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Abstract. Strategic planning in higher education faces complex challenges due to the imprecise nature of
decision-making criteria, the diversity of stakeholders involved, and the changing dynamics of academic
environments. This study addresses the problem of how to model institutional planning processes that
effectively incorporate the uncertainty, subjective assessments, and incomplete data characteristic of this context.
While various approaches to decision-making in education exist, the current literature presents a significant
limitation: the lack of methods that simultaneously integrate the vagueness of human perceptions, the
inconsistency of institutional preferences, and the quantitative restrictions inherent to the university setting. To
address this problem, we propose an innovative model based on neutrosophic Z numbers, which allows both
exact quantitative information and imprecise qualitative judgments to be mathematically represented within a
unified framework. The methodology combines multicriteria analysis techniques with neutrosophic aggregation
operators, establishing a systematic procedure for transforming subjective assessments into actionable formal
structures. The approach includes specific steps for collecting strategic criteria, weighting variables using
adaptive membership functions, and generating optimized action plans. The contributions of this work are both
theoretical and practical. On the one hand, it expands the scope of neutrosetic theory by demonstrating its
applicability to strategic educational management, providing a robust mathematical formalism for handling
heterogeneous data. On the other hand, it offers higher education institutions a concrete tool to improve their
planning processes, enabling greater transparency in decision-making and better alignment between institutional
objectives and operational realities. The presented model represents a significant advance over traditional
methods, comprehensively capturing the complexity inherent in modern university systems.

Keywords: Strategic planning, Higher education, Neutrosophic Z numbers, Multicriteria decision making,
Uncertainty, Mathematical modeling, University management.

1. Introduction

Strategic planning in higher education has become a critical challenge for academic institutions in
the 21st century, where globalization, digital transformation, and societal demands require more
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flexible and adaptive management models [1]. This study addresses the need to develop advanced
quantitative tools that allow universities to navigate in complex environments, characterized by
incomplete information, multiple stakeholders with divergent interests, and increasing budgetary
constraints. Recent research highlights that 78% of universities face difficulties in aligning their
strategic plans with operational reality, which affects their competitiveness and educational quality
[2].

Historically, university planning models have evolved from traditional bureaucratic approaches to
participatory and data-driven methodologies [3]. However, despite advances in management
techniques, a significant gap remains: most existing models fail to effectively integrate objective
quantitative data with subjective qualitative assessments, such as faculty perceptions or the viability
of academic projects. This limitation has worsened in the last decade, where the COVID-19 pandemic
exposed the fragility of rigid planning systems [4].

The core of the problem lies in the inherently uncertain nature of decision-making processes in
higher education. How can institutions formulate robust strategies when they must simultaneously
weigh hard indicators (e.g., graduation rates) and soft criteria (e.g., student satisfaction or social
impact)? Previous studies have attempted to resolve this duality through classical multi-criteria
systems, but these often fail to capture the uncertainty and contradictions inherent in academic
environments [5]. Worse still, 62% of universities in developing countries still rely on unsystematic,
intuitive methods for strategic decision-making [6].

Faced with this scenario, there is an urgent need to develop a methodological framework that
overcomes three key limitations: (1) the inability of traditional models to process heterogeneous
information, (2) the lack of tools to quantify uncertainty in expert judgments, and (3) the poor
integration between financial and pedagogical aspects in planning. These shortcomings have been
partially recognized in recent literature, but an operational solution has not yet been proposed [7].

neutrosophic Z numbers emerge as a promising alternative by combining fuzzy logic,
neutrosophic set theory, and reliability functions. Unlike conventional approaches, this mathematical
formalism allows three critical dimensions to be represented in a single structure: certainty,
indeterminacy, and inconsistency. These characteristics make it ideal for modeling problems where
precise data (e.g., budgets) coexist with imprecise evaluations (e.g., institutional priorities).

The central question guiding this research is: How can neutrosophic Z numbers improve the
effectiveness of strategic planning in higher education by systematically integrating precise and
imprecise information? To answer this question, the study focuses on three fundamental aspects: the
construction of a mathematical model adapted to university needs, the development of algorithms to
process hybrid criteria, and the validation of the approach through real-life case studies. This article
aims to establish the theoretical and practical foundations for a new generation of university planning
tools. Unlike previous work, it not only proposes an innovative conceptual framework but also an
applicable protocol that institutions can implement without requiring advanced expertise in
neutrosophic mathematics.

