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ABSTRACT

There are many genetic and environmental factors that affect cognitive development. Music 
education can also be considered as one of the environmental factors. Some researchers em-
phasize that Music is an action that requires meta-cognitive functions such as mathematics 
and chess, and supports spatial intelligence. The effect of music on cognitive development in 
early childhood was examined with the Pythagorean Fuzzy Sets(PFS) method defined by Yag-
er. In this study, PFS was created from experts’ opinions and an algorithm was given according 
to PFS. The results of the algorithm supported the data of the experts on the development 
of spatial-temporal skills of music education given in early childhood. In the algorithm, the 
ranking has been done with the Expectation Score Function. The rankings obtained from the 
algorithm overlap with the experts’ rankings.
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INTRODUCTION 

Pythagorean Fuzzy Environment
Uncertainty is a crucial concept for decision-making 

problems. It is not easy to make precise decisions in life since 
each information contains vagueness, uncertainty, impreci-
sion. Fuzzy Set(FS) Theory, Zadeh’s [35] pioneering work, 
proposed a membership function to solve problems such 
as vagueness, uncertainty, imprecision, and this function 
took value in the range of [0,1]. In [10,11], analyzes were 
made using a Fuzzy matrix. FS Theory had solved many 

problems in practice, but there was no membership func-
tion in real life, which only includes acceptances. Rejection 
is as important as acceptance in real life. Atanassov [2] clar-
ified this problem and posed the Intuitionistic Fuzzy Set 
(IFS) Theory using the membership function as well as the 
non-membership function. In IFS, the sum of membership 
and non-membership grades is 1. This condition is also a 
limitation for solutions of vagueness, uncertainty, impreci-
sion. Yager [34] has presented a solution to this situation 
and suggested Pythagorean Fuzzy Sets (PFS). PFS is more 
comprehensive than IFS because it uses the condition that 
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the sum of the squares of membership and non-member-
ship grades is equal to or less than 1. Despite all the pos-
sible solutions, these theories have limitations. How to set 
the membership function in each particular object and the 
deficiencies in considering the parametrization tool can be 
given as examples of these limitations. These limitations 
handicap decision-makers from making a correct decision 
during the analysis.

A new method, called Soft Set (SS), was proposed by 
Molodstov [20], in which the preferences for each alter-
native were given in distinct parameters, and thus a solu-
tion was found for the limitations expressed. Immediately 
after the occurrence of SS theory, Fuzzy Soft Sets [16] and 
Intuitionistic Fuzzy Soft Set (IFSS) [17] were defined and 
their various properties were studied [18, 19]. Pythagorean 
Fuzzy Soft Set (PFSS) is defined by Peng et al. [24]. Soft 
sets have found a place in the literature with their various 
applications [7, 13, 14, 30]. PFSS is a natural generalization 
of IFSS and is a parameterized family of PFSs.

It is possible that people may hesitate during deci-
sion-making. In order to avoid human hesitations from 
adversely affecting the decision-making process, hesitation 
value is also taken into account in PFS, just like IFS. Thus, 
experts may have hesitations about membership grades. 
If the expert participating in the decision process is only 
one person, this expert’s error or bias will affect the pro-
cess negatively. However, hesitation is subjective and the 
expert’s hesitation can be directed by her/his own percep-
tions. In this case, enriching the decision process, making 
the evaluation with alternative decisions more meaning-
ful, combining the subjective evaluations of more than 
one expert instead of the subjective evaluation of a single 
expert will provide a healthier decision-making process. 
With this in mind, Agarwal et al. [1] defined Generalized 
Intuitionistic Fuzzy Soft Sets(GIFSS). Feng et. al. [7] iden-
tified some problems and difficulties in the definition of 
GIFSS and operations related to GIFSS in the manuscript 
of [1]. Kirisci [15] defined Generalized Pythagorean Fuzzy 
Soft Sets(GPFSS), considering the fixes in [7].

