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Abstract: Artificial Intelligence (Al) and computer vision technologies are increasingly integrated into educational
environments through intelligent tutoring systems, gesture-based learning, facial expression analysis, and automated evalu-
ation tools. However, selecting the most appropriate image recognition algorithms for educational applications remains a
challenge due to varying requirements regarding speed, accuracy, hardware compatibility, and usability in dynamic class-
room conditions.This paper proposes a hybrid multi-criteria decision-making (MCDM) model based on the Step-wise Weight
Assessment Ratio Analysis (SWARA) and Net Worth Analysis (NWA) methods to evaluate and rank nine widely used Al-
based visual recognition algorithms. The evaluation is conducted using five education-relevant criteria: processing speed,
recognition accuracy, robustness to classroom noise, compatibility with low-end devices, and energy efficiency. Expert
assessments from the field of educational technology were used to derive weight coefficients and evaluate algorithm per-
formance.The results show that Fast R-CNN achieved the highest overall score (1.141), followed by U-Net (1.077) and
DeepLab (1.062), indicating their suitability for real-time and resource-constrained EdTech environments. Algorithms such
as MobileNet (1.057) and YOLO (1.037) also demonstrated balanced performance, making them viable for mobile or mod-
erately demanding educational scenarios. The proposed model offers a structured and transparent decision-support frame-
work that can assist researchers and practitioners in selecting optimal Al algorithms for diverse educational applications.

Keywords: Educational technology, Artificial intelligence, Computer vision, Multi-criteria decision making (MCDM)
and Algorithm evaluation.

Introduction

In the past decade, artificial intelligence (Al) technologies have become a key component of the
educational sector, enabling personalized instruction, automated assessment, student behavior detec-
tion, and real-time learning analytics (Rane et al., 2023; Chen et al., 2020; Li et al., 2023). A particularly
significant role in this development is played by computer vision algorithms, which are applied in handwrit-
ing recognition, facial expression analysis, student attendance tracking, and gesture-based interactive
learning (Zabulis, Baltzakis and Argyros, 2009). However, these algorithms are predominantly developed
for industrial applications, and their direct use in education is often hindered by requirements such as
low hardware demand, interpretability, and energy efficiency. Modern educational institutions, especially
those implementing smart classrooms or mobile EdTech platforms, face the challenge of selecting Al al-
gorithms that are both pedagogically appropriate and technically feasible (Dimitriadou and Lanitis, 2023).

In the context of Serbia’s ongoing digital educational reform, these challenges gain further com-
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plexity. The National Education Development Strategy of the Republic of Serbia until 2030 envisions an
intensive digitalization of the teaching process, with an emphasis on improving digital competencies of
teachers and students, as well as the integration of digital tools into everyday classroom practice. During
the COVID-19 pandemic, the mandatory use of learning management systems (LMS) at the school level,
marked the beginning of a systemic digital transformation in the education sector (Ibrahim et al., 2020). In
this direction, the e-Dnevnik platform has been widely adopted for electronic documentation of pedagogi-
cal processes, while the Unified Information System of Education (JISP) has become a crucial tool for
monitoring and analyzing educational data at the national level (Krstev et al., 2024).

Additionally, the conference “The World Ahead of Us — Education in the Era of Artificial Intelligence,”
held at the Palace of Serbia, highlighted the latest advancements in Al applications in education, with
particular emphasis on the potential of personalized learning, intelligent tutoring systems, and large-scale
educational data analytics. These developments underscore the growing need for the development and
evaluation of Al algorithms (Kayal, 2024) that are not only technologically efficient but also aligned with ped-
agogical principles and infrastructural limitations of schools. In line with this, AdZi¢ and colleagues (2024)
provide evidence that the acceptance of Al, particularly generative tools, varies across different educational
contexts, further emphasizing the necessity for transparent and adaptable evaluation frameworks.

The selection process is further complicated by the fact that decision-makers are often not technical
experts, which highlights the need for structured, transparent, and replicable evaluation models (Sampson
et al., 2019). In this context, the present study proposes a hybrid multi-criteria decision-making (MCDM)
framework that integrates the SWARA (Step-wise Weight Assessment Ratio Analysis) method with Net
Worth Analysis (NWA) to evaluate and rank nine contemporary Al algorithms for visual recognition. Draw-
ing on domain expertise in educational technology, the proposed model enables the assessment of algo-
rithms based on criteria that reflect the actual needs of the education system: processing speed, accuracy,
robustness to noise, energy efficiency, and suitability for low-end hardware (Tariq et al., 2024).

This approach addresses a gap in the current literature, as most previous studies applying MCDM
methods have focused on the selection of e-learning platforms, curricula, or teaching methodologies,
while the selection of Al algorithms for educational purposes remains underexplored. The proposed model
facilitates a balance between technical performance and educational usability, serving as a practical tool
for evidence-based decision-making in the process of educational digital transformation.

Theoretical Framework

In the field of educational engineering, decision-making is increasingly guided by quantitative and
systematic approaches, particularly in the selection of technologies, teaching methodologies, educational
tools, and infrastructural solutions (Buenafio-Fernandez et al., 2019). Within this context, Multi-Criteria
Decision Making (MCDM) has emerged as a particularly valuable framework, enabling the evaluation
of multiple alternatives based on a variety of often conflicting criteria (Massam, 1988). MCDM methods
have proven useful in non-trivial decision-making scenarios that require alignment between technical,
pedagogical, organizational, and economic considerations, a fact supported by numerous educational
studies (Malik et al., 2021). Recent examples include: Toan et al. (2021), who employed a hybrid MCDM
approach for evaluating e-learning platforms in higher education; Keshavarz-Ghorabaee et al. (2018),
who demonstrated the utility of SWARA and AHP models in selecting digital teaching tools; and Chen and
Luo (2023), who illustrated the effectiveness of fuzzy logic-based MCDM models in assessing teaching
quality. Similarly, Mahmoodi et al. (2025) applied MCDM methods to the selection of teaching strategies
in STEM education, while Troussas et al. (2025) found TOPSIS and VIKOR techniques beneficial in plan-
ning educational infrastructure for primary schools. Marinovi¢ et al. (2025) published research optimizing
the selection of operating systems within educational contexts.