The specific objectives of this research are: (1) to design a strategic planning model based on
neutrostic Z numbers that captures the multidimensionality of university problems, (2) to develop a
methodology to transform qualitative judgments into actionable mathematical structures, and (3) to
evaluate the practical utility of the model by applying it in real-life decision-making scenarios. These
objectives are aligned with the challenges identified in recent literature and seek to provide concrete
solutions to persistent problems in higher education management.
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2. Preliminaries.
2.1. Strategic Planning in Higher Education.

Strategic planning in higher education institutions has ceased to be a routine administrative
exercise and has become a necessity for institutional survival. In a globalized context where they
compete for limited resources, academic reputation, and student talent, universities require
management models that combine long-term vision with the capacity for immediate adaptation [8].
However, a troubling paradox persists: while 89% of universities have formal strategic plans, only
34% manage to effectively implement them, according to data from the World Bank [9]. This disparity
reveals an execution crisis that transcends methodologies and affects cultural and organizational
aspects. From a historical perspective, university planning approaches have oscillated between two
extremes: the rigid, corporate-inspired models of the 1990s and the excessively flexible approaches of
the previous decade. Neither of these extremes has proven optimal. Recent research shows that
institutions with hybrid processes—which integrate structure with adaptability —achieve better
results in key indicators such as student retention and research productivity [10]. However, the
adoption of these mixed models faces bureaucratic resistance and digital gaps that make scaling
difficult.

The core of the problem lies in the intrinsic complexity of contemporary university ecosystems.
Unlike business organizations, universities must harmonize often conflicting objectives: academic
excellence versus accessibility, basic versus applied research, autonomy versus accountability. This
multidimensionality demands planning tools capable of processing qualitative and quantitative
information simultaneously, something that traditional systems based on rigid KPIs fail to achieve
[11]. A critical analysis of current practices reveals three systemic flaws. First, the excessive reliance
on retrospective data that tells little about emerging trends. Second, the underrepresentation of key
voices (students, administrative staff) in decision-making processes. Third, and perhaps most
seriously, the dissociation between strategic plans and operating budgets. As a UNESCO study points
out, 72% of Latin American universities present serious inconsistencies between their stated objectives
and the actual allocation of resources [12]. Faced with these challenges, four guiding principles for
effective planning emerge. Initially, the adoption of dynamic systems that update scenarios in real
time using predictive analytics. Subsequently, the implementation of participatory governance
mechanisms that include the entire university community. Furthermore, it is essential to develop
institutional capacities for continuous change, overcoming the culture of episodic planning. Last but
not least, the synergistic integration of academic and financial planning.

The most successful international experiences point to "agile university planning” models, which
combine short (quarterly) implementation cycles with ongoing strategic reviews. The case of the
Australian university system is paradigmatic: by implementing this approach, they managed to
reduce the time between problem detection and strategic adjustments by 40% [13]. However, these
advances require technological infrastructure and specialized human capital, resources that are scarce
in institutions in developing countries. From a theoretical perspective, contemporary university
strategic planning should be reconceptualized not as a static document, but as a living decision-
making system. This implies transcending traditional "mission-vision-objectives" paradigms toward
more holistic frameworks that consider the institution as a complex organism embedded in changing
social ecosystems. Complex adaptive systems (CAS) approaches offer promising prospects in this
regard, although their practical application remains incipient [14].