GPFSS ensures the frame for evaluating the reliability of 
the info in the PFSS so as to compensate for any distortion in 
the info given. The most important benefit of incorporation 
of the generalized parameter into the analysis is to decrease 
the likelihood of errors induced by the imprecise info by 
taking the chairperson’s view on the same. For example, a 
patient may give wrong information to an expert about her/
his symptoms. If the expert does not notice this wrong infor-
mation, errors in diagnosis and treatment will occur. In this 
case, an experienced expert can measure the reliability of 
the information given by the patient with a generalization 
parameter. So, there is a requirement for a generalization 
parameter, demonstrating an expert’s level of confidence in 
the reliability of the info, respectably making the approach 
quite close to real-world cases. This assists in extracting the 
singular bias from the input data and gets more credibility 
to the final decision. GPFSS has a generalization parameter 

to states the uncertainties. Nevertheless, GPFSS has some 
limitations as it is hard for a single senior/junior expert (or 
moderator) to serve an appropriate generalization parame-
ter with fuzzier info according to his/her own knowledge.

IFS is characterized by a membership degree and a 
non-membership degree and therefore can indicate the 
fuzzy character of data in more detail comprehensively. The 
prominent characteristic of IFS is that it assigns to each ele-
ment a membership degree and a non-membership degree 
with their sum equal to or less than 1. However, in some 
practical DM processes, the sum of the membership degree 
and the non-membership degree to which an alternative 
satisfying a criterion provided by a decision-maker may be 
bigger than 1, but their square sum is equal to or less than 
1. Therefore, Yager [32] proposed PFS characterized by a 
membership degree and a non-membership degree, which 
satisfies the condition that the square sum of its member-
ship degree and non-membership degree is less than or 
equal to 1. Here, we observe that intuitionistic member-
ship grades are all points under the line x + y ≤ 1 and the 
Pythagorean membership grades are all points with x2 + y2 
≤ 1.

Cognitive Development
The period in which the development of the individual 

is the fastest as holistic is the early childhood period. In this 
period, the child is in the process of development in terms 
of social, emotional, language, psycho-motor, self-care, and 
cognitive aspects. In this process, the child is affected by 
various environmental conditions with formal or infor-
mal experiences. In this context, Vygotsky [31] emphasizes 
that cognitive development is significantly affected by the 
child’s environment in terms of socio-culture. However, it 
has been determined by many studies that cognitive devel-
opment has made great progress in early childhood. There 
are many factors that affect this progress. It can be said that 
one of these factors is music. Cooper [5] stated that studies 
on the cognitive benefits of music education are arousing a 
global scale. Cooper [5] stated that the studies on the cog-
nitive benefits of music education are arousing curiosity on 
a global scale.

Cognitive development can be defined as the process of 
learning, practicing, and controlling cognitive skills that an 
individual can do using his mind. Oakley [23] cited cog-
nitive skills as all processes related to learning, organizing, 
using, and developing knowledge. Executive skills such as 
being organizational, impulse control, planning, and work-
ing memory represent the basic cognitive functions of the 
person responsible for the ability to adapt to different (dif-
ferentiated) environments [21]. Solso [29] described the 
cognitive field as a science in which brain functions such 
as perception, attention, memory, and thinking, language, 
problem-solving, and reasoning are examined. In addition 
to those in these definitions, it can be stated that self-reg-
ulation skills that include reasoning, problem-solving, and 
decision-making related to one’s emotions, impulses, and 
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thoughts are within the scope of cognitive development. 
Among the cognitive skills mentioned in the definitions, 
attention, memory, thinking and self-regulation skills were 
evaluated within the scope of this study.

It is known that it can benefit from different disciplines 
in order to support cognitive development. Katarzyna and 
Brenda [10] stated that the relationship between music 
and cognitive development has been studied by various 
researchers, including neuroscientists, psychologists, edu-
cational experts, and musicians. In addition, alternative 
methods and techniques are also used to support cognitive 
development outside of different disciplines. It can be said 
that some of these methods and techniques are methods 
such as play, drama, and music. In addition, different tech-
niques such as finger game, rond, creative dance, and musi-
cals have been created by combining these methods [3]. 
Perhaps the most important factor that supports cognitive 
development in music education is teacher qualifications. 
In addition to the knowledge of the needs of music educa-
tion and the child’s cognitive development, teachers should 
be well educated especially in the use of musical instru-
ments and materials [30].