The Role of MCDM Methods in Educational Contexts

Educational engineering involves the application of engineering principles, systems theory, and
design methodologies to the educational process (Dym, 2004). As institutions face increasingly complex
decisions, such as the selection of e-learning platforms, learning analytics tools, digital content, and Al algo-
rithms, there is a growing need for transparent and replicable evaluation methods (Colchester et al., 2017).
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MCDM methods allow for a structured analysis of alternatives using sets of both quantitative and qualitative
criteria (Sahoo and Goswami, 2023). Their value in education is particularly evident in the following cases:

+ Assessment of digital learning tools and platforms,

« Evaluation and selection of adaptive learning software,

* Design of data-driven curricula and instructional strategies,

* Ranking of teaching methods based on learning outcomes,

+ Selection of technologies for smart classrooms or AR/VR systems,

+ Evaluation of Al algorithms for behavior analysis, automated grading, or visual recognition.

Over the past decade, the application of MCDM approaches in education has grown exponentially,
both in research and practice, due to their capacity to integrate expert judgment with available data
(Nguyen, 2024). This trend is further substantiated by recent studies that emphasize the integration of
artificial intelligence in education, such as the work by Milicevic et al. (2024), which outlines current chal-
lenges in the implementation of Al in Serbia’s educational system, and Tsankov and Levunlieve (2024),
who examine the structured design of digital content in early childhood education.

Beyond academic insights, concrete shifts in Serbia’s educational landscape further highlight the
relevance of MCDM approaches. The introduction of the Unified Information System of Education (JISP),
mandatory use of the e-Dnevnik platform, and the nationwide transition to accredited LMS systems il-
lustrate the complexity of selecting technologies that must meet pedagogical, technical, security, and
regulatory requirements. By applying MCDM methods, school administrators, ministries, and educational
experts can make informed, rational, and well-documented decisions while balancing trade-offs between
competing factors such as cost, accessibility, scalability, local support, and personalization capacity
(Popovi¢ and Popovi¢, 2021; Popovi¢ et al., 2022).

Moreover, educational development strategies, not only in Serbia and the Western Balkans, but
across developed countries, underscore the need for methodological frameworks that support the evalua-
tion and selection of Al solutions in line with strategic goals and the real capacities of educational systems.
In this context, the integration of MCDM methods such as SWARA, AHP, TOPSIS, and NWA is not only
desirable but essential for the systemic digital transformation of education.

Most Commonly Used MCDM Methods in Education

The most frequently used MCDM methods in educational research and practice include: Analyt-
ic Hierarchy Process (AHP), Technique for Order Preference by Similarity to Ideal Solution (TOPSIS),
Step-wise Weight Assessment Ratio Analysis (SWARA), Preference Ranking Organization Method for
Enrichment Evaluations (PROMETHEE), and Plvotal Point of the Relative Criteria Impact Assessment
(PIPRECIA). These methods provide structured and systematic evaluations of multiple alternatives based
on a range of criteria-a particularly important feature in educational settings where decisions often involve
selecting technologies, curricula, instructional strategies, or student assessment methods. Their applica-
tion facilitates more transparent, objective, and adaptable decision-making by addressing the inherent
complexity of the educational process and incorporating the diverse perspectives of stakeholders (Vien-
net and Pont, 2017). In recent years, there has been an increasing number of studies combining MCDM
methods with expertise in educational technology to optimize tools and strategies (Alshamsi et al., 2023).

Analytic Hierarchy Process (AHP)

AHP is one of the most widely used methods, designed for hierarchically structuring problems
and performing pair wise comparisons of criteria and alternatives. Its popularity in education stems from
its ability to break down complex decisions into smaller, logically related components that are easier to
analyze. The method supports expert subjective judgments and converts them into quantitative values,
enabling the analysis of qualitative aspects within education. As such, AHP has become an important tool
for strategic educational decision-making across all levels of governance (Vaidya and Kumar, 2006).

Common educational applications include:

+ Selection of distance learning platforms,

* Prioritization of educational objectives,
+ Evaluation of educational program quality.
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Its advantages lie in its systematic structure and analytical rigor, while its limitations include com-
plexity when handling many criteria and the requirement to check consistency.

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

TOPSIS identifies the optimal solution as the one closest to the ideal and farthest from the worst
case scenario. This method is especially useful in education due to its clear and intuitive ranking of alter-
natives against predefined criteria. Its ability to balance between positive and negative ideal values makes
it suitable for decision making situations that require compromise, which is often the case in educational
practice. Because of its flexibility and transparency, TOPSIS has become a favored tool among research-
ers and policy makers in the education sector (Behzadian et al., 2012).

Applications include:

* Ranking teaching strategies,
+ Selection of technologies in higher education,

+ Evaluation of educational applications.
While TOPSIS offers intuitive interpretation, it relies on proper data normalization and accurate weighting.

Preference Ranking Organization Methodfor Enrichment Evaluations (PROME THEE)

PROMETHEE uses preference functions and provides flexibility in assessing qualitative criteria.
It is particularly suitable for complex educational problems involving multiple alternatives with differing
characteristics. Its ability to process both quantitative and qualitative data makes it valuable for analyses
involving subjective values, such as pedagogical approaches, student motivation, or the interactivity of
learning materials. PROMETHEE also offers visualization through GAIA planes, facilitating decision mak-
ing in educational institutions (Brans and Mareschal, 2005).
It is commonly applied in:
+ Selecting teaching methodologies,
+ Choosing courses within study programs,

* Analyzing educational scenarios.
However, it requires expertise in defining preference functions, which can be challenging for non-experts.

Step-wise Weight Assessment Ratio Analysis (SWARA)

SWARA is designed to determine weighting coefficients based on expert opinion. Its strength lies
in its ability to transparently convert qualitative expert assessments into quantitative values suitable for
MCDM analysis. It is particularly applicable in educational contexts where exact data may be lacking, and
expert knowledge is the primary decision making resource. For these reasons, SWARA was selected as
the most appropriate method for achieving the research goals of this study (KerSuliené et al., 2010).

Advantages include:

+ Ease of application,
+ Suitability for expert-driven contexts,

« Support for consensus-based decision-making.

In educational engineering, SWARA is used to:
* Prioritize learning quality factors,

+ Evaluate technology selection criteria,
+ Determine the importance of competencies in curricula.

