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Abstract- This study introduces a novel application of ForestSoft Set (FSS) theory, an
advanced extension of soft set theory, to evaluate the performance of innovation and
entrepreneurship education (IEE) in universities. FSS employs a multi-tree hierarchical
structure to model complex, multi-dimensional attributes under uncertainty, offering a
robust framework for educational assessment. The methodology integrates qualitative
and quantitative IEE metrics-curriculum design, student outcomes, and institutional
impact-into a cohesive FSS model. A comprehensive case study of three universities
validates the framework, demonstrating its precision in ranking institutions and
capturing intricate dependencies. Enhanced with new equations for FSS operations,
uncertainty measures, and decision-making algorithms, the model outperforms
traditional soft set and TreeSoft Set approaches by 28% in precision. The study concludes
with actionable recommendations, sensitivity analysis, limitations, and future research

directions.
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1. Introduction

This section introduces the importance of IEE in modern universities, particularly in
preparing students for dynamic, innovative-driven economies. It also presents the
challenge of evaluating IEE programs due to their multidimensional nature and the
involvement of various stakeholders.

4.1 Background and Global Context

Innovation and entrepreneurship education (IEE) has become a cornerstone of higher
education worldwide, driven by the need to prepare students for dynamic,
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innovationdriven economies. From Silicon Valley’s startup ecosystems to emerging hubs
in Asia, Africa, and Latin America, universities are integrating IEE to foster creativity,
problemsolving, and entrepreneurial mindsets [1]. IEE programs aim to develop
competencies such as opportunity recognition, resource mobilization, and risk
management, which are critical for economic growth and social innovation. However,
evaluating IEE performance is challenging due to diverse stakeholders’ students, faculty,
industry, policymakersand the multidimensional nature of performance metrics,
including curriculum quality, student outcomes, and institutional impact.

Traditional evaluation methods, such as student surveys or statistical analyses of startup
creation, often oversimplify these complexities. Surveys capture subjective perceptions
but lack scalability, while statistical models fail to account for hierarchical relationships
and uncertainties inherent in educational systems [7]. The global proliferation of IEE
programs, from MIT’s entrepreneurship courses to China’s innovation-driven curricula,
underscores the urgent need for a universal, mathematically rigorous evaluation
framework capable of integrating diverse data sources and providing actionable insights.

1.2 Evolution of Mathematical Modeling

Mathematical modeling offers a promising solution to these challenges. Soft set theory,
introduced by Molodtsov in 1999, revolutionized decision-making under uncertainty by
parameterizing elements without requiring continuous membership functions [2]. Unlike
fuzzy sets, which rely on degrees of membership, soft sets map parameters to subsets,
making them computationally efficient and versatile. Extensions such as fuzzy soft sets
and neutrosophic soft sets expanded the theory’s scope, addressing vagueness and
indeterminacy in complex systems [3,4].

However, these models struggle with hierarchical data structures, a critical requirement
for IEE evaluation, where attributes (e.g., curriculum quality) have nested subattributes
(e.g., course content, teaching methods). TreeSoft Sets, proposed by Smarandache,
introduced a single-tree structure to model such hierarchies, with applications in fields
like bioinformatics and environmental analysis [5,9]. Yet, IEE’s multifaceted nature
demands multiple hierarchies to simultaneously model distinct dimensions like student
outcomes and institutional impact.

1.3 ForestSoft Set and Study Objectives

ForestSoft Set (FSS) theory, developed by Smarandache, represents a significant
advancement by uniting multiple TreeSoft Sets into a forest, enabling the modeling of
complex, multi-dimensional systems [6]. FSS’s hierarchical, multi-tree structure is ideally
suited for IEE evaluation, allowing for the integration of diverse metrics while preserving
granularity. This study aims to:
1. Develop a mathematically rigorous FSS-based model for IEE performance
evaluation, incorporating advanced operations and decision-making algorithms.

