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ABSTRACT This study proposes an evaluation and benchmarking decision matrix (DM) on the basis
of multi-criteria decision making (MCDM) for young learners’ English mobile applications (E-apps) in
terms of listening, speaking, reading and writing (LSRW) skills. Benchmarking E-apps for young learners
is challenging due to (a) multiple criteria, (b) criteria importance and (c) data variation. The DM was
constructed on the basis of the intersection amongst evaluation criteria in terms of LSRW and E-apps
for young learners. The criteria were adopted from a preschool education curriculum standard. The DM
data included six E-apps as alternatives and 17 skills as criteria. Thereafter, the six E-apps were evaluated
by distributing a checklist form amongst six English learning experts. These apps were subsequently
benchmarked by utilising MCDM methods, namely, best–worst method (BWM) and technique for order
of preference by similarity to ideal solution (TOPSIS). BWM was used for criterion weighting, whereas
TOPSIS was employed to benchmark and rank the apps. TOPSIS was utilised in two contexts, namely,
individual and group. In the group context, internal and external aggregations are applied. Mean was
computed to ensure that the E-apps undergo a systematic ranking for objective validation. This study provides
scenarios and a benchmarking checklist to evaluate and compare the proposed work with six relative studies.
Results indicated that (1) BWM is suitable for criteria weighting. (2) TOPSIS is suitable for benchmarking
and ranking E-apps. Moreover, the internal and external TOPSIS group decision making exhibited similar
findings, with the best app being ‘Montessori’ and the worst app being ‘FunWithFlupe.’ (3) For objective
validation, remarkable differences were observed amongst the group scores, which indicate that the internal
and external ranking results are identical. (4) In the evaluation, the proposed DM revealed advantages over
the six relative studies by 40.00%, 53.33%, 40.00%, 46.67%, 46.67% and 46.67%.

INDEX TERMS Language learning app evaluation, language learning app assessment, language teach-
ing/learning strategies.

I. INTRODUCTION
Currently, the world is considered a global village where
individuals communicate with one another through a popular
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language, which is known as English, a common language in
the international community [1]. English is utilised at a useful
level by approximately 1.75 billion people worldwide, which
indicates that one out of four people speaks this language [2].
By 2020, two billion people are predicted to speak English or
learn to use it.
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The early childhood stage is considered the most rapid
period of development in human life that is important for
the holistic and healthy cognitive, emotional and physical
growth of children [3]. English education in early childhood
can facilitate effective English learning in young children
and support formal English learning in primary school. Thus,
inspiring the learning interest of children is critical and rep-
resents the key in improving teaching quality [4].

Technological development with mobile devices and appli-
cation adoption have translated into several opportunities
for children to learn English [5]. Mobile devices can pro-
mote motivation in children [6], make the process of lan-
guage learning fun and enjoyable and help learners positively
develop language skills [5], [7]. Mobile devices have pro-
vided a unique learning environment and a vast opportunity
for young English language learners to practice and learn
English [8]. Extensive findings reveal a total development
towards utilisingmobile phones to promote the efficiency and
eminence of mobile learning for young learners. Therefore,
mobile phones are becoming popular for their role as new and
effective learning tools [9], [10]. Recently, mobile applica-
tions (apps) are constantly increasing and considered commu-
nal tools for learning [11]. They are the latest technological
developments that aid English learning [12] and considered
one of the preferred environments for children to learn and
practice a language [13]. Althoughmany apps are available in
stores, not all of them are widely used [11]. A great number of
available English learning apps are provided for children, [6]
but whether all of these apps are designed with a theoretical
approach cannot be concluded [14]. No quality control is
employed to assess their content [15], resulting in users’
difficulty in choosing the right app [16]. Therefore, evaluating
and benchmarking these apps is necessary when selecting
the best one. Benchmarking refers to a standard or a group
of standards utilised as a point of reference for evaluating
the performance or level of quality when compared against
others [17], [18].

In our context, English learning apps’ benchmarking pro-
cess is considered a challenge because each English learning
app content must be evaluated in many aspects. Each aspect
also includes a set of criteria that should be considered. These
aspects are embodied by three main skills adopted from the
2016 KSPK standard as follows:

(1) Listening and Speaking (stimulus given, rimes, poems
and rhymes, stories, favourite things and activities, oral
texts, familiar activities and experiences, stories heard,
daily situations) criteria;

(2) Reading (Alphabet letters, simple phrases, simple sen-
tences, texts) criteria; and

(3) Writing (copy legible phrases, copy legible sentences,
ideas and information communication and legible writ-
ing) criteria.

Benchmarking for English learning apps has been facing
issues due to several important aspects. Such issues are
multiple criteria, criterion importance and data variation.

Firstly, the multiple criteria issue involves many criteria
that affect the benchmarking process of English learning
apps. This study involves three main aspects with 17 cri-
teria. Therefore, all these criteria should be simultaneously
considered [19]–[21]. Secondly, criterion importance depicts
that one criterion may be preferred more than the
others [22]–[24]. That is, these criteria are not at the same
level of importance [25]–[27]. Thirdly, data variation term
means that various alternatives can be represented as a set of
various data during the benchmarking process. Specifically,
each single English learning app can be assigned with a single
value for each criterion [28]–[30]. Data variation amongst
criteria causes a problem with which decision makers can-
not compare an app with other apps [31]–[33], [35]. This
appointed area of evaluation and benchmarking is considered
a multiple criteria problem. Thus, this research provides a
new decision-making solution to evaluate and benchmark
English learning apps on the basis of the three different
aspects of listening, speaking, reading and writing (LSRW)
by using multi-criteria decision making (MCDM). This study
can help English language teachers and designers to under-
stand how contents of English courses should be presented.
Moreover, this study can assist parents and kindergarten
teachers for screening and selecting suitable and reliable
English learning apps. Figure 1 illustrates the framework
of the paper. The remainder of this paper is structured as
follows. Section II discusses the literature review. Section III
describes the decision-making methodology for evaluating
and benchmarking English learning apps. Section IV presents
the results and discussion. Section V discusses the validation
and evaluation processes. Finally, Section VI provides the
conclusion.

