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Abstract: Currently, student-centered and outcome-based engineering education accreditation is
being actively promoted in universities across China. Evaluation of the curriculum objectives
achievement degree serves as an effective method after OBE-based courses teaching to assess the
improvement of students' abilities, evaluate education quality, and facilitate self-reflection of
teaching by instructors. The process of evaluating curriculum objectives involves a complex
multiple-attribute decision-making (MADM) scenario, often accompanied by elements of
vagueness, uncertainty, and inconsistency. The application of single-valued neutrosophic
credibility numbers sets (SVNCNs) offers a robust approach to handle and represent uncertain
information throughout this evaluation process. Therefore, to enhance the accuracy of course
achievement evaluation, this paper proposes a MADM framework based on SYNCNSs, integrated
with improved Einstein aggregation operators, to the achievement degree of practice-based
curriculum objectives evaluation. The method is applied to the practice-based curriculum and is
further compared and analyzed with other classical methods to show the efficiency of the
proposed method, which will assist decision-makers in making better decisions when dealing with
similar MADM assessment problems.

Keywords: single-valued neutrosophic credibility number; weighted averaging operator of
Einstein; weighted geometric operator of Einstein; curriculum objectives achievement evaluation

1. Introduction

Multiple attribute decision-making (MADM) problems are inevitable aspect of daily life. Due
to the inherent fuzziness and uncertainty in MADM, researchers have been actively exploring
methods to achieve optimal decisions. Fuzzy theory [1] was first proposed by Zadeh, which was
described by a membership function. Based on this theory, its applications have obtained a lot of
advancements. In the domain of fuzzy decision-making (DM), Greco and Matarazzo combined
rough sets and fuzzy sets in solving MADM problems [2]. Merigo et al. introduced generalized
fuzzy aggregation operators [3] and applied them in multi-person decision-making scenarios.
Kirisci proposed the Fermatean hesitant fuzzy set [4]. Ajay et al. introduced a Spherical Fuzzy
Weighted Exponential Average (SFWEA) aggregation operator [5], which was applied in MADM
for psychotherapy. Atanassov and Stoeva extended fuzzy sets by proposing the intuitionistic fuzzy
set (IFS) model [6], which characterized membership in terms of support, opposition, and neutrality.
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Based on IFS, scholars have proposed various aggregation operators and improved DM methods
such as trapezoidal IFS [7-9], intuitionistic fuzzy rough sets [10-12], generalized Pythagorean fuzzy
sets [13-15], optimized Aggregation operators of Einstein [16-17] and Dombi [18-19] for MADM.
However, IFS is limited in that it cannot independently express truth, false, and uncertainty. This
limitation was addressed by Smarandache’s introduction of neutrosophic sets (NSs) [20], and
further extend the application of this theory[21-22]. Building upon the theory of neutrosophic sets,
Muniba K, et al. proposed a climate change prediction framework that integrates neutrosophic soft
functions [23], significantly enhancing the accuracy of climate change prediction models.
Additionally, the theory of neutrosophic topological spaces based on NSs has seen significant
progress. A. A. Salama, et al. investigated the application of Non-Standard Topology Sets (NTS) in
uncertainty modeling within the field of computer science [24]. Meanwhile, G. Vetrivel, et al,,
explored the forgotten topological index (Tol) and the edge forgetting index within the context of
three-valued logic intelligence graphs, deriving important theoretical results and applications [25].

Ye et al. presented fuzzy credibility sets (FCSs) and its operational laws [26]. On the basis of
FCSs, Ye et al. further proposed a single-value neutrosophic credibility numbers sets (SVNCNs) and
the trigonometric aggregation operators for SYNCNs [27], which defined credibility levels of the
true, false, and uncertainty component of fuzzy values, enhancing the reliability of fuzzy values in
MADM processes. This paper presents an aggregation operator method based on Einstein’s
t-conorm and t-norm for geometric weighted and arithmetic weighted aggregation of SYNCN sets,
and the methods are applied to the achievement degree of practice-based curriculum objectives
evaluation. The organization of this article is as below.