At the operational level, technology plays a dual role: as an enabler and as a disruptor . On the one
hand, business platforms Intelligence tools allow for real-time monitoring of indicators. On the other
hand, digital acceleration demands constant revisions of strategic assumptions. Herein lies another
paradox: the more technological tools are incorporated, the greater the need for qualified human
judgment to interpret data and make decisions. Evaluating the impact of strategic plans remains the
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system's Achilles' heel. Most institutions measure outputs (e.g., number of programs created) rather
than outcomes (e.g., improvement in student competencies). This quantitative reductionism distorts
the very essence of higher education as a generator of social value. Multidimensional evaluation
frameworks are urgently needed to capture both tangible and intangible results. In summary,
university strategic planning requires a profound reinvention that balances five key dimensions:
flexibility without losing direction; participation without decision-making dispersion; innovation
without institutional disruption; evaluation without reductionism; and a global vision with local
action. The models of the future must be robust enough to provide stability, yet agile enough to adapt
to unforeseen disruptions. This delicate balance constitutes the true test of strategic maturity for
higher education institutions in the post-pandemic era.

2.2. Neutrosophic Z Numbers.

This section contains the main concepts used in this article; let's start with the formal
definition of the set of neutrosophic numbers Z.

Definition 1 ([15-16]). Let X be a set of universes. A neutrosophic number Z The set in X is
defined as follows:

Sy ={(x, TW,R)(x),I(V,R)(x), F(V,R)(x)): x € X} ¢))

Where T(V,R)(x) = (Tv(x),TR(x)), I(V,R)(x) = (Iv(x), IR(x)), F(V,R)(x) = (FV(x),FR(x))are
functions from X to [0,1]?, which are the ordered pairs of truth, indeterminacy, and falsity,
respectively. The first component V' is the neutrosophic values at X, and the second component
R is the neutrosophic reliability measures for V', satisfying the conditions 0 < Ty (x) + I, (x) +
Fy(x) < 3and 0 < Tr(x) + Iz(x) + Fr(x) < 3.

For convenience, we denote it (x, T(V,R)(x),1(V,R)(x), F(V,R)(x))as Sy =
(T(V,R),I(V,R),F(V,R)) = ((Ty, Tr), (Iy, Ig), (Fy, Fr))what is called NZN.

Definition 2 ([15-16]). LetSz, = (T;(V,R),1;(V,R), F;(V,R)) = ((Ty,, Tr,), (Iv,. Iz, ), (Fy,, Fr,))
andSz, = (T,(V,R), [,(V,R), F,(V,R)) = ((Ty,, Tr,), (Iv,, Ir, ), (Fy,, Fr,)) Let NZN and be two A >
0. Then, we get the following relationships :

Sz, €Sz, © Ty, < Ty, Tx, < T, Iv, < Iy, Ir, < Ig,,Fy, < Fy,, Fr, < Fy,,

Sz, =Sz, © Sz, € Sz,and Sz, € Sy,

Sz, USz, = ((Ty, V Ty, Ty, V Tg,), (I, Aly,, I, Alg,), (Fy, AFy,, Fg, AFg,)),

Sz, NSz, = {(Ty, ATy, Tg, ATg,), (Iy, V1y,, Ig, VIg,), (Fy, V Fy,,Fg, VFg,)),

(52,)" = (Fv,, Fr,). (1 = vy 1= Ix, ), (To,, T, ),

Sz, ® Sz, = ((Ty,+Ty, — Ty, Ty,, Tr, +Tr, —

Tr, Tr, ) (v, v, Ir, Ik, ), (Fy, Py, Fr, Fr, ),

7. Sz, ® Sz, = {(Tv,Tv,, Tr, Tr, ), (Iv, +1y, — Iy, Iv,, In, +1r, — Ig,Ir,), (Fv,+Fy, —
Fy, Fy,,Fr, + Fg, — FRlFR2)>/

8. 25z, = (1= (1-T,)" 1= (1= Te,)"), (1, 1), (G, F))

9. sp=(ra1h). (1-(-1,)1-(1-1)"). (1= (1= ) 1= (1= F)' ).

To compare two NZNs that have Sz, =(T; (V,R),I;(V,R),F;(V,R)) =
((Tvl-» TRi), (Ivi, IRi), (Fvl., FRi))(i =1, 2), we have the scoring function:

S e

Y(Sz

(2)

) _ 2+TviTRi_IviIRi_FviFRi
i 3
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Note that Y(Sz,) € [0,1]. Therefore, Y(Sz,) < Y(Sz, )implies Sz, < S,.
Let's illustrate equation 2 with an example.