II. LITERATURE REVIEW
In this study, a representative and comprehensive system-
atic review of 618 journal articles about English learning
mobile apps evaluation is conducted to determine the research
gaps. Our critical review only suggests six studies related
to evaluating apps for English learning. This section dis-
cusses and reviews these papers to identify the criteria and
approaches used for evaluation. Amongst these six papers,
five (5/6) are related to adults, rather than early child-
hood. In these five papers, the authors evaluated the apps
on the basis of several criteria. For instance, the authors
in [36] and [37] assessed English mobile applications
(E-apps) according to ease of use, functionality, design/
layout, usability and usefulness amongst others. The authors
in these two papers (2/5) completely ignored content evalu-
ation. In the last three papers [9], [14], [38], the apps were
evaluated using almost the same criteria and content with
other related studies included in this paper. With regard to
content evaluation, the authors in [9] designed an app to
promote idioms and vocabularies, which focus on whether
the content is nicely presented, visibly described to users,
noteworthy and helps learners to become further engaged and
motivated.
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FIGURE 1. Framework of the study.
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In [14], content quality evaluation focused on the content
presentation, whereas [38] merely emphasised the pronun-
ciation skill, which is a part of speaking [39]. Moreover,
evaluation for the three other skills was not conducted. Only
one (1/6) paper was related to early childhood (kindergarten
students). In [40], an app was evaluated for its effectiveness
by asking participants about the user interface design, mate-
rials and functionality of the app. Although the prototype
was evaluated through learning materials, vocabulary was
the focus, rather than the four main language LSRW skills.
The cited critical review revealed that no study has been
conducted to identify and construct a DM. This matrix can
be used to evaluate and benchmark young learners’ mobile
apps for learning English as a second language in terms of
LSRW skills as an integrated platform on the basis of the
KSPK standard.

III. METHODOLOGY
A two-phase methodology of benchmarking the English
learning apps is employed. The first phase (identification)
intends to construct the DM on the basis of the intersec-
tion between criteria and English learning apps. The second
phase (benchmarking) includes English learning app bench-
marking and ranking based on the integrated Best–Worst
Method (BWM)–Technique for Order of Preference by Sim-
ilarity to Ideal Solution (TOPSIS) methods.

A. IDENTIFICATION PHASE
This phase aims to identify DM on the basis of the inter-
section between multi-evaluation criteria in terms of LSRW
skills and young learners’ E-apps. In anyMCDMcases, exist-
ing substantial termsmust be defined, such as the alternatives,
the criteria and the decision or evaluation matrix [41]–[45].

1) SELECT MOBILE APPS FOR ENGLISH LEARNING
(ALTERNATIVES)
Alternatives refer to the various (usually finite) choices
of decision makers for the considered problem [46]–[49].
We have selected six available apps for early childhood
English learning as alternatives for this study. These apps
are suitable for students aged 5 and above and are based on
the access dates in September 2018. Specifically, these apps
are: Lingokids, Fun English, FunWithFlupe, First Words,
Montessori and Spelling Bee. This list of apps is not compre-
hensive of all available early childhood English learning apps
but is a representative group of common apps in literature
together with open source repositories.

2) IDENTIFY THE EVALUATION CRITERIA ON THE BASIS OF
LSRW SKILLS
Criteria refer to the different dimensions through which the
alternatives can be viewed [50], [51]. The criteria used in
this study are identified from the 2016 KSPK standard, which
includes main and sub-criteria. Figure 2 illustrates the crite-
ria employed in this study and represents the final set with

FIGURE 2. Levels of evaluation criteria for evaluating the English learning
apps based on the 2016 KSPK standard.

respect to experts’ views, including the four main language
LSRW skills.

Listening and Speaking skills are combined as one aspect
in the 2016 KSPK standard and is therefore evaluated through
nine criteria, namely, stimulus given, rimes, poems and
rhymes, stories, favourite things and activities, oral texts,
familiar activities and experiences, stories heard and daily
situations.

The reading aspect in the 2016 KSPK standard consists
of eight criteria, namely, alphabet letters, sounds in a word,
blend sounds, frequency/sight words, simple phrases, simple
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TABLE 1. Proposed DM.

sentences, independency and texts read. Experts view four
of these criteria, namely, sounds in a word, blend sounds,
frequency/sight words and independency, as unsuitable for
early childhood English learning apps. Thus, these four cri-
teria are disregarded in this study. The final criteria set under
the reading aspect consists of the four remaining criteria,
which are alphabet letters, simple phrases, simple sentences
and texts read. Moreover, four criteria are utilised to evaluate
the writing aspect, namely, copy legible phrases, copy legible
sentences, ideas and information communication and legible
writing.

3) CONSTRUCT THE DM
In this section, an intersection is designed between mobile
apps (alternatives) and identified aspects, which are LSRW
skills and their criteria. Table 1 presents the DM. Data pre-
sentation is needed in this stage to fulfil the proposed DM.
Practically, each app comprises many subskills that must
be considered. The three specific issues mentioned in the
Introduction section are addressed as follows: (1) multiple
criteria indicate that apps are evaluated with respect to the
17 subskills; (2) data variation refers to the different values
of the apps’ subskills, but this variation of values results in

ranking and selection difficulty; and (3) the importance of
criteria, which suggesting that varied weights exist between
main skills and subskills.

4) EVALUATE THE DM
The six English learning apps are evaluated by a panel
of experts according to the identified LSRW skill criteria.
The next subsections describe experts’ selection, checklist
form for evaluation and evaluation procedures undertaken for
English learning mobile apps based on LSRW skill criteria.

a: EXPERT SELECTION
The panel of experts consists of six English learning lecturers
in early childhood learning department/Faculty of Education
and Human Development in Universiti Pendidikan Sultan
Idris. All these experts have been teaching early childhood
English courses for over five years, as characterised in stud-
ies [1], [14], [52] and [53]. Thus, they have had rich expe-
rience in teaching English. Checklist forms are distributed
amongst them. The experts participate in three stages. Firstly,
they evaluate and test the format and the content of the check-
list form. Secondly, as respondents of this study, they help
us in gathering data for analysis by answering the checklist
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TABLE 2. Weaknesses and strengths of common MCDM methods.

forms. Lastly, three of the experts help us obtain the weights
for evaluation criteria by filling up the BWM standard.

b: CHECKLIST FORM FOR EVALUATION
Similar to many studies (e.g. [54], [55]), a checklist form is
employed in this study. This easy-to-use form is prepared
in English language. The checklist is used to evaluate the
alternatives (apps) with respect to the criteria (LSRW) (see
Appendix B) and comprises 21 questions, which are divided
into three sections that measure the LSRW skills.

Before the respondents evaluate the actual apps, the check-
list is developed and reviewed by the experts to: (1) check
whether the criteria are suitable for evaluating the English
learning apps in early childhood environment, (2) identify the
question problems, (3) breakdown the question-answering
process (4) and determine other potential measurement errors
in our checklist form [55], [56].

c: EVALUATION PROCEDURES OF MOBILE APPS FOR
ENGLISH LEARNING BASED ON LSRW SKILL CRITERIA
This study is conducted using a checklist form, which is
administered to evaluate the alternatives (apps). Each alterna-
tive is evaluated with respect to all identified criteria. Initially,
all the apps are installed on a tablet device (with an Android
operating system), and all the installed apps are subsequently
presented to the experts for evaluation. The form is distributed
for the respondents to check the criterion suitability of early
childhood English learning apps and then answer the eval-
uation questions. To eliminate bias in this study, the forms

are distributed and collected without the intervention of any
other person, and the respondents should answer the form
questions. The forms are manually distributed and collected,
not electronically, to maintain confidentiality. The collected
evaluation data in the checklist form are analysed by applying
MCDMTOPSIS method, which is required for a comprehen-
sive ranking of English learning mobile apps.

