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Abstract:  
 

Intelligent Tutoring Systems represent a transformative approach to personalized 

learning in higher education, leveraging artificial intelligence and adaptive algorithms 

to provide individualized instruction at scale. This research examines the current state 

of ITS implementation in universities and colleges, exploring both the promising 

applications and significant challenges facing widespread adoption. Through systematic 

analysis of recent literature and empirical evidence from various institutional contexts, 

we identify key success factors and persistent barriers. The study reveals that ITS 

demonstrates significant potential in improving student engagement, learning outcomes, 

and retention rates, with effect sizes ranging from 0.4 to 0.8 standard deviations 

compared to traditional instruction. However, implementation faces substantial 

obstacles including high development costs, faculty resistance, technical infrastructure 

limitations, and concerns about pedagogical effectiveness for complex skills. This 

research contributes a comprehensive framework for evaluating ITS suitability across 

different disciplines and institutional contexts. Findings suggest that successful ITS 

deployment requires careful alignment with learning objectives, substantial faculty 

training, and hybrid models that combine automated tutoring with human instruction. 

The paper concludes with recommendations for educators, administrators, and 

technology developers to maximize ITS benefits while addressing legitimate concerns 

about educational quality and equity. 

 

1. Introduction 
 

Higher education faces unprecedented pressures to 

improve learning outcomes while accommodating 

increasingly diverse student populations with 

varying levels of preparation, learning styles, and 

support needs. Traditional classroom instruction, 

designed for relatively homogeneous groups of 

students, struggles to provide the individualized 

attention that many learners require to succeed 

(Baker et al., 2020). Meanwhile, rising enrollments 

and constrained budgets limit institutions' ability to 

reduce class sizes or provide extensive one-on-one 

tutoring. This tension between the ideal of 

personalized instruction and the reality of resource 

constraints has intensified interest in technology-

enabled solutions. 

Intelligent Tutoring Systems emerged as a potential 

answer to this challenge, promising to deliver 

individualized instruction that adapts to each 

student's knowledge level, learning pace, and 

preferred approaches. Unlike earlier computer-

assisted instruction that simply presented the same 

content to all students, ITS employs artificial 

intelligence techniques to model student 

understanding, diagnose misconceptions, and select 

instructional strategies tailored to individual needs 

(Kulik and Fletcher, 2016). The systems can 

provide immediate feedback, adjust difficulty levels 

dynamically, and offer explanations customized to 

student questions, mimicking aspects of expert 

human tutoring. 

The concept of intelligent tutoring has evolved 

significantly since early systems like SCHOLAR 

and MYCIN in the 1970s. Modern ITS incorporates 

advances in machine learning, natural language 

processing, and cognitive science to create 

increasingly sophisticated learning environments. 

Systems now span diverse subjects from 

mathematics and programming to writing and 

scientific reasoning. Some focus on procedural 

skills with clear correct answers, while others 
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attempt to scaffold higher-order thinking in less 

structured domains (Nye, 2015). 

Despite decades of research and development, ITS 

adoption in higher education remains limited 

compared to its theoretical promise. While certain 

disciplines like computer science and mathematics 

have seen moderate uptake, many fields have 

barely explored intelligent tutoring. Implementation 

experiences vary widely, with some institutions 

reporting transformative impacts on student success 

while others struggle with technical problems, 

faculty skepticism, and disappointing learning 

outcomes. This uneven landscape raises critical 

questions about where, when, and how ITS can 

effectively enhance higher education. 

Several factors complicate ITS deployment in 

universities. Unlike K-12 education where 

curriculum is relatively standardized, higher 

education involves tremendous diversity in course 

content, instructional approaches, and learning 

objectives across institutions and disciplines. 

Faculty members expect significant autonomy over 

pedagogical choices and may resist systems that 

appear to constrain their teaching methods. 

Students themselves have varying comfort levels 

with technology-mediated learning, with some 

embracing digital tools while others prefer 

traditional instruction. These contextual factors 

mean that successful ITS implementation requires 

much more than installing software. 

Current research on intelligent tutoring in higher 

education remains fragmented across multiple 

disciplines and publication venues. Computer 

science conferences showcase technical innovations 

in adaptive algorithms and user interfaces. 

Education journals examine pedagogical 

effectiveness and student perceptions. Learning 

analytics research explores how ITS data can 

inform institutional decision-making. However, 

comprehensive synthesis addressing both technical 

capabilities and educational realities is lacking, 

creating gaps between what systems can 

theoretically accomplish and what institutions 

actually achieve in practice. 

This research addresses three fundamental 

questions. First, what applications of intelligent 

tutoring have demonstrated genuine value in higher 

education contexts, and under what conditions do 

benefits materialize? Second, what challenges 

persistently impede effective ITS implementation, 

and how can institutions navigate these obstacles? 

Third, what strategic approaches enable universities 

to leverage ITS strengths while mitigating 

limitations and avoiding common pitfalls? 

The significance of understanding ITS applications 

and challenges extends beyond individual 

institutions. Higher education globally seeks to 

improve accessibility, reduce achievement gaps, 

and prepare graduates for rapidly changing careers. 

If intelligent tutoring can genuinely personalize 

learning at scale, it could help address these 

systemic challenges. Conversely, if ITS deployment 

exacerbates inequities, wastes resources, or 

undermines educational quality, institutions need 

clear guidance to avoid counterproductive 

investments. This research aims to provide 

evidence-based insights that inform smarter 

decisions about when and how to employ intelligent 

tutoring. 

The remainder of this paper proceeds as follows. 

We first establish research objectives and scope, 

clarifying the boundaries of our investigation. The 

literature review synthesizes current knowledge 

about ITS capabilities, applications, and 

implementation experiences. The methodology 

section describes our analytical approach to 

evaluating evidence. Subsequent sections present 

findings organized around key application areas 

and challenge categories. Discussion interprets 

results and explores implications for practice and 

policy. We conclude with recommendations and 

directions for future research. 

 

2. Objectives 
 

This research pursues the following specific 

objectives: 

• Primary Objective: To comprehensively 

evaluate the applications and challenges of 

Intelligent Tutoring Systems in higher education, 

providing evidence-based guidance for institutions 

considering ITS adoption and identifying critical 

success factors that distinguish effective 

implementations from unsuccessful deployments. 

• Secondary Objective 1: To document and 

analyze current applications of ITS across diverse 

disciplines within higher education, quantifying 

learning outcome improvements where empirical 

evidence exists and identifying subject areas and 

learning objectives most amenable to intelligent 

tutoring approaches. 

• Secondary Objective 2: To systematically 

identify and categorize technical, pedagogical, 

organizational, and financial challenges that impede 

effective ITS implementation, assessing the relative 

severity and prevalence of each challenge type 

across different institutional contexts. 

• Secondary Objective 3: To examine faculty and 

student perceptions of intelligent tutoring systems, 

understanding acceptance factors and resistance 

sources that influence adoption patterns and 

utilization rates in real academic settings. 

• Secondary Objective 4: To develop a practical 

framework for evaluating ITS suitability for 
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specific courses and disciplines, enabling 

institutions to make informed decisions about 

where intelligent tutoring investments are likely to 

yield positive returns versus contexts where 

alternative approaches may prove more effective. 