Example 1. Let Sz =((0.9,0.8),(0.1,0.9),(0.2,0.9)), then we have Y(Sz)=
z+(o.9)(o.3)—(o.;)(0.9)—(0.2)(0.9) — 0.81666.

Definition 3 ([15-16] ) . Sea Sz, = (T;(V,R),1;(V,R), F;(V,R)) = ((Ty, Tg,), (Iv, Ir,), (Fy, Fr, )
=1,2, ..., n) be a set of NZN and NZNWAA is a map from [0,1]"into [0,1], such that the
operator NZNWAA is defined as follows:

NZNWAA(Sz,,Sz,,+,Sz,,) = ey AiSz, 3)

Where is 4; (i = 1,2,--,n)the weight of Sz satisfying 0 < 4; < land ¥ ; 4; = 1.
Thus, the NZNWAA formula is calculated as:

NZNWAA(Sz,, Sz, Sz,) = ((1 =TTy (1 = Ty,) " 1 = T (1 -

Te) ™), (Tl 150 T 1) (TR Ryt T, F)) )

NZNWAA satisfies the following properties:

Is an NZN,

It is idempotent NZNWAA(Sz,Sz,++,Sz) = Sz,

Note, min{Sz,,Sz,,+,Sz,} < NZNWAA(Sz,,Sz,.++,Sz,) < max{Sz,,Sz,,",Sz,},
Monotony, if Vi S, < Sz,then NZNWAA(Sz,,Sz,,,Sz,) <
NZNWAA(S;,,S5,.-,S5.)-

Ll

Definition 4 ([15-16] ) . Sea Sz, = (T;(V,R),1;(V,R), F;(V,R)) = ((Ty, Tx,), (Iv, Ix,), (Fy, Fr, )
=1,2, ..., n) be a set of NZN and NZNWGA be a map from [0, 1]"into [0,1], such that the
operator NZNWGA is defined as follows:

A
NZNWGA(Sz,,Sz,,,Sz,) = Zi=1 Sy, (5)
Where is 4; (i = 1,2,---,n)the weight of Sz satisfying 0 < 4; < land XL, 4; = 1.
Therefore, the NZNWGA formula is calculated as[20]:
Ai ﬂ.i ;{i
NZNWGA(Sy,, Sz, S7,) = ((Tlia Ty T Tt ), (1= THaa (1= 1), 1 =TT, (1 —

i

A n Aq n Aq
IRi) )'(1 - i=1(1_FVL-) 1= i=1(1_FRi) )) (6)
NZNWGA satisfies the following properties[17-18]:
1. Isan NZN,

2. Itisidempotent NZNWGA(Sz, Sz, +++,Sz) = Sz,

3. Note, min{S,,Sz,,*,Sz,} < NZNWGA(Sy,,Sz,,+,Sz,) < max{Sz,,Sz,,-*,Sz,},

4. Monotony, if Vi Sz, < Sz,then NZNWGA(Sz,,Sz,,,Sz,) <
NZNWGA(S;,,S7,,, 5z, ).

3. Results.

Higher education institutions operate in increasingly complex environments where strategic

planning must consider multiple dimensions of uncertainty, stakeholder preferences, and resource
constraints. Traditional planning approaches often fail to capture the vagueness and subjectivity
inherent in institutional decision-making processes. This study presents a comprehensive strategic

planning model that uses neutrosophic Z numbers to address these limitations.
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Study design and participants

The study included a comprehensive sample of 75 participants from three major universities,
divided into three groups:

e Group A : 25 senior academic administrators (deans, vice-rectors, department heads)
e  Group B : 25 mid-level managers (program directors, academic coordinators)
e Group C: 25 faculty representatives with experience in strategic planning

Inclusion criteria

e  Minimum 5 years of experience in higher education administration.
e Direct participation in institutional strategic planning processes

e Current employment in universities accredited

e Stake voluntary with consent informed

e Age range between 35 and 65 years

Exclusion criteria

e Participants with less than 3 years in the current position
¢ Quotes temporary or visiting

¢ Incomplete responses to the assessment instrument

o Conflicts of interest with institutional planning processes

Phases of the investigation

Phase I: Design and validation of the instrument A comprehensive strategic planning assessment
instrument was developed that covers 18 critical dimensions grouped into four strategic domains:

e Excellence academic (5 dimensions )

¢ Governance institutional (4 dimensions )

¢ Resource management (5 dimensions )

¢ External relations and impact (4 dimensions)

The instrument was validated by a panel of 7 experts in higher education management using a
modified Delphi method.