Music Education in Early Childhood
It is known that it can benefit from different disciplines 

in order to support cognitive development. There are many 
factors that affect this progress. It can be said that one of 
these factors is music. Cooper [5] stated that studies on the 
cognitive benefits of music education are arousing a global 
scale. Katarzyna and Brenda [12] stated that the relation-
ship between music and cognitive development has been 
studied by various researchers, including neuroscientists, 
psychologists, educational experts, and musicians.

In addition, alternative methods and techniques are also 
used to support cognitive development outside of different 
disciplines. It can be said that some of these methods and 
techniques are methods such as play, drama, and music. In 
addition, different techniques such as finger games, rond, 
creative dance, and musicals have been created by combin-
ing these methods [3]. Perhaps the most important factor 
that supports cognitive development in music education is 
teacher qualifications. In addition to the knowledge of the 
needs of music education and the child’s cognitive develop-
ment, teachers should be well educated especially in the use 
of musical instruments and materials [26].

Since early times, many thinkers and educators have 
revealed the importance of music. For example, Comenius 
stated that the child was exposed to music from birth. He 
stated that in the next process, the child should be able 
to sing nursery rhymes and songs and discover sounds 
and instruments ([8]. In a study conducted on 5-year-old 
Japanese children, it was determined that music increases 
children’s cognitive performance [26]. In another study, 
it was revealed that musical education given to children 
improves their spatial and temporal thinking skills [4] As 
we approach today, an increasing number of studies reveal 

that music education, starting from early childhood, sig-
nificantly supports academic and social success [22].

In the early childhood period, many activities can be 
done for children within the scope of music education. 
Some of these are activities such as listening to and distin-
guishing sounds and music, rhythm exercises, breathing 
and voice exercises, singing, playing an instrument, cre-
ative movement and dance, movement with music, creating 
musical stories. It is revealed in different studies that these 
activities contribute directly and indirectly to all areas of 
development, especially cognitive development.

Some Basic Concepts
Some knowledge that will be used throughout the arti-

cle will be given. Let E, N be an initial universe and param-
eter sets, respectively.

Definition 1 [20] For 𝐴 ⊆ 𝑁  consider a set-valued 
mapping 𝐼: 𝐴 → 𝑣(𝑈), where the power set of E is should 
by 𝑣(𝑈). Therefore, a pair 𝑇 = (𝐼, 𝐴 )  is called a soft set(SS) 
on E.

Definition 2 For 𝑎 ∈ 𝐸, the set 𝐵 = {(𝑎 , 𝑑𝐵 (𝑎 ), 𝑦𝐵 (𝑎 )): 
𝑎 ∈ 𝐸}  on E is called Pythagorean fuzzy set(PFS), where 
𝑑𝐵 : 𝐸 → [0,1]  and 𝑦𝐵 :  𝐸 → [0,1]  together the situation that 
0 ≤ 𝑑𝐵 

2 + 𝑦𝐵 
2 ≤ 1 [26, 27, 28]. The degree of indeterminacy 

.
Definition 3 For 𝐵 ⊆ 𝑁, choose , where 

the set of all PFSs over E is indicated by 𝑣(𝐸) . Then, a pair 
 is called Pythagorean Fuzzy Soft Set (PFSS) on 

E [24].
Take 𝑘 = {(𝑟, 𝑠): 𝑟2 + 𝑠2 > 1,  𝑟, 𝑠 ∈  [0, 1]} . Let (𝐾, ≤𝐾)  

be a complete lattice. The corresponding partial order  ≤𝐾 
is defined by

(𝑟, 𝑠) ≤𝐾 (𝑡, 𝑢) ⟺ 𝑟 ≤ 𝑡  𝑎 𝑛𝑑 𝑠 ≥ 𝑢.
For all (𝑟, 𝑠), (𝑡, 𝑢) ∈ 𝐾. The Pythagorean fuzzy val-

ue(PFV) is denoted by an ordered pair (𝑟, 𝑠) ∈  𝐾 [15].
Definition 4 [15] Take the PFS C over N. Let the PFS 𝑓: 

𝐶 → 𝐾. If the set
𝑇̃𝑓 =  {(𝑎 , 𝑑𝐶 (𝑎 ), 𝑦𝐶 (𝑎 ), 𝑓𝑐(𝑎 )): 𝑎 ∈  𝑃, 𝑓𝐶 (𝑎 ) ∈ 𝐾, 𝑑𝐶 (𝑎 ), 

𝑦𝐶 (𝑎 ) ∈ [0, 1]}

is PFSS on E, then the  is called a Pythagorean fuzzy 
parameterized Pythagorean fuzzy soft set (Ω-soft set). The 
elements of parameter 𝑓𝐶  are indicated by (𝑑𝑓,  𝑦𝑓). Here, 
Ω(E) shows the set of all Ω-soft set on E.

