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Abstract—The exponential advancements in Information and
Communications Technology has led to its prevalence in
education, especially with the arrival of COVID-19. Ubiquitous
learning (u-learning) is everyday learning that happens
irrespective of time and place and it is enabled by m-learning, e-
learning, and social computing such as social media. Due to its
popularity, there has been an expansion of social media
applications for u-learning. The aim of this research paper was to
establish the most relevant social media applications for u-
learning in schools. Data was collected from 260 respondents,
which comprised learners, and instructors in high schools who
were asked to rank 14 of the top social media applications for
ubiquitous learning. Fuzzy TOPSIS (Technique for Order
Preference by Similarity to ldeal Solution) was the method
employed for the ranking of the 14 of the most popular social
media applications using 15 education requirements, 15
technology criteria, and 260 decision makers. The simulation was
implemented on MATLAB R2020a. The results showed that
YouTube was the most likely social media application to be
selected for u-learning with a closeness coefficient of 0.9188 and
that Viber was the least likely selected social media application
with a closeness coefficient of 0.0165. The inferences of this
research study will advise researchers in the intelligent decision
support systems field to reduce the time and effort made by
instructors and learners to select the most beneficial social media
application for u-learning.

Keywords—Social media applications; Ubiquitous learning;
fuzzy Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS); Multiple criteria decision-making tools

I.  INTRODUCTION

Ubiquitous learning (u-learning) is a learning paradigm
which advocates the employment of ubiquitous computing
devices to retrieve learning and teaching resources via.
wireless networks [1]. It is evident from the extant literature
that education has been indelibly transformed by technology.
It enhances and simulates the traditional learning experience,
developing instructor and learner behaviour, and creates
opportunities for discovery and experimentation [2-4]. As
technologies and online tools have progressed, social media
has become an essential tool for facilitating applied learning
activities [2]. Social media relates to computer-based
technology that enables the dissemination of information,
thoughts, and ideas through the construction of virtual
communities and networks [5]. Social media technologies
offer instructors a means to involve learners with self-
regulated and time-on-task learning [2, 6, 7]. Generally, social
media affords avenues for end-users to communicate and to
cultivate connections regardless of geographical barriers and
time constraints [2]. In South Africa (SA) alone, out of the

36,4 million people that are internet users, 22 million have
social media accounts [8].

School-based learners are captivated by social media [9].
Studies have explained that the adolescent brain has a more
sensitive nucleus accumbens and this makes their brain’s
reward circuitry more activated by social media. Research has
also found that the region of the brain linked to visual
attention and the social brain are stimulated by social media
[10]. An interesting observation is that youth between the ages
thirteen and eighteen comprise no less than a fifth of the
twelve million Facebook users in SA [9, 11]. A survey
revealed that individuals between the ages twelve to nineteen
spend ordinary 16,6 hours each week on social networking
websites [12]. Recently, there has been a drive towards u-
learning with more and more schools being fixated on student
centered learning. U-learning is a popular platform to support
student centered learning [13]. Furthermore, in unprecedented
times such as Covid-19 u-learning is considered as the
platform normal teaching and learning practice.

Therefore, there exists a need to support school-based
decision makers on which social media applications are most
appropriate for u-learning. Much scope exists to address this
research gap. A novel application of fuzzy TOPSIS
(Technique for Order Preference by Similarity to Ideal
Situation) will be used to support decision making on the
selection of social media applications for u-learning.

Section 2 discusses the literature review of the top social
media applications employed for u-learning, the main
technology criteria and education requirements for ranking
social media applications for u-learning, and introduces the
multi-criteria decision-making tool fuzzy TOPSIS. Section 3
presents the materials and methods employed, while Section 4
discusses the results of fuzzy TOPSIS generated. Section 5
concludes the study.

Il. LITERATURE REVIEW

The various features of social media have given rise to a
myriad of platforms which can be classified as media sharing
tools, social networking tools, experience and resource sharing
tools and communication tools [14].

Learners of today have a lot of experience with photo and
video-sharing media like YouTube [15, 16]. YouTube
facilitates a constructivist classroom which incorporates
learning tools for learners actively produce their own learning
encounters through creating and viewing videos; and
educators can employ these learning tools to meaningfully
engage learners [15, 16].
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Facebook has collaborative and social characteristics that
encourage active participation and social networking of
teachers and learners [15]. Facebook has over one billion users
and it permits users to share articles, pictures, videos, music,
videos, and users’ opinions and thoughts. The use of Facebook
as a teaching and learning tool has steadily increased over the
years [15].