Its intuitive structure and lower cognitive load make SWARA especially suitable for educational
institutions.
Plvotal Point of the Relative Criteria Impact Assessment (PIPRECIA)

PIPRECIA uses a penalization approach to determine the relative importance of criteria. Unlike
traditional weighting methods, it incorporates the influence of each subsequent evaluation through a
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penalization mechanism, enabling more precise prioritization. It is thus well suited for complex decisions
involving numerous criteria and stakeholders. In academic environments, PIPRECIA has proven to be a
fast and effective method that delivers consistent results with minimal cognitive burden for experts. Its
strength lies in its efficiency when dealing with large sets of criteria and in providing timely results. It is
increasingly applied in educational studies, particularly for evaluating policies, strategies, and new cur-
ricular designs (Pamucar and Cirovi¢, 2015).

Integration of MCDM Methods with Educational Technology Systems

In the context of Serbia’s digital transformation of education, there is a pressing need for multi-cri-
teria decision models that combine expert knowledge with quantitative data. The proposed hybrid model
integrates AHP, TOPSIS, PROMETHEE, SWARA, and PIPRECIA, enabling comprehensive and flexible
analysis of educational decisions. AHP structures the problem and determines weights; TOPSIS identifies
optimal solutions based on proximity to ideal values; PROMETHEE addresses subjective aspects through
preference functions; SWARA facilitates the integration of expert opinions; and PIPRECIA allows efficient
evaluation through penalization. This model can be applied to selecting digital platforms, evaluating Al
solutions, budgeting for EdTech, and supporting school level digital decision-making. It is compatible
with tools such as MATLAB, Excel, Python libraries, and interactive web platforms, offering visualization,
interactive analysis, and real-time adaptability. The SWARA-NWA approach further balances subjective
expert insight with objective algorithm performance, enhancing methodological transparency and applica-
bility in educational practice.

Relevance for Selecting Al Algorithms in Education

Most existing research on MCDM in education focuses on the selection of platforms, learning
methods, or instructional content. However, the growing use of artificial intelligence and computer vision
in educational applications, such as automated grading, visual analytics, and behavior detection, neces-
sitates the use of MCDM techniques to support the selection of appropriate Al algorithms.

This study addresses that gap by:

+ Defining criteria relevant to the educational context (e.g., computational efficiency, pattern accuracy,
robustness to noise),

* Applying a well-established hybrid MCDM approach (SWARA-NWA),

* And evaluating a set of widely-used computer vision algorithms that are increasingly adopted in edu-
cational systems.

Methodology

This study (see Figure 1) employs a hybrid Multi-Criteria Decision-Making (MCDM) approach, com-
bining the Step-wise Weight Assessment Ratio Analysis (SWARA) method for determining the relative
importance of evaluation criteria and the Net Worth Analysis (NWA) method for calculating overall scores
and ranking Al algorithms in an educational technology context.
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Figure 1. Flowchart of the SWARA-NWA Hybrid Evaluation Framework
Source: Author’s research

Steps of the SWARA Method

The SWARA method (KerSuliené et al., 2010) enables experts in the fields of education and artificial
intelligence to express their judgments regarding the relative importance of predefined evaluation criteria.

1. Criteria Prioritization
Experts rank the criteria in descending order of importance-from the most to the least significant.
(This is a qualitative step that precedes the quantitative analysis.)

2. Relative Importance (s)
Starting from the second criterion, experts estimate how much less important each criterion is in
comparison to the previous one:

S, = relative importance of criterion j with respect to criterion j~1
S,= 0 (since there is no preceding criterion for the first one)
3. Correction Coefficients
Correction coefficients are calculated using the formula:
k=s+1=s+1,
wherek =1andj=2,3, ...,
4. Recalculated Weights (qj)
a) Raw weights (wj):

w =1
Wj=m fOI'j = 2,3,... N
b) Normalized weights (qj):
v 2;1:1 Wj
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Criteria Definition and Expert Panel

For the purpose of this research, five criteria were defined as particularly relevant for educational settings:
+ Computational efficiency (e.g., hardware requirements and startup speed),

* Processing speed (real-time execution performance),

+ Pattern recognition accuracy (correct identification of handwriting, symbols, or educational elements),
* Robustness to noise (e.g., variations in lighting and background),

* Energy efficiency (power consumption in mobile or loT environments).

To obtain reliable expert consensus, the Delphi method was employed, a widely recognized itera-
tive technique for structured elicitation and aggregation of expert opinion under conditions of uncertainty
and subjectivity (Hsu and Sandford, 2007).

Application of the NWA Method

Following the determination of criteria weights using the SWARA method, the Net Worth Analysis
(NWA) approach (Zangemeister, 1976) was applied to aggregate performance values and compute the
final score for each algorithm.

The overall score S for each algorithm A is calculated using the following formula:

n
Si = Zj:1 qu . Ul'
Where:

« S represents the total score of algorithm i,

* g,is the normalized weight of criterion j (from SWARA),

7 is the performance of algorithm i with respect to criterion j,
* nis the total number of criteria.

The performance values v, were assigned by domain experts based on a review of prior studies,
technical documentation, and practical use in educational tools.

Method Integration

The structured hybrid model ensures transparency and reproducibility in the evaluation process by
combining subjective expert judgments with quantitative aggregation (Zellner et al., 2021). The integration
of SWARA and NWA allows expert opinions to be transformed into numerical scores, facilitating objective
comparison between alternatives while preserving flexibility in assessing qualitative dimensions.

This dual-layered approach provides a balanced interplay between analytical formalism and do-
main-specific expertise, which is particularly vital in educational contexts where evaluation criteria are
often multidimensional and interdependent. The resulting output is a ranked list of algorithms according to
their suitability for deployment within educational technology systems, enabling decision-makers to identify
the most effective options aligned with the specific constraints and pedagogical needs of their institutions.

Evaluation Criteria

The effective integration of artificial intelligence into educational systems requires the careful selec-
tion of algorithms that are not only technically advanced but also aligned with pedagogical contexts and
infrastructural constraints (Kaddouri et al., 2025). This study defines five key evaluation criteria that reflect
the practical needs of educational institutions, particularly in the context of smart classrooms, mobile
learning, and digital platforms with limited hardware capabilities. A similar approach is evident in studies
on the integration of sensors and Al in smart classrooms, which emphasize the need to balance pedagogi-
cal, infrastructural, and technical dimensions (Mircea et al., 2023).
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Computational Efficiency

Many primary and secondary schools, as well as educational institutions in rural or underdevel-
oped regions, lack access to advanced hardware infrastructure. Thus, one of the fundamental evaluation
criteria is the algorithm’s ability to operate on low-resource devices, such as older laptops, tablets, or
cost-efficient loT platforms.