The Outcome-Based Education teaching model is being increasingly adopted by universities in
China, and course achievement assessment serves as an effective method for evaluating the
effectiveness of the OBE teaching model. However, during the achievement assessment process,
particularly in engineering practice-based courses, there are significant inconsistencies and
uncertainties in the attributes of the data being evaluated. As a result, the assessment outcomes
tend to be influenced by the evaluator’s subjective opinions, which makes it difficult to accurately
reflect the teaching effectiveness. In such uncertain and inconsistent environments SYNCNs offer an
advantage, as they not only represent true, false, and uncertain information but also express their
credibility. In contrast, methods such as rough sets, IVIFS, and QROF are unable to express these
types of information.

The Einstein aggregation operator is one of the most fundamental and widely recognized
algebraic operations. It is a norm characterized by its nonlinear properties, which provides
significant advantages in its strong ability to handle nonlinear processing and adaptability. This
makes it especially effective for solving complex fuzzy problems, particularly excelling in MADM.
In comparison, the Aczel-Alzina, Frank, and Dombi norms also offer advantages in specific
applications. However, when dealing with more complex nonlinear relationships and
multi-dimensional fuzzy data, the Einstein norm typically yields better results. Therefore, this
paper proposes an improved aggregation operator method based on Einstein's t-conorm and
t-norm, built upon SYNCNSs. This method is then applied to evaluate the achievement of practical
course objectives in the Electrical Engineering program at Shaoxing University. The structure of this
paper is outlined as follows.

Section2 introduces the theory of SYNCNs. Section3 shows the operational laws and proof
processes of Einstein t-conorm and t-norm aggregation operators on SYNCNSs. Section 4 elaborates
on the application steps in which SYNCNEWG (Einstein weighted geometric operator of SYNCNs)
and SYNCNAWG (Einstein weighted arithmetic operator of SYNCNs) are applied to MADM.
Section 5 gives an application example of the presented method in curriculum objective
achievement degree evaluation and a comparative analysis with other techniques. The conclusion is
provided in the final section.
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2. SYNCNs

Ye et al. presented SYNCNs to enhance the credibility levels of SvNSs, along with the
definition and basic operational rules of SvNCNs.
Definition 1. Set V ={V;,V,,...,V, }as a finite universe set, then a SYNCN N in V is expressed
below:
N, ={(v. (@, (v),c, (")), (& (v),,(v)), (3, (V). c, (W) |v eV} M
In the above equation V —[0, 1F*, (&,(V),c,(V)), (& (V),C (V)), (@, (V),C.(V)) represent the true
FCN, uncertain FCN, and false FCN, respectively. Int the three ordered pairs, the first component
a;(V{i =123} represents the fuzzy value, and the second component C;(V){i=12,3}
represents the credibility level closely associated with the first component, which is used to ensure

the reliable measurement of the first component. Furthermore, N. satisfies the conditions
0<a (V)+a(v)+a,(V)<3and0=<c, (V) +c (V) +C, (V) <3,
The simplified representation of the formula (1) is expressed as:
n.=((a.c) (a,6) (&.c.) @

Definition 2. Set two SYNCN, N, =((a,;,C,;), (8, C,), (8, C.r) ) and N, =((a,5,C,), (85:C,): (3,1 Cey)).
Their mutual relationships and operational rules between them are defined as below:
(1 ny,on,<=a,>a,,C, >C,,a, <a,,C,; <C,,a,, <a,,C,; <C,,;
(2) ny=n, < n,onN, and N, D Ny;
(3) Ny U N, = <(a'rl Va,,Cy VC,), (A AQ,,Cy AC,), (B Ad,, Cy /\CeZ)>;
4) ny N N, = <(ar1 A8, Cy AC,), (8 VA, Gy VE,) (B Vag,,Cy Vv Ce2)>;
Definition 3. For two SYNCN N = <(ar,-ar,- 1 CiCr)» (885, CCyp), (848, G C )> J=1.2, their sorting
is determined by the score function and accuracy function, which are defined below:

S(n,) = 2+a,c, _:‘ijcij
A(n,) =a,;B; —ay B, for Any) e[-1,1] (4)

The score values S(Ng)and accuracy values A(N;) calculated using the above two

—%% for $(n,) <[0.1] 6)

formulas are ranked according to the following criteria:
(i) If S(n,)>S(n.,), the sorting oder is n, >n,;

(if) If S(n,)=S(n,) & A(n,) > A(n,,), the oder is n, >n,;
(iti) If S(n,)=S(n,) & A(n,) = A(n,,), bothis n, =n,.