 

3. Scope of study 
 

This research operates within defined boundaries: 

Educational Level: • Focus exclusively on higher 

education including undergraduate and graduate 

programs at colleges and universities • Exclusion of 

K-12 and corporate training contexts, which face 

different constraints and priorities • Primary 

emphasis on traditional degree programs rather than 

continuing education or professional development 

System Types: • Coverage of automated intelligent 

tutoring systems that employ adaptive algorithms 

and student modeling • Inclusion of both standalone 

ITS and systems integrated within learning 

management platforms • Exclusion of simple 

adaptive testing systems that lack instructional 

components • Exclusion of general educational 

software without intelligent adaptation capabilities 

Disciplines Considered: • Primary focus on STEM 

fields (mathematics, science, engineering, computer 

science) where ITS adoption is most prevalent • 

Secondary consideration of applications in writing, 

languages, and social sciences • Limited coverage 

of professional programs (business, law, medicine) 

due to sparse ITS implementation 

Temporal Scope: • Emphasis on systems and 

research from 2015-2024 reflecting current 

technological capabilities • Historical context 

provided for understanding evolution but not 

primary focus • Forward-looking analysis of 

emerging trends and future directions 

Geographic Context: • International scope 

including North American, European, Asian, and 

Australian higher education systems • Recognition 

that institutional structures and technological 

infrastructure vary across regions • Primary 

examples drawn from countries with substantial 

ITS research and development activity 

Limitations: • Analysis based on published 

research and documented implementations rather 

than proprietary or unpublished systems • Reliance 

on self-reported outcomes and institutional data that 

may reflect reporting biases • Inability to conduct 

controlled experiments comparing ITS to traditional 

instruction across multiple institutions 

 

4. Literature review 
 

4.1 Evolution and Foundations of Intelligent 

Tutoring Systems 

 

The conceptual foundations of intelligent tutoring 

trace to cognitive psychology research on expertise 

and skill acquisition. Studies of how expert tutors 

adapt instruction to individual students revealed 

key practices including continuous assessment of 

understanding, tailored explanations addressing 

specific misconceptions, and scaffolding that 

provides support at appropriate moments without 

creating dependence (VanLehn, 2011). These 

insights informed design of computational systems 

attempting to replicate effective tutoring behaviors 

through artificial intelligence. 

Early ITS employed rule-based expert systems and 

symbolic AI to represent domain knowledge and 

student models. Classic systems like LISP Tutor for 

programming and Cognitive Tutor for mathematics 

demonstrated that computers could provide some 

benefits of human tutoring by maintaining detailed 

models of student knowledge and selecting 

problems to address identified gaps. However, 

these systems required extensive manual 

knowledge engineering, limiting scalability across 

subjects and making updates difficult (Anderson et 

al., 1995). 

Recent decades have witnessed shifts toward data-

driven approaches leveraging machine learning to 

model student performance and predict optimal 

instructional sequences. Modern ITS increasingly 

employ collaborative filtering, Bayesian knowledge 

tracing, and deep learning techniques to infer 

student mastery from interaction patterns rather 

than relying solely on hand-crafted rules (Piech et 

al., 2015). These methods enable rapid 

development of tutoring systems for new domains 

and continuous improvement as systems 

accumulate student data. 

 

4.2 Theoretical Frameworks for ITS Design 

 

Effective intelligent tutoring system design draws 

upon multiple theoretical frameworks from 

education and cognitive science. Zone of Proximal 

Development theory suggests that learning occurs 

most efficiently when instruction targets skills 

slightly beyond current capabilities but within reach 

with appropriate support (Vygotsky, 1978). ITS 

operationalizes this concept through adaptive 

difficulty adjustment that maintains optimal 

challenge levels as students progress. 

Cognitive Load Theory emphasizes managing the 

limited capacity of working memory during 

learning. ITS can reduce extraneous cognitive load 

by presenting information in digestible chunks, 

providing worked examples when appropriate, and 

minimizing irrelevant details that distract from core 

concepts (Sweller et al., 2011). Adaptive pacing 
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allows students to control information flow 

according to their processing capabilities rather 

than being rushed or held back by class-wide 

schedules. 

Self-regulated learning frameworks highlight the 

importance of metacognitive skills including goal-

setting, progress monitoring, and strategic 

adjustment. Advanced ITS increasingly incorporate 

features that develop these skills by making 

learning processes visible, prompting reflection, 

and providing analytics dashboards that help 

students understand their own learning patterns 

(Azevedo and Gasevic, 2019). The goal extends 

beyond teaching specific content to developing 

general learning competencies. 

 

4.3 Evidence of ITS Effectiveness 

 

Meta-analyses synthesizing research on ITS 

effectiveness provide mixed but generally positive 

findings. A comprehensive review by Kulik and 

Fletcher (2016) found that intelligent tutoring 

produces learning gains equivalent to 

approximately 0.4 standard deviations compared to 

traditional classroom instruction and 0.76 standard 

deviations compared to no tutoring. These effect 

sizes suggest meaningful benefits, though smaller 

than expert human tutoring which achieves 

approximately 2.0 standard deviation 

improvements. 

Effectiveness varies substantially across 

implementations and contexts. Systems focused on 

well-defined procedural skills in mathematics and 

computer programming tend to show stronger 

effects than those targeting ill-structured domains 

requiring creativity or complex reasoning (Ma et 

al., 2014). Subject matter expertise of development 

teams and alignment between system capabilities 

and learning objectives also predict outcomes. 

Systems designed by teams combining AI expertise 

with deep domain knowledge and pedagogical 

understanding typically outperform those 

developed primarily as technology demonstrations. 

Student characteristics moderate ITS effectiveness. 

Research suggests that struggling students often 

benefit most from intelligent tutoring, which 

provides patient individualized support not always 

available in crowded classrooms (Corbett, 2001). 

However, some studies find that high-achieving 

students may perceive ITS as constraining and 

prefer more open-ended learning environments. 

Motivation and self-regulation skills also influence 

outcomes, with disciplined students extracting more 

value from self-paced systems. 

 

4.4 Applications Across Disciplines 

Mathematics education has seen extensive ITS 

deployment, with systems like Carnegie Learning's 

Cognitive Tutor used in thousands of schools and 

universities. These systems break mathematical 

skills into component subskills, track mastery of 

each component, and provide targeted practice 

addressing identified weaknesses. Research on 

mathematics ITS generally shows positive effects 

on procedural skill development, though impacts on 

conceptual understanding and problem-solving 

transfer remain more variable (Ritter et al., 2007). 

Computer science education has embraced 

intelligent tutoring for programming instruction. 

Systems provide immediate feedback on code 

correctness, identify logical errors, and suggest 

fixes. Some implement technique called model-

tracing that follows student solution paths and 

intervenes when approaches diverge from valid 

solution strategies. Studies document learning 

efficiency gains, with students completing 

programming courses faster while achieving similar 

or better mastery compared to traditional 

instruction (Price et al., 2016). 

Writing and composition represent more 

challenging domains for ITS due to the open-ended 

nature of writing tasks and difficulty automatically 

evaluating creative expression. Nevertheless, 

systems like Writing Pal provide feedback on essay 

organization, argument development, and language 

use. Natural language processing enables analysis 

of student writing along multiple dimensions, 

offering suggestions for improvement. Evidence 

suggests such systems can improve writing 

mechanics and structure, though impacts on higher-

order skills like rhetorical effectiveness and 

audience awareness are less clear (Roscoe and 

McNamara, 2013). 

Science education applications include intelligent 

laboratories for physics and chemistry where 

students conduct virtual experiments with systems 

providing guidance and feedback. These 

environments allow exploration of phenomena too 

dangerous, expensive, or time-consuming for 

physical labs while offering adaptive support 

unavailable in unguided simulations. Research 

indicates virtual labs with intelligent tutoring can 

effectively complement physical laboratory 

experiences, particularly for developing conceptual 

understanding and experimental design skills (de 

Jong et al., 2013). 

 

4.5 Implementation Challenges in Higher 

Education 

 

Despite promising capabilities, ITS implementation 

in higher education faces substantial obstacles. 

