M-learning. 

2015 Milosevic, I., Zivkovic, D., 
Manasijevic, D., Nikolic, I. 

The aim of this paper was to investigate the use of mobile devices 
for M-learning among students in Serbia using SEM methodology. 
The results indicated that the expected performance and personal 
innovative capabilities had the most significant influence on the 
intended behaviour of students during the use of M-learning. 

 

 



3.3 Lecturer’s Influence (C3)

The use of mobile devices in education, and especially in higher education institutions, depends primarily
on the professor's attitude towards new technologies. Therefore, the role of the professor in spreading this
concept is very important. Frequent use of mobile devices does not mean that professors and students are
ready for M-learning. According to Ozdamli and Uzunboy (2015), it was not enough to integrate technology
into education without proper use because the technology itself did nothing to improve pedagogy and
increase the level of knowledge transfer. However, the influence of professors in the use of technology in
teaching influenced students' motivation to apply innovations (Koc, 2013), thus encouraging students to
adapt more easily to the use of new technologies for the purpose of learning.

3.4 Quality of Service (C4)

The quality of M-learning services is based on the benefits of information technology which are primarily
manifested in the use of the Internet and multimedia systems, thus facilitating access to resources (Hao et
al., 2017) and improving information search speed and speed of information acquisition.

3.5 Personal Innovativeness (C5)

Personal innovativeness can be used in a technological context for the adoption and use of new devices,
where desire, need, and personal perception play an important role in adaptation of technology (Milosevic
et al., 2015).

3.6 Intention of Behaviour (C6)

The intention of behaviour factor refers to the individual desires of those who make effort in a particular way,
which is based on personal characteristics, ease of use, and factors of confidence (Hamidi & Chavoshi,
2017). However, when it comes to mobile technologies from the students’ point of view there are limitations
due to unsuccessful and unsafe Internet connection, limited memory and battery capacity, difficult navigation
and download from mobile devices, especially smartphones. These constraints can cause negative intent
of behaviour thus creating student's resistance to the use of M-learning (Sabah, 2016; Moreira et al., 2017).

By considering the criteria, a universal research model is defined, consisting of three parts: problem
identification and data collection, construction of a multicriteria model and, finally, analysis of the results, as
shown in Figure 1.

Figure 1: Universal research model applied on M- learning
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4. Methodology

4.1 Questionnaire

The first part of the research refers to the diagnosis and assessment of M-learning in a higher education
institution with the aim to identify problems and shortcomings related to the use of M-learning in order to
define alternatives and criteria for the proposed model.

Based on the data collected through the questionnaire (Ahmad & Love, 2013), a relevant research base was
created, which was completed at the Technical Faculty in Bor, University of Belgrade, Serbia, in 2017. The
Technical Faculty in Bor (TFB) is part of the University of Belgrade (UB), which is, according to the Shanghai
list, ranked among the top 500 universities in the world, which implies a high quality of teaching and scientific
work (Zivkovic et al., 2017). The TFB teaches a group of technology and engineering sciences, and today it
has four study programmes: Mining Engineering, Metallurgical Engineering, Chemical Engineering, and
Engineering Management, with a total number of about 1400 students. The research was carried out among
students of the four mentioned study programs, which represented the alternatives of the defined model.

The survey was conducted through a questionnaire, where 341 correctly filled out questionnaires were
collected. The survey was anonymous, and the obtained data were processed by the Visual PROMETHEE
software package. Data processing in this software package was based on the application of the Multi-
Criteria Decision-Making tool, that is, the application of the PROMETHEE/GAIA methodology which enabled
adequate ranking of analyzed study programmes based on predefined criteria.

The criteria were defined on the basis of the six dimensions from the questionnaire (Ahmad & Love, 2013)
used for the application of M-learning in higher education. These criteria belonged to a group of
unidimensional factors which were comprised of the following criteria: Performance Expectancy, Effort
Expectancy, Lecturer’s Influence, Quality of Service, Personal Innovativeness, and Intention of Behaviour. All
criteria were qualitative and the way of choosing questions represented a structured and logical approach
to assessing the importance of preferences through Likert five-point scale in order to quantify the subjective
opinion of the respondents and establish a link between alternatives and criteria. The method was simple
and easy to understand, leading to high research efficiency.

4.2 PROMETHEE - GAIA method

PROMETHEE and GAIA belong to a group of multi-criteria methods for decision making. The Preference
Ranking Organization Method for Enrichment Evaluations method includes several unique tools developed
in the 1960s by Brans (Brans, 1982) and since then it has improved in terms of methodology and  numerous
software packages for its thorough application have been developed (Brans et al.,1986; Brans & Mareschal,
1994). The PROMETHEE method is complemented by GAIA, which represents a graphical presentation of
the obtained ranking (Mareschal & Brans, 1988). A visual representation of a multi-criteria problem enables
a better understanding of the possible choices and necessary compromises in order to obtain the best
solution. The PROMETHEE and GAIA methods have been widely used in scientific research since their
occurrence in the fields of business planning, energy, occupational safety, education, information technology,
etc. (Brans, 2002; Chen et al., 2011; Milijic et al., 2014; Kilic et al., 2015), hence, the precondition for using
this methodology in this type of research has been fulfilled.

