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Abstract 

In the age of digital revolution, higher education institutions are increasingly accepting 

data-driven approaches to enhance strategic decision-making. This study explores the 

application of machine learning (ML) classification and prediction models to support 

institutional planning, student performance analysis, and resource optimization. The 

dataset comprises academic planning, student performance, faculty development, re-

search and institutional development, decision-making aspects. These aspects are con-
sidered through various machine learning algorithms. Decision Tree, Random Forest, 

K-Nearest Neighbor, Support Vector Machines (SVM) and Ensemble Learning algo-

rithm were implemented and evaluated for accuracy and interpretability. Various ob-

jectives are achieved through machine learning applications in educational strategic de-

cision-making. The results reveal that Ensemble Learning and Decision Tree models 

achieved the highest prediction accuracy regarding decision making by providing ac-

tionable insights for academic interventions, faculty development, research and institu-

tional development and institutional engagement. Also, the predictive analytics frame-

work developed in this study demonstrates how machine learning can inform evidence-

based strategies in areas such as student retention, program evaluation, faculty devel-

opment, and institutional effectiveness. The findings highlight the potential of machine 

learning-driven decision support systems to transform higher education management 
from intuition-based to evidence-oriented strategic planning. This research contributes 

as a machine learning application in education and offers a scalable outline for incor-

porating predictive analytics into institutional educational decision-making processes. 

Keywords: Data-Driven Decision-Making, Higher Education, Machine Learning, 

Classification, Prediction, Strategic Planning 

1 Introduction 

There are a few challenges for Indian higher education, such as increased enrollment, 

different student populations, and resource constraints, responsibilities from regulatory 

bodies such as UGC and NAAC. Strategic decision-making, incorporating resource al-

location, policy design, and program prioritizing, is critical for institutional efficiency. 

Traditional approaches relying on historical data and expert decisions are increasingly 

supplemented by data-driven methods leveraging machine learning to forecast out-

comes and inform governance.

© The Author(s) 2026
A. Agnihotri et al. (eds.), Proceedings of the Conference on Bridging Engineering Disciplines with AI and
Machine Learning (BEDAIML 2026), Advances in Intelligent Systems Research 209,
https://doi.org/10.2991/978-94-6239-697-5_18

http://orcid.org/0009-0002-3277-2681
https://doi.org/10.2991/978-94-6239-697-5_18
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6239-697-5_18&domain=pdf


 
           211Data Analytics and Machine Learning Applications for Enhancing …  

The integration of Machine Learning (ML) into Higher Education authorities enables 

proactive decisions in areas such as student retention, curriculum planning, and faculty 

allocation. This study considers the application of widely used ML classifiers to support 

strategic decision-making in Higher Education Institutions (HEI), analyzing their pre-

dictive performance and managerial applicability. This paper examines the application 

of machine learning through classification algorithms to support data-driven strategic 

decisions in higher education. It compares various classification models on predictive 

accuracy and interpretability and discusses their inferences for institutional strategy and 

policy formulation. This study addresses the following research questions: 

RQ1: How can machine learning classification and prediction models support data-

driven strategic decision-making in Indian higher education institutions (HEIs)? 

RQ2: Which machine learning classification algorithms provide the highest predictive 

accuracy, interpretability, and reliability for strategic decision-making in HEIs? 

This research contributes to interpret the effectiveness of machine learning technique. 

The predictive results are helpful to the faculty members and academic institutions’ 

decision makers in taking proactive measures for academic interventions, faculty de-

velopment, research and institutional development, and institutional engagement.  

2 Literature Review 

University decision-making is inherently complex, shaped by multiple stakeholders in-

cluding faculty, administrators, students, and external agencies, each with distinct pri-

orities and expectations [1]. Faculty often focus on teaching quality, research, and aca-

demic freedom, while administrators prioritize efficiency, resource management, and 

institutional sustainability. Students influence decisions through feedback and repre-

sentation, and external agencies impose accountability and strategic requirements. 

The increase of data-informed governance has shifted decision-making to evidence-

driven strategies [2]. Analytics, performance metrics, and evaluation frameworks are 

helpful to universities to make more systematic, transparent, and effective decisions. 

This approach enhances accountability and aligns operational choices with strategic 

goals. 

Data-driven decision-making (DDDM) uses data analysis and predictive modeling to 

guide institutional policies. This comprehensive survey provides overview of applica-

tions of Data Mining in educational domain. The authors discuss significance of it in 

data-driven decision-making within education [3]. 