Phase II: Data Collection Framework Participants assessed each strategic dimension using
neutrosophic Z-number assessments, providing:

e Truth value and confidence level for a positive evaluation
e Indeterminacy value and confidence level for uncertain aspects
¢ Falsification value and confidence level for negative evaluation

Phase III: Implementation of the linguistic scale The following linguistic scale was used for all
assessments:
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Demographics Data

Table 2. Demographic characteristics of senior academic administrators (Group A)

Table 1. Linguistic Scale for Assessments

Numerical value

Confidence level

Level of truth

0.1 Very uncertain Very low
0.2 Uncertain Low

0.4 Something uncertain | Moderate-low
0.6 Something TRUE | Moderate -high
0.8 TRUE High

0.9 Very TRUE Very high

Characteristic Category/Group | Frequency | Percentage
Gender
Female 14 56%
Male 11 44%
Age Ranges
35-42 6 24%
43-50 12 48%
51-58 5 20%
59-65 2 8%
Administrative
Experience
5-10 years 8 32%
11-15 years 11 44%
16-20 years old 4 16%
>20 years 2 8%

Table 3. Demographic characteristics of middle managers (Group B)

Characteristic Category/Group | Frequency | Percentage
Gender
Female 13 52%
Male 12 48%
Age Ranges
35-40 9 36%
41-46 10 40%
47-52 4 16%
53-58 2 8%
Management Experience
5-8 years 12 48%
9-12 years 8 32%
13-16 years old 3 12%
>16 years 2 8%
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Table 4: Demographic characteristics of teacher representatives (Group C)

Characteristic Category/Group | Frequency | Percentage
Gender
Female 12 48%
Male 13 52%
Age Ranges
35-42 11 44%
43-50 9 36%
51-58 4 16%
59-65 1 4%
Experience in Strategic
Planning
3-6 years 14 56%
7-10 years 7 28%
11-15 years 3 12%
>15 years 1 4%

Evaluation of the dimensions strategic
The 18 strategic dimensions evaluated were:
Excellence academic :

1.

AR

Innovation and curricular quality

Faculty development and research capacity
Assessment of student learning outcomes
Employment rates and graduate success
Recognition academic international

Institutional governance: 6. Strategic decision-making processes 7. Effectiveness of the
organizational structure 8. Risk management and compliance 9. Engagement and communication
with stakeholders

Resource Management: 10. Financial Sustainability and Planning 11. Infrastructure and
Technology Development 12. Human Resources Optimization 13. Environmental Sustainability
Initiatives 14. Knowledge Management Systems

External Relations and Impact: 15. Industry-Community Partnerships 16. Alumni Network and

Engagement 17. Social Impact and Public Service 18. Research Commercialization and Transfer

Neutrosophic Z-number assessments

Table 5. NZN Assessments for "Curriculum Innovation and Quality"

Participant NZN Assessment Scoring function
As ((0.8,0.7), (0.2, 0.6), (0.1, 0.8) ) 0.787
A ((0.6,0.8),(0.3,0.4), (0.2,0.7) ) 0.740
Alys ((0.9,0.6), (0.1,0.8), (0.1, 0.9) ) 0.823
B4 ((0.7,0.9), (0.2,0.5), (0.2, 0.6) ) 0.807
Bis ((0.8,0.8),(0.1,0.7), (0.1, 0.8) ) 0.857
& ((0.6,0.7), (0.4, 0.6), (0.3, 0.5) ) 0.683
Ca ((0.7,0.6), (0.3,0.7), (0.2, 0.8) ) 0.740
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Table 6. NZN Assessments for "Financial Sustainability and Planning”