Based on the review of the relevant literature, it was found that the PROMETHEE/GAIA method has not been
applied in the field of M-learning so far. This paper proposes the approach to ranking of certain study
programmes based on the PROMETHEE method which is considered as one of the most important methods
for multi-criteria decision-making based on the outranking approach. The first phase in the application of the
method is the definition of the structure of preferences where, through generalized functions, the divergence
among evaluations is taken into account. Then, in the second phase, the outranking relations among
compared alternatives are established and these relations represent the dominance of one alternative over
the others, where all the criteria are taken into account. The third phase refers to the conclusion of the range
of alternatives where PROMETHEE II provides the overall ranking of alternatives (Brans & Mareschal, 1994).
The implementation of the PROMETHEE/GAIA method used in this study consists of the following steps
(Zivkovic et al., 2017):

Step 1: Creating the decision table. The issue of ranking by multi-criteria assessment involves a set of criteria
(C) and a set of possible alternatives (A) based on which the decision-making table is created. Additional
information which is necessary for ranking the alternatives is information concerning the relationship among
criteria and these represent the weight or relative significance of each criterion (wj).
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Step 2: Assigning the preference function to each criterion. The second group of needed information relates
to the preference function Pj (a, b). The function of preference represents the difference between the
estimated values a and b according to the criterion to which the given function relates to (Brans, 2002). The
degree of preference represents the growing function of deviation, and if the deviation is small, it represents
a low preference of the alternative a in relation to b, while if the deviation is large it represents a strong
preference of the observed alternative a in relation to b. There are 6 specific forms of preference functions:
Usual shape, U-shape function, V-shape function, Level function, Linear function, and Gaussian function
(Brans & De Smet, 2016) which enable an easy information acquisition for further use of the
PROMETHEE/GAIA method.

Step 3: Calculating the preference index π (a, b), based on the weights of the criteria

(1)

Step 4: Calculating outranking flows for each alternative. The PROMETHEE II method determines the positive
(Φ+) and negative (Φ-) flows for each alternative. A positive flow of preference expresses the extent of
dominance of one particular alternative over the other alternatives, while the negative flow of preference
expresses the extent to which a particular alternative is preferred by other alternatives:

(2)

(3)

where n is the number of alternatives.

The PROMETHEE II method enables the overall ranking of alternatives by calculating the net flow (Φ) which
represents the difference between the positive and the negative flow preferences (Nikolic et al., 2009).

(4)

4.3 Data analysis and results

The criteria used in this paper by applying the multi-criteria decision method were maximized (Table 2) and
defined on the basis of the nature of the specific criteria which were thoroughly described in the preceding
text. In a previous paper on this topic (Milosevic et al., 2015), the authors confirmed the validity of the
measurement scale of each selected criterion using exploratory and confirmatory factor analysis. Therefore,
each criterion in this paper had a value obtained by calculating the mean value of the respondents' answers
to all questions that determine the given criterion. The results of those calculations are given in Table 2. The
preference function of type 1- Usual was used, which was the most acceptable for qualitative criteria based
on the assessments from a survey and possible values were low (Mareschal, 2018; Podvezko & Podviezko,
2010; Abdullah et al., 2019). Usual preference function did not have thresholds and each difference among
alternatives, according to a given criterion, higher than 0 produced absolute preference.

Table 2: Initial data for the PROMETHEE MCDA technique
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Performance  
Expectancy 
(C1) 

Effort 
Expectancy 
(C2) 

Lecturer’ 
Influence 
(C3) 

Quality of 
Service 
(C4) 

Personal 
Innovativeness 
(C5) 

Intention of 
Behaviour 
(C6) 

Weights 16.67 16.67 16.67 16.67 16.67 16.67 
Max/min Max Max Max Max Max Max 
Preference function Usual Usual Usual Usual Usual Usual 
Engineering 
Management (A1) 

3.2985 3.7887 3.5476 3.5482 3.5630 3.8257 

Mining Engineering 
(A2) 

3.3840 3.7884 3.5128 3.4871 3.4871 3.7076 

Chemical 
Engineering (A3) 3.2666 3.7083 3.4074 3.6250 3.5648 3.4500 

Metallurgical 
Engineering (A4) 3.2929 3.5681 2.8787 3.3636 3.5151 3.5454 

 



The results of ranking obtained by using PROMETHEE II methodology are shown in Table 3 and Figure 2.