WhatsApp is a cross-application instant messaging service
with one and a half billion active users globally [17, 18].
WhatsApp enables end-users to share image, text, video, and
voice messages, and to make voice calls and video calls. The
differentiation and ubiquity of WhatsApp, has interested a
host of studies in various educational research areas [17, 19].
Academic advantages comprise teacher availability, better
accessibility of learning materials, and learning extension
beyond class hours, peer collaboration, and peer assessment
[17, 20]. As an assessment tool, WhatsApp can maintain the
anonymity of the learner in the group chat whilst allowing the
teacher to read all responses [17].

Facebook Messenger is standalone instant messaging
application which was originally part of the Facebook Chat.
Facebook Messenger’s use in education has rarely been
documented but there are several features of the application
that can be used in education such as generating attractive
posts with videos, text, and images; sharing web content;
generating and sharing infographics; posting social proof of
learner’s success stories to engage prospects; organising
contests to entice learners to engage with content; and
inspiring an online learning community [21].

WeChat is a text communication and voice messaging
service application. The study with Shi and Luo [22] discussed
the WeChat teaching platform which facilitated the
communication between teachers and learners. Such
communication made ubiquitous learning feasible for
university students. Furthermore, the study proved that the
WeChat teaching platform efficiently developed students’
translation competence and facilitated communication in
translation teaching [23]. Instagram allows users to edit
images and videos with digital filters and asynchronously
share and publish images and videos. Additionally, Instagram
affords Instagram Stories which publishes time-limited
content [24]. The key educational application of Instagram is
sharing images or videos for analysis or reference by learners.
Other educational affordances of Instagram are supporting
direct communication between learners and teachers,
facilitating communication, promoting collaboration, posting
relevant videos and articles to improve the learning experience
[24]. Studies into Instagram for education zone into aspects
such as its employment in library contexts and in health and
medicine [24].

TikTok has over 1 billion users with most users being
between the 14 to 30 age group. Due to the application being
very popular in India, EduTok was launched to assist
Mathematics and English teaching. Pedagogical affordances
of TikTok include motivational influence, delivery of realistic
experiences, control and review of content, and engagement of
learners as creators [25].
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QQ is a powerful communication tool that has proved to
support numerous learners with online learning, ensure
timeous learner feedback, and active interaction between
teachers and learners. The QQ group video allows for
synchronous and asynchronous teaching where learners can
respond on the video call. Teachers can share their computer
screen with learners, which enables learners to learn quickly
and conveniently [26].

QZone is a multimedia (audio, image, video, text, etc.)
weblog fused with instant message software. It has a user-
friendly interface and allows resource access with sharing
needs permission. The use of Qzone in the teaching and
learning of English has been reported in many studies where
the application motivated peer feedback, fulfilled instructional
feedback, stimulated in-depth communication, and accelerated
learning resource sharing [27-29]. Qzone has no limitation of
storage, words, and length, and fulfils the requirements of text
editing and processing for various specific purposes [30].

Reddit is the most widespread online content aggregator in
the world. Users can publish content, down-vote or up-vote
content they dislike or like, and comment on posts. Reddit
uses a ranking algorithm to make the most up-voted content
more visible in the list of posts [31]. Educational stakeholders
can contribute to reflective, meaningful, and stimulating
discussions about research, educational policy, politics,
research, and technology. Reddit offers teachers and learners a
practical platform to engage with educational content in a way
that is inquiry-based, open to numerous strategies and
engaging [31, 32].

Snapchat’s main demographic comprises of millennials.
Snapchat is a multimedia sharing and mobile photo
messaging. Users can generate Snapchat Stories merging text
and visual elements making the application attractive for
literacy purposes and multimodal composition [17, 33].

Twitter is a microblogging social media application, which
has been found to promote collaborative learning and
participation hence transcending traditional classrooms in
various studies [34, 35]. Studies also reflected that Twitter
was most used for assessment and communication purposes.
The most beneficial uses of Twitter included teachers sending
homework assignments, test deadlines, and important course
information, and facilitating peer interaction [34].