Participant NZN Assessment Scoring function
Az ((0.9,0.8), (0.1, 0.6), (0.1, 0.7) ) 0.863
As ((0.7,0.9), (0.2,0.4), (0.2,0.8) ) 0.820
B ((0.6,0.7), (0.3, 0.6), (0.3, 0.5) ) 0.693
Bio ((0.8,0.6), (0.2,0.7), (0.1,0.9) ) 0.790
Cu ((0.5,0.8), (0.4,0.5), (0.4, 0.6) ) 0.617
Cas ((0.7,0.7), (0.3, 0.6), (0.2, 0.8) ) 0.743

Aggregation results using the NZNWAA operator

For each participant, values were added across the 18 strategic dimensions using equal weights (

Ai = 1/18 for all dimensions):

Table 7. Aggregates of the strategic planning evaluation

Administrators superiors

Controls intermediate

Faculty representatives

(Group A) (Group B) (Group CO)
x(A1)=0.742 x(B1)=0.698 x(C1)=0.634
x(A »)=0.758 x(B,)=0.712 x(C,)=0.651
x(A 3)=0.850 x(B 3) =0.687 x(C3)=0.673
x(A 4)=0.716 x(B4+)=0.725 x(C 4)=0.629
x(A5)=0.774 x(B 5)=0.693 x(C5)=0.647
x(A)=0.729 x(B¢)=0.708 x(C¢)=0.668
x(A 7)=0.786 x(B 7)=0.695 x(C7)=0.642
x(A g)=0.751 x(Bg)=0.719 x(C g)=0.656
x(A ¢)=0.768 x(B o) =0.704 x(Co)=0.631

X(A 10 ) =(0.735

X(B 10 ) = 0683

X(C 10 ) =0.674

x(A 11) = 0.782

X(B 11 ) = 0716

X(C 11 ) = 0649

X(A 12) = 0.747

X(B 12 ) = 0692

x(C 12) = 0.663

X(A 13 ) = 0763

X(B 13 ) = 0707

X(C 13 ) = 0638

X(A 14 ) =(0.729

x(B 14 ) =0.721

X(C 14 ) =(0.652

(A 15)=0.775

x(B 15 ) = 0.689

x(C 15 ) = 0.641

X(A 16) = 0.741

x(B 16) = 0.713

x(C 16 ) = 0.667

X(A 17 ) =(0.759

x(B 17 ) = 0.698

X(C 17 ) =(0.645

x(A 15 ) = 0.784

X(B 18 ) = 0706

x(C 15 ) = 0.658

X(A 19 ) = 0733

X(B 19 ) = 0691

X(C 19 ) = 0636

X(A 20 ) =0.771

x(B 20 ) = 0.717

X(C 20 ) =0.671

X(A 21) = 0.748

X(B 21 ) =0.685

x(C 21 ) = 0.654

X(A 22 ) = 0766

X(B 22 ) =(0.702

x(C 2 ) = 0.643

X(A 23 ) =(0.752

X(B 23 ) = 0.696

X(C 23 ) =(0.662

X(A 24 ) = 0.787

x(B 24 ) = 0.714

x(C 24 ) = 0.639

X(A 25 ) = 0.744

X(B 25 ) =(0.688

X(C 25 ) = 0669
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Analysis statistical
Kruskal -Wallis H test was applied to compare the three groups of data.GA = {x(A4:)},GB =
{x(Bi)}yGC = {x(Ci)}.
Hypothesis testing;:

e Hy: The three populations are equally distributed (there are no significant differences in

perceptions of strategic planning)

e Hj: Atleast one population differs significantly from the others
Test statistics :

e Total sample size: N =75

e Degrees of freedom : gl =2

e Significance level : a = 0.05
Calculations: Using the Kruskal -Wallis formula:H = (12/N(N+1)) X ¥ (R;%*/n;) — 3(N + 1)
Where :

e R; (sum of ranks of group A) =1425.5

¢ R (sum of Group B ranks) =987.0

e R (sum of ranks of group C) =437.5
=nz; = 25
H = (12/(75x 76)) x [81282.01 + 38966.76 + 7656.25] — 3 X 76

H = (12/5700) x [127905.02] — 228
H = 0.00210526 x 127905.02 — 228
H = 269.23 — 228 =41.23