Evaluation dimensions include:

+ Memory efficiency (RAM, GPU usage),
+ Minimal system requirements for deployment,

+ Compatibility with mobile and embedded systems (e.g., Raspberry Pi, Android devices).

Algorithms that rely on complex deep neural networks with high inference costs may be unsuitable
in educational environments where access to high-performance GPUs is limited.

Processing Speed

Many EdTech applications, especially those used for interactive learning, student monitoring, or
automated assessment, require algorithms capable of real-time data processing. Latency in system re-
sponse can negatively affect user experience, student engagement, and instructional effectiveness.

Assessment is based on:

* Average inference time per sample,
* Real-time processing capability of video streams,
+ System responsiveness to user input in interactive applications.

Particular emphasis is placed on algorithms that maintain performance when handling live video or
image sequences, which is essential for smart classroom scenarios and augmented reality (AR) applications.

Accuracy

Al algorithms in education must reliably recognize patterns specific to educational activities, includ-
ing handwritten text, mathematical expressions, student gestures, diagrams, and physical objects used
in STEM instruction.

This criterion refers to:

+ Ability to accurately classify and segment relevant educational elements,
+ Reduction of false positives and false negatives,
* Reliability in evaluating student work.

Accuracy is measured through both technical performance metrics and practical deployments in
real-world educational scenarios. Explainability and transparency remain crucial, especially when Al sys-
tems influence pedagogical or administrative decisions. Though not limited to education, Spalevi¢ et al.
(2024) highlight the importance of explainable Al in sensitive systems, a principle that equally applies to
the classroom environment.

Robustness to Environmental Noise

Educational environments, particularly mobile learning contexts, often lack controlled lighting con-
ditions. A tablet camera used in a hallway, playground, or brightly lit classroom may capture low-quality
images. Therefore, it is essential that algorithms remain stable and accurate under variable conditions.

This criterion includes:

* Resistance to changes in lighting (e.g., overexposure, shadows),
* Ability to extract relevant features from images with complex backgrounds,
* Robustness when handling noise and degraded input quality.

Robust algorithms offer greater flexibility and ensure consistent reliability in everyday teaching
scenarios.
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Energy Efficiency and Sustainability

Modern education increasingly relies on mobile and loT technologies. In smart classrooms, devices
such as interactive boards, cameras, sensors, and student-owned equipment often depend on battery
power or limited energy sources.

The following aspects are particularly valued:

* Energy consumption during algorithm execution (e.g., on smartphones, tablets, or Raspberry Pi devices),
+ Battery life under continuous operation,

+ Suitability for “green computing” initiatives in education.

Energy efficiency is regarded as a critical sustainability metric, both from an economic perspective
and in terms of environmental responsibility, including the reduction of CO, emissions.

Case Study

To ensure that the evaluation of Al algorithms for educational purposes yields relevant and ap-
plicable results, a case study was conducted involving a panel of experts specializing in educational
technology and the application of artificial intelligence in education. Expert judgment constitutes a fun-
damental component of the SWARA methodology, as both the weights of the evaluation criteria and the
performance assessments of algorithms are grounded in professional expertise and consensus.

Selection and Profile of Experts

For the purposes of this study, a panel of seven experts was assembled, each with substantial
experience across different domains of educational technology.
The selection criteria for expert inclusion were as follows:
+ A minimum of five years of professional experience in the development or implementation of EdTech
solutions, or in teaching within the fields of information technology and computer science;
* Active involvement in research or development of Al applications in education;

* Proficiency in computer vision, adaptive learning systems, or smart classroom technologies.

The composition of the expert panel was as follows:

+ 2 university professors with expertise in artificial intelligence and practical experience in higher educa-
tion instruction,

+ 2 EdTech software engineers involved in the development of adaptive learning and assessment platforms,
+ 1 researcher in the field of human-computer interaction and student behavior analysis,

+ 1 computer science teacher with practical experience in applying Al tools in classroom settings,

+ 1 education policy specialist focused on digital transformation and inclusive education initiatives.

This interdisciplinary composition enabled the evaluation process to integrate diverse perspectives,
ranging from instructional and practical viewpoints to research-oriented and strategic dimensions.

Evaluation Procedure and Consensus Building

The evaluation was conducted in two phases using the Delphi method, allowing for iterative con-
sensus development while preserving the anonymity of individual expert responses.
Phase one involved individual assessment of the following:
* The relative importance of each of the five predefined evaluation criteria (via the SWARA method),

+ The performance of each algorithm according to the specified criteria (via the NWA method).

Experts used a five-point scale (where 5 indicated the highest possible value) and were encour-
aged to provide additional qualitative comments and recommendations.

In phase two, aggregated results from the first round were presented to the experts, who were then
given the opportunity to revise their initial evaluations in light of observed trends. This procedure resulted
in a high level of consensus without the influence of dominant individuals. All responses remained anony-
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mous, and communication was facilitated through an online platform specifically designed for structured
survey-based expert elicitation.

Data Validation and Reliability

To ensure data reliability, several control measures were implemented:
+ Consistency checks among expert responses (standard deviation < 0.6 in the majority of cases),
+ Cross-referencing with published literature and technical documentation for each algorithm,

+ Technical briefings that included concise presentations and practical examples of each algorithm’s
potential use in educational scenarios.

Based on expert assessments and the validated dataset, the SWARA method was applied to cal-
culate the criterion weights, followed by the application of the NWA method to derive the final score and
ranking for each algorithm.

Results and Discussion

This section presents and interprets the findings obtained through the application of the hybrid
SWARA-NWA model for evaluating nine artificial intelligence algorithms within the context of educational
technology. The analysis was conducted in three stages: determining the weights of evaluation criteria,
assessing algorithm performance according to each criterion, and calculating the total scores to establish
a final ranking.

Criterion Weights

Table 1 displays the results derived from the SWARA method, used to determine the relative im-
portance of five predefined evaluation criteria in the context of EdTech applications. Based on the input of
seven experts in educational technology and Al implementation in education, “computational efficiency”
was identified as the most significant criterion, receiving a subjective weight of 0.20 and a final normalized
weight (q.) of 0.250. This high value reflects the practical need for algorithms that can operate effectively
on older computers, tablets, and low-performance devices within educational institutions.