Hamad Almaghrabi, Ben Soh, and Alice Li [4] applied machine learning techniques to 

predict user satisfaction with ICT systems used for administrative purposes in educa-

tional institutions. The authors trained several ML models on survey data based on fac-

tors such as usability, security, privacy, IT support, and training. Random Forest and 

CatBoost achieved the highest accuracy (around 94%). The study demonstrates that 

ML can effectively support data-driven improvements in ICT administration and en-

hance user experience within educational environments. 

Khan M A et al. [5] in their study, examine current trends in university enrollment, 

programs, and facilities to identify areas for improvement. It discusses the potential 
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benefits of these technologies, such as personalized learning, improved campus opera-

tions, and data-driven decision-making. The authors also address challenges like high 

costs, privacy concerns, and the need for qualified personnel. Recommendations are 

provided for overcoming these barriers, including stakeholder involvement, developing 

customized AI solutions, and initiating tech-focused academic programs. The paper 

concludes that carefully implemented AI and big data can enhance learning, student 

performance, and cost-efficiency. 

Alsalman investigated the impact of artificial intelligence on strategic decision-making 

processes. The study explored a mixed-methods approach, including surveys, inter-

views, and case studies, to assess how AI influences administrative, academic, and re-

search domains. Findings indicate that AI enhances decision-making accuracy and ef-

ficiency, facilitates trend anticipation, and optimizes resource allocation. However, 

challenges such as data privacy concerns, the need for technical expertise, and re-

sistance to change are also identified. The research concluded with recommendations 

for ethical and effective AI integration to sustain institutional growth and competitive 

advantage [6]. 

Gaftandzhieva et al. [7] examined the current state of data-driven decision-making in 

higher education institutions (HEIs). They emphasized the growing role of analytics 

and machine learning in improving institutional planning, resource allocation, and ac-

ademic outcomes. The study highlighted how data-driven approaches can support stra-

tegic decisions such as student retention, performance monitoring, and administrative 

efficiency. The authors also discussed challenges, including data quality, integration 

across departments, and the need for skilled personnel. They have concluded that while 

data-driven practices hold significant potential for enhancing decision-making, there is 

a requirement for robust infrastructure, governance, and staff training for successful 

implementation. 

Schmidt [8] examined the integration of artificial intelligence in higher education fo-

cusing on its impact on strategic decision-making. The study identified the perceived 

benefits of AI, including improved administrative efficiency, enhanced learning ana-

lytics, and data-driven policy planning. The paper concludes that successful AI adop-

tion in higher education requires strategic planning, capacity building, and robust insti-

tutional frameworks.  

Al-Zahrani et al. [9] in their study explored stakeholders’ attitudes, perceptions, and 

expectations regarding its implementation. The research, employing a quantitative ap-

proach through an online survey, revealed positive attitudes toward AI, recognizing its 

potential to enhance teaching and learning, streamline administration, and foster inno-

vation. Ethical considerations, such as privacy, security, and bias, were emphasized, 

highlighting the need for guidelines in AI implementation. The study highlights the 

need for a complete understanding of AI integration.  

Research Gap and Contribution 
Although prior studies have highlighted the potential of AI and machine learning in 

enhancing university governance, limited empirical research has applied these tech-

niques using primary data within higher education institutions (HEIs). Existing works 
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mainly focus on descriptive or administrative aspects. That offers little comparative 

evaluation of algorithmic performance for strategic decision-making. 

This study bridges this gap by developing and assessing machine learning–based clas-

sification and prediction models to support data-driven strategies in HEIs. By compar-

ing multiple algorithms for accuracy and interpretability, the research provides practical 

insights and a scalable framework for evidence-based institutional planning and gov-

ernance. 

3 Methodology Used 

In the current study, a few machine learning classifiers were applied to predict decision-

making by a higher authority. Data were gathered from both Heads of the Department 

(HOD) and Principals through questionnaires designed with a five-point Likert scale. 

Respondents indicated their answers on a scale ranging from 1 (Never) to 5 (Always), 

with intermediate points representing Rarely (2), Sometimes (3), and Often (4). 

Figure 1, along with Table 1, presents the parameters considered for data-driven deci-

sion-making. 

 
 

 

Figure 1: Parameters of Decision Making Based on HOD and Principal Re-

sponses 

Table 1: Parameters of Decision Making Based on HOD and Principal Re-

sponses 

A. Academic Planning and Student Performance Enhancement 

1. I use feedback and performance data to plan academic activities aimed at 

improving students’ academic and overall performance. 