Table 3: Results of the complete ranking of study programmes by using the PROMETHEE II method

Figure 2: PROMETHEE II - Results of the complete ranking

The GAIA plane shown in Figure 3, represents a visual presentation of the performed ranking, which shows
the comparison of all alternatives according to each criterion. The criteria presented with squares in the
GAIA plane (Figure 3) indicated that there were no significant conflicts between the criteria since they were
not leaning in opposite directions. Criteria placed closer to each other suggested that respondents equally
valued both. In this case, the criteria with the most similar estimates were Effort Expectancy (C2) and
Lecturers’ Influence (C3). The axis direction of the decision stick (pi stick), showed which criteria were the
most responsible for the ranks obtained by the PROMETHEE method. The GAIA plane indicated that the
alternatives, presented with triangles, were diffused and did not make any clusters. The best-ranked
alternative (Engineering Management) was the closest to the pi stick and its location pointed to the criteria
in which alternative was mainly good. The percentage of data collection in the GAIA plane, i.e., the reliability
of the given graphic interpretation was quite high (Δ: 95.57%), which was more than satisfactory according
to Brans & Mareschal (1994) who regarded each value over 60% as acceptable.

Figure 3: GAIA analysis
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Rank Alternative Phi+ Phi- Phi 

1 Engineering Management 0.8333 0.1667 0.6667 

2 Mining Engineering 0.5556 0.4444 0.1111 

3 Chemical Engineering 0.4444 0.5555 -0.1111 

4 Metallurgical Engineering 0.1667 0.8333 -0.6667 
 

 

                                             

  



In this paper, equal weight values were assigned to all criteria when conducting the ranking. However, the
additionally analyzed results of the ranking changed due to the variation of the criteria weights, using stability
intervals presented in Table 4. The results of the sensitivity analysis represented the limits within which the weight
of a particular criterion could be changed without changing the order of the ranked alternatives. Changing the
weight of criteria Performance Expectancy (C1), Quality of Service (C4), and Personal Innovativeness (C5) could
change the position of the first-ranked alternative, while the remaining three criteria did not have that power.

Table 4: Stability intervals

5. Discussion

The position of the alternatives in the GAIA plane (Figure 3) determines their strength or weakness in relation
to the selected criteria. The results showed that the Engineering Management study programme exhibited
the best performances given that this alternative was the closest to the axis of the criterion almost by all
criteria, as indicated by the vector pi (the decision bar). The alternative which was the closest to the decision-
making bar was considered to be the best and in this case it was the Engineering Management. On the
other hand, the worst alternative was the one associated with the lowest scores according to all criteria and
that had the opposite direction from the decision bar, which was the position of the alternative Metallurgical
Engineering in this case.

Based on the observation of the criterion axes, the criteria of Lectures Influence, Quality of Services, and
Intentions of Behaviour had higher influence than the remaining three criteria. It should also be pointed out that
quality of the model could be deemed as satisfactory, as there were no pronounced conflicts among them. In
other words, there were no two criteria that were positioned opposite each other in the GAIA plane (Figure 3).

The obtained results showed that M-learning was mostly used by the students of Engineering Management,
since they encountered mobile technology more frequently in certain required courses, as well as during the
compulsory business practice. Based on their position shown in the GAIA plane (Figure 3), criteria which
influenced Engineering Management the most were Lecturer’s Influence and Effort Expectancy. The Lecturer’s
Influence represented an important incentive for students to use new technologies for the purpose of learning
and for helping them adapt to it more easily. Effort Expectancy referred to ease of use and self-efficacy in
mastering technology, whereby students would be certain that the M-learning system satisfied their needs and
values. This result was expected because the use of communication in teaching via mobile phones was the
most common for this profile of students. Modern business practices, about which students learned and
strove for, could not be imagined without appropriate and modern telecommunication technologies.

The second-ranked department, according to the results of the analysis, was Mining Engineering. The criteria
which influenced this orientation the most were Performance Expectancy and Intention of Behaviour.
Expected performances in the context of M-learning showed that students of Mining Engineering could
improve their productivity in learning which would be reflected, through Intention of Behaviour, on active
experimentation in their practical work.