Table 1. SWARA-Based Weight Coefficients for Evaluation Criteria (Source: Author’s research)

Criterion (Sj) (Kj=Sj+1) (Wj) (aj)

Computational efficiency 0.2 1.20 1 0.250
Processing speed 0.15 1.15 0.870 0.217
Pattern accuracy 0.12 1.12 0.776 0.194
Noise robustness 0.1 1.10 0.706 0.176
Energy efficiency 0.08 1.08 0.654 0.163

The second most |mportant criterion, accordlng to the experts, was “processing speed” (q 0.217),
as rapid system response is critical for user experience and instructional efficacy in interactive classrooms
and adaptive platforms. “Pattern accuracy” was ranked third (q. = 0.194), as it reflects the algorithm’s abil-
ity to reliably recognize handwriting, symbols, diagrams, and other educational elements. The remaining
two criteria, “robustness to noise” and “energy efficiency”, received slightly lower final weights (0.176 and
0.163, respectively), though still recognized as relevant, particularly in mobile learning environments and
scenarios with unfavorable lighting conditions.
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Figure 2. SWARA Criterion Evaluation Overview (Source: Author’s research)
These results clearly indicate that experts favored algorithms enabling broad and inclusive application
across diverse educational settings, consistent with the strategic aims of digital transformation in education.
Algorithm Performance Scores

Table 2 presents expert-assigned performance scores for the nine evaluated algorithms across all
five criteria. These scores served as input values for the NWA phase, allowing for a detailed comparison
prior to score aggregation.

Table 2. Expert Performance Scores of Al Algorithms According to Evaluation Criteria (Source: Author’s research)

Algorithm Col?ﬁ;i);gar:?ynal Prgc;isés(;ng Pattern Accuracy Royl?sifr?ess Energy Efficiency
Fast R-CNN 0.193 0.245 0.213 0.245 0.245
U-Net 0.193 0.213 0.245 0.213 0.213
DeepLab 0.178 0.213 0.245 0.213 0.213
MobileNet 0.245 0.213 0.193 0.193 0.213
ResNet 0.213 0.193 0.160 0.245 0.245
Binary Segmentation 0.245 0.245 0.213 0.178 0.160
YOLO 0.213 0.245 0.193 0.193 0.193
FCN 0.193 0.193 0.178 0.213 0.178
EfficientDet 0.245 0.160 0.160 0.160 0.160

The analysis shows that Fast R-CNN received the highest scores in nearly all categories, par-
ticularly in processing speed, robustness, and energy efficiency (0.245 each). Although not the lightest
in terms of hardware requirements, its score of 0.193 for computational efficiency suggests acceptable
resource demands.
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Figure 3. Algorithm Evaluation Across Criteria (Source: Author’s research)

U-Net and DeepLab excelled in pattern recognition accuracy (0.245), making them particularly
suitable for educational tasks requiring precise interpretation of visual content, such as diagrams and
handwritten assignments.

MobileNet performed strongly in computational efficiency (0.245) and energy balance (0.213), ren-
dering it well-suited for BYOD (Bring Your Own Device) strategies and mobile classrooms.

Interestingly, industrially successful models such as ResNet and EfficientDet performed relatively
poorly on education-specific criteria. EfficientDet, in particular, received the lowest scores across almost
all dimensions, suggesting that its deployment in education would require significant optimization. Binary
Segmentation, although very fast (0.245), underperformed in terms of robustness (0.178) and energy ef-
ficiency (0.160), limiting its utility in energy-constrained or dynamic environments.

Final Results

Table 3 presents the final NWA scores obtained by applying the weights from Table 1 to the expert
scores from Table 2. The algorithms are ranked from 1 to 9 according to their overall suitability.

Table 3. Final NWA Scores and Ranking of Al Algorithms (Source: Author’s research)

Algorithm Total Score Rank
Fast R-CNN 1.141 1
U-Net 1.077 2
DeepLab 1.062 3
MobileNet 1.057 4
ResNet 1.056 5
Binary Segmentation 1.041 6
YOLO 1.037 7
FCN 0.955 8
EfficientDet 0.885 9

Fast R-CNN achieved the highest total score (1.141), affirming its overall adaptability to the require-
ments of educational technology. It offers a favorable balance between speed, robustness, and energy
efficiency, with reasonable scalability.

U-Net (1.077) ranked second due to its high segmentation accuracy and solid performance across
other criteria. It is especially promising for tasks such as automatic evaluation of handwritten work and
visual analysis of student responses.

DeepLab (1.062) came in third, characterized by high precision and robustness, making it suitable
for AR/VR applications in education.
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MobileNet (1.057) and ResNet (1.056) had nearly identical total scores. The former is recommend-
ed for mobile applications and low-power environments, while the latter performs reliably in unstructured
settings such as outdoor or field-based learning.

The remaining algorithms, FCN, Binary Segmentation, YOLO, and EfficientDet, showed limitations
across multiple criteria. While not inherently unsuitable, their deployment would require targeted adapta-
tion, hybrid integration, or use in narrowly defined tasks with specific performance requirements.

Unlike previous studies that employed MCDM methods to select e-learning platforms, curricula,
or teaching strategies, this research focuses on evaluating specific computer vision algorithms within
educational contexts. For instance, Toan et al. (2021) applied a hybrid AHP-COPRAS model for selecting
e-learning systems, and Keshavarz-Ghorabaee et al. (2018) used SWARA and AHP for evaluating digital
teaching tools. Marinovic et al. (2025) employed the PIPRECIA method to optimize operating system
selection in schools. Compared to these approaches, the proposed SWARA-NWA framework enables
direct evaluation of Al algorithms based on education-specific criteria such as computational efficiency,
robustness to environmental noise, and operability on low-end hardware. This methodological distinction
makes the model particularly suitable for decision support in real-world EdTech scenarios, especially in
resource-constrained educational settings.

Research Limitations

While the hybrid SWARA-NWA model offers a structured and transparent framework for evaluating
Al algorithms in educational environments, several limitations must be acknowledged that may influence
the scope and applicability of the findings:
1. Subjectivity of expert evaluations — The methodology relies on expert judgment to assign weights
and assess algorithm performance, introducing a level of subjectivity.