Example 1 Let’s choose four experts who work in Early 
School Education. The experts are studying research on the 
effect of music on the cognitive development of the early 
childhood period. Let’s take the set 𝑃 = {𝑝1,  𝑝2,  𝑝3,  𝑝4}  as 
the set of experts. In this research, they examine the follow-
ing situations:

(S1) Music education improves children’s attention 
capacity.

(S2) Music education improves children’s vocabulary 
knowledge.

(S3) Music education improves children’s reasoning and 
logical thinking skills.
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(S4) Music education improves children’s self-regula-
tion skills.

for the set 𝑆 = {𝑠1,  𝑠2,  𝑠3,  𝑠4} . Then,

𝐹(𝑠1) =  {(𝑝1,  0.7,  0.7),  (𝑝2,  0.5,  0.6),  (𝑝3,  0.9,  0.4),  (𝑝4,  0.7,  0.5) }, 

𝐹(𝑠2) =  {(𝑝1,  0.6,  0.6),  (𝑝2,  0.4,  0.9),  (𝑝3,  0.8,  0.4),  (𝑝4,  0.6,  0.5) }, 

𝐹(𝑠3) =  {(𝑝1,  0.8,  0.2),  (𝑝2,  0.8,  0.6),  (𝑝3,  0.6,  0.7),  (𝑝4,  0.5,  0.8) }, 

𝐹(𝑠4) =  {(𝑝1,  0.4,  0.7),  (𝑝2,  0.5,  0.6),  (𝑝3,  0.7,  0.4),  (𝑝4,  0.8,  0.3) }.

All this information can be represented in terms of 
the 𝐹𝑃 as table in Table 1. The values given in the table are 
arranged according to the opinions of the experts given in 
the literature.

Definition 5 For  𝐶 , 𝐷 ⊆  𝑁, choose two PFSS  and  
such that  and two Ω-soft sets  and . If  is a 
Ω-soft subset of  for all 𝑢 ∈ 𝑁, then the following condi-
tions are hold:

 

Definition 6 Let . Choose two Ω-soft sets . 
Then  if C=D,  and .

Let Pythagorean fuzzy numbers (PFNs) are denoted by  
𝑅 = (𝑑𝑅 ,  𝑦𝑅 ) [31]. Choose three PFNs 𝜃 = (𝑑, 𝑦), 𝜃 1 =  (𝑑1,  
𝑦1),  𝜃 2 =  (𝑑2,  𝑦2). We can give some basic operations as 
follows [30, 31]: For 𝛼 > 0,

 

Theorem 1 [36] Let 𝑅 = (𝑑𝑅 ,  𝑦𝑅 ),  𝑇 = (𝑑𝑇,  𝑦𝑇) ∈  𝐾  be 
two PFVs. Then, for  𝛼, 𝛼1,  𝛼2 > 0, 

IFS, offered by Atanassov [2] is an extension of FS 
Theory [35]. IFS is characterized by a membership degree 
(MD) and a non-membership degree (ND) and therefore 
can indicate the fuzzy character of data in more detail com-
prehensively. The prominent characteristic of IFS is that 
it assigns to each element an MD and ND with their sum 
equal to or less than 1. However, in some practical DM pro-
cesses, the sum of the MD and the ND to which an alter-
native satisfying a criterion provided by a decision-maker 
may be bigger than 1, but their square sum is equal to or 
less than 1.

Table 2 explains the difference between PFSs and IFSs.

Therefore, Yager [32] proposed PFS characterized by an 
MD and an ND, which satisfies the condition that the square 
sum of its MD and ND is less than or equal to 1. Yager [33] 
gave an example to state this situation: A decision-maker 
gives his support for membership of an alternative is  and 
his against membership is . Owing to the sum of two values 
is bigger than 1, they are not available for IFS, but they are 
available for PFS since . Obviously, PFS is 
more capable than IFS to model the vagueness in the practi-
cal multi-criteria decision-making problems.