3. Modified Aggregation Operators of Einstein for SYNCNs

3.1 Einstein paradigm operations of SUNCNs

Definition 4. The Einstein t-norm function ¥ (U, CO) and t-conorm function W ¢ (U, a)) are
defined as below, which ¥ and @ are real numbers within the range [0, 1].
v

V) = oi-a) ©)
v =0 ©
+ 0w
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Both ¥ (U, ®) and w°(v,®) are monotone increasing functions, with their values ranging
within [0, 1]. Based on the formulas (5) and (6), the operational rules for SYNCNs are defined as
below.

Definition 5. Set p, = <(ar1’ Crl)! (ail’ Cil)! (ael’ Ce1)> and p, = <(ar2’ Cr2) (8,Ciz), (an’CeZ)> are
two SYNCNs, p, and p, €[0,1], @is the weight value. The operations and relationships between
£, and p, are defined as follows:

ar1+a arlarz Cr1+cr2 _ Crlcrz ailaiz Cilciz
1+ar1ar2 1 arl)(l a ) 1+Crlcr2 1+(1_Cr1)(1_cr2) ‘ 1+(1_ai1)(1_ai2) ,1+(1_Ci1)(l_ci2) l
p®p,= @
Celcez
[1+ 1- ael 1 a,,) 1+(1—cel)(1—cez)]
a8 CqCry G td, % b, +b, bb,
1+ (L-a,)( 1 a,) 1+(1 Cu)L=C,p) l 1+aa, 1+(1_ai1)(1_ai2)’1+b|1bi2 1+(1-by)2-by,) ’
P®p,= (8)
a +4d, dy0,, Cy +Cy CaiCey
1+ael " 14 (1-a,)l1-a,) 1+celc82 1+(1—C91)(1—Cez)j
1+ arl)(p 1 ar1)¢ (1+C ) (1 Crl)(p 2(3i1)¢ 2(Ci1)¢
1+ar1 + (1 arl)w (1+C )(p + (1_Cr1)¢ ’ (z_ail)w +(ai1)¢ l (2_Ci1)¢ "’(Cil)(p ’
)
()’
2 ael + (ael (2 - Cel)q] + (Cel)w
2(a,)" 2(c,)’ (+a,)"-(A-a,)" @+cy)"-(1-¢y)”
(2-a,)"+(a,)” (2 )’ +(c,)’ ’ (1+a,)"+(1-a,)” ’(1+ ¢,)”+(@-c,)’ '
(10)
(l+a,)-(1-a,)” (A+c,)’-(1-c,)’
(+a,)’+(1-a,)’ (L+c,)"+(@-c,)’

3.2 Operator of Weighted Arithmetic Average and Weighted Geometric Average of Einstein for SUNCNs

Definition 6. Set p Z{,Ol, Pos Pz ,OZ} is a SYNCNs. This weighted arithmetic average operator
of Einstein for SYNCNs (SVNCNEWA) is expressed as below:

SYNCNEWA(p, p,, 03+ ) = ¢ka (11)
Where @, isthe weight of p,, with a range of [0,1], and satisfies the criteria Z;l(p,( =1.
Theorem 1. Let p, = <R I, > <(am ¢ )i (@G (2, eK)) (k=1,2,3--:7) be a group of SYNCNs, where

the weight coefficients of each SYNCN satisfy @, €[0,1] and z;l @, . According to equation (11),
the result of SYNCNEWA can be calculated as follows:
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SYNCNEWA(p,, £, 05+ p,c) =

g(“ark)w"‘lj(l_af*)% lj(“cm)“"‘—lj(l‘cm)“’“ Zg(am)% 2]3(%“’“
13(1+aw)@.+13(1_am)@.'g(1+cm)@,+1j(1—cm)“’* | g(z‘am)“’“+lj(aw)”‘YI:!(Z—C.X)“H]:!(C.K)“’*' ’ .
le(aek)‘”‘ gg(cw)m
[Te-a.0 [T ’Q(Z—cﬂ)% e
Proof:ﬁ 7 7 7