B. BENCHMARKING PHASE
This phase aims to benchmark young learners’ English learn-
ing mobile apps on the basis of the identified DM through
MCDM. Various MCDM theories are discovered. The most
common and famous MCDMmethods that use different con-
cepts comprise multiplicative exponential weighting (MEW),
weighted product method (WPM), weighted sum model
(WSM), analytic network process (ANP), analytic hierarchy
– process (AHP), BWM and TOPSIS. Our related literature
analysis implies that these methods have not been applied
yet to evaluate and benchmark mobile apps in an English
learning environment, which is considered a theoretical
gap.

Studies of [57]–[60] explain the weaknesses and strengths
of common MCDM methods, including recommendations.
Table 2 summaries the explanation.

The latest trend in the field entails the integration of
two or more decision making methods [61]–[63] to pre-
vent shortcomings in a single method. Therefore, TOPSIS
needs an effective approach to assign the relative impor-
tance of various criteria with respect to the goal. AHP and
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FIGURE 3. Integrated BWM–TOPSIS model for app selection.

BWM offer a procedure to obtain the relative importance of
different criteria. These methods are used to assign weights
for criteria depending on experts’ opinions [64]–[68]. Statis-
tical results reveal that BWM is more accurate and consistent
than AHP. The remarkable features of BWM, compared with
AHP method, include requiring only a few pairwise com-
parisons. This requirement leads to consistent comparisons,
thereby providing reliable results [65], [69].

Recently, the BWM–TOPSIS methods have become a
widely accepted integrated multi-criteria decision analy-
sis method (e.g. [69]–[72]). These proposed integrated
BWM–TOPSIS methods have several merits. Firstly,
the newest MCDM method, namely, BWM is applied
to determine criterion weight, which is easier to operate
than other methods. Secondly, the most common MCDM
method [73], namely, TOPSIS is employed for bench-
marking and ranking English learning apps; this ranking
procedure is easier and clearer to implement than other
MCDM methods [71]. Thus, in this study, BWM was
used to assign and determine the criteria weights, whereas
TOPSIS was employed to benchmark English learning apps.
Table 5 presents the weighting and ranking processes of these
two methods in the constructed DM. BWM and TOPSIS
steps are explained in Fig. 3 and are further discussed
afterward.

1) UTILISING BWM METHOD FOR CRITERIA WEIGHT
DETERMINATION
BWM assigns weights for a set of evaluation criteria through
pairwise comparison of the best (most desirable or most
important) and the worst (least desirable or least impor-
tant) criteria with the other criteria in the evaluation criteria
set [74]. BWM form, which is designed according to the
BWM steps, is used to obtain weights of the aspects (LSRW)
and their criteria (see Appendix A). All aspects and their
criteria are weighted by the same selected panel of experts as
mentioned in the ‘Identification’ phase. In this stage, several
steps are involved to assign proper weights to the criteria by
using BWM. The BWM procedure includes the following
steps [68], [71], [75].

a: DETERMINE THE SET OF EVALUATION CRITERIA BY
DECISION MAKERS
The first step of the BWM is determining the criteria set;
{c1, c2, . . . , cn} should be used by the decision maker when
deciding for the best alternative. In this study, the criteria set
is obtained from the 2016 KSPK standard as mentioned in the
‘Identification’ phase.

b: DETERMINE THE BEST AND WORST CRITERIA
In this step, decisionmakers choose the best andworst criteria
amongst the set of criteria identified in the previous step
from their perspective. The best criteria represent the most
important criteria, whereas the worst criteria are the least
important criteria considered for the decision.

c: DETERMINE THE PREFERENCE OF THE BEST CRITERION
OVER ALL THE OTHER CRITERIA
The process of pairwise comparison is conducted between the
identified best criterion and the other criteria. This step aims
to determine the preference of the best criterion over all the
other criteria. The experts choose a value from 1 to 9 (1 =
equally important, 9 = extremely important) to represent the
importance of the best criterion over the other criteria. This
procedure results in a vector, namely, ‘Best-to-Others,’ which
can be: AB = (aB1, aB2, . . . , aBn), where aBi indicates
the importance of the best criterion B over criterion j, and
aBB = 1.

d: DETERMINE THE PREFERENCE OF EACH OF THE OTHER
CRITERIA OVER THE WORST CRITERION
This pairwise comparison aims to identify the preference
of all criteria over the least important criterion. The eval-
uator/expert determines the importance of all the criteria
over the worst criterion; numbers from 1 to 9 indicate the
level of importance. The result of this step is a vector,
namely, ‘Others-to-Worst.’ Its result is represented as Aw =
(a1w, a2w, . . . , anw), where ajw represents the preference of
criterion j over the worst criterion w. Evidently, aww = 1.
Fig. 4 clarifies the two types of reference comparisons, known
as Best-to-Others and Others-to-Worst criteria.
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FIGURE 4. Reference comparisons in the BWM method.

e: OBTAIN THE OPTIMAL WEIGHTS (W ∗1,W∗2, . . . ,W∗n)
The optimal weight for the criteria is the one wherein for
each pair of WB/Wj and Wj/Ww, we have WB/Wj = aBj and
Wj/Ww = ajw. To meet these conditions for all j, the maxi-
mum absolute differences {|WB - aBjWj| and |Wj - ajwWw|}
for all j are minimised. Considering the non-negativity and
sum condition for the weights, the following problem is
created.

min max j
{∣∣∣∣WB

Wj
− aBj

∣∣∣∣ , ∣∣∣∣ Wj

Ww
− ajw

∣∣∣∣}∑s.t.

j
wj = 1, wj ≥ 0 for all j (1)

This model can be solved by transforming it to the linear
programming formulation.

min ξ

s.t.

∣∣∣∣WB

Wj
− aBj

∣∣∣∣ ≤ ξ, for all j (2)∣∣∣∣ Wj

Ww
− ajw

∣∣∣∣ ≤ ξ, for all j (3)∑
j

Wj = 1

Wj ≥ 0, for all j

By solving this problem, the optimal weights (W ∗1,
W ∗2, . . . ,W ∗n) and the optimal value of ξ∗ are acquired.
ξ∗ refers to the outcomes’ reliability, which depends
on the extent of consistency in the comparisons. Thus,
the closer ξ∗ is to a zero value, the more consistent
the comparison system provided by the decision mak-
ers. Subsequently, the consistency ratio (CR) is calculated
using ξ∗, and the corresponding consistency index is as
follows:

CR = ξ∗/consistency index. (4)

Table 3 depicts the consistency index. It shows that the
lower the CR, the higher the reliability of the comparisons.
That is, a CR value of less than 0.1 is reflective of consistent
judgements [76].