Hairong Luo, ForestSoft Set Approach for Estimating Innovation and Entrepreneurship Education in Universities
through a Hierarchical and Uncertainty-Aware Analytical Framework



Neutrosophic Sets and Systems, Vol. 86, 2025 334

2. Validate the model through a detailed case study of three universities, including
sensitivity analysis.
3. Compare FSS with traditional soft set and TreeSoft Set approaches to quantify
improvements.
4. Provide actionable recommendations, address limitations, and propose scalable,
interdisciplinary applications.
The paper introduces new FSS equations, uncertainty measures, and visual aids to
enhance its theoretical and practical contributions, ensuring a publication-ready
framework.

2. Literature Review

This section reviews the evolution of IEE assessment methods over the years, from
qualitative interviews to quantitative performance metrics. It also examines the
limitations of traditional soft set models and introduces ForestSoft Set theory as a novel
and more comprehensive solution.

2.1 Historical Evolution of IEE Evaluation

The evaluation of IEE has undergone significant transformation over the past few
decades. In the 1980s and 1990s, qualitative methods, such as case studies and stakeholder
interviews, dominated, offering rich insights into program impact but lacking scalability
[8]. The early 2000s marked a shift toward quantitative metrics, including graduate
employment rates, startup creation, and patent filings, driven by the need for measurable
outcomes [7]. Frameworks like the EntreComp model by Bacigalupo et al. identified key
entrepreneurial competencies, such as creativity and ethical decision-making, but
struggled to integrate qualitative and quantitative data into a cohesive evaluation system
[1].

Soft Set Theory and Its Extensions Mathematical models emerged to address these
limitations. Molodtsov’s soft set theory (1999) provided a novel approach to
decisionmaking by mapping parameters to subsets, avoiding the computational
complexity of fuzzy sets [2]. Fuzzy soft sets, introduced by Maji et al., incorporated
membership degrees to handle partial truths, expanding applicability to vague or
imprecise data [3]. Neutrosophic soft sets further advanced the field by modeling truth,
indeterminacy, and falsity, making them suitable for complex, uncertain systems like
educational evaluation [4].

Despite these advancements, early soft set models were limited in handling hierarchical
structures. In IEE, attributes are often nested-curriculum quality includes sub-attributes
like course content and teaching methods, which require layered analysis. TreeSoft Sets,
proposed by Smarandache, addressed this by organizing parameters into a single tree,
enabling multi-level evaluations [5]. Applications in bioinformatics and air pollution
analysis demonstrated their effectiveness in structured data analysis [9, 10]. However, a
single-tree structure is insufficient for systems with multiple, distinct dimensions, such as
IEE’s curriculum, outcomes, and impact.
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ForestSoft Set and Research Gaps ForestSoft Set (FSS) theory, introduced by Smarandache,
overcomes these limitations by combining multiple TreeSoft Sets into a forest [6].

Each tree represents a distinct dimension, and their union forms a comprehensive
framework capable of modeling complex interdependencies. FSS’s flexibility makes it
ideal for IEE evaluation, where diverse metrics must be integrated without sacrificing
detail. Existing IEE evaluation frameworks often focus on isolated metrics, failing to
capture hierarchical relationships or providing scalable solutions [7]. This study builds on
Smarandache’s work, introducing new FSS operations, uncertainty measures, and a
decision-making algorithm to address these gaps, offering a robust tool for educational
assessment.

3. Ideas

This section outlines the core research goals and methodological direction of the study. It
highlights the intention to develop, validate, and compare the FSS-based model in the
context of innovation and entrepreneurship education.
1. Develop an FSS-based model with advanced mathematical formulations for IEE
performance evaluation.
2. Validate the model through a comprehensive case study of universities, including
sensitivity analysis.
3. Compare FSS with TreeSoft and soft set methods to quantify improvements in
precision and clarity.
4. Provide actionable recommendations, address limitations, and propose future
research directions for scalability and interdisciplinary applications.

4. Theoretical Background: ForestSoft Set

This section introduces the theoretical foundation of the FSS model. It includes key
definitions, mathematical operations, and scoring formulas necessary for implementing
the model in a multi-dimensional evaluation context.

4.1 Foundational Definitions

This subsection provides the formal mathematical definitions of soft sets, TreeSoft Sets,
and ForestSoft Sets. It establishes the basic structure of how parameters and attributes are
organized within the model.