Critical value ina = 0,05,gl = 2: y* = 5,991
Since H = 41,23 > 5,991, we reject H,.
Post-hoc pairwise comparisons using Mann- Whitney U tests :

e Group A vs Group B:U = 187,5,p = 0,0031

e Group A vs Group C:U = 89,0,p < 0,0001

e  Group B vs Group C:U = 156,5,p = 0,0089

o n1=n2

Domain-specific analysis
Table 8. Results by strategic domains

Domain strategic Group A Group B Group C H p-
(Average) (Average) (Average) statistic | value
Excellence 0.764 0.703 0.652 3245 | <0.001
academic
Governance 0.758 0.698 0.641 28.91 <0.001
institutional
Resource 0.751 0.702 0.654 26.73 | <0.001
management
Relations external 0.746 0.695 0.659 21.84 | <0.001

Example of calculations detailed
Example calculation for participant As:

Given the individual NZN evaluations for the 18 dimensions, we apply the NZNWAA operator
with equal weightsA; = 1/18 = 0,0556.
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For dimension 1:5, = ((0,8,0,7),(0,2,0,6),(0,1,0,8) ) For dimension 2: S, =
((0,9,0,6),(0,1,0,7),(0,1,0,9) ) ...continuing for the 18 dimensions.

Final aggregate NZN: ( (0,793,0,781),(0,198,0,211),(0,156,0,173) )

Scoring function: Y (As) = (2 + 0,793 X 0,781 — 0,198 x 0,211 — 0,156 X 0,173)/3 ¥ (4s)
(2 + 0,619 — 0,042 — 0,027)/3 = 2,550/3 = 0,850

After considering the 18 dimensions with their respective weights and calculations, the final
aggregate score for participant As is x( A 3 )=0.850, which reflects the overall evaluation of his
perception in strategic planning..

4. Discussion

This study successfully demonstrates the application of neutrosophic Z numbers in strategic
planning for higher education institutions. The results reveal significant differences in the perception
of strategic planning across different hierarchical levels of university administration.

results :

1. Hierarchical differences: Senior administrators consistently showed greater confidence and
positive evaluations of their strategic planning abilities, compared to middle managers and
faculty representatives. This pattern suggests that proximity to decision-making processes
correlates with more optimistic strategic evaluations.

2. Domain-specific variations: Academic Excellence received the highest ratings across all
groups, while Resource Management showed the greatest variation across groups, indicating
that this is a critical area for institutional attention.

3. Methodological advantages: The neutrosophic Z-number approach effectively captured the
uncertainty and subjectivity inherent in strategic planning assessments, providing a more
nuanced analysis than traditional methods.

Strategic implications:

The observed differences highlight the need to improve communication and alignment between
different organizational levels. Senior administrators' higher level of trust could reflect better access to
strategic information, while faculty representatives' lower ratings suggest possible deficiencies in
strategic engagement at the operational level.

Limitations and future research:
While this study provides valuable information, future research should consider the following;:
¢ Longitudinal monitoring of the effectiveness of strategic planning
¢ Interinstitutional comparisons between different types of universities
e Integration with objective performance metrics
¢ Expanding to include the perspectives of external stakeholders

4. Conclusions

From the analysis undertaken, it is concluded that significant hierarchical differences exist in
perceptions of strategic planning within higher education institutions. Specifically, senior
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administrators consistently demonstrate higher levels of trust compared to middle managers and
faculty representatives. This disparity underscores the importance of methodological approaches that
can handle the inherent subjectivity in such assessments.

In this context, the neutrosophic Z-number methodology has proven effective in capturing the
complexity and uncertainty inherent in strategic planning assessments. This approach provides a
robust framework for institutional decision-making, allowing for a more nuanced representation of
diverse perspectives and levels of certainty.

The study also identifies resource management as a critical domain requiring greater institutional
attention, as it is the area that shows the greatest variation in perceptions across different
organizational levels. In contrast, academic excellence demonstrates strong consensus across all
levels, indicating effective alignment in this particular strategic domain. These findings offer concrete
guidelines for improving strategic alignment and institutional effectiveness.
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