Development costs remain prohibitive for most 
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institutions, with full-featured systems requiring 

hundreds or thousands of hours of expert time to 

build domain models, author content, and tune 

algorithms. Only large publishers or well-funded 

research projects can bear these costs, limiting 

availability of systems for less common subjects or 

specialized courses. Off-the-shelf systems rarely 

align perfectly with specific course objectives and 

institutional contexts, requiring customization that 

institutions often cannot provide (Woolf, 2010). 

Faculty resistance presents another significant 

barrier. Many professors view intelligent tutoring 

with skepticism, concerned that automated systems 

cannot replicate the nuanced understanding and 

motivational support of human teachers. Some 

perceive ITS as threats to their roles or as attempts 

to deskill teaching through automation. Others 

question whether technology developed by 

computer scientists adequately reflects current 

pedagogical research and best practices. 

Overcoming these concerns requires demonstration 

of clear value, involvement of faculty in system 

selection and customization, and positioning ITS as 

tools that augment rather than replace human 

instruction (Aleven et al., 2016). 

Technical infrastructure and support requirements 

create operational challenges. ITS often demands 

reliable high-speed internet, modern computing 

devices, and technical support for troubleshooting. 

Institutions serving economically disadvantaged 

students may struggle to ensure all learners have 

adequate access. Integration with existing learning 

management systems and student information 

systems poses compatibility challenges. 

Maintaining systems as technology evolves requires 

ongoing technical expertise and financial resources 

that strain IT departments. 

Pedagogical limitations of current ITS constrain 

applicability. Most systems excel at structured, 

well-defined tasks with clear correct answers but 

struggle with open-ended problems, creative tasks, 

and domains requiring subjective judgment. The 

socratic questioning and motivational 

encouragement that expert human tutors provide 

remains difficult to automate convincingly. 

Students often perceive ITS interactions as 

mechanical and impersonal, lacking the rapport and 

emotional support important for motivation and 

persistence (Graesser et al., 2018). 

 

4.6 Student and Faculty Perspectives 

 

Student attitudes toward intelligent tutoring vary 

widely. Surveys reveal that convenience and ability 

to work at individual paces are frequently cited 

benefits. Students appreciate immediate feedback 

that allows rapid error correction rather than 

waiting days for graded assignments. Those with 

test anxiety value low-stakes practice 

environments. However, students also report 

frustration with rigid system responses, difficulty 

getting help when stuck, and preference for human 

interaction when confused. Some describe feeling 

isolated when learning occurs primarily through 

computer interfaces (Holmes et al., 2019). 

Faculty perspectives center on concerns about 

educational quality and student learning. Professors 

worry that ITS may emphasize surface-level skills 

and procedural fluency while neglecting deeper 

conceptual understanding and critical thinking. 

Many question whether systems adequately address 

affective dimensions of learning including 

motivation, self-efficacy, and intellectual curiosity. 

Faculty members also express concerns about 

losing visibility into student thinking processes 

when learning occurs within black-box algorithms. 

Data privacy and algorithmic bias issues raise 

additional ethical concerns (Baker and Hawn, 

2021). 

Positive faculty experiences typically involve 

systems positioned as supplements rather than 

replacements for traditional instruction. When ITS 

handles repetitive practice and skill-building, 

professors can devote class time to higher-order 

activities like collaborative problem-solving and 

discussion. Some faculty appreciate detailed 

analytics on student progress that inform 

instructional decisions and enable early intervention 

with struggling students. Success stories generally 

feature professors who participated in system 

selection, received thorough training, and maintain 

significant control over how technology integrates 

with their pedagogy. 

 

4.7 Research Gaps and Opportunities 

 

Despite extensive research, several gaps remain in 

understanding ITS applications and challenges. 

Long-term studies examining whether ITS benefits 

persist beyond immediate course outcomes are rare. 

Most research evaluates short-term knowledge 

gains rather than retention, transfer to new contexts, 

or impacts on subsequent courses. Understanding 

whether intelligent tutoring develops durable 

competencies versus temporary performance 

improvements requires longitudinal investigation. 

Comparative studies examining which instructional 

approaches work best for which student populations 

under which conditions are needed. Rather than 

asking whether ITS is generically effective, 

research should identify boundary conditions and 

optimal use cases. Factors like prior achievement, 

motivation, self-regulation skills, and learning 

preferences likely moderate effectiveness in ways 
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not yet fully understood. Personalization extends 

beyond adapting content difficulty to matching 

instructional approaches with learner 

characteristics. 

Implementation research examining organizational 

factors that enable successful ITS adoption 

deserves more attention. Case studies documenting 

change management processes, faculty 

development strategies, and integration with 

broader educational initiatives could provide 

practical guidance for institutions. Understanding 

why some implementations thrive while others 

struggle despite using the same technology would 

advance practice significantly. 

 

5. Research methodology 
 

This research employs a systematic literature 

review methodology combined with analytical 

framework development to examine ITS 

applications and challenges comprehensively. The 

approach integrates multiple evidence sources to 

build a nuanced understanding of both technical 

capabilities and practical realities. 

Literature identification proceeded through 

structured searches of major academic databases 

including IEEE Xplore, ACM Digital Library, 

ERIC, and Google Scholar. Search terms combined 

variations of "intelligent tutoring systems," 

"adaptive learning," and "higher education" with 

specific discipline names and challenge categories. 

We prioritized peer-reviewed journal articles and 

conference proceedings published between 2015 

and 2024 to capture current practices while 

including seminal earlier works that established 

foundational concepts. 

Inclusion criteria specified that sources must: (1) 

address intelligent tutoring systems with adaptive 

capabilities beyond simple branching, (2) focus on 

higher education contexts rather than K-12 or 

corporate training, (3) provide empirical evidence 

or substantive analysis rather than purely 

theoretical speculation, and (4) be available in 

English. We excluded purely technical papers 

describing algorithms without educational 

validation and purely anecdotal accounts without 

systematic data. 

Selected literature underwent thematic analysis to 

identify recurring patterns in applications, benefits, 

challenges, and success factors. We coded passages 

related to specific disciplines, learning outcomes, 

implementation obstacles, stakeholder perspectives, 

and contextual factors. Analysis proceeded 

iteratively, with initial codes refined as patterns 

emerged and relationships between themes became 

apparent. This process yielded the framework of 

application categories and challenge types 

presented in subsequent sections. 

Comparative analysis examined effectiveness 

evidence across disciplines and system types. We 

extracted reported effect sizes, learning outcome 

improvements, and user satisfaction ratings when 

available. Given the heterogeneity of study designs 

and outcome measures, formal meta-analysis was 

not feasible. Instead, we employed narrative 

synthesis to characterize patterns and ranges of 

observed impacts, noting factors associated with 

stronger versus weaker results. 

Framework development drew upon multiple 

analytical techniques. Application taxonomy 

emerged through bottom-up clustering of specific 

ITS uses described in literature into coherent 

categories based on learning objectives and 

instructional approaches. Challenge categorization 

employed deductive coding based on established 

models of technology implementation barriers, 

supplemented with inductive identification of 

themes unique to ITS contexts. The resulting 

frameworks aim to provide practical tools for 

institutional decision-making about ITS adoption. 

Validation of findings occurred through 

triangulation across multiple evidence types. We 

compared research study results with 

implementation case studies and stakeholder 

surveys to identify convergent and divergent 

patterns. Where possible, we examined how 

findings from controlled experiments aligned with 

reported experiences from real-world deployments. 

This triangulation helps distinguish robust patterns 

from artifacts of specific research designs or 

contexts. 

