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Abstract

Educational Al agents represent a fundamental transformation in instructional manage ment
systems, yet their implementation operates within insufficiently defined boundaries and
governance frameworks. This investigation examined application limitations and ethical oversight
mechanisms across 847 educational institutions implementing Al agent systems during January-
December 2024. Utilizing mixed-method analysis combining institutional surveys, system
performance metrics, and stakeholder interviews, the research identified critical thresholds where
agent autonomy intersects with pedagogical responsibility. Results demonstrated that 73.2% of
institutions lacked formalized protocols for Al agent decision-making boundaries, while 68.4%
reported governance gaps in data privacy owversight. Statistical analysis revealed correlation
coefficients of r=0.821 between clearly defined operational boundaries and successful
implementation outcomes, alongside r=0.794 for institutions with established ethical frameworks.
Multi-agent classroom systems achieved 42.7% efficiency gains in administrative tasks but
introduced 34.6% increased complexity in accountability mechanisms. The study documented
divergent implementation patterns across primary, secondary, and tertiary education sectors, with
boundary violations occurring in 28.3% of autonomous grading scenarios and 41.9% of predictive
intervention systems. Ethical governance frameworks incorporating stakeholder participation
reduced adverse outcomes by 56.8% compared to centralized administrative approaches. Findings
indicate that sustainable Al agent integration requires tri-level governance architecture
encompassing technical boundary specification, pedagogical oversight protocols, and distributed
ethical accountability structures. The research establishes empirically grounded parameters for
delineating agent operational scope while maintaining human oversight primacy in high-stakes
educational decisions. These results provide foundation for developing standardized frameworks
balancing technological capability with pedagogical integrity and learner welfare protection.
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Introduction

Contemporary educational technology discourse increasingly centers on autonomous systems
capable of executing complex instructional tasks with minimal human supervision. The emergence of
large language model-powered agents has fundamentally altered educational technology trajectories,
shifting from passive tool utilization toward active system participation in pedagogical processes.
Recent systematic analyses of 2,223 research articles spanning 2008-2024 identified Al agent
applications as the fastest-growing segment within educational technology implementations, with
publication rates increasing 340% between 2023-2024 [Wang et al., 2024]. This proliferation occurs
against backdrop of insufficient regulatory frameworks and unclear operational boundaries, creating
substantial gaps between technological capability and institutional preparedness. Educational Al agents
differ fundamentally from earlier instructional technologies through autonomous decision-making
capacity, environmental adaptation, and goal-directed behavior execution without continuous human
direction. These characteristics introduce unprecedented challenges for instructional manage ment
systems designed around human-centric control paradigms. Empirical investigations conducted across
302 school leadership contexts revealed that 62% of educational administrators utilized generative Al
systems in instructional decision-making by mid-2024, doubling adoption rates from 2023 [Berkovich,
Hassan, 2025]. However, this rapid integration occurred predominantly through organic bottom-up
implementation rather than strategic framework development, resulting in fragmented governance
approaches and inconsistent boundary definitions. The tension between technological advancement
velocity and institutional adaptation capacity creates critical vulnerabilities in educational quality
assurance and learner protection mechanisms.

Conceptual frameworks addressing Al agent applications in education have evolved from narrow
technical implementations toward comprehensive ecosystem perspectives incorporating pedagogical,
ethical, and organizational dimensions. Multi-agent educational systems research demonstrates
capacity for sophisticated task decomposition, collaborative problem-solving, and adaptive instruction
delivery, yet simultaneously reveals complexities in accountability attribution when autonomous agents
participate in high-stakes educational decisions [Jiang et al., 2024]. The Agent4EDU framework
proposed four distinct application models differentiated by agency degree and interaction intensity,
ranging from human-Al collaboration to autonomous execution modes [Wei, Qi, Jiang, 2024]. These
architectural variations introduce divergent boundary requirements and governance implications
insufficiently addressed in current implementation practices. Empirical evidence from MAIC system
deployments illustrated how LLM-driven agents enable behavior-level learner control and real-time
instructional adaptation, yet simultaneously raise questions regarding appropriate autonomy thresholds
in different educational contexts [Yu, Hao, Li, 2025]. The technical capability to automate complex
instructional workflows does not inherently resolve questions about where automation should terminate
and human judgment must prevail Furthermore, neuro-symbolic architectures like NEOLAF
demonstrate self-learning capabilities that challenge traditional notions of system predictability and
control, necessitating novel governance approaches that transcend conventional software oversight
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mechanisms [Tong, Hu, 2024]. The Beijing Consensus emphasized intelligent adaptive learning
technologies while highlighting critical needs for teacher professional development, formative
assessment integration, and ethical considerations including equity, transparency, and wvulnerability
group protection [Holmes, Bialik, Fadel, 2019]. These international policy documents establish
aspirational principles yet provide limited operational guidance for boundary specification and
governance implementation at institutional level.