The main difference between PFNs and IFNS is their 
corresponding constraint conditions. Here, we observe that 
intuitionistic membership grades are all points under the 
line  𝑑 + 𝑦 ≤ 1 and the Pythagorean membership grades are 
all points with 𝑑2 + 𝑦2 ≤ 1.

One important implication of this is that it allows the 
use of the PFSs in situations in which we cannot use IFSs. 
An example of this would be a case in which a user indicates 
that their support for membership x is    and their support 
against membership is . As we noted these values are not 
allowable for intuitionistic membership grades but allow-
able as Pythagorean membership grades. Thus in this case, 

Table 2. PFSs and IFSs

IFSs PFSs

𝑑 + 𝑦 ≤ 1 𝑑 + 𝑦 ≤ 1 or 𝑑  + 𝑦 ≥ 1
0 ≤ 𝑑 + 𝑦 ≤ 1 0 ≤ 𝑑 2 +  𝑦 2 ≤ 1
𝑏 = 1 − (𝑑 + 𝑦 )

𝑏 + 𝑦 +  𝑏  = 1 𝑏 2 +  𝑑 2 +  𝑦 2 =  1

Table 1. Fp

P\S s1 s2 s3 s4
p1 (0.7, 0.7) (0.6, 0.6) (0.8, 0.2) (0.4, 0.7)
p2 (0.5, 0.6) (0.4, 0.9) (0.8, 0.6) (0.5, 0.6)
p3 (0.9, 0.4) (0.8, 0.4) (0.6, 0.7) (0.7, 0.4)
p4 (0.7, 0.5) (0.6, 0.5) (0.5, 0.8) (0.8, 0.3)
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rather than requiring the user to change their information 
to satisfy the constraints of the IFS, we can use a PFS.

PFS Method
For PFNs, the mapping 𝑆 𝐹: 𝐾 → [−1,1]  is called score 

function, if

  (1)

for all  𝑅 = (𝑑𝑅 ,  𝑦𝑅 ) ∈  𝐾 [1,36].
For any two PFNs R,T,

  
(2)

As can be seen from (1), the score the larger the score  
𝑆 𝑅 , the greater the PFN R [8]. It should be noted that SF 
cannot differentiate some evidently distinct PFNs that have 
the same score. To explain this situation, we can give exam-
ples using (2): Take two PFNs R,T as R = (0.481, 0.402)  and 
T = (0.527, 0.456) . Then 𝑆 𝐹𝑅  = 0.0687  and 𝑆 𝐹𝑇 = 0.0697. 
Again, for 𝑅  = (0.123, 0.123)  and  𝑇 = (0.456, 0.456), we 
can write 𝑅 ∼ 𝑇. Therefore, if only the scoring function is 
used for comparison, it is not possible to make a compari-
son between these numbers. To overcome this problem, we 
can define a new function [1], as follows:

The mapping 𝐴 𝐹: 𝐾 → [0, 1]  is called accuracy func-
tion, if

  (3)

for all 𝑅 = (𝑑𝑅 ,  𝑦𝑅 ) ∈  𝐾 [25].
Using the (1) and (3) ,for comparing PFVs, the follow-

ing method is presented by Agarwal et al. [1]. For any two 
PFNs R,T, if SF(R)=SF(T), then

  
(4)

For a binary relation ≤(𝑆 𝐹, 𝐴 𝐹)∈  𝐾  and 𝑅 , 𝑇 ∈  𝐾, it can 
be written as

 

Now, we can give the new definition:

Definition 7 [15] The mapping 𝐸𝑆 : 𝐾 → [0, 1] is called 
expectation score function such that for all 𝑅 = (𝑑𝑅 ,  𝑦𝑅 ) ∈  𝐾

  (5)

Definition 8 [15] For two PFNs 𝑅 , 𝑇 ∈  𝐾  and the rela-
tion ≤(𝐸𝑆 , 𝑑) on K, we have

By replacing the approval rates in Definition 8, the other 
relation ≤(𝐸𝑆 , 𝑑) is written as follows:

Definition 9 [15] For two PFNs 𝑅 , 𝑇 ∈  𝐾 and the rela-
tion ≤(𝐸𝑆 , 𝑑) on K, we have

The relationship with each other of ≤(𝑆 𝐹;𝐴 𝐹) and 
≤(𝐸𝑆 , 𝑑) can be given as follows:

Proposition 1 [15] Let R and T be PFNs in K. Then 𝑅 
≤(𝑆 𝐹, 𝐴 𝐹) 𝑇  ⟺  𝑅 ≤(𝐸𝑆 , 𝑑) 𝑇.