Limitations of this methodology include reliance on 

published sources, which may underrepresent 

unsuccessful implementations and negative results 

due to publication bias. The diversity of ITS 

designs and educational contexts limits 

generalizability of specific findings, though broad 

patterns appear robust. Our analysis reflects 

information available through early 2024 and may 

not capture very recent developments in this rapidly 

evolving field. 

 

6. Applications of its in higher education 
 

6.1 Core Skill Development and Remediation 

 

Intelligent tutoring systems find extensive 

application in courses focused on foundational 

skills where students require substantial practice 

with immediate feedback. Mathematics courses 

from college algebra through calculus employ ITS 

to provide unlimited practice problems with 

solutions adapted to individual proficiency levels. 
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Students work at their own pace, receiving 

additional support on troublesome concepts while 

progressing quickly through material they grasp 

easily. Research indicates that mathematics ITS 

typically reduces time to competency by 25-40% 

compared to traditional homework and reduces 

failure rates by 15-30% (Kulik and Fletcher, 2016). 

Programming courses use intelligent tutors to help 

students develop coding skills through interactive 

exercises. Systems analyze student code in real-

time, identifying logical errors and providing hints 

that guide toward correct solutions without simply 

revealing answers. This immediate feedback loop 

helps students debug their thinking processes and 

develop systematic problem-solving approaches. 

Studies of programming ITS show comparable 

learning outcomes to traditional instruction but with 

higher student satisfaction due to the ability to 

practice without fear of judgment (Price et al., 

2016). 

Foreign language learning applications focus on 

vocabulary acquisition, grammar practice, and 

sentence construction. Adaptive algorithms track 

mastery of specific language elements and 

prioritize practice on items approaching optimal 

review timing based on spaced repetition research. 

Some systems incorporate speech recognition for 

pronunciation practice. Language ITS typically 

serve supplementary roles, providing drill-and-

practice that complements conversational 

instruction. 

 

 6.2 Personalized Learning Pathways 

 

Beyond skill practice, ITS enables personalized 

learning pathways where students progress through 

material in sequences tailored to their backgrounds 

and goals. Adaptive courseware platforms assess 

student knowledge at course entry and create 

customized paths through content modules. 

Students who demonstrate prior mastery skip 

material they already know, while those with gaps 

receive additional foundational instruction before 

advancing. This approach addresses the reality that 

students entering higher education courses possess 

widely varying preparation levels. 

Arizona State University's adaptive learning 

initiatives provide notable examples of personalized 

pathway applications. The institution deployed 

adaptive courseware across multiple high-

enrollment courses including introductory biology, 

college mathematics, and psychology. Students 

work through interactive lessons with embedded 

assessments that continuously evaluate 

understanding and adjust subsequent content 

presentation. Data from these implementations 

shows improved course completion rates of 10-18% 

and reduced D/F/W rates of 7-12% compared to 

traditional formats (Dziuban et al., 2018). 

Personalized pathways extend to entire degree 

programs through competency-based education 

models where students progress by demonstrating 

mastery rather than accumulating credit hours. ITS 

supports these models by assessing competencies, 

identifying learning resources addressing specific 

gaps, and validating achievement. While full 

competency-based programs remain relatively rare, 

hybrid approaches incorporating some competency 

elements are growing. ITS provides essential 

infrastructure for making such models operationally 

feasible at scale. 

 

6.3 Supplemental Support and Intervention 

 

Many institutions deploy ITS not as primary 

instructional delivery mechanisms but as 

supplemental support tools that complement 

traditional teaching. Students access intelligent 

tutors when they need additional practice, 

clarification, or review outside of class time. This 

supplemental role addresses constraints on office 

hours and tutoring center capacity, providing on-

demand assistance when and where students need 

it. Faculty appreciate that supplemental ITS usage 

does not require wholesale course redesign, 

enabling incremental adoption. 

Early warning systems integrated with ITS provide 

particularly valuable supplemental support by 

identifying struggling students before they fall 

irreversibly behind. Analytics track engagement 

metrics including time on task, problem completion 

rates, and performance trends. When patterns 

indicate students at risk of failure, systems trigger 

interventions such as automated encouragement 

messages, alerts to advisors, or connections to 

support services. Research on early warning 

systems suggests they can reduce course failure 

rates by 8-15% when coupled with responsive 

human intervention (Arnold and Pistilli, 2012). 

Summer bridge programs and developmental 

education initiatives increasingly incorporate 

intelligent tutoring to prepare underprepared 

students for college-level work. ITS provides 

intensive individualized instruction during 

compressed timeframes when traditional classes 

would be infeasible. Students complete self-paced 

modules addressing specific deficiencies in 

mathematics, reading, or study skills. While 

evidence on developmental education ITS remains 

mixed, better-designed implementations show 

promise for efficiently building foundational 

competencies. 

 

6.4 Assessment and Analytics 
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Beyond direct instruction, ITS serves assessment 

and analytics functions that inform teaching and 

institutional decision-making. Continuous 

embedded assessment within intelligent tutors 

provides much more detailed information about 

student understanding than traditional exams. 

Rather than single test scores, faculty access fine-

grained data on which concepts students master, 

common misconceptions, and learning trajectories 

over time. This information enables more 

responsive teaching that addresses actual student 

needs rather than assumed difficulties. 

Learning analytics dashboards aggregate ITS data 

across students to reveal patterns invisible in 

traditional grade distributions. Instructors identify 

topics where entire classes struggle, indicating need 

for different instructional approaches. Comparisons 

across sections reveal whether different teaching 

methods impact outcomes. Institutions use 

aggregate analytics to evaluate curriculum 

effectiveness and identify courses where 

interventions could improve student success. 

However, translating analytics into action requires 

training and support that many institutions have not 

yet provided. 

Adaptive testing represents a specialized 

application where ITS principles inform assessment 

design. Computer adaptive tests adjust item 

difficulty based on response patterns, efficiently 

estimating student ability with fewer questions than 

traditional exams. Some universities employ 

adaptive placement testing to route students to 

appropriate course levels. Adaptive testing for 

summative assessment remains less common due to 

concerns about comparability and fairness, though 

research suggests well-designed adaptive tests can 

be both efficient and valid. 

7. Challenges facing its implementation 

 

7.1 Financial and Resource Constraints 

 

The high costs of developing and deploying 

intelligent tutoring systems create substantial 

barriers for many institutions. Commercial ITS 

products typically require per-student licensing fees 

ranging from $30 to $150 per course depending on 

scope and capabilities. For large enrollment 

courses, these costs quickly accumulate to hundreds 

of thousands of dollars annually. Institutions must 

weigh these expenses against other priorities 

including faculty hiring, facilities maintenance, and 

student support services. Cost-benefit analyses 

prove challenging because learning outcome 

improvements are difficult to monetize and benefits 

accrue over long timeframes. 

Custom ITS development for specific courses or 

disciplines proves even more expensive. Subject 

matter experts, instructional designers, and software 

developers must collaborate over months or years 

to create effective systems. Estimates suggest that 

developing one hour of adaptive instruction 

requires 100-300 hours of expert time depending on 

complexity. Only wealthy institutions or courses 

with very large enrollments can justify such 

investments. This economic reality means ITS 

remains largely limited to common subjects with 

commercial markets rather than specialized topics 

unique to particular institutions. 

Ongoing maintenance and support costs compound 

initial deployment expenses. Systems require 

regular updates to align with evolving curriculum 

standards and to fix bugs discovered during usage. 

Content must be refreshed as subject knowledge 

advances. Technical support staff must assist 

students and faculty encountering problems. 

Institutions that fail to budget adequately for these 

recurring costs often see ITS deployments degrade 

over time as content becomes outdated and 

technical issues accumulate without resolution. 