Terminological ambiguity pervades educational Al agent discourse, with inconsistent usage of
terms including "pedagogical agents,” “intelligent tutoring systems,” “adaptive learning agents,” and
"teaching assistants.” This semantic imprecision obscures critical distinctions between agent types,
autonomy levels, and functional scopes. Educational agents encompassing everything from simple
chatbots to complex multi-agent systems capable of classroom simulation and curriculum adaptation
require differentiated boundary definitions and governance mechanisms. The ALTAI framework for
trustworthy Al identifies seven essential aspects including human agency, technical robustness,
privacy, transparency, diversity, societal wellbeing, and accountability, yet struggles with
operationalization in educational contexts where pedagogical values intersect with technical
requirements [Tsikrika, Petkos, Vrochidis, 2024]. Algorithmic bias represents particularly acute
concern within educational applications, where Al agent decisions directly impact learner trajectories
and educational equity. Studies examining Al-powered grading systems documented systematic
disadvantages for non-standard dialects and unconventional response patterns, perpetuating existing
inequalities through technological mediation [Dieker et al., 2024]. Data privacy concerns intensify
within educational environments processing sensitive developmental, behavioral, and performance
information about minors. The European Union's Al Act classification of educational Al applications
as high-risk technologies imposes stringent transparency, data protection, and risk assessment
requirements, yet implementation guidance remains nascent [Regulation (EU) 2024/1689, 2024].
Accountability attribution becomes fundamentally problematic in multi-agent systems where decision
emergence occurs through distributed interactions rather than centralized programming. Traditional
principal-agent frameworks inadequately address scenarios where Al systems exhibit goal-directed
autonomy, requiring reconceptualization of responsibility distribution between human administrators,
system developers, and autonomous agents themselves.

Research gaps persist across technical boundary specification, ethical governance architecture, and
empirical validation of implementation frameworks. Existing literature predominantly focuses on
technical capability demonstration rather than systematic investigation of operational limits and failure
modes. The question of where Al agent authority should terminate in instructional decision hierarchies
remains unresolved, with conflicting perspectives regarding appropriate automation scope for
assessment, intervention, and curriculum adaptation functions. Empirical evidence on governance
mechanism effectiveness remains sparse, with most existing frameworks derived from theoretical
analysis rather than implementation testing. The relationship between boundary clarity and
implementation success has not been systematically examined, leaving institutions without evidence-
based guidance for framework development. Stakeholder participation mechanisms in Al governance
design represent underexplored territory, despite democratic education principles suggesting
distributed decision-making importance. Cultural and contextual variation in appropriate boundary
placement requires investigation, as educational norms differ substantially across institutional types,
developmental levels, and geographic contexts. The present investigation addresses these lacunae
through empirical examination of Al agent implementation boundaries and governance framework
effectiveness across diverse educational settings, providing evidence-based foundation for sustainable
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integration approaches that balance technological capability with pedagogical integrity and learner
welfare protection.

Materials and Methods

This investigation employed sequential mixed-methods design combining quantitative institutional
survey data, system performance metrics analysis, and qualitative stakeholder interviews to examine
Al agent implementation boundaries and governance effectiveness across diverse educational contexts.
The research proceeded through four distinct phases conducted between January-December 2024,
structured to capture both breadth of implementation patterns and depth of governance mechanism
functionality. Phase one involved comprehensive institutional survey deployment to educational
organizations implementing Al agent systems, capturing demographic characteristics, implementation
scope, boundary definition approaches, and governance framework structures. Survey instrument
development incorporated validated scales from educational technology acceptance research alongside
novel items addressing Al agent-specific boundary and governance dimensions. Pilot testing with 47
institutions during November 2023 established instrument reliability (Cronbach's a=0.89 for boundary
clarity scales, 0=0.87 for governance effectiveness measures) and guided refinement of technical
terminology for administrator comprehension. Primary survey deployment occurred January-March
2024 utilizing stratified sampling framework targeting proportional representation across primary,
secondary, and tertiary education sectors, with supplementary targeted recruitment of early Al agent
adopters through educational technology networks. Final sample comprised 847 institutions across 23
countries, including 312 primary schools, 289 secondary schools, 183 higher education institutions,
and 63 specialized educational providers. Response validation protocols excluded 94 incomplete
submissions, yielding 753 usable institutional responses representing 88.9% completion rate.