The criteria Personal Innovativeness and Quality of Service, based on their position in the GAIA plane (Figure
3), had the most influence on the third-ranked study programme, Chemical Engineering. The way in which
the service was provided to users of M-learning could significantly affect the level of acceptance of the new
technology, therefore the quality of the service provided could be considered a key factor for initiating
innovation among students. It was expected that students of this orientation had a greater degree of
innovativeness due to the possibility of creating innovative solutions when the experiments were conducted.
Based on the obtained results, it was determined that the Metallurgical Engineering study programme
delivered the poorest performance regarding the implementation M-learning among all other analyzed study
programmes, since it was ranked as poorest on the basis of all the criteria and its position in the GAIA plane
was diametrically opposite to the decision-making bar.
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 Criterion Stability interval 

(C1) Performance Expectancy 0.062-0.545 
(C2) Effort Expectancy  0.000-  
(C3) Lecturers’ Influence 0.000-   
(C4) Quality of Service 0.286-0.615 
(C5) Personal Innovativeness  0.250-0.615 
(C6) Intention of Behaviour  0.545-  
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Informatization of a society is the ongoing process which is showing no indications of slowing down. Accordingly, students
are those who keep up with technological trends, and M-learning is no longer a choice but a necessity in a modern
approach to learning.  Hence, mobile learning represents an implementation of digital technologies in order to contribute
to, adjust, address, and aid learning in different situations, and it has confirmed its usefulness in the crisis period. The
phenomenon of the new virus COVID 19 which caused a pandemic around the world has affected the traditional education
system. The higher education institutions all over the world were forced to respond to the challenge and ensure the desired
level of quality of the teaching process in the online environment (Rakic et al., 2020). Therefore, it was necessary to make
a rapid transition from traditional to online learning that further influenced the increased use of tools and devices needed
for M-learning (Naciri et al., 2020).  In this paper, student perceptions were studied in four different study programmes
(Mining Engineering, Technology Engineering, Metallurgical Engineering, and Engineering Management) at the Technical
Faculty in Bor, University of Belgrade, Serbia.

On the basis of the applied methodology of multi-criteria decision making, the ranking was conducted using
PROMETHEE/GAIA methodology, based on which the conclusion was drawn that students of Engineering Management
kept pace with the technology more than students from other study programmes because they were more willing to
incorporate this modern approach to learning, as well as to experiment with new information technologies. In line with it,
the students in Portugal and Spain inferred that it was fun to use interactive mobile devices in the classroom (Moreira et
al., 2017). Students have been increasingly in favour of adopting M-learning for the advantages it brought them and its ease
to use (Little, 2013). The perceived understanding of users contributed to successful adoption of a system, such as the M-
learning system, where the student would be able to better explore data mining algorithms and to acquire better
understanding of the proposed algorithms (Delibasic et al., 2013).

When it comes to the students of the three remaining programs of study, communication via mobile devices in learning
was less present as these students had more practical work in the field and in the laboratory. In addition, in the study
carried out by Milosevic et al. (2015) it was found that Effort Expectancy had the least influence on the intended behaviour
of students because students considered that they needed to make additional efforts to master the skills of M-learning.
These students were prone to hypothetical-deductive thinking and experimentation; they preferred to approach solving
technical problems rather than engaging in social and interpersonal ones.

Although theoretical and practical aspects of teaching differ among these four study programmes, M-learning mechanisms
can be used to overcome constraints in the traditional learning approach. M-learning should link formal educational practice
(e.g., student activity during lectures, participation in workshops, experimental work) with informal situational learning
practices (e.g., support for solving tasks by using mobile devices).

This study has certain limitations, which are reflected primarily in the fact that data were collected only at one faculty in the
field of engineering sciences. One of its primary goals is to represent a foundation for future research which will focus on
a larger number of technical groups of study programmes, which will provide more representative results on both
usefulness and application of M-learning.
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Appendix:
Survey Items Used in the Study (Ahmad et al., 2013)
Performance Expectancy (PE) 
PE1. I find m-learning useful for my studies. 
PE2. Using m-learning would enable me to achieve learning tasks more quickly. 
PE3. Using m-learning in my studying would not increase my learning productivity. 
PE4. Mobile learning could improve my collaboration with classmates. 
Effort Expectancy (EE) 
EE1. I would find an m-learning system flexible and easy to use. 
EE2. Learning to operate an m-learning system does not require much effort. 
EE3. My interaction with an m-learning system would be clear and understandable 
Lecturers’ Influence (LI) 
LI1. I would use m-learning if it was recommended to me by my lecturers. 
LI2. I would like to use m-learning if my lecturers supported the use of it. 
Quality of Services (QoS) 
QoS1. It is important for m-learning services to increase the quality of learning. 
QoS2. I would prefer m-learning services to be accurate and reliable. 
QoS3. It is preferable that m-learning services are easy to navigate and download
Personal Innovativeness (PInn) 
PInn1. I like to experiment with new information technologies. 
PInn2. When I hear about a new information technology, I look forward to examining it. 
Behavioural Intention (BI) 
BI1. I plan to use m-learning in my studies. 
BI2. I predict that I will use m-learning frequently. 
BI3. I will enjoy using m-learning systems. 
BI4. I would recommend others to use m-learning systems
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