Pinterest is an application for organising, harvesting,
sharing, and re-sharing images with comments or updates
through republishing. The pedagogical value of Pinterest
mostly depends on searching for, organizing, and
incorporating digital sources into projects [17, 36]. From a
teacher’s perspective, Pinterest provides an opportunity for the
creation and sense making of instructional resources [17, 37].

Viber is a Voice over IP and an instant messaging
application. Users can exchange videos, images, and audio
media messages. The study by Farahmand [38] revealed that
Viber provided an attractive environment for learners,
enhanced communication, improved human interaction, and
improved learning [38].

Each apposite social media application for u-learning has
numerous characteristics and features, which can be largely
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considered as education requirements and technology criteria
that need to be investigated by the instructor for it to correlate
with the outcomes of the lesson [1]. According to literature,
general technology criteria of u-learning include: scalability to
accommodate various class sizes, ease of use, the technical
support and support availability and hypermediality; cost of
use and required equipment [39]; user-focused participation
and accessibility standards [40], embedding or integration
within an Learning Management System, computer operating
system and browser and need for additional downloads;
offline access, mobile access, and mobile functionality;
privacy, data protection and rights [41]. The typical education
requirements of ubiquitous learning that need to be considered
are collaboration via. synchronous and asynchronous
opportunities, user accountability and diffusion relating to the
users’ comfort with the tool; teacher facilitation, learning
customisation and learning analytics; metacognitive
engagement, higher order thinking, and enhancement of
cognitive tasks [41]; instructor/learner attitude and beliefs,
instructor/learner motivation and incentive, and alignment
with learning outcomes and objectives (usefulness) [42].

Therefore, selecting social media applications for u-
learning would require a multi-criteria decision-making tool.
Existing literature has proved the efficiency of using fuzzy
TOPSIS for selecting social media applications with multiple
criteria [42, 43]. Fuzzy TOPSIS is a technique first developed
by Hwang and Yoon [44], which is employed to
systematically and objectively evaluate various alternatives
against multiple selected criteria to solve multi-criteria
decision-making (MCDM) problems [45]. The rationale of
fuzzy TOPSIS is that the solution that minimises the cost
criteria and maximises the benefit criteria will be denoted by
an alternative with the smallest distance from the positive
ideal solution (PIS). Alternately, the solution that minimises
the benefit criteria and maximises the cost criteria will be
denoted by an alternative with the largest distance from the
negative ideal solution (NIS) [46]. Since human opinions are
vague and cannot be quantified, classical TOPSIS cannot be
applied as it assigns crisp humerical data to the alternative’s
performance ratings and criteria weights [47]. Thus, the fuzzy
set theory has been incorporated in many MCDM approaches,
namely, TOPSIS [48].

In recent times, fuzzy TOPSIS techniques and its functions
have been covered extensively by more scholars [49]. This
paper will use fuzzy TOPSIS to select social media
applications for u-learning in high schools.

I11. RESEARCH METHOD

A. Population

The target population was school-based instructors and
learners from the eThekwini Region, namely, Pinetown
District and Umlazi District in KwaZulu Natal, South Africa.
As per the March 2020 Schools Masterlist Data derived from
the Department of Basic Education in South Africa [50] the
study’s population size was approximately 129 421
individuals which comprised 4 853 school-based instructors
and 124 388 learners. For clarification of the target
population, the school-based instructors and learners were
treated as a single population. Thus, the decision makers were
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inclusively the learners and instructors that used social media
applications for u-learning.

B. Sample

In accordance with the guidelines set by Sekaran and
Bougie [51], as the target population size of the study was
approximately 129 421 (Department of Basic Education,
2020), the sample size was 384 respondents. However, the
response rate was 67,71% with the total number of responses
received being 260. According to literature, the goal of
researchers conducting a survey questionnaire should be
approximately 60% [52]. Thus, the response rate of the current
study was acceptable.

C. Questionnaire

To collect the dataset, a link to the survey questionnaire
was forwarded to respondents’ devices. Online survey
questionnaires on Google Forms delivered a user-friendly
interface on all respondents’ devices and a cost-effective and
time-efficient data collection. When compared to other
survey-generating platforms, an unlimited number of matrix-
formatted questions could be generated on Google Forms. The
questionnaire comprised closed ended questions using a Likert
scale where the respondent chose one suitable answer for each
question. The possible answers were ‘very poor’, ‘poor’,
“fair’, ‘good’, or ‘very good’ and ‘not sure’. The ‘not sure’
option was presented to respondents who were unfamiliar with
certain social media applications. The first part of the
questionnaire consisted of questions pertaining to the
respondents’ demographic data. The questions involved
education requirements and technology criteria resulting from
the existing literature that is important to the social media
diffusion management in school-based u-learning. The 30
most commonly occurring education requirements (15) and
technology criteria (15) were chosen. Table | shows a snippet
of the survey questionnaire.