Phase two consisted of performance metrics collection from consenting institutions utilizing
standardized monitoring frameworks capturing system utilization patterns, decision accuracy rates,
intervention outcomes, and incident documentation. Participating institutions deployed logging
infrastructure recording Al agent activities across instructional management functions including
assessment automation, predictive analytics, personalized learning pathway generation, and
administrative task execution. Data collection protocols emphasized privacy protection through
anonymization pipelines and aggregated reporting structures, with all personally identifiable student
information stripped prior to researcher access. Metrics encompassed 127 distinct parameters organized
into five domains: operational efficiency (task completion rates, processing time, resource utilization),
decision quality (accuracy, consistency, alignment with human expert judgment), system reliability
(uptime, error rates, recovery time), boundary compliance (autonomous decision scope, human
override frequency, escalation patterns), and adverse event incidence (System failures, inappropriate
outputs, stakeholder complaints). Longitudinal tracking extended across 8-month implementation
period (Apri-November 2024) generating 2.3 million discrete event records from 284 participating
institutions.  Statistical analysis employed hierarchical linear modeling accounting for nested data
structure, with implementation outcomes modeled as function of boundary definition clarity and
governance framework characteristics while controlling for institutional size, sector, prior technology
integration level, and resource availability.

Phase three incorporated semi-structured interviews with 156 educational administrators, 89
instructional technology specialists, and 73 teachers from participating institutions selected through
purposive sampling targeting maximum variation in implementation approaches and governance
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models. Interview protocols explored decision-making processes around boundary specification,
stakeholder engagement in governance development, operational challenges encountered during
implementation, and perceived effectiveness of oversight mechanisms. Sessions averaging 67 minutes
duration were conducted via secure video platforms, recorded with informed consent, and
professionally transcribed yielding 8,947 pages of text data. Qualitative analysis employed iterative
coding procedures combining deductive framework analysis based on ALTAI trustworthy Al
dimensions with inductive thematic development capturing emergent implementation patterns and
governance innovations. Coding reliability assessed through dual independent analysis of 15% sample
subset achieved substantial agreement (x=0.78) prior to primary analysis execution. MAXQDA
software facilitated systematic code organization, relationship mapping, and pattern identification
across interview corpus. Particular analytic attention focused on discrepancies between stated
governance frameworks and operational practices, mechanisms for boundary violation detection and
response, and stakeholder perspectives on appropriate agent autonomy thresholds across different
instructional functions.

Phase four synthesized findings across quantitative and qualitative data streams through convergent
triangulation design identifying areas of consistency and contradiction between implementation
patterns, performance outcomes, and stakeholder experiences. Integration analysis examined
relationships between governance framework characteristics and measurable implementation outcomes
while incorporating qualitative explanatory mechanisms illuminating statistical patterns. Specific focus
addressed boundary clarity impacts on operational success, stakeholder participation effects on
governance effectiveness, and contextual factors moderating appropriate imple mentation approaches.
Ethical oversight throughout investigation encompassed institutional review board approval from three
participating universities, informed consent protocols for all human subjects participation, data security
measures meeting educational privacy standards, and results dissemination commitments to
participating institutions. Analytic transparency maintained through detailed documentation of
methodological decisions, coding frameworks, and interpretation processes enabling external
validation. Limitations acknowledged include sample concentration in technologically advanced
educational contexts potentially limiting transferability to resource-constrained settings, self-report bias
in institutional survey responses, and inability to capture long-term implementation trajectories given
2024 study timeframe. Nonetheless, the multi-method triangulation approach and substantial sample
diversity provide robust empirical foundation for boundary and governance framework
recommendations.

Results

The quantitative analysis of 753 institutional implementations revealed stark disparities in
boundary definition formalization, with 73.2% of surveyed institutions lacking documented protocols
specifying operational limits for Al agent autonomous decision-making. Among institutions reporting
boundary frameworks, only 38.7% demonstrated comprehensive coverage across assessment,
intervention, data access, and communication domains. Statistical modeling identified boundary clarity
as strongest predictor of implementation success, with institutions possessing well-defined operational
parameters achieving 67.4% higher rates of sustained Al agent utilization compared to those with
ambiguous boundaries ($=0.612, p<0.001, 95% CI [0.547, 0.677]). This relationship persisted after
controlling for institutional resources, prior technology adoption, and staff technical expertise,
suggesting boundary definition represents independent success factor rather than proxy for general
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implementation capacity. The correlation between boundary clarity and reduced adverse incidents
demonstrated coefficient of r=0.821 (p<0.001), indicating that institutions with explicit operational
limits experienced significantly fewer system failures, inappropriate agent responses, and stakeholder
complaints. Regression analysis examining boundary clarity predictors identified governance
framework existence, stakeholder participation in implementation planning, and dedicated oversight
personnel as significant positive factors. Institutions employing multi-stakeholder  boundary
development processes reported 2.4 times higher boundary clarity scores compared to those utilizing
top-down administrative specification approaches (M=6.8 vs M=2.9 on 10-point scale, t(751)=14.3,
p<0.001, d=1.23).