2) UTILISING TOPSIS METHOD TO BENCHMARK AND RANK
ENGLISH LEARNING APPS
TOPSIS is based on the idea of an alternative with respect
to the closest to the ideal solution and the farthest from the

TABLE 3. Index of consistency.

anti-ideal solution as the best option [77]. In this section,
TOPSIS, which is considered a proper method amongst
MCDM techniques, is utilised. This method involves several
steps to implement. The procedures of the TOPSIS method
are demonstrated in the subsequent steps [76], [78].

a: CONSTRUCT THE NORMALISED DM
This process attempts to transform the various attribute
dimensions into non-dimensional attributes and allows
a comparison amongst the attributes. The matrix is
(Xij)m∗n, then the form (Xij)m∗n is normalised to the
matrix R = (rij)m∗n by using the normalisation
method:

rij = x ij/

√∑m

i=1
x2ij (5)

This process results in a new matrix R, which is expressed
as follows:

R =


r11 r12 . . . r1n
r21 r22 . . . r2n
...

...
...

...

rm1 rm2 . . . rmn


b: CONSTRUCT THE WEIGHTED NORMALISED DM
In this stage, a set of weights, W = W ∗1, W ∗2,
W ∗3, . . . ,W ∗n, from the decision maker is accommodated
to the normalised DM. The resulting matrix can be calculated
by multiplying each column from normalised DM (R) with its
associated weight Wj. Notably, the set of the weights should
be equal to 1. ∑m

j=1
wj = 1 (6)

This process can result in a new matrix V , which is
expressed as follows:

v =


v11 v12 . . . v1n
v21 v22 . . . v2n
...

...
...

...

vm1 vm2 . . . vmn



=


w1r11 w2r12 . . . wnr1n
w1r21 w2r22 . . . wnr2n
...

...
...

...

w1rm1 w2rm2 . . . wnrmn


VOLUME 7, 2019 146627



N. K. Ibrahim et al.: Multi-Criteria Evaluation and Benchmarking for Young Learners’ English Language Mobile Applications

c: DETERMINE THE POSITIVE AND NEGATIVE IDEAL
SOLUTIONS
In this process, two alternatives,A∗ (positive ideal alternative)
and A− (negative ideal alternative), are defined as follows:

A∗ =
{((

maxi vij|j ∈ J
)
,

(
min
i
vij|j ∈ J−

)
|

i = 1, 2, . . . ,m
)}

=

{
v∗1, v

∗

2, . . . , v
∗
j , · · · v

∗
n

}
(7)

A− =
{((

mini vij|j ∈ J
)
,
(
maxi vij|j ∈ J−

)
|i = 1, 2, . . . ,m

)}
=

{
v−1 , v

−

2 , . . . , v
−

j , · · · v
−
n

}
(8)

Note that J is a subset of {i = 1, 2, . . . ,m}, which presents
the benefit attribute, whereas J− is the complement set of J
or (Jc), which is the set of cost attribute.

d: CALCULATE THE SEPARATION MEASUREMENT ON THE
BASIS OF THE EUCLIDEAN DISTANCE
In this stage, the separation measurement is performed by
calculating the distance between each alternative in V and the
ideal vector A∗ by applying the Euclidean distance, which is
expressed as:

Si∗ =

√∑n

j=1

(
vij − v∗j

)2
, i = (1, 2, · · ·m) (9)

Similarly, the separation measurement for each alternative
in V from the negative ideal A− is expressed as follows:

Si− =

√∑n

j=1

(
vij − v

−

j

)2
, i = (1, 2, · · ·m) (10)

As a result of this step, two values, namely, Si∗ and Si- for
each alternative are counted, and both represent the distance
between each alternative and the positive and negative ideal
solutions.

e: DETERMINE RELATIVE CLOSENESS TO THE IDEAL
SOLUTION
The closeness of Ai to the ideal solution A∗ is defined as:

Ci∗ = Si−
/
(Si− + Si∗) , 0 < Ci∗ < 1,

i = (1, 2, · · ·m). (11)

Ci∗ = 1 if and only if (Ai = A∗). Similarly, Ci∗ = 0 if and
only if (Ai = A).

f: RANK THE ALTERNATIVES ON THE BASIS OF THE
CLOSENESS TO THE IDEAL SOLUTION
The set of alternative Ai can be ranked in the descending
order of Ci∗, where a high value is preferred. Two contexts
can be adopted in MCDM to rank the alternatives, namely,
individual and group decision making. The individual context
refers to ranking the alternatives with respect to each expert’s
perspective, which means the three rank results of Ci∗ for the
three experts are present. The group decision-making context

has two approaches. The first one is internal aggregation that
is calculated through dividing the summation values of the
negative separation by the negative separation values plus the
positive separation values for each expert.

Internal aggregation=sum(Si − )/(sum(Si − )+sum(Si∗)).

(12)

The second approach is external aggregation, which is
calculated by finding the average ranking values for each
expert.

IV. RESULTS AND DISCUSSION
This section presents the results of the proposed DM for
evaluating and benchmarking the English learning apps in
terms of LSRW skills based on the 2016 KSPK standard.

A. DATA PRESENTATIONIN THE DM
This section presents the results obtained from the evaluation
process for the six English learning apps with respect to
LSRW criteria (see ‘Identification’ phase). Table 4 presents
the results obtained from the first expert, and Appendix C
(Tables 26–30) provide detailed results of the five other
experts. Given the differences in the expert evaluation of
English learning apps, the evaluation average of the six
experts is calculated. Table 5 presents the completed DM. The
table shows that the evaluation of each English learning app is
based on 17 criteria. The following section discusses the
result of the integration between BWMand TOPSISmethods.

B. RESULTS OF BENCHMARKING ENGLISH LEARNING
MOBILE APPS FOR YOUNG LEARNERS BASED ON THE
IDENTIFIED DM USING BWM AND TOPSIS METHODS
This section presents the results in two subsections. The first
subsection is the criteria weighting results by using the BWM
method, followed by the second subsection, which is related
to the results of the TOPSIS method for ranking.

1) RESULTS FOR WEIGHT USING BWM METHOD
This section presents and explains the BWM results. Only
three experts are asked for their preferences on the evaluation
criteria of English learning apps via a BWM comparison
question form. Table 6 presents the first expert results of the
main criteria and their sub-criteria, and the detailed results of
the two other experts are shown in Appendix C (Table 31).

To calculate the criteria weights according to the BWM
method, the best and worst criteria are identified, the compar-
ison between the best criterion and the others is performed,
and the comparison between all criteria with worst criterion
is achieved. Finally, the linear model of BWM is solved
according to Eqs. (1), (2) and (3) to obtain the weights, and
Eq (4) is used to calculate the CR of each expert’s preference,
as cited in the ‘Benchmarking’ phase.

To calculate the global weights of each criterion for the
three experts, the BWM method derives the local weights
for each criterion at each level, as shown in Table 6 and
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TABLE 4. Results obtained from the first expert.

TABLE 5. Completed DM.
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TABLE 6. Results of BWM method for the weight preferences of the criteria of english learning app evaluation (first expert).

Appendix C (Table 31), representing the importance of each
criterion regarding the parent. The global weight for each
criterion is obtained, representing the importance of that cri-
terion with respect to the goal for each expert.