Proposition 2 [15] For two PFNs 𝑅 , 𝑇, 𝑉 ∈ 𝐾  and 𝛼, 𝛼1,  
𝛼2 > 0. Then,

𝑅 ≤(𝐸𝑆 , 𝑑) 𝑉 ⟺ 𝑇 ⊕ 𝑅  ≤(𝑑, 𝐸𝑆 ) 𝑇 ⊕ 𝑉.

Algortihm
Pythagorean fuzzy weighted averaging (PFWA) oper-

ator was given by Yager [34]. The following definition is 
based on the definition of PFWA of Yager.

Definition 11 Let 𝜋𝑖 =  (𝑑1,  𝑦𝑖)  be PFVs in K, K, 𝜔 = 
{𝜔 1,  𝜔 2,  … ,  𝜔 𝑘 }𝑇  is the weighted vector such that for 𝑖
= 1, 2,  … ,  𝑘 , 𝜔 𝑖 ∈  [0, 1] with . Then the mapping 

 given by

is called PFWA operator.

Definition 12 [33, 34] The mapping 𝑃𝐹: 𝐾𝑛 → 𝐾  given 
by

 

is called the k dimensional PFWA operator.
Definition 12 can be used to simplify the computation 

concerning PFWA operators.
Definition 13 [15] Let 𝐹𝑃 ∈  Ω(𝐸). Then,

 

is called the aggregated Pythagorean fuzzy decision val-
ue(APFDV), where

 

Algorithm:
Step 1: The set of expert’s P and the set S are recorded 

in the PFS table.
Step 2: The expectation values 𝐸𝑆 (𝑠𝑖) are calculated.
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Step 3: The weights are found by

 

Step 4: For  𝑘 = 1, 2, … , 𝑖, the APFDVs are computed by

 

Step 5: Rank   𝐴𝑃𝐹𝑃(𝑝𝑘), (𝑘= 1,2,…,𝑖) descending under 
the order  ≤(𝑑 ,𝐸𝑆).

Step 6: Rank (𝑝𝑗), (𝑗= 1,2,…,𝑘) correspondingly and 
output pk as the optimal decision, if 𝐴𝑃𝐹𝑃(𝑝𝑖) is largest PFV 
under the order ≤(𝑑 ,𝐸𝑆).

Application: The Effect of Music on Cognitive 
Development

The most critical information for early childhood educa-
tors are developmental areas and developmental stages fol-
lowed by the child according to age. Cognitive development 
plays a central role as an area that directly affects and directs 
other areas of development. Early childhood, when most of 
the brain development is completed, is a period in which the 
foundation of cognitive skills is laid. From this point of view, 
researches on the brain and cognitive field from the womb 
reveal that music has an important place in this process.

The results of the studies, which were constructed by 
listening to classical music in the womb or by singing a 
lullaby after birth, show the importance of music in terms 
of the development of the individual. In this context, some 
early childhood education approaches have identified one 
of their basic principles as language and rhythm. In addi-
tion, music activities play an important role in almost all 

early childhood education programs. From this point of 
view, it can be said that there is a sub-field called music 
education in early childhood.

Now, we will investigate the effect of music on the cogni-
tive development of early childhood education. In Example 
1, four experts related to early childhood education were 
chosen and four opinions about the cognitive development 

of children were given. The experts are studying research 
on the effect of music on the cognitive development of the 
early childhood period.

The ranking method proposed with the given algo-
rithm will be used for the effects of music on children’s 
cognitive development. An assessment will be made with 
the opinions of the four experts. As decision-makers, these 
experts will make this assessment according to the criteria 
in Example 1. Experts’ opinions regarding these criteria will 
be listed by the solving procedure. This ranking will show 
the importance given by experts to these criteria.