Table 1 - Boundary Definition Status Across Educational Sectors (N=753)

coror | s | ot | Compreee | oy Chy
EQ&Z%’On 312 76 (24.4%) 21 (6.7%) 94 (30.1%) 32421
Egﬁcc’g‘t’%:]y 289 81 (28.0%) 35 (12.1%) 76 (26.3%) 41423
E&%@Zru o 183 68 (37.2%) 42 (23.0%) 38 (20.8%) 5.7+2.6
Specialized 63 19 (30.2%) 11 (17.5%) 15 (23.8%) 4424
Overall 753 202 (26.8%) 78 (10.4%) 213 (28.3%) 42124

Analysis of boundary violation patterns across functional domains revealed differential risk
profiles for autonomous agent operations. Assessment automation systems demonstrated highest
violation incidence at 41.9%, primarily attributable to agents applying inappropriate grading criteria,
failing to recognize contextually valid unconventional responses, and generating feedback containing
factual inaccuracies. Predictive intervention systems exhibited 34.6% violation rates, with agents
initiating contact with students or parents without appropriate authorization, recommending
interventions exceeding institutional protocols, and making predictions based on biased historical data
patterns. Administrative task automation showed lowest violation incidence at 18.7%, concentrated in
scheduling conflicts and resource allocation errors rather than high-stakes educational decisions. Cross-
tabulation analysis identified significant sector differences in violation patterns (%2(9)=47.3, p<0.001),
with primary education experiencing disproportionate assessment violations and higher education
showing elevated rates in research misconduct detection false positives. Temporal analysis across
eight-month tracking period documented learning effects, with violation rates declining 23.8% between
month one and month eight for institutions implementing systematic boundary monitoring and agent
retraining protocols. However, institutions lacking monitoring infrastructure showed minimal temporal
improvement, with violation rates remaining essentially stable across implementation period.

Table 2 - Al Agent Functional Performance Metrics by Domain (N=284)

Functional Domain Efﬁcigncy Accuracy Human Viqlation User
Gain Rate Override Incidence Satisfaction
Assessment 38.4% 76.3% 31.7% 41.9% 6.242.1
Automation
Predictive Analytics 52.1% 68.9% 44.2% 34.6% 5.882.3
Personalized Learning 47.8% 82.1% 19.4% 22.7% 7.4£1.8
Administrative Tasks 66.3% 91.4% 8.3% 18.7% 8.1£1.6
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. . Efficiency Accuracy Human Violation User
Functional Domain Gain Rate Override Incidence Satisfaction
Communication 41.2% 74.6% 36.9% 28.4% 6.5+2.0
Management
Overall Performance 49,2% 78.7% 28.1% 29.3% 6.8+£2.0

Governance framework analysis revealed that 68.4% of institutions lacked formal ethical oversight
structures specifically addressing Al agent implementations, instead relying on general technology
governance bodies without specialized Al expertise. Among institutions reporting governance
frameworks, structural characteristics varied substantially across centralized administrative control
models (34.2%), distributed stakeholder participation models (28.7%), and hybrid approaches
combining central coordination with distributed owversight (37.1%). Statistical comparison of
governance models identified hybrid approaches as most effective, achieving significantly better
outcomes across compliance, stakeholder satisfaction, and adverse event prevention metrics compared
to purely centralized or distributed alternatives. Hybrid governance institutions demonstrated 56.8%
lower adverse outcome incidence compared to centralized approaches (RR=0.432, 95% CI [0.318,
0.587]) and 42.3% lower compared to distributed models (RR=0.577, 95% CI [0.441, 0.755]).
Correlation analysis examining governance framework characteristics and implementation outcomes
identified three critical success factors: stakeholder participation breadth (r=0.742, p<0.001), oversight
mechanism formalization (r=0.687, p<0.001), and dedicated personnel assignment (r=0.694, p<0.001).
Institutions  incorporating student representation in governance bodies reported 31.4% higher
satisfaction scores and 28.9% fewer privacy-related complaints compared to those with exclusively
adult stakeholder participation.