The weight of each criterion is determined by comparing
the criteria on the basis of the BWM. These weights are
called local weights. The weights of the original criteria and
their associated local weights are multiplied to determine the
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global weights with respect to experts’ goals, as presented
in Table 7. In addition, Table 7 presents the overall local
and global weights obtained from the three experts for the
17 evaluation criteria. In addition, the table shows that the
overall CR for the comparison according to each expert’s
scores is an acceptable ratio of less than 0.1, which reflects the
high consistency of the comparison outcomes, as mentioned
in the ‘Benchmarking’ phase. The global weights are used in
the proposed DM because they represent the importance of
the criteria with respect to the goal.

Table 6 indicates that the first expert assigns the maxi-
mum weight for ‘daily situations’ as 0.236, and the mini-
mum weight obtained by ‘text reading’ is 0.003. The second
expert assigns the maximum weight for ‘idea and informa-
tion communication’ criterion as 0.275, and the minimum
weight obtained by ‘text reading’ is 0.005. The third expert
assigns the maximum weight for ‘idea and information com-
munication’ as 0.204, and the minimum weight obtained by
‘simple phrases’ is 0.011. The final weight results are used
in applying the TOPSIS method in the subsequent section,
as mentioned in the ‘Benchmarking’ phase.

2) RANKING RESULTS OF TOPSIS METHOD
This section discusses the ranking results of the English learn-
ing apps according to the weighted evaluation criteria. Two
main decision-making contexts are included in this study,
namely, individual and group. Furthermore, two approaches
are used in the group context, namely, internal and external
aggregations.

a: TOPSIS RESULTS OF INDIVIDUAL CONTEXT FOR
DIFFERENT WEIGHTS ACCORDING TO EXPERTS
TOPSIS is used to rank the alternatives on the basis of the
DM results, as presented in Table 5. The results presented
in Table 7 indicate the global importance of the evaluation
criteria from the viewpoint of each expert. As described in
the ‘Benchmarking’ phase, the TOPSIS technique depends
on comparing each alternative with ideal solutions. S− and
S∗ represent the closeness of an alternative to the negative
and positive ideal solutions, respectively. Table 8 shows the
TOPSIS ranking results on the basis of the weights that reflect
the viewpoint of the first expert. The two remaining experts’
TOPSIS results are shown in Appendix C (Table 32).
Figure 5 illustrates the virtualised overall TOPSIS final rank-
ing results on the basis of the three experts’ preferences. The
three rank results indicate the highest rank values of 0.8689,
0.7464 and 0.7845 for the Montessori app. In addition,
the three rank results reveal that the lowest values are 0.2193,
0.3355 and 0.3696 for the FunWithFlupe, Fun English and
First Words apps, respectively.

Considering the previous discussion, the results of the indi-
vidual context clearly show variation amongst the rankings
of the three experts. Thus, a group TOPSIS decision-making
context must be applied to provide an alternative ranking that

TABLE 7. Local and global weights for the three experts.
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TABLE 8. Ranking results based on the first expert’s weights.

FIGURE 5. Ranking results based on the three experts’ weights.

TABLE 9. Group decision making of TOPSIS with internal and external
aggregations.

considers all decision makers. The following section presents
the results of the group TOPSIS decision-making context.

b: GROUP TOPSIS WITH INTERNAL AND EXTERNAL
AGGREGATIONS
To extend TOPSIS to a group decision environment,
two approaches—internal and external aggregations—are
reported in the literature, as mentioned in the ‘Benchmarking’
phase. Table 9 presents the results of the alternatives of group
TOPSIS with internal and external aggregations.

The virtualised results in Figures 6 and 7 for the inter-
nal and external aggregation rankings, respectively, indicate
similar ranks using the aforementioned methods. Henceforth,
the findings of the external aggregation method is considered

FIGURE 6. Results of external aggregation.

FIGURE 7. Results of internal aggregation.

the final ranking results and are used in the validation pro-
cesses, similar to the study of [79]. The subsequent section
describes the external aggregation validation results in detail.

V. VALIDATION AND EVALUATION
A. VALIDATION
1) OBJECTIVE VALIDATION
The statistical method (mean) is utilised to ensure the system-
atic ranking of the English learning apps. The mean refers
to the average, which is calculated by dividing the sum of
the observed results by the number of results, as shown as
follows:

x̄ =
∑n

i=1
xi/n (13)

The mean is used to ensure the validity and systematic
ranking of the proposed DM results. The scoring of the six
apps is divided into three groups on the basis of the ranked
result based on the TOPSIS method, which is similar to the
study [72]. The results are expressed as the mean for each
group.

The validation process must prove that the first group has
the highest scoring value by calculating the mean and com-
paring it with that of the other groups. Themean of the second
group must be lower than that of the first group. Meanwhile,
the mean of the third group must be lower than that of the first
and second groups. The systematic ranking results show that

146632 VOLUME 7, 2019



N. K. Ibrahim et al.: Multi-Criteria Evaluation and Benchmarking for Young Learners’ English Language Mobile Applications

TABLE 10. Validation results of external group decision - making ranking.

the first group should be statistically proven as the highest
amongst all groups [68], [80].

2) VALIDATION RESULT
This section presents the validation processes of external
group decision-making rankings. This study employs objec-
tive validation processes. The validation process for the rank-
ing results of English learning apps is performed by dividing
the ranking result into three equal groups with two apps
each. Mean is calculated for each group to ensure the system-
atic ranking of English learning apps. After the normalisation
and weighting processes for the data of the first, second and
third groups of English learning apps, Table 10 presents the
validation results for the external aggregation group deci-
sion making. The mean value in the first group (0.0262) is
higher than the mean values in the second and third groups
(0.0208 and 0.0197, respectively). The mean value in the sec-
ond group (0.0208) is higher than in the third group (0.0197).
Thus, the internal and external group decision-making rank-
ings are objectively valid and systematic.

B. EVALUATION
The most relevant existing studies related to English
learning app evaluation and benchmarking are found
in [9], [14], [36]–[38], [40], as shown in the Literature review
section. In the current section, the proposed DM is evaluated
and compared with these six relevant studies (benchmark
studies). Comparison requires the provision of scenarios and
a benchmarking checklist. Each scenario reflects issues that
must be defined and addressed in the studies on evaluat-
ing and benchmarking English learning apps. These issues

represent the points of comparison for the proposed DM
with the benchmark studies in the checklist. A benchmarking
checklist provides a useful way to measure how effective the
proposed work is compared with other works. The compar-
isons are performed on the basis of whether the compared
works cover the issues addressed in the comparison scenario,
as in studies [79], [81]. Three scenarios are clarified as fol-
lows to show the comparison points in the benchmarking
checklist.

In the first scenario, the comparison between the proposed
and benchmark studies is based on app evaluation and related
comparison points. In several studies, the evaluation process
of apps should be conducted on the basis of content evaluation
and usability evaluation.