2. I organize and monitor practical, project-based, or model-based teaching 

approaches to strengthen students’ subject understanding. 

3. I plan and implement continuous and unit-wise assessments to track and 

enhance student learning outcomes. 

4. I organize professional development activities for students (guest lec-

tures, seminars, workshops, hands-on sessions, etc.) to build their tech-

nical and soft skills. 

5. Based on previous year’s results and feedback, I have implemented 

measures such as targeted mentoring, academic support sessions, and cur-

riculum improvements to enhance student performance. 

B. Faculty Development and Capacity Building 
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1. I make decisions regarding professional development activities (FDPs, 

STTPs, workshops, etc.) for faculty members in alignment with institu-

tional teaching goals. 

 

2. I organize and facilitate expert sessions, FDPs, or training programs to 

enhance faculty members’ teaching and research skills. 

 

3. I provide counselling and guidance to faculty members on opportunities 

for knowledge and skill enhancement. 

 

4. I monitor faculty performance and offer constructive feedback to improve 

teaching effectiveness. 

 

5. I ensure that faculty members receive mentoring and training to 

strengthen their academic and professional competencies. 

 

C Research and Institutional Development . 

1. I make decisions about research and development activities (research 

publications, consultancy, patent filing, etc.) in accordance with institu-

tional research goals. 

 

2. I encourage faculty members to actively participate in R&D initiatives, 

collaborative projects, and academic innovation. 

 

D Governance and Institutional Engagement . 

1. I discuss with faculty members and encourage them to contribute to com-

mittee work and institutional responsibilities to enhance shared govern-

ance and leadership participation. 

 

2. I promote collaborative decision-making and ensure transparency in de-

partmental or institutional governance processes. 

 

Research Question 1: “How can machine learning classification and prediction models 

support data-driven strategic decision-making in Indian higher education institutions 

(HEIs)?” This question is addressed by analyzing key parameters derived from the re-

sponses of HOD and Principal, as presented in Table 1. Machine learning (ML) tech-

niques play a transformative role in enabling data-driven decision-making within 

higher education institutions by uncovering patterns and hidden relationships embed-

ded in vast institutional datasets. By analyzing these insights, institutional leaders can 

make evidence-based decisions that enhance planning, quality assurance, and perfor-

mance monitoring processes.  The research objectives are further explored in the sec-

tion 4 i.e. Analysis of Findings and Result Discussion section. 

4 Analysis of Findings and Result Discussion 

Objectives of the research work are detailed below: 

1 To develop a machine learning–based classification and prediction model. . 

2

3

To 

To analyze various statistical measures related to the prediction outcomes. 

evaluate the accuracy of different machine learning algorithms. . 

. 
4 To explore and compare the effectiveness of multiple classification algorithms 

based on the results achieved.  

. 

Machine learning approach facilitates early intervention by enabling timely actions 

aimed at data-driven decision-making. Additionally, it supports informed decision-

making to effectively address students, faculty members and institution-specific needs. 
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4.1 Objective No. 1: To develop a machine learning–based classification and pre-

diction model. 

Objective 1 is to develop a machine learning–based classification and prediction model 

to enhance data-driven decision-making in higher education institutions. In this study, 

a diverse set of supervised classification algorithms is implemented using Python to 

uncover distinct patterns relevant to data-driven strategic decision-making. The find-

ings help management and administrative authorities identify specific needs of stu-

dents, faculty members, and institutions. A machine-learning-based classification and 

prediction model can significantly support data-driven strategic decision-making, as 

operationalized by the parameters listed in Table 1. The machine learning classification 

algorithms flow diagram illustrates the overall research framework, representing the 

sequential flow of processes. 

 
 

Figure 2: Machine Learning classification algorithms flow diagram 

Data were collected from Heads of Departments (HODs) and Principals of engineering 

colleges to capture key institutional parameters. Model evaluation was performed using 

metrics such as accuracy, precision, recall, and F1-score. The final prediction results 

provide actionable insights that can support strategic academic and administrative de-

cisions in engineering education. 

4.2 Objective No. 2: To evaluate the accuracy of different machine learning al-

gorithms. 

During this phase, the predictive accuracy of multiple machine-learning classification 

algorithms is assessed and compared. Machine Learning life cycle stages are applied 
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for the data gathered from Heads of the Departments and Principals. Standard metrics 

such as accuracy, precision, recall, & F₁-score were computed to estimate generaliza-

tion performance. The results were presented in tabular and graphical formats, enabling 

Heads of Departments and Principals to interpret which algorithm most effectively sup-

ported data-driven strategic decision-making. 