We consider the values of Table 1. We compute the 
expectation values ES that reveal the weight vector (Table 3)

𝜔= {0.32246377, 0.17028986, 0.24637681,0.26086956}𝑇

to be used for calculating the APFDVs. The 𝐴𝑃𝐹𝑃(𝑝𝑘)  
is found as

𝐴𝑃𝐹𝑃(𝑝𝑖)= 𝑃𝐹𝜔(𝜋𝑖)(𝐹𝑃(𝑠1)(𝑝𝑖),𝐹𝑃(𝑠2)(𝑝𝑖),𝐹𝑃(𝑠3)(𝑝𝑖),𝐹𝑃(𝑠4)(𝑝𝑖)).

For example, 𝐴𝑃𝐹𝑃(𝑝1)= (0.668,0.501). From Table 4, 
we have,

𝐴𝑃𝐹𝑃(𝑝3)≤(𝑑 ,𝐸𝑆)𝐴𝑃𝐹𝑃(𝑝1)≤(𝑑 ,𝐸𝑆)𝐴𝑃𝐹𝑃(𝑝4)≤(𝑑 ,𝐸𝑆)𝐴𝑃𝐹𝑃(𝑝2).

According to these results, the experts’ opinion will be 
sorted as: 𝑝3>𝑝1>𝑝4>𝑝2.

RESULTS AND DISCUSSION

Schellenberg and Weiss [27] stated that there is a 
strong relationship between music tendency and gen-
eral cognitive abilities, especially in childhood. He also 
emphasized that cognitive performance may increase as 
a result of the improvement of the general mood with 
the effect of music. Schellenberg, Nakata, Hunter, and 

Table 3.

s1 s2 s3 s4

𝑬𝑺(𝒔𝒊) 0.89 0.47 0.68 0.72
ω 0.32246377 0.17028986 0.24637681 0.26086956

Table 4. Measures

APFDVs ES(𝑨𝑷𝑭𝑷(𝒑𝒊)) SF(𝑨𝑷𝑭𝑷(𝒑𝒊)) AF(𝑨𝑷𝑭𝑷(𝒑𝒊))
p1 (0.668, 0.501) 0.598 0.195 0.7
p2 (0.602, 0.641) 0.476 -0.048 0.77
p3 (0.800, 0.460) 0.7142 0.43 0.8516
p4 (0.660, 0.494) 0.595 0.2 0.68
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Tamoto, [26] showed that the cognitive performance of 
5-year-old children with different music genres can be 
increased. In the longitudinal study by Costa-Giomi [6], 
it was revealed that children who started music education 
before the age of 5 got significantly higher scores in spatial 
skills than children who started later or did not receive 
an education. Ho, Cheung, and Chan [9] found that ver-
bal memory significantly differs according to the control 
group in boys aged 6-15 who receive music education. 
Ho, Cheung, and Chan [9] concluded that music training 
systematically influenced memory processing according 
to possible neuroanatomical changes in the left temporal 
lobe in their study of brain waves.

We applied, the entries in the PFS table, which is 
arranged according to the opinions of the experts, in the 
algorithm we obtained. Depending on the PFNs, the new 
method we proposed provides solutions to the decision 
analysis problems by the ranking of the PFNs. The results 
of the algorithm supported the data of the experts on the 
development of spatial-temporal skills of music education 
given in early childhood.

CONCLUSION 

In this study, a new decision-making algorithm and 
method were given. We used PFS in the given method. 
PFS was preferred because it is known that PFS gives 
clearer results than IFS. The effect of music on cognitive 
development in early childhood was examined with this 
decision-making method. In practice, the opinions of the 
experts about cognitive development and the results of the 
method we proposed were compared.

In this study, the expectation score function was used. 
Weights and thus APFDV are calculated with the values 
obtained from this function. The ranking is done with 
APFDV. Here, the values obtained from expert opinions are 
determined as follows: Whichever expert has given more 
opinions about the criteria, he/she has been in the ranking 
before. Again, whichever specialist has given fewer opin-
ions remains behind the rankings. This is very suitable for 
real-life events. The rankings obtained from the algorithm 
of the study were the same as the rankings of the opinions 
of the experts.
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