(1) If k=2, the SYNCNEWA can be calculated using the formula(7) and (9) as follows:
SVNCNEWA(p1, p,) = 0.0, © 9,9,

(l+a,)’-(1-a,)? @+c,)’-QA-c,)’ 2(a,)” 2(c,,)?

(1+a,)"+(1-a,)" (@+c,)’+@1-c,)’ ) (2-a)"+(a,)" (2-c,)" + (C.l)“’

2(2,)" 2(c.y)”
(2 - ael)(p + (ael)qo ’ (2 - Cel)(p + (Cel)(p

(1+ar2)¢2 _(:I'_arZ)(p2 (:I'-|_c’r2)¢72 _(]'_CrZ)(/J2 Z(aiz)(o2 |2)(p2
(+a,)” +(1-a,)" ,(1-|-Cr2)'/’2 +(1-c,)” , (2-a;,)" +(a,)" ’ (2-c;,
(a,)" (c,,)"
(2-a,,)” +(a,,)" ’ (2-c,,)" +(c,)™

Z(all)(p1 (a'lz)(p2 2((:|1)(p1 (Cl2)(p2
(2 a‘ll)(pl (2 a|2)(/72 + (a‘ll)(pl (alz)(ﬂz (2 Cll)(pl (2 C|2)¢72 + (Cll)(pl (Clz)(ﬂ2
Z(ael)(p1 (a‘ez)gp2 Z(Cel)(p1 (Cez)w2
(2-2,)"(2-2,,)" +(8,)" (3,,)" ' (2—C,)" (2~C,,)" +(Ce1)‘”l(0ez)"’2

e -Tlea Moy -Tleso || 2w
f[(1+am) f[(l a,)" lf[1+c +H1 o f[Z a.)" +f[ (a.)" f[ )" +f[

k=1 k=1 k=1 K= k=1 k=1 k=1

2] 2[](e.)"
H (2-a,)" + H (a,)™ H (2-c,)" + H (C,.)™

(1+ar1)%(1+ar2)¢2_(1 arZ)(pl(l a‘rZ)gp2 (1+Crl)(pl(l+cr2)(p2_(1 Crz)(pl(l CrZ)w2
(12,7 (L a,)" +(-a,)" (1-2,)" (@4 0,) (14 ,)" + (1 crz)‘ﬂ(l crzw

k=1 k=1 k=1 k=1

(2) Let K =W, then the SYNCNEWA can be expressed as:
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SYNCNEWA(p,, 0y, 05 By ) =

H(1+a‘nc)w~_l_[(1_arx)% H(l-l—crx)(ﬂx_l—[(l_cm)% ZH(aix)(pK ZH(Cix)(ﬂN

ﬁ1+a +H(1 3" H(1+cm>*” +ﬁ1 e | | Te-a0+[@) []e-a)" +H<c.x :
o] 2]

[1e-2) @) [[e-e)+]]e)"

(3) Let K =W+1, then SYNCNEWA is expressed as:

SVNCNEWA(pl,pZ,p3  Par) = SVNCNEWA(pl,,OZ,p3 “Pu) D By Pua

[Ta+a)-T]a-a) [Ja+e,)-[a-c)" ] ()" ()"

H(1+ a,)" +H(1 a,.)" H(1+Crk)” +H(1 G )™ H(Z-%)“’” +H(aik)‘”” | (2-¢,)" + | (©.)"
] ()" 2[] ()"