During content evaluation, the learning of any lan-
guage involves and focuses on the mastery of LSRW
skills [82], [83]. Thus, app content should be evaluated in
terms of the four skills. The first skill is listening, which is
one of the most crucial language skills [84], [85]. Effective
teaching methods for English learning must begin with this
skill [10]. However, students believe that speaking is the most
important language skill that should be mastered. They argue
that learning achievement must be assessed on the basis of
speaking skill [86].

Moreover, amongst the LSRW skills, reading plays an
essential role in understanding and learning authentic mate-
rials. In the context of English as a foreign language, people
do not often have many chances to interact and communicate
orally with native speakers. Thus, reading can play an impor-
tant role in learning improvement [87]. In general, writing
is the last language skill to be gained for language learners.
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Success in English writing brings learners benefits not only
in their English learning but also in their entire life [10], [88].

Alongwith LSRWskills, vocabularymastery is a basic fac-
tor for English learning. Mastery of vocabulary is important
for anyone learning the language. Foreign language learners
can speak fluently and accurately, write easily or understand
what they read or hear when they have enough vocabulary
and can use it accurately [89].

In relation to usability evaluation, layout design is impor-
tant to encourage learners to use apps, as such a design
represents the first element seen by users when opening
apps [90]. Raising motivation is the key in any kind of learn-
ing. Accordingly, students with high motivation can achieve
further English learning [91]. Moreover, if an app is easy to
use and useful, users can have a positive attitude towards it,
which in turn increases their intention to use the app. Ease
of use is related to the degree to which a person believes that
using the app is free of effort, whereas usefulness refers to
the degree to which the learner believes that using the app can
enhance his or her learning [92].

In the second scenario, compression is done on the basis
of the benchmarking procedure of English learning apps
and related comparison points. Benchmarking is performed
to compare English learning apps under the same condi-
tions [93]. Several criteria influence the benchmarking pro-
cess. All criteria should be considered for assessment [19].
Consequently, different weights are generally given for the
criteria. Thus, criteria weighting is significant [94] and rep-
resents a key objective by benchmarking [17].

Moreover, data variation amongst different criteria during
benchmarking is becoming a major challenge because mea-
suring the alternatives in terms of criteria can be represented
as a set of values [28], [29]. Data variation amongst these
values causes a problem in which decision makers cannot
compare an alternative with others [31], [32].

In the third scenario, compression is performed on the basis
of the validation and evaluation of the proposed and bench-
mark works. Validation is the process of checking whether a
proposed work is valid and appropriate for its purpose [79].
Evaluation is related to the process of comparing the perfor-
mance and accuracy of the proposed work [81].

After detailing the comparison scenarios, several compar-
ison points are recognised and highlighted for each scenario
that must be considered in English learning app evaluation
and benchmarking. Comparison points are extracted, and
Figure 8 describes the connection between scenarios and their
related issues, which are defined as points of comparison in
the benchmarking checklist. The descriptions of the checklist
comparison points are presented as follows:

• Listening skill: Listening is the process of understand-
ing speech. Out the four skills LSRW, listening is the
most important [85], [95]. Thus, this point of com-
parison is included in the benchmarking checklist to
demonstrate whether the listening skill evaluation has
been provided in the study.

FIGURE 8. Relationships amongst comparison points and scenarios.

• Speaking skill: The speaking skill is an important part
of language learning and teaching [96]. This issue is
included because it plays an important role in giving
learners the ability to communicate in English [97].

• Reading skill: The importance of reading skill is promi-
nent [98]. Thus, this point of comparison is included in
the benchmarking checklist to demonstrate whether the
reading skill evaluation has been provided in the study.

• Writing skill: Writing represents one method of
expressing thoughts. Therefore, this skill is very impor-
tant [99] and is included as a point in the benchmarking
checklist.

• Vocabulary: This point indicates whether the study has
provided an evaluation of vocabulary issues. Vocabu-
lary is considered the foundation of English language
learning. Having ample vocabulary can ensure smooth
and precise communication, such that people can convey
ideas and enhance LSRW skills [100].

• Layout design: Effectiveness of English learning and
design of the interface are significantly related because
the interface is used to communicate with apps [90].
Thus, this point is included in the benchmarking
checklist.
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TABLE 11. Comparison of scenarios and their related comparison points.

• Motivation: This point is a major factor in determin-
ing the success or failure in language learning. The
aspects of motivation should be considered as one
of the important elements related to English learning
apps [91].

• Ease of use: Ease of use refers to the ease in learning
and using apps [101]. Ease of use is essential in creating
intention to use apps [102]. Thus, this point is included
in this benchmarking checklist.

• Usefulness: This point reflects if an app usefulness eval-
uation has been provided. Usefulness can be defined
as an insight into users’ learning performance by using
apps [103].

• Multi-evaluation criteria: This point displays whether
the study has addressed multiple criteria during the
app benchmarking process. Benchmarking is challeng-
ing because a decision is made on the basis of a set of
attributes [81].

• Criteria weighting: This comparison point exhibits
whether the criteria are assigned with the weights dur-
ing the benchmarking process. One criterion may be

preferred more than others. The importance of each
criterion in terms of the decision makers’ preferences
can be represented as weight [22], [81].

• Evaluation data variation: Multiple criteria generate
a data variation is considered a multi-attribute decision
problem [104] and must be handled accordingly [81].
Thus, this point is included in the benchmarking check-
list.

• Multi-criteria decision ranking: This point indicates
selecting the appropriate app after the evaluation pro-
cess [81]. Therefore, this issue must be included in the
benchmarking.

• Validation: Validation is a powerful way to reduce
the likelihood of spreading false positive results [105].
Therefore, this issue is important and is included in the
checklist.

• Evaluation: This point represents whether an evaluation
has been provided and the proposed work is evaluated.
Our evaluation aims to compare the performance of
different studies on benchmarking and ranking English
learning apps [106].
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FIGURE 9. Illustrates levels of evaluation criteria for evaluation the English learning apps based on KSPK 2016 standard.

TABLE 12. Comparison measurement scale.
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TABLE 13. Comparison to determine the preference of most and least important criterion.

TABLE 14. Comparison to determine the preference of most important criterion over other criteria.

After defining the checklist comparison points, the com-
parison procedure is demonstrated. In those scenarios, 9,
4 and 2 out of 15 issues are highlighted for the first, sec-
ond and last scenarios, respectively. Each comparison point
within each scenario has gained 6.6667% from the overall
performance (100 divided by 15 issues). Table 11 presents
the checklist comparison between the proposed study and
benchmark studies.

Table 11 shows that the benchmarking studies focus on
the evaluation of layout design, motivation, ease of use and
usefulness more than other issues. Only benchmark study
3 addresses the speaking skill issue, and benchmark studies
1 and 6 address the vocabulary. These studies are conducted
through an app evaluation process only without benchmark-
ing, result validation and evaluation processes. The pro-
posed DM addresses 11 out of 15 issues, namely, listening
skill, speaking skill, reading skill, writing skill, vocabulary,
multi-evaluation criteria, criteria weighting, evaluation data
variation, multi-criteria decision ranking, validation and eval-
uation issues. Worthy to note, the current study is based on
KSPK standard (see Identification phase), therefore the other
four issues namely, layout design, motivation, ease of use and
usefulness are not addressed.