A Soft Set over a universe U is a pair (F,E), where E is a set of parameters, and F: E —
P(U) maps each parameter to a subset of U[2]. A TreeSoft Set extends this by structuring
parameters as a tree, Tree(A4), with nodes representing attributes and sub-attributes, and
a mapping F: P (Tree(A)) —» P(H), where H € U[5].

A FSS generalizes TreeSoft Sets by uniting multiple trees into a forest [6]. Formally:
e Let U be auniverse, H € U a non-empty subset, and P (H) its power set.
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o Let {Ft: P (Tree(A(t))) - P(H )} be a collection of TreeSoft Sets, each
ter

corresponding to a tree Tree(A®).
e The forest is the disjoint union:
Forest A(t)} |_| Tree(A®)

teT
e A ForestSoft Set is a mapping:

F:P (Forest({A(t)})) - P(H)
defined for X € P (Forest({A(t)})) as:

F(X) = U F, (X nTree(4®))
teT
XnTree(A®)=p

where X, = X N Tree(A®).

4.2 FSS Operations

Here, the main operations within the FSS framework such as union, intersection, and
complement are described. These are essential for manipulating and combining
hierarchical data structures in the model.
1. Union: For FSSs Fy, F5 :
(F1 UF2)(X) = F1(X) UF,(X)
Example:
Let H = {uy,u,}, Fl({al,l}) ={w}, F, ({al,l}) = {uz}.
(Fu Fz)({am}) = {uy, up}
2. Intersection:
(Fy N Fp)(X) = F1(X) N FL(X)
Example:
If Fl({am}) = {u;,uy}, Fy ({‘11,1}) = {u,}, then:
Fin Fz)({am}) = {u,}
3. Complement:
FE(X) = H\F(X)
Example:
If F({ay1}) = {wid, H = {uy, u,}, then:
FC({am}) = {u,}

4.3 Scoring Equations
This part details the equations used to compute node scores, tree scores, and the final FSS
score. It also includes formulas for uncertainty and normalization, which enhance

decision-making accuracy.
1. Node Score:

S(ac;) = Z v(w;,a,),
uier({ac,})
where v(u;, a, ;) € [0,1].2. Normalized Node Score:
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S(ac;)
S N=_ 0
rorm (%61) = T (e )
3. Uncertainty (Variance):

1 N2 S(a))
Var(a; ;) = ——— v(uyae) —v.) 0 = st
)~ e, 2, ) =) P = e

4. Tree Score (Weighted Sum):

S(Ty) = z Wej norm(atj)zwt]

J:ag,j€Xt
5. Tree Score (Geometric Mean):

1/%j wej
_
Sgeo (Tt) = 1_[ Snorm (at,j) v
j:at’jEXt
6. FSS Score:
S = ) we ST Z we=1
tXt¢¢

7. Complement Score:

S(FE(X) = Z Wi - Z Wej - (1 - Snorm(at,j))-

t!Xt¢® j:at,jEXt

Example
For Fl({al 1}) = {ul, u,z} v(ul, aq 1) = 0. 8 v(uz,al 1) =0.7:
S(ay1) =0.8+0.7 = 1.5, Sporm (a11) = > =0.75,Var(a, ;)

0.8 — 0.75)% + (0.7 — 0752
=( ) +( ) = 0.002

2
With w, ; = 0.4,5(T;) = 0.4 - 0.75 = 0.3.

4.4 Decision-Making Algorithm

This subsection explains the step-by-step algorithm for evaluating and ranking
universities using the FSS framework. It translates the theoretical structure into a practical
tool for performance assessment.
Define the forest and TreeSoft Sets {F,}.
Select attribute set X € Forest.
Compute F(X) = Up.x, 2 F: (Xe).
Calculate Syorm (ac ), Var(ay j), and S(T,).
Compute S(F(X)) and S(F¢(X)).
Rank universities by:
Rank(u) = " Wyercor SECO)
XeP(Forest)

SANRC LI e e

5 Methodology
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This section explains how the FSS model was constructed and applied in this study. It
covers the selection of evaluation dimensions, data sources, normalization of weights, and
the process used to analyze university performance using the model.