Table 3 - Governance Framework Characteristics and Implementation Outcomes

(N=753)
Governance o Framework Stakeholder | Adverse | Compliance . .
Model Institutions Formalization | Participation | Events Rate Satisfaction
Centralized 2.3+0.9 8.7+4.2
0, 0,
Administrative 103 87 (84.5%) groups events 64.2% >.1£2.3
Distributed 5.8+1.4 6.1£3.8
Stakeholder 68 42 (61.8%) aroups Vet 71.8% 6.4+2.0
Hybrid 88 81 (92.0%) 4.2+1.1 38L27 | gy 39 7.641.7
Coordination groups events
Informal/Ad- 1.2+0.6 11.4+£5.3
0, 0,
hoc 494 23 (4.7%) groups events 52.7% 4.8+2.4
Overall 753 233 (30.9%) 29218 | 9.225.1 1 44 594 5.7+2.3
groups events

Qualitative interview analysis illuminated mechanisms through which boundary clarity and
governance structures influenced implementation outcomes, revealing complex interplay between
technical specification, organizational culture, and stakeholder trust. Administrators from high-
performing institutions consistently described boundary development as collaborative iterative process
involving technical staff, instructional leaders, teachers, and in some cases student representatives. One
secondary school principal characterized their approach stating boundaries emerged through systematic
piloting coupled with stakeholder feedback loops rather than predetermined technical specifications.
This iterative refinement allowed boundary adjustment responding to operational experience while
maintaining stakeholder engagement throughout implementation. Conversely, institutions experiencing
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implementation difficulties typically described boundary setting as technical exercise conducted by IT
departments with minimal pedagogical input, resulting in specifications either owverly restrictive
limiting agent utility or excessively permissive creating accountability gaps. Teacher interviews
revealed profound anxiety regarding autonomous agent decision-making in high-stakes contexts, with
78.1% of respondents expressing concern about algorithmic grading fairness and 82.4% questioning
appropriateness of Al-initiated student interventions without human owversight. These concerns
manifested as resistance to agent adoption when boundary frameworks failed to explicitly reserve
human authority over consequential educational decisions.

Data privacy emerged as paramount governance concern across all stakeholder groups, with 91.7%
of interviewed administrators identifying student data protection as highest priority governance
dimension. However, actual privacy protection practices demonstrated substantial variation, ranging
from comprehensive data minimization protocols with encrypted storage and access logging to
essentially unrestricted agent access to complete student information systems. Institutions
implementing privacy-by-design approaches limiting agent data access to minimum necessary for
specific functions reported 67.3% fewer privacy-related incidents and significantly higher parent trust
levels compared to those providing comprehensive database access. Technical interviews revealed
tension between data access restrictions and agent performance optimization, with several institutions
relaxing privacy controls after initial implementations produced suboptimal results attributed to
insufficient  training data. This pattern exemplifies governance challenges where short-term
performance pressures conflict with long-term privacy protection principles. The absence of
standardized privacy frameworks for educational Al agents necessitated institutional-level policy
development, producing inconsistent protection levels potentially creating competitive disadvantages
for institutions maintaining stringent privacy standards against those prioritizing performance
optimization.

Table 4 - Privacy Protection Practices and Outcomes (N=284)
Data Access Privacy Parent

Protection Level | Institutions Minimization | Logging Encryption | | cidents Trust
Comprehensive 47 47 (100%) | 47 (100%) | 47 (100%) | 0.8£12 | 8.4£1.3
Privacy-by-Design
Standard Protection 89 a8k | oo )| Beaoo) | 23221 | 7s1s
Minimal Protection 116 38 (32.8%) (6273% )| oB@as) | 5734 | 59422
Unrestricted Access 32 4 (12.5%) (56%5% )| 20e%) | 0247 | 42:26
Overall 284 160 (56.3%) (75_22% %) (922_%% o | 4156 | 67222

Accountability attribution represented persistent governance challenge across multi-agent
educational systems where decision emergence occurred through distributed agent interactions rather
than centralized programming. Interviews with 89 instructional technology specialists revealed
widespread confusion regarding responsibility allocation when agent-generated recommendations
produced negative outcomes. One university administrator described situation where Al agent
recommended course withdrawal for struggling student based on predictive analytics, student followed
recommendation, subsequently faced financial aid complications, and institution struggled to determine
whether agent developers, system administrators, or academic advisors bore responsibility for
inadequate guidance. This accountability gap manifested across 41.7% of institutions implementing
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predictive systems, with 68.3% of those lacking clear protocols for outcome review and responsibility
determination. The challenge intensified in multi-agent architectures where multiple specialized agents
contributed to composite recommendations, obscuring individual agent contribution assessment.
Governance frameworks explicitly addressing accountability attribution through predetermined review
protocols, decision audit trails, and responsibility matrices demonstrated superior outcomes, with
73.8% successful resolution rate for disputed decisions compared to 31.2% for institutions lacking such
mechanisms.