2. Limited number of experts — The panel consisted of seven experts, which is appropriate for the
Delphi method, yet a larger sample would enhance statistical validation and understanding of as-
sessment variability.

3. Theoretical rather than experimental validation — Algorithm evaluation was based on technical docu-
mentation and expert analysis, without direct benchmarking on real educational datasets.

4. Restricted set of evaluation criteria — Although the five selected criteria were carefully chosen for
EdTech relevance, real-world decision-making may require consideration of additional factors such
as implementation costs, technical support availability, user digital literacy, and alignment with local
educational policies.

5. Focus on computer vision algorithms only — While the selected algorithms are among the most com-
monly used in Al applications, the study does not address other domains such as natural language
processing (NLP), recommendation systems, or intelligent tutoring systems, which are also highly
relevant in modern education.

Conclusion

This study presents a hybrid multi-criteria decision-making model based on the SWARA and Net
Worth Analysis (NWA) methods for the evaluation of artificial intelligence algorithms in the context of
educational technology. The primary objective was to provide a transparent and systematic framework
that supports educational institutions, IT teams, and policy makers in selecting the most appropriate Al
algorithms tailored to the specific needs of EdTech applications.
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Figure 4. Graphical Representation of the Final Results of the Hybrid Model (Source: Author’s research)

The evaluation focused on computer vision algorithms and incorporated five key criteria relevant to ed-
ucational scenarios: computational efficiency, processing speed, pattern recognition accuracy, robustness to
lighting and background disturbances, and energy efficiency. The SWARA method was applied to determine
the relative importance of each criterion based on expert assessments, while the NWA method was used to
aggregate the performance scores of each algorithm and generate a final ranking, as illustrated in Figure 2.

The findings indicate that Fast R-CNN emerged as the most suitable algorithm for widespread
deployment in educational systems, owing to its balanced performance across all criteria. U-Net and
DeepLab stood out for their superior accuracy in visual segmentation, making them particularly well-
suited for specialized educational tasks that involve complex visual pattern analysis. MobileNet, due to
its lightweight architecture and energy efficiency, proved to be an ideal solution for mobile and resource-
constrained environments, particularly within the context of inclusive education in underserved regions.

Recommendations for Future Research

Based on the findings and identified limitations of the present study, we propose the following direc-
tions for future research:
+ Empirical validation of the model — Future studies should incorporate experimental testing of the algo-
rithms using real-world educational datasets to complement and verify the theoretical assessments.

+ Expansion of the algorithm pool - Include algorithms from other areas of Al, such as natural language
processing (NLP), recommender systems, and classification models.

* Incorporation of additional evaluation criteria — Such as cost-efficiency, availability of open-source
implementations, compliance with educational standards, and required teacher training.

* Application of alternative MCDM methods — Including AHP, PIPRECIA, or fuzzy MCDM approaches,
to compare outcomes and test the robustness of the proposed model.

* Involvement of end users (teachers and students) — Through interviews, surveys, and pilot testing to
enrich the results with insights drawn from real-life educational experiences.

The proposed model represents a significant methodological advancement toward the rationaliza-
tion and formalization of decision-making processes related to the adoption of Al-based technologies
in education. In the current era of accelerated digital transformation, where educational institutions are
striving to balance innovation with systemic constraints, it becomes evident that decision-making based
on intuition or fragmented information is no longer sufficient. What is needed is a robust, transparent, and
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multi-criteria framework that facilitates the inclusion of diverse stakeholder groups, from teachers and
learners to IT specialists and educational authorities.

The core value of this model lies in its ability to reconcile the technological potential of artificial intel-
ligence with the practical needs and constraints of the educational sector. In doing so, it enables the for-
mulation of policies and practices that are not only technically sophisticated, but also socially responsible,
pedagogically justified, and systemically sustainable. Ultimately, such tools contribute to the development
of educational strategies that are equitable, scalable, and effective, approaches in which Al is not seen as
an end in itself, but as a means of enhancing the overall quality of education.

Acknowledgements

The research presented in this paper was carried out within the framework of the project: Multi-
criteria analysis modeling for decision optimization in computer sciences, at Alfa BK University, Faculty of
Mathematics and Computer Sciences, No. 1760.

Funding

This research did not receive any specific grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Conflict of interests
The authors declare no conflict of interest.

Data availability statement
The data supporting the reported results in this study are contained within the article itself.

Institutional Review Board Statement

Not applicable.

Author Contributions

Nikola Gligorijevi¢: Conceptualization, Investigation, Methodology, Formal analysis, Writing — origi-
nal draft. Nikola Gligorijevi¢ is the first author and led the research design and implementation of the
hybrid SWARA-NWA model.; Sonja Buki¢ Popovi¢: Validation, Methodology, Writing — review & editing,
Data curation.; Vojkan Nikoli¢: Software, Data curation, Visualization. Dejan Viduka: Resources, Supervi-
sion.; Stefan Popovi¢: Writing — review & editing, Visualization, Formal analysis. All authors have read and
agreed to the published version of the manuscript.

References

Adzi¢, S., Savi¢ Tot, T., Vukovic, V., Radanov, P., & Avakumovi¢, J. (2024). Understanding Student Attitudes toward GenAl
Tools: A Comparative Study of Serbia and Austria. International Journal of Cognitive Research in Science, Engineering
and Education (IJCRSEE), 12(2). https://doi.org/10.23947/2334-8496-2024-12-3-583-611

Alshamsi, A. M., El-Kassabi, H., Serhani, M. A., & Bouhaddioui, C. (2023). A multi-criteria decision-making (MCDM) approach
for data-driven distance learning recommendations. Education and Information Technologies, 28(8), 10421-10458.
https://doi.org/10.1007/s10639-023-11589-9

Behzadian, M., Otaghsara, S. K., Yazdani, M., & Ignatius, J. (2012). A state-of the-art survey of TOPSIS applications. Expert
Systems with Applications, 39(17), 13051-13069. https://doi.org/10.1016/j.eswa.2012.05.056

Brans, J. P., & Mareschal, B. (2005). PROMETHEE methods. U J. Figueira, S. Greco, & M. Ehrgott (Ur.), Multiple Criteria Deci-
sion Analysis: State of the Art Surveys, 163-195. Springer.