ADAPTABILITY: the social media application provides
personalized learning, which aims to give efficient, effective,
and customized learning paths to attract each learner.

TABLE I. SNIPPET OF SURVEY QUESTIONNAIRE GENERATED ON GOOGLE
FORMS
\ég% Good Fair Poor I\D/(?(;)r/ gt?rte
Facebook a a a a a a
WhatsApp a a a a ] ]
YouTube a a a a a a
Messenger 2 |a @ |a |a |4
Instagram ] ] ] a ] a
TikTok ] ] ] ] a a
QQ ] ] ] ] ] ]
QZone a a a a a a
Reddit ] ] ] ] a a
Pinterest a a a a a a
WeChat ] ] ] a ] a
SnapChat ] ] ] ] a u]
Twitter ] ] ] a a a
Viber ] ] ] ] a a
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The data was analysed and synthesised using fuzzy
TOPSIS programmatically on MATLAB R2020a.

D. Fuzzy TOPSIS Method

The fuzzy TOPSIS method assesses various alternatives
against the selected criteria. In the TOPSIS method, the best
alternative is typified by a calculated distance that is closest to
the Fuzzy Positive Ideal Solution (FPIS) and furthest from the
Fuzzy Negative ldeal Solution (FNIS) [53]. An FPIS involves
alternatives with the best performance values and the FNIS
involves alternatives with the worst performance values. In
fuzzy TOPSIS linguistic variables are utilised to describe all
the ratings and weights which in turn are expressed by fuzzy
numbers [54]. The fuzzy set theory illustrates a triangular
fuzzy number (TFN) as a triplet (a; b; ¢) where:

F(x) can be expressed as:

xX—a
—,a<x<bh
b—a

pa(X) = %,beSc (1)

0, otherwise

The fuzzy triplets a, b and ¢ are real numbersand a < b <
¢ [53]. There are a series of steps as outlined below that must
be adhered to when conducting the fuzzy TOPSIS algorithm
[54].

E. Steps of the Fuzzy TOPSIS method

The steps below illustrate the fuzzy rating and importance
weight of the k" decision maker, about the i" alternative on
Jjt* criterion [53].

Step 1: Assignment of ratings to the alternatives and the
criteria.

Assume that there are m possible alternatives called
A ={A;; Ay ...; Ay} which must be evaluated against n
criteria, C = {Cy; C,; ...; C,}. Criteria weights are represented
by w, (g =12,..,n) . Each decision maker’s Dy(k =
1,2, ..., k) ratings for each alternative A;(i =1,2,..,m)
regarding criteria C;(j = 1,2, ..., n) are indicated by Ry = Xy
R with the membership function uz, (x).

The fuzzy ratings for the criteria by decision makers are
shown in the Table II.

The fuzzy ratings for the alternatives are shown in the
Table I11.

Step 2: Computation of aggregated fuzzy ratings for the
alternatives and the criteria.

o |If the importance weight and fuzzy rating of the
decision maker k are [53]:

Wigk = (ngp Wyk2, ng3) )
and J?igk = (aigkr bigk' Cigk)r
i=12,.m,g=12,..,n 3

respectively, then the aggregated fuzzy ratings ¥, of each
alternative relating to each criterion is presented as:
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Xijk = (aig, big, Cig) (4)
where: a;;, = mink{aigk} 5)
big =+ Xk bigi (6)
cig = maxy{cigi} (7

e The aggregated fuzzy weights (#;;) of each criterion is
calculated as

Wig = (Wg1: Wg2: WgS) (8)
. 1
where: wy; = ming{wyi}, w,y, = EZ’,ﬁzl W2,

ng = maxk{ij3} (9)

Step 3: Computation and normalisation of the fuzzy
decision matrix.