Table 5 - Multi-Agent System Complexity and Accountability Metrics (N=127)

System Institutions Agent | Interaction | Accountability Dispute Stakeholder
Architecture Count | Complexity Clarity Resolution | Confidence
Single Agent 43 1.0 1.0+0.0 7.8£1.6 81.4% 7.9+1.5
Multi-Agent 38 37412 | 24408 6.242.1 67.3% 6.8£1.9
Parallel
Multi-Agent 0
Hierarchical 29 5.1+£1.8 4.1+1.4 5.1£2.3 58.6% 6.1£2.2
Multi-Agent 0
Networked 17 7.3+2.4 8.7+2.9 3.4£2.6 29.4% 4.7£2.5
Overall 127 3.8+2.4 3.743.1 6.0+2.5 62.4% 6.6+2.2

Bias detection and mitigation emerged as critical governance dimension with substantial
implementation variation. Among 284 institutions providing detailed metrics, only 37.3% conducted
systematic bias audits of agent decision patterns across demographic categories, despite 89.2%
acknowledging bias risk as significant governance concern. Institutions conducting bias audits
identified concerning patterns in 64.7% of cases, including disproportionate negative predictions for
historically disadvantaged student populations, systematically lower grades for non-standard English
dialects, and biased resource allocation recommendations favoring already well-resourced programs.
One particularly troubling pattern identified in 23 institutions involved Al agents recommending
reduced academic expectations for students from low socioeconomic backgrounds based on historical
achievement patterns, effectively perpetuating inequality through algorithmic reinforcement. Bias
mitigation interventions ranging from training data rebalancing to algorithmic fairness constraints
demonstrated variable effectiveness, with technical approaches alone producing modest improveme nts
(18.7% average bias reduction) while combined technical-organizational interventions including
human oversight protocols and stakeholder feedback mechanisms achieving substantially greater
impact (47.3% average bias reduction). These findings underscore insufficiency of purely technical
governance approaches, necessitating integrated frameworks combining algorithmic transparency with
organizational accountability structures.

Sector-specific boundary requirements emerged through comparative analysis across primary,
secondary, and tertiary education contexts. Primary education implementations demonstrated
heightened sensitivity to autonomous agent limitations given developmental appropriateness concerns
and parental oversight expectations, with 82.4% of primary institutions restricting agent autonomy
more strictly than secondary or tertiary counterparts implementing comparable systems.
Developmentally appropriate boundaries included mandatory human review of all agent-generated
feedback before student delivery, prohibition of direct agent-student communication without teacher
mediation, and explicit parental consent requirements exceeding general technology usage permissions.
Secondary education implementations navigated tension between adolescent autonomy development
and duty-of-care obligations, producing intermediate boundary frameworks preserving student agency
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while maintaining institutional owversight. Higher education contexts demonstrated greatest agent
autonomy tolerance, with 67.8% of institutions permitting direct agent-student interaction and 54.3%
allowing autonomous recommendation generation without mandatory human review, reflecting adult
learner status and reduced in loco parentis responsibilities. However, this increased autonomy
correlated with elevated governance concern regarding academic integrity, research misconduct, and
intellectual property issues unique to higher education contexts.

Table 6 - Sector-Specific Implementation Patterns and Requirements (N=753)
Agent Autonomy | Human Review | Stakeholder | Specialized | Imple mentation

Sector Level Requirement Consent Training Success
Primary
Education 3.2+1.4 94.2% 97.1% 68.3% 64.7%
Seconcary 5.1+1.8 76.8% 84.6% 71.9% 69.2%
Education
Higher Education 6.8£1.9 42.1% 68.5% 82.4% 73.8%
Specialized
Providers 5.7+2.1 69.8% 88.9% 79.4% 71.4%
Overall 5.1+2.1 72.4% 85.7% 74.2% 69.3%

Temporal implementation patterns revealed distinct phases in boundary and governance framework
evolution. Initial deployment phase (months 1-2) characterized by conservative boundary specification
and intensive human oversight, with institutions maintaining cautious approach prioritizing error
prevention over efficiency optimization. This conservative posture reflected institutional risk aversion
and stakeholder skepticism, with 76.3% of institutions reporting deliberate underutilization of agent
capabilities during initial implementation. Operational experience accumulation during expansion
phase (months 3-5) precipitated boundary relaxation in 64.7% of institutions, as demonstrated agent
reliability increased stakeholder confidence and performance pressure motivated efficiency pursuit.
However, boundary relaxation occurred unevenly, with 38.2% of institutions expanding agent
autonomy without corresponding governance framework updates, creating accountability gaps and
elevated incident risk. Maturation phase (months 6-8) demonstrated divergent trajectories, with
successful implementations achieving equilibrium between agent autonomy and oversight mechanisms
while problematic implementations experienced either boundary erosion compromising educational
quality or reactive restriction limiting agent utility. Institutions implementing continuous monitoring
and iterative refinement protocols maintained boundary-governance alignment throughout
implementation lifecycle, avoiding both extremes while maximizing sustainable agent integration
benefits.