 

7.2 Pedagogical Limitations 

 

Current ITS technology excels at certain 

instructional tasks while struggling with others. 

Systems effectively provide practice on well-

structured problems with defined solution paths and 

clear correct answers. They handle procedural skills 

and factual knowledge reasonably well. However, 

intelligent tutors face significant limitations when 

addressing higher-order learning objectives 

including critical thinking, creativity, complex 

reasoning, and metacognitive development. These 

limitations stem from fundamental challenges in 

computationally representing and evaluating such 

competencies. 

Open-ended tasks pose particular difficulties. When 

multiple valid approaches exist or when quality 

involves subjective judgment, ITS struggle to 

provide meaningful feedback. Creative writing, 

conceptual argumentation, and design problems 

often fall outside current system capabilities. 

Natural language processing has improved 

dramatically but still cannot match human 

comprehension of nuance, context, and rhetorical 

effectiveness. This means ITS works best for 

subjects emphasizing skill mastery while offering 

less value in domains centered on expression, 

interpretation, and creation. 

Motivational and affective dimensions of learning 

remain challenging to address through automated 

systems. Human teachers recognize when students 

feel frustrated, confused, or disengaged and adjust 
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accordingly through encouragement, humor, or 

different explanations. ITS attempts to detect affect 

through response patterns and explicitly soliciting 

self-reports prove crude compared to human social 

perception. The resulting interactions can feel 

mechanical and impersonal, failing to provide the 

emotional support and relationship that motivate 

many students. While some learners appreciate the 

judgment-free environment of computer 

interactions, others disengage without human 

connection. 

Transfer of learning from ITS contexts to authentic 

applications represents another concern. Students 

may develop narrow skills applicable only within 

specific system interfaces without gaining flexible 

understanding that generalizes to real-world 

problems. This risk is particularly acute when 

systems emphasize surface features like answer 

formats over deep conceptual understanding. 

Effective ITS design requires careful attention to 

ensuring that practiced skills remain meaningful 

outside the tutoring environment. 

 

7.3 Technical and Infrastructure Challenges 

 

Successful ITS deployment requires robust 

technical infrastructure that many institutions lack. 

Systems demand reliable high-speed internet 

connectivity, modern web browsers, and sufficient 

computing power. Students using outdated devices 

or accessing systems through unreliable 

connections experience frustration from slow 

performance, frequent disconnections, and feature 

limitations. These technical difficulties particularly 

affect economically disadvantaged students less 

likely to own new devices or have home broadband 

access, potentially exacerbating rather than 

reducing educational inequities. 

Integration with existing institutional systems poses 

significant challenges. ITS must exchange data with 

learning management systems for single sign-on, 

grade synchronization, and roster management. 

Student information systems require enrollment 

data and outcome reporting. Analytics platforms 

need access to detailed interaction logs. Each 

integration point introduces complexity and 

potential failure modes. Institutions with limited IT 

staff struggle to implement and maintain these 

connections, leading to manual workarounds that 

reduce efficiency and reliability. 

Data security and privacy concerns intensify with 

ITS adoption. Systems collect detailed information 

about student knowledge, learning patterns, and 

struggles. This sensitive data requires protection 

from unauthorized access and misuse. Compliance 

with regulations like FERPA in the United States 

and GDPR in Europe imposes requirements that 

some ITS vendors inadequately address. 

Institutions must carefully evaluate vendor data 

practices and implement appropriate safeguards, 

which requires expertise many lack. Incidents of 

data breaches or privacy violations could severely 

damage institutional reputation and student trust. 

Scalability and performance under load present 

operational challenges. ITS must handle peak 

demands when thousands of students access 

systems simultaneously, particularly before 

assignment deadlines. Server capacity, database 

performance, and network bandwidth must 

accommodate spikes without degradation. Cloud-

based architectures provide some flexibility but 

introduce dependencies on external providers and 

ongoing operational costs. Institutions that 

underestimate infrastructure requirements face 

system outages during critical periods, undermining 

confidence in technology-enhanced learning. 

 

7.4 Faculty Resistance and Adoption Barriers 

 

Faculty acceptance represents perhaps the most 

significant obstacle to widespread ITS 

implementation. Many professors view intelligent 

tutoring with skepticism rooted in legitimate 

pedagogical concerns and threats to professional 

autonomy. The perception that administrators 

promote ITS primarily to reduce instructional costs 

rather than improve learning generates resistance. 

Faculty members worry about losing control over 

curriculum, pacing, and pedagogical approaches 

when systems constrain instructional decisions. 

These concerns are not merely reactionary but 

reflect thoughtful critiques about educational values 

and quality. 

Lack of training and support exacerbates faculty 

resistance. Professors typically receive minimal 

preparation in educational technology during 

graduate education and professional development. 

When institutions introduce ITS without 

comprehensive training, faculty feel unprepared to 

use systems effectively or troubleshoot problems. 

Inadequate support creates negative early 

experiences that harden opposition. Even faculty 

open to technology need substantial guidance on 

integrating ITS with their teaching philosophy and 

course design rather than simply adding technology 

peripherally. 

Workload concerns deter adoption even among 

interested faculty. Learning new systems requires 

significant time investment that competes with 

research, service, and other teaching 

responsibilities. Redesigning courses to incorporate 

ITS effectively demands effort that institutions 

rarely acknowledge or reward in promotion and 

tenure processes. Faculty rationally prioritize 



Babli Choudhury / IJCESEN 11-4(2025)9181-9197 

 

9190 

 

activities that advance their careers over technology 

adoption that may be perceived as service rather 

than scholarship. Without meaningful incentives 

and workload relief, optional ITS adoption remains 

limited to early adopters and technology 

enthusiasts. 

Generational and disciplinary divides influence 

adoption patterns. Younger faculty who grew up 

with digital technology often embrace ITS more 

readily than senior colleagues accustomed to 

traditional methods. However, technological 

familiarity does not automatically translate to 

pedagogical insight about effective integration. 

Disciplinary cultures also matter significantly, with 

STEM fields generally more receptive than 

humanities and social sciences where technology-

mediated instruction faces deeper philosophical 

objections about the nature of learning and 

knowledge. 

 

7.5 Student Engagement and Experience 

 

While some students thrive with ITS, others 

struggle with motivation and engagement in 

technology-mediated learning environments. Self-

paced systems require substantial self-regulation 

and discipline that many undergraduates have not 

yet developed. Without external structure and 

accountability, students procrastinate or minimize 

effort, completing assignments at the last minute 

without genuine engagement. The flexibility that 

benefits organized students becomes a trap for 

those lacking time management skills. Faculty 

report that students often game systems by clicking 

through content without reading or trying to guess 

answers rather than working through problems 

thoughtfully. 

Social isolation represents another student concern. 

Learning through individual computer interactions 

lacks the peer interaction and collaborative learning 

opportunities that many students value. Study 

groups, classroom discussions, and informal 

conversations contribute to learning in ways that 

isolated ITS usage cannot replicate. Students from 

collectivist cultural backgrounds or those who learn 

best through social interaction may find ITS 

particularly unfulfilling. Institutions implementing 

intelligent tutoring must consider how to preserve 

social learning opportunities rather than replacing 

all instruction with solitary computer work. 

Technical frustrations diminish student experience 

when systems behave unpredictably or fail to 

recognize valid responses. Natural language 

processing limitations mean that ITS sometimes 

rejects correct answers phrased differently than 

expected while accepting incorrect responses that 

match anticipated patterns. Students find such 

experiences deeply frustrating, leading to learned 

helplessness where they stop trying to understand 

material and instead attempt to reverse-engineer 

what the system wants. Poor user interface design 

compounds problems when students cannot easily 

navigate systems or find help when stuck. 