The fuzzy decision matrix is computed as such:

_ Ay (X1 Xyg e Fqp

D=A; | X;1 Xz Xpp (10)
Am Xm1 Xm2 - Xmn

W = (W, Wy, ..., W,) (11)

The various criteria scales are normalised into a
comparable scale. The normalised fuzzy decision matrix is R
and is presented as:

R=[fylmxn,i=12,.mg=12..,n (12)

. . ia bi i
thus, the benefit criteria: 7, = Yig g Cig (13)
€g €9 €y

where: c*é = max;c;, of the benefit criteria (14)

. . aj a; aj
and for cost criteria: #;, = +,-L, -~ 15
9= e (15)
where: @; = minimim;a;, of the cost criteria (16)
TABLE II. LINGUISTIC TERMS FOR CRITERIA

Linguistic term Triangular fuzzy numbers

Very poor (VP) 1,1,3)
Poor (P) 1,3,5)
Fair (F) (3,57
Good (G) (5,7,9)
Very good (VG) (7,9,9)
TABLE IIl.  LINGUISTIC TERMS FOR ALTERNATIVES

Linguistic term Triangular fuzzy numbers

Very poor (VP) 1,1,3)
Poor (P) 1,3,5)
Fair (F) (3,57
Good (G) (5,79
Very good (VG) (7,9,9)
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Step 4: Computation of the weighted normalised matrix

The weighted normalised fuzzy decision matrix oy; is
derived by:

V=[]

where: V;; = 7 X W; (18)
Step 5: Computation of the FPIS (4™) and FNIS (47)

The FPIS of the alternatives are computed as:

At = (@4, ..,T) (19)

i=12,.,nj=12.,m 17)

where: v} = max;{v; g3},

g=12 .. ni=12.m (20)
and the FNIS of the alternatives are computed as:

) (21)

where: 75 = min;{v;g; },

A = (57,73, ..

g=12,.,ni=12,..,m (22)

Step 6: Calculation of the distance of each alternative to
get theA* matrix and A~ matrix

The distance (d*,d~) of the A* and the A~ from each

weighted alternative i =1,2,..,m is calculated using
formula:
d(ab) = \E [(a—a)2+(b—b)2+ (c = c)?] (23)

Step 7: Calculating the distance of each weighted
alternative

The sum of the distance of each weighted alternative is
calculated by:

m
dt = Z dy(Dig, D), i = 1,2, ..., m;
i=1

g=12,..,n (24)
di =Xit1d,(Tig, Uig),i=12,..,m; g=12,..,n (25)

Step 8: Computation of the closeness coefficient (CC;) of
each alternative

CC; signifies the distances to the FNIS and the FPIS,
simultaneously. The calculation of each alternative’s CC; is as
follows:

di
dy+d’

(ccy) = i=12..,m (26)

Step 9: Ranking the alternatives

The ranking order of all the alternatives can be derived
from the CC;. The closer the CC; is to the FPIS and the farthest
it is from the FNIS the better the alternative. This means the
higher the CC; the higher the rank of the alternative [54].
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F. MATLAB R2020a

Fuzzy TOPSIS was coded using MATLAB R2020a
running on a windows i7 computer. MATLAB® merges a
desktop environment set for design processes and iterative
analysis with a programming language that articulates array
and matrix mathematics directly [55]. The MATLAB code
followed a modular programming design. Sub programmes for
Weighted normalized fuzzy decision matrix for alternatives;
Aggregate Fuzzy Weights for Criteria, Distances, and the final
calculation of CC; values were called by a main program. The
dataset was read by the code using a ‘xlsread’ statement.
Intermediate matrices were generated in the MATLAB
workspace. The results obtained is presented in the next
section.

IV. RESULTS AND DISCUSSION

This section presents the results of the 260 respondents’
rating of the social media applications using the criteria for the
evaluation of social media applications for u-learning. In this
study, criteria comprised the technology criteria and the
education requirements. In terms of fuzzy TOPSIS an analysis
was conducted using 14 alternatives, and 30 criteria with
ratings by 260 decision makers (DM). As the criteria formed
the top 30 technology criteria and education requirements, the
ratings of the attributes were either Good (G) or Very Good
(VG). Thus, their weightings were either (5, 7, 9) or (7, 9, 9),
respectively. Table IV reflects the weightage of the criteria
(C), namely education requirements and technology criteria:

Table IV shows 15 education requirements and 15
technology criteria for selection of social media applications
for u-learning. The weightage for each criteria is given in
terms of a triangular fuzzy number. The criteria weights will
be factored into decision making for the ranking of social
media applications for u-learning.