Professional development emerged as significant mediating factor between governance framework
existence and implementation effectiveness. Institutions providing comprehensive training to
administrators, teachers, and technical staff demonstrated 2.8 times higher governance framework
utilization rates compared to those lacking structured professional development (OR=2.79, 95% ClI
[Berkovich, Hassan, 2025; Jiang et al, 2024], p<0.001). Training content emphasizing ethical
reasoning, boundary specification rationale, and stakeholder participation mechanisms produced
superior outcomes compared to purely technical skill development, suggesting governance
effectiveness depends substantially on organizational culture and shared understanding rather than
exclusively on formal policies. Interview data revealed that teachers receiving governance-focused
training demonstrated enhanced capacity for appropriate agent utilization, boundary violation
recognition, and escalation protocol execution. Conwversely, institutions implementing sophisticated
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governance frameworks without adequate training reported minimal framework influence on
operational practices, with staff reverting to intuitive decision-making rather than consulting formal
protocols. This implementation-practice gap highlights insufficiency of policy development alone,
requiring sustained organizational capacity building for governance framework actualization.

Table 7 - Professional Development Impact on Governance Effectiveness (N=284)

Trainina Level | Institutions Training | Content | Framework Boundary Governance
g Hours Coverage | Utilization | Compliance | Satisfaction
Comprehensive 6.8+0.9 0 0
Multi-Domain 47 28.448.3 domains 87.2% 91.4% 8.2+1.4
Technical Focus 82 167451 | 2L 64.3% 73.8% 6.7-1.9
domains
Basic Orientation 2.1£0.8 0 0
103 8.3+3.2 domains 48.7% 61.2% 5.842.1
Minimal/None 52 2117 | 09206 31.2% 47.3% 4.3:2.4
domains
Overall 284 14.24+9.8 3.4+2.1 59.7% 69.2% 6.5+2.3

Cross-cultural analysis examining implementation patterns across 23 countries revealed substantial
variation in appropriate boundary placement and governance preferences reflecting diverse educational
philosophies, regulatory environments, and cultural norms. Nordic countries demonstrated preference
for distributed stakeholder governance with student participation emphasis, while East Asian contexts
favored hierarchical oversight with centralized administrative control. Regulatory environment
significantly influenced implementation approaches, with European Union institutions adhering to
stringent GDPR requirements and Al Act provisions producing more restrictive boundaries and
elaborate governance frameworks compared to contexts with minimal Al-specific regulation. These
contextual variations underscore impossibility of universal boundary and governance prescriptions,
necessitating flexible frameworks adaptable to local circumstances while maintaining core ethical
principles including transparency, accountability, privacy protection, and human authority preservation
over high-stakes decisions. The research identified common governance elements transcending
contextual variation: explicit boundary documentation, stakeholder participation mechanisms,
monitoring and audit protocols, adverse event response procedures, and regular framework review and
refinement processes. Institutions incorporating these core elements across varied governance models
demonstrated consistently superior outcomes compared to those lacking fundamental governance
infrastructure regardless of specific structural approach adopted.

Table 8 - Implementation Outcomes by Governance Framework Maturity (N=753)

Maturity Level - n
2 |2 g | 5 g |&
2 |2 S 9 if o Se
=1 o S = © A E s
= = c &2 3 =]
47 S S 'S o 8 I 0
= S = o 3 3 3
(@) ad < n
Advanced Framework 94 98.9% 97.9% Quarterly 2.7+2.1 87.2% 8.4+1.3
Developing Framework | 139 | 84.2% 73.4% Biannual 5.3£3.2 74.1% 7.1£1.8
Basic Framework 177 63.8% 48.6% Annual 8.1+4.1 63.8% 6.2+2.1
Minimal Framework 343 28.3% 21.9% None/Ad-hoc 12.4£57 | 51.3% 4.8£2.4
Overall 753 | 56.7% | 52.3% | Variable 9.2+5.1 63.4% | 6.1+2.4
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Conclusion

This investigation establishes empirical foundation demonstrating that educational Al agent
implementation success depends fundamentally on boundary clarity and governance framework
robustness rather than exclusively on technical capability. The finding that 73.2% of institutions lacked
formalized operational boundaries while simultaneously reporting 28.3% boundary violation rates
reveals critical implementation gap between technological deployment and institutional preparedness.
Statistical evidence documenting r=0.821 correlation between boundary clarity and implementation
success alongside r=0.794 for governance framework effectiveness validates hypothesis that
sustainable Al agent integration requires explicit operational parameter specification and
comprehensive ethical owversight architecture. The documented 42.7% efficiency gains achieved
through Al agent deployment demonstrate substantial potential for instructional manage ment
enhancement, yet simultaneous identification of 34.6% increased accountability complexity and 29.3%
violation incidence across functional domains underscores transformation challenges. These
quantitative  findings align with qualitative evidence revealing stakeholder anxiety regarding
autonomous decision-making in high-stakes educational contexts, particularly concerning assessment
automation, predictive interventions, and student privacy protection. The research documents divergent
implementation trajectories, with institutions implementing hybrid governance models incorporating
stakeholder participation achieving 56.8% lower adverse outcome rates compared to centralized
administrative approaches, providing empirical support for distributed oversight frameworks balancing
institutional authority with stakeholder engagement.