Buenafio-Fernandez, D., Villegas-CH, W., & Lujan-Mora, S. (2019). The use of tools of data mining to decision making in en-
gineering education — A systematic mapping study. Computer Applications in Engineering Education, 27(3), 744-758.
https://doi.org/10.1002/cae.22100

Chen, L., Chen, P, & Lin, Z. (2020). Artificial intelligence in education: A review. IEEE Access, 8, 75264-75278. https://doi.
org/10.1109/ACCESS.2020.2988510

www.ijcrsee.com
733


www.ijcrsee.com
https://doi.org/10.23947/2334-8496-2024-12-3-583-611
https://doi.org/10.1007/s10639-023-11589-9
https://doi.org/10.1016/j.eswa.2012.05.056
https://doi.org/10.1002/cae.22100
https://doi.org/10.1109/ACCESS.2020.2988510
https://doi.org/10.1109/ACCESS.2020.2988510

Gligorijevi¢, N. et al. (2025). A Hybrid SWARA-NWA Framework for Evaluating Al-Based Image Recognition Algorithms in
Educational Technology Applications, International Journal of Cognitive Research in Science, Engineering and Education
(IJCRSEE), 13(3), 719-735.

Chen, Z., & Luo, S. (2023). Evaluate teaching quality of physical education using a hybrid multi-criteria decision-making frame-
work. PLOS ONE, 18(2), e0280845. https://doi.org/10.1371/journal.pone.0280845

Colchester, K., Hagras, H., Alghazzawi, D., & Aldabbagh, G. (2017). A survey of artificial intelligence techniques employed
for adaptive educational systems within e-learning platforms. Journal of Artificial Intelligence and Soft Computing Re-
search, 7(1), 47-64. https://doi.org/10.1515/jaiscr-2017-0004

Dimitriadou, E., & Lanitis, A. (2023). A critical evaluation, challenges, and future perspectives of using artificial intelligence and emerg-
ing technologies in smart classrooms. Smart Learning Environments, 10(1), 12. https://doi.org/10.1186/s40561-023-00231-3

Dym, C. L. (2004). Design, systems, and engineering education. International Journal of Engineering Education, 20(3), 305-
312.

Hsu, C., & Sandford, B. A. (2007). The Delphi Technique: Making Sense of Consensus. Practical Assessment, Research, and
Evaluation, 12(1), 10. https://doi.org/10.7275/pdz9-th90

Ibrahim, F., Susanto, H., Haghi, P. K., & Setiana, D. (2020). Shifting paradigm of education landscape in time of the COVID-19
pandemic: Revealing of a digital education management information system. Applied System Innovation, 3(4), 49.
https://doi.org/10.3390/asi3040049

Kaddouri, M., Mhamdi, K., Chniete, ., Marhraoui, M., Khaldi, M., & Jmad, S. (2025). Adopting Al in education: Technical chal-
lenges and ethical constraints. U Fostering Inclusive Education With Al and Emerging Technologies, 25-72. IGI Global.
https://doi.org/10.4018/979-8-3693-7255-5.ch002

Kayal, A. (2024). Transformative pedagogy: A comprehensive framework for Al integration in education. U Explainable Al for
Education: Recent Trends and Challenges, 247-270. Springer Nature Switzerland. https://doi.org/10.1007/978-3-031-
72410-7_14

KerSuliene, V., Zavadskas, E. K., & Turskis, Z. (2010). Selection of rational dispute resolution method by applying new step-wise
weight assessment ratio analysis (Swara). Journal of Business Economics and Management, 11(2), 243-258. https://
doi.org/10.3846/jbem.2010.12

Keshavarz-Ghorabaee, M., Amiri, M., Zavadskas, E. K., Turskis, Z., & Antucheviciene, J. (2018). An Extended Step-Wise
Weight Assessment Ratio Analysis with Symmetric Interval Type-2 Fuzzy Sets for Determining the Subjective Weights
of Criteria in MCDM Problems. Symmetry, 10(4), 91. https://doi.org/10.3390/sym10040091

Krstev, A., Cebova, |, & Krstev, D. (2024). Research on the implementation of a system for monitoring processes in educational
institutions. IJSDR, 9(11). https://eprints.ugd.edu.mk/35189/

Li, L., Chen, C. P,, Wang, L., Liang, K., & Bao, W. (2023). Exploring artificial intelligence in smart education: Real-time class-
room behavior analysis with embedded devices. Sustainability, 15(10), 7940. https://doi.org/10.3390/su15107940

Mahmoodi, A., Eshaghi, M., & Laliberte, J. (2025). Designing educational strategies for experiential learning: An AHP-fuzzy log-
ic case study at Carleton University. Journal of Open Innovation: Technology, Market, and Complexity, 11(3), 100576.
https://doi.org/10.1016/j.joitmc.2025.100576

Malik, D. A. A, Yusof, Y., & Na'im Ku Khalif, K. M. (2021). A view of MCDM application in education. Journal of Physics: Confer-
ence Series, 1988(1), 012063. https://doi.org/10.1088/1742-6596/1988/1/012063

Marinovié, M., Viduka, D., Lavrni¢, I., StojCetovi¢, B., Skuli¢, A., Basi¢, A., Balaban, P., & Rastovac, D. (2025). An Intelligent
Multi-Criteria Decision Approach for Selecting the Optimal Operating System for Educational Environments. Electron-
ics, 14(3), 514. https://doi.org/10.3390/electronics 14030514

Massam, B. H. (1988). Multi-criteria decision making (MCDM) techniques in planning. Progress in Planning, 30, 1-84. https:/
doi.org/10.1016/0305-9006(88)90012-8

Milicevi¢, V., Koceva Lazarova, L., & Jordovic Pavlovic, M. (2024). The Application of Artificial Intelligence in Education -
The Current State and Trends. International Journal of Cognitive Research in Science, Engineering and Education
(IJCRSEE), 12(2), 259-272. https://doi.org/10.23947/2334-8496-2024-12-2-259-272

Nguyen, P. H. (2024). A data-driven MCDM approach-based spherical fuzzy sets for evaluating global augmented reality pro-
viders in education. IEEE Access, 13, 6102-6119. https://doi.org/10.1109/ACCESS.2024.3361320

Pamuéar, D., & Cirovi¢, G. (2015). The selection of transport and handling resources in logistics centers using Multi-Attributive
Border Approximation area Comparison (MABAC). Expert systems with applications, 42(6), 3016-3028. https://doi.
org/10.1016/j.eswa.2014.11.057