The social media applications were the alternatives in the
study and were labelled as per Table V for the simulation on
MATLAB.

The multi-criteria decision making using Fuzzy TOPSIS is
applied to rank the set of 14 alternatives as shown in Table V.

Table VI shows an extract of the combined decision matrix
for A1 which was Facebook. The decision makers rated the
alternatives in terms of linguistic scales.

The linguistic terms were assigned fuzzy numbers. The
“Not Sure” option termed “N” was zero-rated as it is not a
linguistic term identifiable on fuzzy TOPSIS. The aggregated
fuzzy ratings for the alternatives and the criteria were
computed. Once combined decision matrix was normalised
and multiplied by the criteria weightage, the weighted
normalised fuzzy decision matrix was achieved. The FPIS
(A*) and FNIS (A™) were determined and the distance of each
alternative to get the A* and A~ matrix was calculated. Table
VI shows the A* and A~ matrix of the Facebook alternative.

The sum of the distance of each weighted alternative was
calculated using formula (24) and (25). Thereafter the CC; was
calculated using formula (26). Table VIII reflects the CC; and
ranking of each alternative.
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TABLE IV.  WEIGHTED ATTRIBUTES OF SOCIAL MEDIA APPLICATIONS FOR UBIQUITOUS LEARNING
C# Education Requirements Weightage C# Technology Criteria Weightage
1. Ownership of Learning (5,7,9) 16. Operational Stability (7,9,9)
2. Adaptability (5,7,9) 17. Fault Tolerance of Technology (7,9,9)
3. Quality Assurance (5,7,9) 18. Hypermediality (7,9,9)
4. Peer Learning (5,7,9) 19. Multimedia Control (7,9,9)
5. Instructional Design (5,7,9) 20. Security of Technology (7,9,9)
6. Academic Integrity (5,7,9) 21. Facilitation of e-Content (7,9,9)
7. U-learning training factors (5,7,9) 22. Technical Information (7,9,9)
8. Archiving/ Repository (5,7,9) 23. Software Characteristics Quality (5,7,9)
9. Social Interaction (5,7,9) 24. Ease of Use (7,9,9)
10. Curriculum Management (7,9,9) 25. Operating System (5,7,9)
11. Facilitation (5,7,9) 26. Browser (7,9,9)
12. Learning Analytics (5,7,9) 27. Access on a Mobile Platform (5,7,9)
13. Enhancement of Cognitive Tasks | (5,7, 9) 28. Data Privacy and Ownership (7,9,9)
14. Higher Order Thinking (5,7,9) 29. Downloading, Saving and Exporting Data (5,7,9)
15. Metacognitive Engagement (5,7,9) 30. Additional Download (5,7,9)

TABLE V. LABELLED SOCIAL MEDIA APPLICATIONS
Social Media Application Alternative (A) Social Media Application Alternative (A)
Facebook 1 QZone 8
WhatsApp 2 Reddit 9
YouTube 3 Pinterest 10
Facebook Messenger 4 WeChat 11
Instagram 5 SnapChat 12
TikTok 6 Twitter 13
QQ 7 Viber 14
TABLE VI.  ASSIGNMENT OF RATINGS TO FACEBOOK BY DECISION MAKERS
Criteria FACEBOOK (A1)
DM1 DM2 DM3 DM4 DM5 DM6 DM7 DMS... DM260
C1l N P N N N F G G G
C2 F P VP N N G F G G
C3 F P N N N F F F VG
C4 N P N N N F G G F
C5 N P F N N F VG G F
C6 F P N N N G G VG
C7 N P N N N F N G G
C8 N P F VP VP G VG VG VG
C9 N P N N F G G F
C10... N N F N G G VG F
C26 G N VG N VP G VG G F
Cc27 G N VP N N VG VG G G
C28 G N G N F VG VG VG VG
C29 G N N N N VG VG VG VG
C30 G N N N N VG VG VG VG
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TABLE VII. THE FPIS (A*) AND FNIS (A™) oF FACEBOOK
Criteria FPIS (A*) FNIS (A7) Criteria FPIS (AY) FNIS (A7)
C1 1.4887 0.5526 C16 1.2538 0.5993
C2 1.5578 0.5285 C17 0.7616 0.4110
C3 1.4645 0.5008 C18 0.9930 1.0621
C4 1.2866 0.8221 C19 0.8342 1.0293
C5 1.5405 0.5077 C20 0.6425 0.6597
C6 1.0949 0.4680 Cc21 1.0621 0.6425
Cc7 1.4300 0.6701 C22 0.7236 0.6459
C8 1.9274 0.0000 C23 0.7461 0.6822
C9 1.4922 0.8894 C24 0.9067 0.9153
C10 1.4783 0.0846 C25 0.6580 0.9205
Cl1 1.0138 0.5526 C26 0.7443 0.8894
C12 0.9032 0.5665 Cc27 0.4473 0.9792
C13 1.1312 0.6079 C28 0.4628 0.6908
Cl4 1.3246 0.4197 C29 0.7098 0.8583
C15 0.8894 0.5526 C30 0.6217 0.7910
TABLE VIII. CLOSENESS COEFFICIENT (CC;) AND RANKING OF ALTERNATIVES
Ranking # Alternative (Ccy)
1 YouTube 0.9188
2 WhatsApp 0.8691
3 Instagram 0.4835
4 TikTok 0.3877
5 Facebook 0.3817
6 Facebook Messenger 0.3249
7 Pinterest 0.2801
8 SnapChat 0.2484
9 Twitter 0.2108
10 Reddit 0.1601
11 WeChat 0.1379
12 QQ 0.0720
13 QZone 0.0344
14 Viber 0.0165
Since cc, S cC > cC S facilitates for_flipped plassroc_)ms _Which allows ind_ividuals to
ouTube WhatsApp Instagram take ownership of their learning in a manner that is free and