Table 2: Comparative Evaluation of Prediction Outcomes from Various  

Machine Learning Algorithms Using Heads of Departments and Principals'  

Responses  

Machine Learning  

Algorithm 

Accuracy (%)- 

HOD and Principals' Responses 

Random Forest 64.3 

K-Nearest Neighbour 67.9 

Support Vector Machine 74.7 

Ensemble Learning 98.9 

Decision Tree 100 
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Figure 3: Comparative Evaluation of Prediction Outcomes from Various 

Machine Learning Algorithms, Heads of Departments and Principals’ Re-

sponses 

Table 2 outlines a comparison among several machine learning models used re-

garding data-driven decision making. Datasets compiled from heads of department 

and principal responses were used to train and evaluate model. The effectiveness 

of each classification model is evaluated based on key performance metrics. Re-

search Question 2: Which machine learning classification algorithms provide the 

highest predictive accuracy, interpretability, and reliability for strategic decision-

making in HEIs? is answered. Objective 2 addresses the data-driven decision mak-

ing through a comparative analysis. The accompanying bar chart illustrates the 
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prediction accuracy of five machine learning algorithms regarding data-driven de-

cision making. Among the models, Ensemble Learning and Decision Tree demon-

strate highest prediction accuracy for both groups, achieving 98.9% and 100% re-

spectively. The remaining algorithms show moderate performance, with accuracy 

ranging from 64.3% to 74.7%.  

4.3 Objective No. 3: To analyze various statistical measures related to the pre-

diction outcomes. 

In this phase, multiple statistical performance measures associated with the prediction 

outcomes of the classification models are analyzed. These measures are helpful in a 

data-driven decision-making framework. Metrics such as accuracy, precision, recall 

(sensitivity), & F1-score are defined and computed using confusion-matrix break-

downs. By interpreting these outcomes in terms of institutional priorities, raw analytics 

has been translated into actionable insights for strategic decision-making. 

Table 3: Evaluation Metrics regarding Decision Making Based on HOD and 

Principal Responses 

Sr. No. Name of the Algorithm Precision Recall F-Measure 

1 Random Forest 0.69 0.69 0.68

2 K-Nearest Neighbour 0.59 0.59 0.6

3 Support Vector Machine 0.65 0.65 0.64

4 Ensemble Learning 1 1 1

5 Decision Tree 1 1 1
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Figure 4: Evaluation Metrics regarding Decision Making based on Heads of De-

partments and Principals’ Responses 

Table 3 presents a comparative evaluation of several machine learning algorithms. 

Among the models assessed, the Ensemble Learning and Decision Tree classifiers 

demonstrate the highest performance across all three metrics, highlighting their effec-

tiveness in predicting decision-making. 
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4.4 Objective No. 4: To explore and compare the effectiveness of multiple classi-

fication algorithms based on the results achieved. 

The performance of several machine learning classification algorithms applied to the 

institutional dataset is systematically evaluated and compared. The effectiveness of 

each algorithm was assessed using a comprehensive set of performance metrics, includ-

ing accuracy, precision, recall, & F1-score. The results revealed that Ensemble Learn-

ing and Decision Tree Algorithms have achieved the best accuracy. The results were 

analyzed to identify which algorithms consistently delivered optimal performance and 

were best suited to address the institution's objectives, such as predicting student out-

comes, faculty performance, and institutional priorities. Based on these findings, ac-

tionable recommendations are provided for institutional leaders on selecting the most 

appropriate classification models. These recommendations aimed to support data-

driven strategic decision-making and enhance the institution's ability to respond effec-

tively to emerging challenges and opportunities. 

5 Conclusion 

This research investigates which machine learning models are the most effective for 

providing insights into data-driven decision-making for department heads and princi-

pals. It provides a detailed review of several machine learning techniques utilized in 

previous research. This study demonstrates the importance of machine learning (ML) 

in strengthening data-driven strategic decision-making in higher education. Among the 

tested algorithms, Ensemble Learning and Decision Tree Models have achieved the 

highest predictive accuracy and interpretability. The proposed predictive analytics 

framework highlights how academic performance, professional and research develop-

ment of faculty members, and institutional decision-making-related data can support 

evidence-based planning in areas such as student retention, resource allocation, and 

program evaluation. Overall, the findings state that the potential of machine learning-

driven decision support systems is essential to transform higher education management 

for more adaptive and strategic institutional planning. 
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