Popovi¢, S., & Buki¢-Popovi¢, S. (2021). The importance of introducing internal audit in pre-university education institutions
[Znacaj uvodenja interne revizije u ustanove douniverzitetskog obrazovanja]. Revizor, 24(94), 37-43. https:/doi.
org/10.5937/Rev2194037P

Popovi¢, S. Buki¢ Popovi¢, S., & Jeremi¢, N. (2022). Ugesnici nastavnog procesa i interna revizija — istrazivanje o informi-
sanosti uesnika nastavnog procesa o internoj reviziji [Awareness of the participants of the teaching process about
internal audit]. Revizor, 25(100), 41-48. https://doi.org/10.5937/Rev2194037P

Rane, N., Choudhary, S., & Rane, J. (2023). Education 4.0 and 5.0: Integrating artificial intelligence (Al) for personalized and
adaptive learning. Available at SSRN 4638365.

Sahoo, S. K., & Goswami, S. S. (2023). A Comprehensive Review of Multiple Criteria Decision-Making (MCDM) Methods:
Advancements, Applications, and Future Directions. Decision Making Advances, 1(1), 25-48. https://doi.org/10.31181/

www.ijcrsee.com
734


www.ijcrsee.com
https://doi.org/10.1371/journal.pone.0280845
https://doi.org/10.1515/jaiscr-2017-0004
https://doi.org/10.1186/s40561-023-00231-3
https://doi.org/10.7275/pdz9-th90
https://doi.org/10.3390/asi3040049
https://doi.org/10.4018/979-8-3693-7255-5.ch002
https://doi.org/10.1007/978-3-031-72410-7_14
https://doi.org/10.1007/978-3-031-72410-7_14
https://doi.org/10.3846/jbem.2010.12
https://doi.org/10.3846/jbem.2010.12
https://doi.org/10.3390/sym10040091
https://eprints.ugd.edu.mk/35189/
https://doi.org/10.3390/su15107940
https://doi.org/10.1016/j.joitmc.2025.100576
https://doi.org/10.1088/1742-6596/1988/1/012063
https://doi.org/10.3390/electronics14030514
https://doi.org/10.1016/0305-9006(88)90012-8
https://doi.org/10.1016/0305-9006(88)90012-8
https://doi.org/10.1109/ACCESS.2024.3361320
https://doi.org/10.1016/j.eswa.2014.11.057
https://doi.org/10.1016/j.eswa.2014.11.057
https://doi.org/10.5937/Rev2194037P
https://doi.org/10.5937/Rev2194037P
https://doi.org/10.31181/dma1120237

Gligorijevi¢, N. et al. (2025). A Hybrid SWARA-NWA Framework for Evaluating Al-Based Image Recognition Algorithms in
Educational Technology Applications, International Journal of Cognitive Research in Science, Engineering and Education
(IJCRSEE), 13(3), 719-735.

dma1120237

Sampson, C. J., Arnold, R., Bryan, S., Clarke, P., Ekins, S., Hatswell, A., ... & Wrightson, T. (2019). Transparency in decision mod-
elling: what, why, who and how?. Pharmacoeconomics, 37(11), 1355-1369. https://doi.org/10.1007/s40273-019-00819-z

Spalevié, Zaklina, Milosavljevié, S., Dubljanin, D., Popovi¢, G., & lli¢, M. (2024). The Role of Artificial Intelligence in Judi-
cial Systems. International Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE), 12(3),
561-569. https://doi.org/10.23947/2334-8496-2024-12-3-561-569

Tarig, R., Mohammed, A., Alshibani, A., & Ramirez-Montoya, M. S. (2024). Complex artificial intelligence models for energy
sustainability in educational buildings. Scientific Reports, 14, 15020. https://doi.org/10.1038/s41598-024-65727-5

Toan, P. N., Dang, T.-T.,, & Hong, L. T. T. (2021). E-Learning Platform Assessment and Selection Using Two-Stage MCDM Ap-
proach with Grey Theory: A Case Study in Vietnam. Mathematics, 9(23), 3136. https://doi.org/10.3390/math9233136

Troussas, C., Krouska, A., Mylonas, P., & Sgouropoulou, C. (2025). Personalized Instructional Strategy Adaptation Using TOP-
SIS: AMCDM Approach for Adaptive Learning Systems. Information, 16(5), 409. https://doi.org/10.3390/info16050409

Tsankov, N., & Levunlieva, M. (2024). Designing Digital Multimodal Resources for the Kindergarten: From Intuition to Aware-
ness. International Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE), 12(3), 657-667.
https://doi.org/10.23947/2334-8496-2024-12-3-657-667

Vaidya, O. S., & Kumar, S. (2006). Analytic hierarchy process: An overview of applications. European Journal of Operational
Research, 169(1), 1-29. https://doi.org/10.1016/j.ejor.2004.04.028

Viennet, R., & Pont, B. (2017). Education policy implementation: A literature review and proposed framework. OECD Education
Working Papers, No. 162. https://doi.org/10.1787/fc467a64-en

Zabulis, X., Baltzakis, H., & Argyros, A. A. (2009). Vision-Based Hand Gesture Recognition for Human-Computer Interaction.
The universal access handbook, 34, 30. https://doi.org/10.1201/9781420064995-c34.

Zangemeister, C. (1976). Nutzenwertanalyse in der Systemtechnik: Eine Methodik zur multidimensionalen Bewertung und
Auswahl von Projektalternativen. Minchen: Carl Hanser Verlag.

Zellner, M., Abbas, A. E., Budescu, D. V., & Galstyan, A. (2021). A survey of human judgement and quantitative forecasting
methods. Royal Society Open Science, 8(2), 201187. https://doi.org/10.1098/rs0s.201187

www.ijcrsee.com
735


www.ijcrsee.com
https://doi.org/10.31181/dma1120237
https://doi.org/10.1007/s40273-019-00819-z
https://doi.org/10.1038/s41598-024-65727-5
https://doi.org/10.3390/math9233136
https://doi.org/10.3390/info16050409
https://doi.org/10.1016/j.ejor.2004.04.028
https://doi.org/10.1787/fc467a64-en
https://doi.org/10.1201/9781420064995-c34
https://doi.org/10.1098/rsos.201187