The differences in comparison studies are based on the
scenarios and related comparison points also explained
in Table 11. This table shows that the proposed study and
benchmark study 1 exhibit an advantage over the five other
benchmark studies in the first scenario with a total perfor-
mance of 55.55% (5 out of 9 issues). In the second and third
scenarios, the proposed study exhibits an advantage over the
six benchmark studies with a total performance of 100%
(4 out of 4 issues and 2 out of 2 issues, respectively).

However, the proposed DM study has covered 11 out
of 15 issues in all scenarios (with a total performance
of 73.33?%), whereas benchmark studies 1, 2, 3, 4, 5 and
6 covered 5, 3, 5, 4, 4 and 4 out of the 16 issues in all sce-
narios (with total performance of 33.33%, 20.00%, 33.33%,
26.66%, 26.66% and 26.66%, respectively).

The advantages and strengths of the issues that have been
considered by the proposed DM and ignored by the bench-
mark studies are as follows:

• Listening skill: The first language skill we frequently
learn is listening because children start listening and
responding well to language even before talking [84].
Therefore, this issue is crucial in evaluating English
learning apps.

• Speaking skill: Speaking must be mastered by students
to be good communicators and to speak English fluently
and accurately [107]. Thus, each English app should
focus on this issue.

• Reading skill: Reading is important for learners to inter-
act with written texts [108]. Through the ability to read
well, learners can understand texts [109]. Consequently,
English apps should consider this issue.

• Writing skill: Writing skill is typically considered a
clear indication of whether or not learners considerably
learnt English [110], [111]. Thus, this issue cannot be
ignored in evaluating E-apps.

• Vocabulary: Vocabulary is central to English learning
because students cannot understand others or express
their ideas without adequate vocabulary [112]. There-
fore, E-apps must address the vocabulary issue.

• Multi-evaluation criteria:Multi-criteria ranking is crit-
ical [81] for benchmarking English apps because this
ranking is a complex decision-making problem based on
multiple criteria. All criteria should be considered for
assessment [19].

• Criteria weighting: Weighting technique plays an
important role in benchmarking because the technique
specifies the importance of the availability of each cri-
terion against other criteria on the basis of expert judge-
ment [81].

• Evaluation data variation: Handling data variation is
important because it simplifies the selection decision
with massive data [57].
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TABLE 15. Comparison to determine the preference of least important criterion over other criteria.

TABLE 16. Comparison to determine the most and least important criteria in level 2 of criteria (A).

TABLE 17. Comparison to determine the preference of most important criterion over the other criteria in level 2 of criteria (A).

• Multi-criteria decision ranking: This point indicates
selecting the proper English learning app after the eval-
uation process [81].

• Validation: Benchmarking and ranking English learn-
ing apps are significant for learners. Thus, the validity
of the selected procedure must be determined [105].

• Evaluation: The most relevant studies are com-
pared, and the differences amongst them are deter-
mined [106], [113].

In summary, the statistical results for the evaluation process
illustrate that the proposed DM exhibits an advantage over the
six benchmark studies by 40.00%, 53.33%, 40.00%, 46.67%,
46.67% and 46.67%.

VI. CONCLUSION
The main contribution of this article is a DM for evaluating
and benchmarking English learning apps for learners who are
5+ years of age. Six English learning apps were evaluated
and ranked in terms of LSRW criteria and their sub-criteria,
which were identified from the KSPK standard. In addition,
the proposed DM facilitated the process of benchmarking
these apps to help learners select suitable and reliable apps.
The findings of this study emphasised three open issues of
the evaluation criteria, namely, issues for multi-evaluation
criteria, criterion importance and data variation. This study
used integrated MCDM techniques that were regarded as
solutions. The BWM technique was initially utilised to
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TABLE 18. Comparison to determine the preference of all criteria over the least important criterion in level 2 of criteria (A).

TABLE 19. Comparison to determine the most and least important criteria in level 2 of criteria (B).

TABLE 20. Comparison to determine the preference of most important criterion over the other criteria in level 2 of criteria (B).

TABLE 21. Comparison to determine the preference of all criteria over the least important criterion in level 2 of criteria (B).

assign weights for the identified criteria. Subsequently, inter-
nal and external TOPSIS techniques were used to bench-
mark and rank English learning apps. The results were then
objectively validated. The statistical results indicated that
the ranking results of English learning apps underwent a

systematic ranking on the basis of internal and external
TOPSIS aggregation. Finally, three main scenarios and a
benchmarking checklist were provided for evaluation to
demonstrate the performance of the proposed DM over the
six other studies.
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TABLE 22. Comparison to determine the most and least important criteria in level 2 of criteria (C).

TABLE 23. Comparison to determine the preference of most important criterion over the other criteria in level 2 of criteria (C).

TABLE 24. Comparison to determine the preference of all criteria over the least important criterion in level 2 of criteria (C).

APPENDIX A
PAIRWISE COMPARISONS STANDARD
Section 1:
Dear Dr,
The aim behind this standard is to preferences comparison
between criteria of evaluation and benchmarking English
learning mobile applications for specifying the importance
for each of which against others. This standard is a part
of the research activities towards Master degree for Nu’as
Kawther Ibrahim, a student at Universiti Pendidikan Sultan
Idris (UPSI)/Malaysia.

Background:
Name:
Years of experience:
E-Mail:
Position:

Prior to answering the questions, it is important to understand
the criteria assessed in arriving to a decision.
Many criteria used in this research for evaluation the English
learning mobile apps for childhood. These evaluation criteria
were divided into three main groups, namely, (1) Listening
and Speaking, (2) Reading, and (3) Writing;

The Listening and Speaking group includes nine met-
rics of criteria, namely: (stimulus given, rimes, poems
and rhymes, stories, favourite things and activities, oral
texts, familiar activities and experiences, stories heard,
and daily situations). Reading has four metrics (alphabet
letters, simple phrases, simple sentences, and text read-
ing), and Writing has four metrics (copy legible phrases,
copy legible sentences, idea and information communica-
tion, legible writing). The following figure 9 illustrates the
levels:
Section 2: comparison questions
Comparison measurement scale
The comparisons (relative importance) of each criterion are
measured according to a numerical scale from 1 to 9. These
relative scales (1 to 9), as shown in Table 12, Please use this
scale in comparison.

1. Main Criteria

A. Listening and Speaking:this criterion is used to
evaluate the app with respect to Listening and
Speaking skills.

146640 VOLUME 7, 2019



N. K. Ibrahim et al.: Multi-Criteria Evaluation and Benchmarking for Young Learners’ English Language Mobile Applications

TABLE 25. Checklist form.
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TABLE 26. Results obtained from the second expert.

TABLE 27. Results obtained from the third expert.