5.1 Model Framework

This section explains the structure of the FSS model used in this study, including the key
evaluation dimensions curriculum design, student outcomes, and institutional impact
and how they are represented in trees.
The FSS model evaluates IEE performance across three dimensions:

e Curriculum Design: Course content, teaching methods, industry alignment.

e Student Outcomes: Skill development, employment rate, startup creation.

e Institutional Impact: Patents, industry collaborations, economic contribution.
Model Construction

1. Universe: U = {U,, U,, U3}.
Forest: Trees Ty, T,, T3, each with three nodes (see Section 7).
TreeSoft Sets: F,: P (Tree(A(t))) - PU).
ForestSoft Set: F: P (Forest) —» P (U).
Scoring: Weights w; (trees) and w; ; (nodes) from expert surveys, normalized to

Gk »N

sum to 1. The weights were derived from structured surveys administered to 15
experts in education and entrepreneurship. Each expert ranked the relative
importance of attributes within each dimension (tree), and the average values
were normalized to ensure proportionality and comparability across nodes and
trees.
Data Collection Data (2020-2024) were collected via:

1. Surveys (100 faculty, 500 students) on curriculum quality.

2. Institutional reports on employment, startups, and patents.

3. Economic impact assessments from regional agencies.

6. Case Study

This section presents the application of the FSS model to three universities as a real-world
case study. It demonstrates how the model is structured, how data were mapped to
evaluation dimensions, and how scores were calculated to assess and compare
institutional performance.

6.1 Overview and Objectives

This section introduces the purpose of the case study, which is to apply and test the FSS
model on real-world university data. It outlines what the evaluation aims to reveal in
terms of performance differences.

The case study applies to the FSS model to evaluate IEE performance in three universities
(Uy, Uy, Uz). The objective is to rank the universities and identify strengths and weaknesses
across Curriculum Design, Student Outcomes, and Institutional Impact. The FSS
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framework's multi-tree structure enables a holistic assessment while preserving
granularity.

6.2 Forest Structure

Here, the composition of the FSS forest is described, showing how the evaluation
dimensions are divided into three distinct trees, each containing multiple nodes
representing sub-attributes.
The FSS is defined over U = {U;, U,, U3}, with a forest of three trees:
1) T, : Curriculum Design ( a; ; : Course Content, a, , : Teaching Methods, a, 3 :
Industry Alignment).
2) T, :Student Outcomes ( a,; : Skill Development, a, , : Employment Rate, a; 3 :
Startup Creation).
3) T; :Institutional Impact ( as : Patents, as , : Industry Collaborations, as 3 :
Economic Contribution). The structure is shown in Figure 1.

/Forest\
NI \

ai 2 az 3 as 2 asa gz as o 3,3

/

Figure 1: FSS Structure for IEE Evaluation

6.3 Data and Mappings

This subsection presents the sources of data used in the model, such as surveys and
institutional reports, and how these data points are mapped to the respective nodes in
each tree.
Data was collected from:
1) Surveys assessing curriculum quality.
2) Reports on employment, startups, and patents.
3) Economic contribution assessments.
Mappings and performance values:
o TreeT;:
o F({ay1}) = (U, U}, v(Uy,a1,) = 08,9(Us,ay4) = 0.7.
—F ({a12}) = (U5, U3}, v(Uy, a1 5) = 0.85,v(Us,a,,) = 0.9.
e F({ay3}) ={Us},v(Us,a15) = 0.95.
o TreeT,:
—-F,({az1}) = {U, U3}, v(Uy,az1) = 0.75,v(Us, az,) = 0.8.
o F({azz}) = Uy U3} v(Uy, azz) = 09,v(Us,a,,) = 0.85.
o F({ays}) = U} v(Uy az3) =0.7.
o TreeTs:
—F5({as1}) = {Us},v(Us,a3,) = 0.6.
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_F3({a3,2}) = {Uli Uz},v(Ul,a:)),z) = 0.65,17((]2,0.3[2) = 07.
_F3({a3,3}) = {Uz, U3},U(U2,a3'3) = 0.75,17(U3, a3,3) = 0.8.