CCrikrox > CCracepook - » YouTube is the preferred social
media platform considering the given criteria. For example, if
the criterion ‘Ownership of Learning’ is explored in relation to
YouTube, it is evident that YouTube fulfils all the
expectations of the end-user being motivated, engaged and
self-directed. According to Husain et al. [58], YouTube allows
teachers and learners ubiquitous access on any digital device
to videos and content made by subject experts from all around
the world that would have otherwise been expensive to
acquire. Teachers and learners can learn skills from step-by-
step videos made by skilled individuals on YouTube that can
be replayed countless of times. YouTube is an unlimited
digital library with multimedia tools and is a platform where
teachers and learners can make their own videos to display
their skills and talents on a global scale. The use of YouTube

fair to all that want to learn [59]. Regarding Viber, several
sources revealed that it has poor messaging services and voice
call quality without Wi-Fi connection [60].

V. CONCLUSION

Social media has become an integral tool in the affordance
of ubiquitous learning for schools, especially in unprecedented
times such as COVID-19. According to HelloYes [56], the
most used social media applications in South Africa in ranking
order are WhatsApp, YouTube, Facebook, FB Messenger,
Instagram, Twitter, Pinterest, Linkedln, Snapchat, Skype,
Reddit, TikTok, Tumbler, WeChat, Twitch, and Viber.
However, according to Smart Insights [57] Generation Z
individuals prefer the following social media applications:
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Facebook, YouTube, WhatsApp, Facebook Messenger,
WeChat, Instagram, TikTok, QQ, QZone, Reddit, Snapchat,
Twitter, Pinterest, and Viber. This study ranked 14 of the top
social media applications at the time using the multiple criteria
decision-making tool fuzzy TOPSIS and 30 ubiquitous
learning criteria with the 260 decision makers. The results
revealed that YouTube proved to be the most significant social
media application for ubiquitous learning with a CC; =
0,9188, closely followed by WhatsApp with a CC; = 0,8691.
Viber was identified as being the least likely application
suitable to ubiquitous learning with a CC; = 0,0165.

A limitation of the current study was that it had to be
representative of the high school population in the Pinetown
and Umlazi Districts in the province of KwaZulu Natal, South
Africa, responses from a large sample population had to be
acquired. The opinions of 260 decision makers comprising
instructors and learners in high schools was a novel approach
that proved to be initially challenging to configure on
MATLAB R2020a. An implication of this study is that it
contributed to the gap of literature on the use of fuzzy TOPSIS
in school-based education and enriched the literature on the
application of fuzzy TOPSIS within a South African schooling
context. Additionally, given the current pandemic, getting
“online now” presents a different focus for decision making
around social media platforms as ubiquitous learning tools.
Future studies will focus on intelligent decision support
systems to reduce the time and effort made by instructors and
learners to select the most beneficial social media application
for ubiquitous learning.
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