[e-a) [l T1e-c) e

(1_|_ arl)¢W+1 ( ) (1_|_ Crl)(oWA _(1_Crl)¢w4 Z(ail)‘pwu Z(Cil)%m

(_D (1+ ar1)¢w+1 _|_( ) (1+ Crl)(/}WA _|_(1_Crl)¢w+1 (z_ail)ww +(ail)¢w+1 (Z_Cil)‘/]WA +(Cil)¢w+1

2(a,) 2(c,)"™

(2 _ ael)(/’w + (aEI)(”WA (2 _ Cel)(ﬂw + (Cel)(ﬂw

W+l W+l W+l W+l W+l W+l
[Ta+a)*-[T@-a,)* [J@+c,)*-[]-c,)* 2[[(@)" ZH(CiK)“"'
gj :ijl. ! ;j ’;j oW+l = W+l P W+l W+l
[Ta+a,) +H1 a,)" []a+c,) +Hl ., [T@-a.)"+[](@a.)" HZ c,)" +H 3
k=1 k=1 k=1 k=1
- W+l W+l
ZH(aEK)‘”K ZH(CEK)”‘
W+l TW+l = W+l
H (2-a,)" +H ) J@-c)" +]] )"
k=1 k=1

From the above formula, it can be concluded that the equation holds for any value of X, and

the SYNCNEWA satisfies the below properties.

(i) Idempotency. Let P, = <(ar,(, c.)(@a.c,), (ae,(,ce,()> (x¥=1,2,3:--Z) be a group of SYNCN.

When p, = p, it satisfies SYNCNEWA(p,, p,, 05 p,)=p.

Tong Zhang, Xueping Lu, Kun Chen, Chunping Liu, Jun Y. Evaluation of Practice-Based Curriculum Objectives

Achievement Degree Using Einstein Aggregation Operators of Single-Valued Neutrosophic Credibility Numbers



Neutrosophic Sets and Systems, Vol. 86, 2025 165

(ii) Boundedness. Let o, =((a,,,C,.), (@, Ci): (8, C,,)) (=1,2,3-+-2) be a group of SYNCNS,
then maximum values and the minimum are given by:

Prin =(MiN(ay,.,C,,.), Max(a,, C,.), Max (@, Coy) ) P = (MaX(@,.,C,,.), MIN(@,.,C,.), Min(a,., C,..)).
(ii)Monotonicity. Let or =((a’,c" ) (a",c).(a",c!))and p? =((a’,c’),(a,c’).(a’ ,c?))
(x=1,2,---Z) be two group of SYNCNBs. If o = o7, then it satisfies SVNCNEWA(pll,p;,p;---pi) c
SVNCNEWA(p?, o7, o5 -+ p7) .

Proof:

(1) Let A, ={(81Cr) (81 Co): (Beir o)) = p=((3,,C,), (&, C), (., C,)) be a group of SYNCNS,
where the weight coefficients ¢, represent the weights of p., which are constrained within the
range [0, 1]. Furthermore, it satisfies Z;lgo,( =1.

SYNCNEWA(p,, p,, p5°-* p,)

f[<1+a,x>“’ H(l a, H1+c )" H(l ¢.)" Zﬁ(a y 2H(c.n

H(1+ark H(l a )™ Hl+c +H1 c.)> f[(z +H a,)"™ H(Z C, +H(cih,)"’~ ‘
] .

[Te-a.) +[[@) [[@-c.)" +]]@)"

(1 + ar)Z;ﬂ' _ (1_ ar)ZiJ’X (1 + CF)Z;% _ (1_(:;)2;1% 2(ai)2i»4<"~ 2(ci)z;‘”x

(1+a,)211“’*+ (1—a,)2¥” Lre) T s e ) B | @-a)2e +@)2e (2-c)Ee 4 (0) 2"

N

(@)™ 2(c) >
-2 )"+ )Z " ee) R )R
= <(ar ! Cr)’ (al ! Ci)' (ae’ e)>
(2) Set SNCNEWA(p,, p,, 05 ',OZ) be given. According to the formula (12), it be expressed below:
[T0+a,)" H(l @,)" [T+ -TTa-c.)"