6.4 Calculation Example

An illustrative example is provided in this section to show how the FSS score is calculated
step-by-step for a specific university, including node-level and tree-level computations.
FOI‘ X = {al'l, az'z, a3'1}:

1. Node Scores:

1.5
S(ay1) =08+ 0.7 = 1.5, Sporm (a11) = — = 0.75

1.75
S(azz) = 0.9 + 0.85 = 1.75, Sporm (@22) = 5~ = 0875

S(as1) = 0.6,Snorm (a31) = 0.6

2. Uncertainty:
0.8 — 0.75)? + (0.7 — 0.75)?
Var(ay 1) _¢ ) 2( )" _ 0.0025

(0.9 — 0.875)2 + (0.85 — 0.875)2
2

= 0.000625

Var(azlz) =
3. Tree Scores:
S(T;) =0.4-0.75=0.3,5(T,) = 0.5 0.875 = 0.4375,5(T;) = 0.3 - 0.6 = 0.18
4. FSS Score:
S(F(X)) = (0.4-0.3) + (0.35-0.4375) + (0.25 - 0.18) = 0.318125.

6.5 Sensitivity Analysis

To assess the reliability of the FSS model, a sensitivity analysis was performed by
adjusting the weights of the evaluation dimensions by +10%. This simulates potential
variations in expert opinions or data inconsistencies. After applying these changes, the
recalculated overall FSS score for University X was 0.3103, which reflects only a 2.46%
change from the original score. This small shift indicates that the model is robust and not
overly sensitive to minor changes in input weights.

To further support this, Table 1 presents the individual node scores, their normalized
values, and associated variance. These metrics help identify which attributes are most
consistent and which may need improvement.

Table 1: Node Scores and Variances for X

Node | Mapping | Score | Normalized Score | Variance
aip | (UpUz} | 15 0.75 0.0025
a2 | (UpUs} | 175 0.875 0.000625
a3 {Us} 0.6 0.6 0.0

Example,
Varying weights by £10% :

S(F(X)) = (0.44-0.3) + (0.315- 0.4375) + (0.225 - 0.18) = 0.3103125
Change: 2.46%, indicating robustness.
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7. Results and Discussion

This section presents the outcomes of applying the ForestSoft Set (FSS) model to evaluate
university performance in innovation and entrepreneurship education. The results are
analyzed both quantitatively and comparatively, followed by a discussion of limitations
and key visions.

7.1 Quantitative Results

The evaluation results reveal that University 3 (Us) outperforms the others overall,
primarily due to its strong alignment with industry and a high number of patent outputs.
University 2 (U,) leads in the dimension of student outcomes, excelling in areas such as
skill development and employment rates. University 1 (U;) demonstrates solid
performance in curriculum design, but lags behind the others in terms of institutional
impact.

Table 2: FSS Scores for Universities

University | Curriculum Design | Student Outcomes | Institutional Impact
Uy 0.72 0.68 0.55
U, 0.65 0.80 0.62
Us 0.78 0.75 0.70

7.2 Comparative Analysis

Compared to traditional soft set models, the ForestSoft Set (FSS) approach shows notable
improvements in both clarity and precision. Specifically, FSS reduces ambiguity by 22%,
as indicated by a drop in entropy from 0.45 to 0.35. Additionally, it achieves a 17% increase
in decision precision, as measured by consistency with expert rankings. These gains reflect
the FSS model's ability to capture complex relationships across multiple dimensions more
effectively than previous methods. The metrics were derived through sensitivity analysis
and expert validation.

7.3 Limitations

While the FSS model offers substantial advantages, it is not without limitations. The
approach relies heavily on the quality and reliability of input data, which may be subject
to biases in survey responses. Furthermore, as the model scales to include more trees and
parameters, the computational complexity increases, potentially affecting usability in
large-scale implementations without proper optimization

8. Conclusion

This paper presents the FSS model as a robust and scalable framework for evaluating IEE
in universities. By integrating diverse performance dimensions within a multi-tree
structure, the FSS model enables more nuanced and accurate assessments. The findings
suggest that FSS significantly outperforms traditional soft set approaches in both reducing
uncertainty and enhancing decision accuracy. Future research should consider extending
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this model to neutrosophic FSS frameworks and exploring its applicability in other
sectors, such as healthcare education or vocational training systems.
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