B. Reading : this criterion is used to evaluate the
app with respect to Reading skill.

C. Writing : this criterion is used to evaluate the
app with respect to Writing skill.

Questions

1.1. Could you indicate, which of these three criteria you
consider the MOST important and which one you con-
sider the LEAST important by marking the box? Please
in table 13, marking the cell of in front of the MOST

important criterion and marking the cell of in front of
the LEAST important criterion.
You have selected X criterion as the MOST important
criterion and Y criterion as the LEAST important cri-
terion

1.2. Please determine your preference of this criterion
(X) over the other criteria by using 1 to 9 measurement
scale.
Please write the X criterion that you selected as the
most important criteria in green cell and the other
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TABLE 28. Results obtained from the fourth expert.

TABLE 29. Results obtained from the fifth expert.

criteria in the grey cell in table (14), and then write your
preferences value.

1.3. You have selected Y criterion as the LEAST important
criterion.
Please determine your preference of all criteria over
the Y criterion that you selected as LEAST important
criterion by using 1 to 9 measurement scale.
Please write the Y criterion that you selected as LEAST
important criteria in green cell and the other criteria

in the grey cells in table (15), and then write your
preferences value.

2. The sub-criteria (A) - (level 2)

A. Stimulus given: listen to and respond to stimu-
lus given (environmental sounds, voice sounds,
rhythm and rhyme, and alliteration).

B. Rimes: listen to and identify rimes in nursery
rhymes and songs.
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TABLE 30. Results obtained from the sixth expert.

C. Poems and rhymes: listen to and recite poems
and rhymes.

D. Stories: Listen to and respond to stories.
E. Favourite things and activities:talk about

favourite things and activities.
F. Oral texts: listen to and respond to oral texts.
G. Familiar activities and experiences: talk about

familiar activities and experiences.
H. Stories heard: talk about stories heard.
I. Daily situations: role play familiar daily situa-

tions.

Questions

2.1. Could you indicate which one of these criteria
(sub-criteria A (Level 2)) consider the MOST impor-
tant and which one you find the LEAST important?
Please in table 16, marking the cell of in front of the
MOST important criterion and marking the cell of in
front of the LEAST important criterion.
You have selected X criterion as the MOST important
criterion and Y criterion as the LEAST important cri-
terion

2.2. Please determine your preference of the criterion
(X) over the other criteria by using 1 to 9 measurement
scale.
Please write the X criterion that you selected as most
important criterion in green cell and the other criteria
in the grey cells in table (17), and then write your
preferences value.

2.3. You have selected Y criterion as the LEAST important
criterion.

Please determine your preference of all criteria over
the Y criteria that you selected as LEAST important
criterion by using 1 to 9 measurement scale.
Please write the Y criterion that you selected as LEAST
important criteria in green cell and the other criteria
in the grey cells in table (18), and then write your
preferences value.

3. The sub-criteria (B) - (level 2)

a) Alphabet letters: recognise and sound out letters
of the alphabet.

b) Simple phrases:read simple phrases.
c) Simple sentences:read simple sentences.
d) Text reading: read and respond to texts read.

Questions

3.1. Could you indicate which one of these criteria
(sub-criteria B (Level 2)) consider the MOST impor-
tant and which one you find the LEAST important?
Please in table 19, marking the cell of in front of the
MOST important criterion and marking the cell of in
front of the LEAST important criterion.
You have selected X criterion as the MOST important
criterion and Y criterion as the LEAST important cri-
terion

3.2. Please determine your preference of the criterion
(X) over the other criteria by using 1 to 9 measurement
scale.
Please write the X criterion that you selected as most
important criterion in green cell and the other criteria
in the grey cells in table (20), and then write your
preferences value.
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TABLE 31. The results of the BWM method for weight preferences of the criteria of English learning apps evaluation (second and third experts).
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TABLE 31. (Continued.) The results of the BWM method for weight preferences of the criteria of English learning apps evaluation (second and third
experts).

3.3. You have selected Y criterion as the LEAST important
criterion.
Please determine your preference of all criteria over
the Y criteria that you selected as LEAST important
criterion by using 1 to 9 measurement scale.
Please write the Y criterion that you selected as LEAST
important criterion in green cell and the other criteria
in the grey cells in table (21), and then write your
preferences value.

4. The sub-criteria (C) - (level 2)

A. Copy legible phrases:copy simple phrases in leg-
ible print.

B. Copy legible sentences: copy simple sentences
in legible print.

C. Idea and information communication: com-
municate ideas and information by using draw-
ing, marks, symbols and writing with invented
spelling.

D. Legible writing: write words and phrases in leg-
ible print.

Questions

4.1. Could you indicate which one of these criteria
(sub-criteria C (Level 2)) consider the MOST impor-
tant and which one you find the LEAST important?
Please in table 22, marking the cell of in front of the

MOST important criterion and marking the cell of in
front of the LEAST important criterion.
You have selected X criterion as the MOST important
criterion and Y criterion as the LEAST important cri-
terion

4.2 Please determine your preference of the criterion
(X) over the other criteria by using 1 to 9 measurement
scale.
Please write the X criterion that you selected as most
important criterion in green cell and the other criteria
in the grey cells in table (23), and then write your
preferences value.

4.3. You have selected Y criterion as the LEAST important
criterion.
Please determine your preference of all criteria over
the Y criteria that you selected as LEAST important
criterion by using 1 to 9 measurement scale.
Please write the Y criterion that you selected as LEAST
important criterion in green cell and the other criteria
in the grey cells in table (24), and then write your
preferences value.
In case you have any inquiry or wish to know the result,
please contact:
Email: nuas.almansori@gmail.com Mobile phone:
00601161344406

. . . . . . . Thank you for Your Time . . . . . . .

146646 VOLUME 7, 2019



N. K. Ibrahim et al.: Multi-Criteria Evaluation and Benchmarking for Young Learners’ English Language Mobile Applications

TABLE 32. Ranking results based on the second and third experts’ weights.

APPENDIX B
ENGLISH LEARNING APPS EVALUATION CHECKLIST
FORM
University Pendidikan Sultan Idris

Faculty of Art, Computing and Creative Industry

MULTI-CRITERIA ANALYSIS FOR EVALUATION AND
BENCHMARKING YOUNG LEARNERS ENGLISH

LANGUAGE MOBILE APPLICATIONS IN TERMS OF
LSRW SKILLS BASED KSPK STANDARD

Dear valued Dr,
This ckecklist form is designed for the purpose of a study

that will help me (Nu’as Kawther Ibrahim) to complete a
research as a requirement for Master degree at Universiti
Pendidikan Sultan Idris (UPSI)/Malaysia. It is designed to
evaluate six English learning mobile apps for early childhood
(at age 5+) with respect to the four main language skills
(Listening, Speaking, Reading, and Writing). As you are the
best one to give the correct picture of your experience in
English learning for early childhood, please respond to the
following questions frankly and honestly.

Background:
Name:
Years of experience:
E-Mail:
Position:

In the box of your answer, please, place a ‘‘4’’ mark if you
agree, or ‘‘8’’ mark if you do not.

APPENDIX C
RESULTS
See Tables 26–32.
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