min(er,) <+ <max(a,.) and min(c, )<= <max(c,,)

H(1+am *+H A-a, )™ H(1+Cn)(p +H(1 C)™
2[] )" 21"

min(a,,) < — <max(a,) and min(c,)<—

H<2 a,)" +H(a.K>‘*’ [1@-c0" +]] ()"
2~H(aek)"’” 2~1i[(ce,()"’*'

min(a,,) < — <max(a,.) and min(c,,)<— <max(c,,)

H(2 a,)" +1‘[(aek)“ 1‘[(2 Cor)”™ +1‘[<cem

According to the formula (3), SYNCNEWA(p,, 0,05+ p,)(k=1, 2,3---2) , P, Prax are defined see
below:

<max(c,,.)

2+a,.C, —ac —ac,
3
$(Ppn) ={(2+min(a, ) min(c,, ) - max(a,, ) max(c,,) - max(a,, ) max(c,,)) / 3},

S(SYNCNEWA(p,, 2, 05+ p,)) =

$(Pnax) = 1(2+ max(a,, ) max(c,,.) - min(a,, ) min(c,, ) - min(a,, ) min(c,, )) / 3}.
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From the above formula, S(£mn)<S(SYNCNEWA(p,, 0, 05-"* p,)) < S(Pe) can be obtained. According
to the (i)-th properties of the score function, P < SYNCNEWA(p,, p,, 3+ p,) < Prax can be derived.
(3) Set two groups SYNCN:s, their relationship can be expressed as follows:

=((@.c), (@.c"), (@ .c)) . p°=((a.c’), (@,¢*), (@°,¢’)) then p! = p’. Then they satisfy
the following constraints: ai, < ai,’ Ci’ < Ci, all 2 ai, Cilx 2 Ci, ai 2 az, Cl = C2
Using the equation (12), it can be derived as: SVNCNEWA(P;P;'/% 0;) :<( 1.6, (8, ¢), (8, ¢ )>
and SYNCNEWA(p?, 03, p5 -+ ) =((a7,¢}). (a7, ¢)). (a2, c0)).

According to the above formula, it is evident that a <a’, o< C a1 2 aI , CI 2 C >a’Z, Ci = Ce2

T r —

can be obtained. Consequently, SYNCNEWA(p!, p},--- p,) < SINCNEWA(p?, o5+ p}) can be deduced.

Definition 7. Let p ={,01,,02,,03"',Dz}be a group of SVNCNs. The weighted geometric average
operator of Einstein for SYNCNs (SYNCNEWG) is expressed as follows:

SYNCNEWG(py, 05, 03 ;) = B P (13)

Where ¢, represents the weight of 0, , with a range of [0, 1], and it satisfies Z;l o =1.
Theorem 2. Let o, =<ch’ I, EK> = <(am,cm), (ak,cik), (aeK,ceK)> (x=1,2,3,---2) be a group of
SvINCNs, where weight coefficients of each SYNCN satisfy ¢, € [0,1] and Z;l @, . On basis of the

operational rules, the result is calculated as follows:
SYNCNEWG(p,, py. py++p,) =

Z

Z'ﬁ(am)“* 2~]i[(cm)% ﬁ 1+a, ) H(l a,) ﬁ 1+¢,) H d-c,

K=

'z 'z

[[@-a)" +[[@)" [[@-c0" +[](.)" 'ﬁ1+am +H(1 a.)" [Ja+c)  +][a-c.)"

Kx=1 k=1 x=1

~

| (14)

Z Z Z

[Ta+a,)*-[]@-a,)" []@+c,)" —li[(l—cw)q”*

K:1 K*l k=1 K

H (l+a,) +H(1 a, ﬁ (@+c,)™ +
k=1 K=l

The proof process for SYNCNEWG is consistent with that of SYNCNAWG.