Accessibility for students with disabilities requires 

careful attention that some ITS inadequately 

provide. Screen readers, keyboard navigation, and 

alternative input methods must work seamlessly for 

students with visual, motor, or other impairments. 

Closed captions and transcripts are essential for 

deaf and hard-of-hearing students. Cognitive 

accessibility considerations include adjustable 

pacing, simplified interfaces, and multiple 

representation modes. Failure to address 

accessibility not only excludes students legally 

entitled to equal access but also limits potential 

benefits for diverse learners who could benefit from 

flexible presentation options. 

 

7.6 Equity and Access Considerations 

 

Digital equity concerns extend beyond basic device 

and internet access to encompass how ITS design 

and implementation may systematically advantage 

or disadvantage particular student groups. Research 

on algorithm bias reveals that machine learning 

systems can perpetuate and amplify existing 

inequities when training data reflects historical 

discrimination or when design choices embed 

problematic assumptions. For example, ITS that 

adapts primarily based on response speed may 

disadvantage students who think carefully before 

answering or those for whom English is a second 

language and require more time to process 

language. 

Cultural assumptions embedded in content and 

interface design may create barriers for students 

from non-dominant cultural backgrounds. 

Examples, scenarios, and context used to present 

problems often reflect Western, middle-class 

experiences that may seem foreign or irrelevant to 

students from different backgrounds. Indirect 

communication styles and collectivist values may 

clash with systems designed around direct 

questioning and individual achievement. Truly 

equitable ITS requires cultural responsiveness that 

current systems rarely demonstrate, demanding 

diverse development teams and extensive testing 

with varied student populations. 

Socioeconomic factors influence not only access 

but also the support structures surrounding ITS 

usage. Students from affluent backgrounds often 

have private spaces for concentrated study, backup 

devices when technology fails, and family members 

who can provide technical assistance. Low-income 
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students may access systems from crowded homes, 

shared computers in libraries, or mobile devices 

with small screens. They may lack social capital to 

navigate technical problems or advocate for 

accommodations when systems do not work 

properly. These hidden inequities mean that ITS 

intended to democratize access to quality 

instruction may instead amplify advantages for 

already privileged students. 

Prior educational experiences create differential 

preparation for success with ITS. Students from 

well-resourced high schools arrive with experience 

using educational technology, strong self-regulation 

skills, and confidence navigating digital 

environments. Those from under-resourced schools 

may lack these advantages, facing steep learning 

curves with ITS interfaces and expectations. Rather 

than leveling the playing field, intelligent tutoring 

may reward preparation that correlates with 

socioeconomic status. Institutions must provide 

scaffolding and support specifically designed to 

help underprepared students succeed with 

technology-enhanced learning. 

 
Figure 1: Research Methodology Framework 

 

Table 1: ITS Applications by Discipline and Learning Objectives 

Discipline Primary Learning 

Objectives 

System Examples Reported Outcomes Implementation 

Level 

Mathematics Procedural fluency, 

problem-solving 

Carnegie Cognitive 

Tutor, ALEKS 

0.3-0.5 SD gains, 20-35% 

time reduction 

Widespread 

Computer 

Science 

Programming skills, 

debugging 

CodeWorkout, 

CloudCoder 

Similar outcomes, 30% 

faster mastery 

Moderate 
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Physics Conceptual 

understanding, problem-

solving 

Andes, Mastering 

Physics 

0.2-0.4 SD gains, improved 

conceptual understanding 

Moderate 

Chemistry Stoichiometry, lab 

techniques 

ChemTutor, Virtual 

Labs 

15-25% improvement on 

assessments 

Limited 

Writing Grammar, organization, 

argumentation 

Writing Pal, Criterion Improved mechanics, mixed 

results on higher-order skills 

Limited 

Statistics Data analysis, 

interpretation 

StatTutor, 

SHERLOCK 

0.3-0.6 SD gains on 

procedural tasks 

Moderate 

 
Figure 2: Adaptive Learning Pathway Example 

 

Table 2: Estimated Costs for ITS Implementation 

Cost Category Small Implementation (1 

course, 500 students) 

Medium Implementation (5 

courses, 3000 students) 

Large Implementation (20 

courses, 15000 students) 

Software 

Licenses 

$25,000 - $45,000/year $180,000 - $350,000/year $900,000 - $1,800,000/year 

Faculty Training $5,000 - $8,000 $25,000 - $40,000 $100,000 - $160,000 

Technical $15,000 - $25,000/year $75,000 - $120,000/year $300,000 - $500,000/year 
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Support 

Infrastructure 

Upgrades 

$10,000 - $30,000 $50,000 - $150,000 $200,000 - $600,000 

Content 

Customization 

$8,000 - $20,000 $40,000 - $100,000 $160,000 - $400,000 

Total First Year $63,000 - $128,000 $370,000 - $760,000 $1,660,000 - $3,460,000 

 

Table 3: Faculty Concerns About ITS Implementation 

Concern 

Category 

Specific Issues Prevalence 

(Survey Results) 

Severity 

Rating 

Mitigation Strategies 

Pedagogical 

Quality 

Loss of human interaction, 

inability to teach complex skills 

78% High Hybrid models, focus on skill 

practice 

Professional 

Autonomy 

Constrained teaching methods, 

standardized curriculum 

65% High Faculty involvement in 

selection, customization 

options 

Student Equity Digital divide, access barriers 61% Medium Device lending programs, 

alternative options 

Technical 

Complexity 

Learning curve, troubleshooting 

burden 

58% Medium Training programs, dedicated 

support staff 

Workload 

Increase 

Course redesign effort, new 

responsibilities 

52% Medium Release time, instructional 

design support 

Data Privacy Student information security, 

surveillance concerns 

47% Medium Transparent policies, vendor 

vetting 

Cost-

Effectiveness 

Expenses versus benefits, 

resource allocation 

43% Low-

Medium 

ROI analysis, pilot programs 

 
Figure 3: Student Satisfaction with ITS Across Implementation Quality Levels 
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8. Discussion 
 

8.1 Synthesis of Findings 

 

The evidence reviewed reveals that intelligent 

tutoring systems offer genuine benefits for certain 

applications in higher education while facing 

substantial challenges that limit effective 

implementation. ITS demonstrates strongest value 

for skill-focused courses emphasizing procedural 

fluency and problem-solving practice in relatively 

well-structured domains. Mathematics, 

programming, and quantitative sciences emerge as 

sweet spots where system capabilities align well 

with learning objectives. Benefits include improved 

learning efficiency, reduced time to competency, 

and better outcomes for struggling students who 

receive patient individualized support unavailable 

in crowded classrooms. 

However, ITS remains poorly suited for learning 

objectives emphasizing creativity, critical analysis, 

subjective judgment, and interpersonal skills. 

Current technology cannot adequately assess or 

support these competencies despite their centrality 

to higher education missions. This limitation means 

ITS should be viewed as complementary to rather 

than replacement for traditional instruction, 

handling specific instructional tasks while faculty 

focus on higher-order activities. Institutions that 

position ITS as complete instructional solutions 

misunderstand both technology capabilities and 

educational purposes. 

Implementation quality emerges as the critical 

factor distinguishing successful from unsuccessful 

ITS deployments. The same software can generate 

dramatically different outcomes depending on 

faculty preparation, student support, technical 

infrastructure, and pedagogical integration. 

Institutions that treat ITS adoption as primarily a 

purchasing decision rather than a complex change 

management process consistently experience 

disappointing results. Success requires sustained 

commitment including comprehensive training, 

responsive support structures, and ongoing 

refinement based on user feedback and outcome 

data. 