1IN

(1 — Gy )%
)

K

4. Application of SYNCNEWG and SYNCNAWG in MADM

In order to make optimal decisions, this section introduces the MADM based on SYNCNS. In the
DM problem, it is assumed that a decision-maker needs to evaluate H alternatives, with the set of
alternatives expressed as A={A, A, A---» A }. Each alternative has L attributes which
expressed as C ={C,;,C,, C;---» C_}. The weight coefficient corresponding to each attribute in the
decision process is denoted as ¥ ={%,9,, s ---» ¢ }. Thus, the SYNCN of the &—th attribute of

thes —th alternative is expressed as P;‘¢:<(31 6 @) (af’_‘;'cfgé)> c=12,---,Hand&=2,2,---,L,

For all alternatives with L attributes, the expression is as below matrix: 2 ={(0, ) }u-L. The
steps for applying the SYNCNs method in MADM are see below:

Step 1: Calculate the aggregated value of SYNCNs for H alternatives and L attributes using the
given aggregation formulas (12) and (14), each attribute of each candidate is composed of truth,
false, uncertainty values and their corresponding credibility values.

pg :SVNCNEWA(pgl’ng’pgS ng)_ gofpg;
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l;j(1+ a,.)"” —l;j(l—a,g:)‘”‘ lj(lJr c..)” —13(1—0,:,;)”’5 21:! (a,.)"” le ©.)"
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Step 2: Substitute the aggregated values of SYNCN obtained from Step 1 into the scoring
formula (3) and (4), then calculate the values of score and accuracy for each alternative.
Step 3: Rank alternatives on basis of their score values and make the optimal choice among the

multiple alternatives.

5. Application Instance and Algorithm Comparison

This section presents an application instance of Einstein aggregation operators based on
SvNCNs in MADM and provides a comparative analysis with other DM methods.

5.1 Application Example

The the achievement degree of curriculum objectives evaluation is an effective method to
construct the evaluation system of students' learning quality and measure the effectiveness of OBE
teaching. The evaluation carried out in the practical curriculums of electrical engineering major in
Shaoxing University, and its evaluation results consists of four components: regular performance,
design report, project demonstration, and teamwork. However, there is fuzziness and uncertainty
in the evaluation of each part of the practical curriculum, so we set the four curriculums of
Embedded System, Single Chip Microcomputer Principle, Electronic Circuit Design and Sensor as
the alternatives, denoted as 7={x» 7» Z» Z}.The attributes of the four evaluation parts are defined
as yv={vu.¥ova v}, The known weight vector corresponding to each attribute is defined as:
t={r,=02,7,=037,=04,7,=01 . Thus, the achievement degree evaluation of these four
curriculums can be expressed as a SYNCNs matrix:

((07,08),(02,07),(02,08) ((0.7,09),(0.106),010.)) ((0808),(02,0.7),(0208)) {(

((08,08),(0.£06),(0.10.7) {(080.7),(008),(0208)) ((0.,07),(0207),0L08) (( (
71((08,09),(02,08),0.007) ((0808),(01,09,0.107) ((09,08),(02.06),0108) ((08,06),(0207),(0.L09))

((07,07),(010.7),(0208)) ((08,08),(0207),0408)) {(07,08),(02.08),(0.L09)) {(07,06),008),(0L08))

According to the application of the Einstein aggregation operator based on SYNCNs in MADM,
the calculation steps see below:

Step 1: Calculate aggregation values of SYNCNEWA and SYNCNEWG using the formulas (12)
and (14). The aggregated value of each course consists of three parts: truth, uncertainty and false,
with each part represented as a SYNCN. The aggregate values are shown in the Table 1 below:

08,0.7),0407),(02,08))
07,07),02,07),02,08)
)

Table 1. Calculation of Two Aggregation Operators
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Aggregate operations Aggregate values

((0.75,0.83),(0.15,0.66), (0.16,0.76)

4

)

SUNCNEWA 7> =((0.84,0.72),(0.14,0.70), (0.13,0.72))
7, =((0.84,0.81),(0.16,0.73),(0.10,0.76))

7. =((0.73,0.76),(0.16,0.74),(0.11,0.84))
7.=((0.75,0.82),(0.16,0.67),(0.17,0.77))