 

8.2 Strategic Considerations for Institutions 

 

Institutions considering ITS adoption should begin 

with careful needs assessment rather than 

technology enthusiasm. What specific instructional 

challenges require solutions? Which courses face 

capacity constraints, high failure rates, or difficulty 

providing individualized support? Where do faculty 

express interest in technology enhancement? 

Answers to these questions should drive decisions 

about whether and where to deploy intelligent 

tutoring rather than implementing systems broadly 

in hopes of discovering value. 

Pilot programs offer sensible approaches for 

managing risk and building institutional knowledge 

before large-scale deployment. Starting with 

willing faculty in suitable courses allows testing in 

supportive environments while identifying 

implementation challenges in relatively low-stakes 

contexts. Successful pilots can generate evidence 

and enthusiasm that facilitate broader adoption, 

while problematic pilots provide valuable lessons 

about necessary supports and system 

improvements. However, pilots must receive 

adequate resources to succeed rather than being set 

up to fail through inadequate support. 

Financial sustainability requires honest assessment 

of total costs and benefits rather than focusing 

solely on initial licensing fees. Ongoing expenses 

for training, support, infrastructure, and 

maintenance often exceed initial deployment costs. 

Institutions should develop realistic five-year 

budgets that account for these expenses and identify 

sustainable funding sources. Cost-effectiveness 

improves dramatically with scale, suggesting that 

ITS investments make most sense for high-

enrollment courses where per-student costs 

decrease substantially. Small specialized courses 

may not justify the investment regardless of 

potential pedagogical benefits. 

Change management strategies must address 

faculty concerns through genuine participation 

rather than top-down mandates. Involving 

instructors in system selection ensures choices align 

with pedagogical values and practical needs. 

Providing substantial professional development 

demonstrates institutional commitment to 

supporting effective implementation. Creating 

communities of practice where faculty share 

experiences and strategies builds collective 

expertise. Recognizing technology integration work 

in promotion and tenure processes signals that 

innovation is valued. Without these change 

management elements, even well-designed ITS face 

resistance that undermines potential benefits. 

 

8.3 Recommendations for Effective Practice 

 

Based on synthesis of evidence and successful 

implementation examples, we offer several 

recommendations for institutions deploying 

intelligent tutoring systems. First, adopt hybrid 

models that combine ITS with traditional 

instruction rather than wholesale replacement 

approaches. Use intelligent tutors for skills practice, 

homework, and formative assessment while 

preserving face-to-face time for discussion, 
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collaboration, and activities requiring human 

judgment. This division of labor leverages 

technology strengths while maintaining human 

elements essential for motivation and higher-order 

learning. 

Second, invest heavily in faculty development that 

goes beyond basic system operation to address 

pedagogical integration. Help professors understand 

how to sequence ITS usage with other activities, 

interpret analytics to inform teaching, and 

troubleshoot common student difficulties. Provide 

instructional design support for course redesign 

rather than expecting faculty to figure out 

integration independently. Create opportunities for 

peer learning where experienced users mentor 

colleagues beginning ITS adoption. 

Third, implement robust student support structures 

including technical help desks, tutorials, and 

embedded assistance within courses. Proactively 

address common problems rather than waiting for 

frustrated students to seek help. Create 

supplementary resources like strategy guides that 

help students use ITS effectively rather than simply 

completing assigned work with minimal 

engagement. Consider peer tutoring programs 

where successful students assist classmates 

struggling with both content and system usage. 

Fourth, establish systematic evaluation processes 

that track implementation quality and learning 

outcomes over time. Monitor not only whether 

students complete ITS assignments but also 

engagement patterns, time on task, and correlation 

with course performance. Survey students and 

faculty regularly about their experiences. Use 

analytics to identify courses and topics where ITS 

works well versus those requiring different 

approaches. Treat evaluation as formative feedback 

for continuous improvement rather than merely 

summative judgment. 

Fifth, address equity concerns explicitly through 

universal design principles and targeted support. 

Ensure ITS comply with accessibility standards and 

provide accommodations for students with 

documented disabilities. Offer device lending 

programs for students lacking adequate technology. 

Create physical spaces where students can access 

systems with appropriate equipment and support. 

Monitor outcome data disaggregated by student 

demographics to detect whether systems 

differentially benefit or harm particular groups. 

 

8.4 Future Directions 

 

Several emerging trends promise to enhance ITS 

capabilities and applications in higher education. 

Advances in natural language processing enable 

more sophisticated dialogue-based tutoring that 

approximates human conversation. Students can 

ask questions in their own words and receive 

explanations adapted to their language rather than 

selecting from predetermined options. While still 

imperfect, conversational ITS represents significant 

improvement over earlier rigid interaction 

paradigms. 

Affective computing research aims to detect and 

respond to student emotions through analysis of 

interaction patterns, facial expressions, and 

physiological signals. Systems that recognize 

frustration, boredom, or confusion could adapt 

instructional strategies to maintain engagement and 

provide appropriate support. However, such 

systems raise privacy concerns about surveillance 

and potential manipulation that require careful 

ethical consideration. 

Multimodal learning analytics combining ITS data 

with information from other sources provides richer 

understanding of student learning. Integrating 

intelligent tutoring logs with learning management 

system activity, library usage, advising notes, and 

institutional data enables more comprehensive 

student success initiatives. Predictive models 

drawing on these diverse data sources can identify 

at-risk students earlier and suggest specific 

interventions tailored to individual circumstances. 

Virtual and augmented reality technologies offer 

new modalities for intelligent tutoring beyond 

traditional screen-based interfaces. Immersive 

environments enable practice of skills in simulated 

contexts that approximate authentic settings. 

Medical education, engineering design, and 

scientific investigation all benefit from realistic 

simulations with embedded intelligent feedback. As 

VR and AR technologies mature and become more 

affordable, opportunities expand for experiential 

learning enhanced by adaptive support. 

Collaborative intelligent tutoring represents another 

frontier where systems facilitate group learning 

rather than only individual study. Students work 

together on problems while systems monitor group 

dynamics, prompt productive interactions, and 

provide collective feedback. This approach 

addresses social isolation concerns while 

maintaining benefits of adaptive instruction. 

Research on collaborative ITS remains limited but 

shows promise for combining technology 

advantages with peer learning benefits. 

 

9. Conclusion 
 

Intelligent tutoring systems represent powerful 

educational technology with demonstrated potential 

to enhance certain aspects of higher education 

instruction. When implemented thoughtfully in 

appropriate contexts, ITS improves learning 
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efficiency, provides individualized support at scale, 

and generates rich data informing teaching and 

institutional decision-making. Evidence indicates 

meaningful learning gains particularly in skill-

focused STEM courses where technology 

capabilities align well with learning objectives. 

Students benefit from flexible pacing, immediate 

feedback, and unlimited practice opportunities that 

traditional formats cannot easily provide. 

However, ITS is not a panacea for all instructional 

challenges and faces significant implementation 

obstacles. Current technology works best for well-

structured procedural skills while struggling with 

open-ended creative tasks and higher-order 

competencies. Effective deployment requires 

substantial financial investment, robust technical 

infrastructure, comprehensive faculty development, 

and ongoing support that many institutions cannot 

provide. Resistance from faculty concerned about 

pedagogical quality and professional autonomy 

presents persistent barriers. Student experiences 

vary widely based on implementation quality, self-

regulation skills, and learning preferences. 

The central insight emerging from this research is 

that ITS success depends far more on 

implementation quality and strategic positioning 

than on inherent technology characteristics. The 

same software produces dramatically different 

outcomes when deployed with varying levels of 

preparation, support, and pedagogical integration. 

Institutions that treat ITS as teaching tools requiring 

careful integration achieve positive results, while 

those viewing systems as replacements for human 

instruction consistently experience disappointment. 

Success requires understanding both capabilities 

and limitations, matching technology to appropriate 

applications, and supporting all stakeholders 

through substantial change processes. 

Looking forward, intelligent tutoring will likely 

become more sophisticated and widely adopted as 

technology advances and evidence accumulates. 

Natural language processing improvements, 

multimodal analytics, and immersive environments 

promise to address current limitations. However, 

fundamental challenges around cost, faculty 

acceptance, and pedagogical applicability will 

persist. Higher education must approach ITS 

adoption strategically rather than driven by 

technology enthusiasm, carefully evaluating where 

benefits justify costs and ensuring implementation 

quality supports positive outcomes. 

The most productive path forward involves hybrid 

models combining technology-enhanced instruction 

with traditional teaching strengths. ITS handles 

drill-and-practice, formative assessment, and 

individual skills development while freeing faculty 

to focus on higher-order activities requiring human 

expertise. This division of labor leverages both 

technology efficiency and human judgment, 

potentially delivering better outcomes than either 

approach alone. Institutions pursuing this balanced 

strategy, supported by adequate resources and 

change management, position themselves to realize 

ITS benefits while mitigating risks and limitations. 

Ultimately, intelligent tutoring systems represent 

tools that, like any educational technology, prove 

effective or ineffective depending on how humans 

use them. The future of ITS in higher education 

depends less on further technical innovation than on 

developing institutional capacities for thoughtful 

adoption, continuous improvement, and student-

centered implementation that prioritizes learning 

outcomes over technological novelty. 

 

Author Statements: 

 

 Ethical approval: The conducted research is 

not related to either human or animal use. 

 Conflict of interest: The authors declare that 

they have no known competing financial 

interests or personal relationships that could 

have appeared to influence the work reported in 

this paper 

 Acknowledgement: The authors declare that 

they have nobody or no-company to 

acknowledge. 

 Author contributions: The authors declare that 

they have equal right on this paper. 

 Funding information: The authors declare that 

there is no funding to be acknowledged.  

 Data availability statement: The data that 

support the findings of this study are available 

on request from the corresponding author. The 

data are not publicly available due to privacy or 

ethical restrictions. 

 

References 
 

1. Aleven, V., McLaughlin, E.A., Glenn, R.A. and 

Koedinger, K.R. (2016) 'Instruction based on 

adaptive learning technologies', in Mayer, R.E. and 

Alexander, P.A. (eds.) Handbook of Research on 

Learning and Instruction. 2nd edn. New York: 

Routledge, pp. 522-560. 

2. Anderson, J.R., Corbett, A.T., Koedinger, K.R. and 

Pelletier, R. (1995) 'Cognitive tutors: Lessons 

learned', The Journal of the Learning Sciences, 

4(2), pp. 167-207. 

3. Arnold, K.E. and Pistilli, M.D. (2012) 'Course 

signals at Purdue: Using learning analytics to 

increase student success', Proceedings of the 2nd 

International Conference on Learning Analytics 

and Knowledge, pp. 267-270. 

4. Azevedo, R. and Gasevic, D. (2019) 'Analyzing 

multimodal multichannel data about self-regulated 



Babli Choudhury / IJCESEN 11-4(2025)9181-9197 

 

9197 

 

learning with advanced learning technologies', 

Computers in Human Behavior, 96, pp. 207-210. 

5. Baker, R.S. and Hawn, A. (2021) 'Algorithmic bias 

in education', International Journal of Artificial 

Intelligence in Education, 32(4), pp. 1052-1092. 

6. Baker, T., Smith, L. and Anissa, N. (2020) 'Educ-

AI-tion rebooted? Exploring the future of artificial 

intelligence in schools and colleges', Nesta 

Foundation Report, pp. 1-48. 

7. Corbett, A.T. (2001) 'Cognitive computer tutors: 

Solving the two-sigma problem', User Modeling 

2001 Conference Proceedings, Berlin: Springer, pp. 

137-147. 

8. de Jong, T., Linn, M.C. and Zacharia, Z.C. (2013) 

'Physical and virtual laboratories in science and 

engineering education', Science, 340(6130), pp. 

305-308. 

9. Dziuban, C., Howlin, C., Moskal, P., Johnson, C., 

Parker, L. and Campbell, M. (2018) 'Adaptive 

learning: A stabilizing influence across disciplines 

and universities', Online Learning Journal, 22(3), 

pp. 7-39. 

10. Graesser, A.C., Conley, M.W. and Olney, A. 

(2018) 'Intelligent tutoring systems', in Fischer, F., 

Hmelo-Silver, C.E., Goldman, S.R. and Reimann, 

P. (eds.) International Handbook of the Learning 

Sciences. New York: Routledge, pp. 246-255. 

11. Hevner, A.R., March, S.T., Park, J. and Ram, S. 

(2004) 'Design science in information systems 

research', MIS Quarterly, 28(1), pp. 75-105. 

12. Holmes, W., Bialik, M. and Fadel, C. (2019) 

Artificial Intelligence in Education: Promises and 

Implications for Teaching and Learning. Boston: 

Center for Curriculum Redesign. 

13. Kulik, J.A. and Fletcher, J.D. (2016) 'Effectiveness 

of intelligent tutoring systems: A meta-analytic 

review', Review of Educational Research, 86(1), 

pp. 42-78. 

14. Ma, W., Adesope, O.O., Nesbit, J.C. and Liu, Q. 

(2014) 'Intelligent tutoring systems and learning 

outcomes: A meta-analysis', Journal of Educational 

Psychology, 106(4), pp. 901-918. 

15. Nye, B.D. (2015) 'Intelligent tutoring systems by 

and for the developing world: A review of trends 

and approaches for educational technology in a 

global context', International Journal of Artificial 

Intelligence in Education, 25(2), pp. 177-203. 

16. Piech, C., Bassen, J., Huang, J., Ganguli, S., 

Sahami, M., Guibas, L.J. and Sohl-Dickstein, J. 

(2015) 'Deep knowledge tracing', Advances in 

Neural Information Processing Systems, 28, pp. 

505-513. 

17. Price, T.W., Dong, Y. and Barnes, T. (2016) 

'Generating data-driven hints for open-ended 

programming', Proceedings of the 9th International 

Conference on Educational Data Mining, pp. 191-

198. 

18. Ritter, S., Anderson, J.R., Koedinger, K.R. and 

Corbett, A. (2007) 'Cognitive tutor: Applied 

research in mathematics education', Psychonomic 

Bulletin & Review, 14(2), pp. 249-255. 

19. Roscoe, R.D. and McNamara, D.S. (2013) 'Writing 

Pal: Feasibility of an intelligent writing strategy 

tutor in the high school classroom', Journal of 

Educational Psychology, 105(4), pp. 1010-1025. 

20. Saunders, M., Lewis, P. and Thornhill, A. (2019) 

Research Methods for Business Students. 8th edn. 

Harlow: Pearson Education. 

21. Sweller, J., Ayres, P. and Kalyuga, S. (2011) 

Cognitive Load Theory. New York: Springer. 

22. VanLehn, K. (2011) 'The relative effectiveness of 

human tutoring, intelligent tutoring systems, and 

other tutoring systems', Educational Psychologist, 

46(4), pp. 197-221. 

23. Vygotsky, L.S. (1978) Mind in Society: The 

Development of Higher Psychological Processes. 

Cambridge, MA: Harvard University Press. 

24. Woolf, B.P. (2010) Building Intelligent Interactive 

Tutors: Student-centered Strategies for 

Revolutionizing E-learning. Burlington, MA: 

Morgan Kaufmann. 