SUNCNEWG ~((0.83,0.72),(0.15,0.72),(0.14,0.73))
)

)

<
((0.84,0.79),(0.17,0.77),(0.10,0.77)
{

X2
X3
. =((0.72,0.75),(0.17,0.75),(0.12,0.85)

Step 2: In accordance with the scoring formula (3) and (4), the results of the four curriculums
are ranked as shown in the Table 2 below:
Table 2. Scores and Rankings of Two Aggregation Operators

Aggregation Operators Score ( ¥;(5 =1,2,3,4)) Rank Optimal Value
SvNCNEWA 0.801,0.806,0.834,0.783 X3 = KXo = X1~ Xa X3
SvNCNEWG 0.791,0.795,0.820,0.774 X = Xo=> X1> Xa X3

Step 3: After sorting the results of the two aggregation operators from Table 1 and Table 2, the
curriculum with the highest score is is identified as having the optimal achievement.

5.2 Comparative Analysis

Ye et al. proposed a MCDM model on basis trigonometric weighted average operators and
trigonometric geometry operators for SVNCNs. This model utilizes the operational rules of
triangular t-norm and triangular t-conorm to define aggregation operations, including triangular
weighted averaging (SVNCNTWA) and triangular weighted geometric (SNCNTWG) operators for
SvNCNs matrices, and has been successfully applied to slope protection in mountainous terrain.
For comparison, this paper presents the two aggregation operations based on the Einstein
aggregation operator (SVNCNEWG and SYNCNEWA) and compares them with Ye’s SYNCNTWA
and SYNCNTWG, as well as the classic SYNNWA and SYNNWG. All six methods use the same
SvNCNs matrix and are compared in Table 3.

Table 3. Comparison table of the four methods

Aggregation Operators Score ¥;5(5=1234) Rank Optimal Value
SVNNWA 0.813, 0.856, 0.862, 0.819 Xs>Xo>Xa> 21 X3
SVNNWG 0.846, 0.889, 0.900, 0.863 X=X > Xa> 2 X3
SVNCNTWA 0.799, 0.804, 0.830, 0.781 K> X > 0> X X3
SVNCNTWG 0.784, 0.788, 0.813, 0.768 K> X2 > 0> X X3
SvNCNEWA 0.801, 0.806, 0.834, 0.783 s> o> 0> X X3
SvNCNEWG 0.791, 0.795, 0.820, 0.774 s> Xo > X1 > Xa X
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Figure 1. Comparison of aggregation operator

As shown in Table 3, the classic SYNNWA and SYNNWG methods yield different ranking
results when assessing course achievement, compared to the operators based on the SvNCNs.
However, the final optimal decision remains the same. This indicates that the classic methods lack
the credibility measure of SYNCNs, which is crucial when determining the optimal ranking for the
same multi-attribute problem. In contrast, the SYNCNs-based aggregation operators effectively
address this gap. Among the four SvINCNs-based methods, the two aggregation operations
proposed in this paper SYNCNEWA and SYNCNEWG produce the same ranking results as the two
previously proposed SYNCNTWA and SYNCNTWG algorithms, demonstrating the effectiveness of
the methods introduced in this study.

As shown in Figure 1, when the four SYNCNs-based methods are used to evaluate the four
courses, the SYNCNEWA method proposed in this paper consistently achieves higher scores than
the other three methods. This highlights the ability of the improved Einstein operator based on
SvINCNSs to help decision-makers make the optimal choice in MADM problem:s.

6. Conclusions

This paper first presents the SYNCNEWA and SYNCNEWG aggregation algorithms, based on
the improved Einstein paradigm within SYNCNs. These algorithms were applied to assess the
achievement levels of four practice-based courses in the Electrical Engineering program at Shaoxing
University. By comparing the proposed methods with four existing aggregation algorithms, the
effectiveness of the approach in addressing MADM problems is demonstrated. Looking ahead,
future research will focus on extending SYNCNss to topological spaces and exploring the application
of neutrosophic topological spaces in areas such as data analysis, pattern recognition, and robot
control.
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