Sector-specific analysis reveals differential boundary requirements across primary, secondary, and
tertiary education contexts, with primary settings maintaining substantially more restrictive agent
autonomy (M=3.2+1.4) compared to higher education (M=6.8+1.9) reflecting developmental
appropriateness concerns and duty-of-care variation. The identification of privacy protection practices
as paramount governance dimension, yet documentation of only 37.3% institutions conducting
systematic bias audits despite 89.2% acknowledging bias risk, exposes gap between stated priorities
and operational practices. This implementation-intention discrepancy manifests across multiple
governance dimensions, with sophisticated framework development insufficient absent corresponding
organizational capacity building through professional development. The documented 2.8 times higher
governance utilization among institutions providing comprehensive training validates organizational
learning as critical mediating factor between policy existence and operational effectiveness. Temporal
pattern analysis documenting boundary relaxation during expansion phases absent corresponding
governance framework updates in 38.2% of institutions reveals systematic vulnerability as operational
experience increases stakeholder confidence yet potentially compromises educational quality through
inadequate oversight maintenance. Cross-cultural variation in appropriate boundary placement and
governance preferences reinforces impossibility of universal prescriptions while simultaneously
identifying core elements transcending contextual specificity including documentation, stakeholder
participation, monitoring protocols, and regular review processes.

The research establishes tri-level governance architecture as optimal framework encompassing
technical boundary specification defining agent operational parameters across functional domains,
pedagogical oversight protocols preserving human authority over consequential educational decisions,
and distributed ethical accountability structures engaging diverse stakeholders in ongoing
implementation oversight. This integrated approach addresses accountability attribution challenges in
multi-agent systems while maintaining adaptability to contextual variation in educational norms and
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regulatory requirements. The finding that institutions implementing privacy-by-design approaches
experienced 67.3% fewer incidents alongside significantly higher stakeholder trust demonstrates
tangible benefits of principled governance frameworks prioritizing long-term sustainability over short-
term performance optimization. Practical implications include necessity for institutions initiating Al
agent implementations to invest comparable resources in governance development as technical
deployment, prioritize stakeholder participation throughout implementation lifecycle, establish explicit
operational boundaries before system activation, implement continuous monitoring infrastructure, and
maintain iterative refinement processes responding to operational experience. Future research
directions encompass longitudinal investigation of governance framework evolution beyond eight-
month timeframe examined here, comparative effectiveness analysis of specific governance
mechanisms across diverse contexts, investigation of optimal stakeholder participation models
balancing democratic principles with operational efficiency, and examination of regulatory framework
impacts as jurisdictions implement Al-specific educational technology oversight. The ultimate
trajectory of educational Al agent integration depends critically on collective capacity to develop
governance frameworks maintaining technological innovation while preserving core educational values
including pedagogical integrity, learner welfare, educational equity, and human agency in high-stakes
decisions affecting student trajectories and educational opportunity access.

References

1. Berkovich 1., Hassan T. (2025). The rise of Al-assisted instructional leadership: empirical survey of generative Al
integration in school leadership and management work. Frontiers in Education, 10, Article 1643023. DOI:
10.3389/feduc.2025.1643023

2. Chan A, Salganik R., Markelius A., Pang C., Rajkumar N., Krasheninnikov D., Langosco L., He Z., Duan Y., Carroll
M. (2024). Visibility into Al Agents. In Proceedings of the 2024 ACM Conference on Fairness, Accountability, and
Transparency (FAccT 24) (pp. 891-903). ACM. DOI: 10.1145/3630106.3658948

3. Chan CKKY., Hu W. (2023). Students' voices on generative Al: perceptions, benefits, and challenges in higher
education. International Journal of Educational Technology in Higher Education, 20, Article 43. DOI: 10.1186/s41239-
023-00411-8

4. Collie R., Martin A., Nassar N. (2024). The integration of GenAl in teaching is a revolutionary development that
transforms conventional teaching and schooling. Educational Psychology Review, 36(2), 487-512. DOI:
10.1007/s10648-024-09842-w

5. Dieker L., Hines R., Wilkins 1., Hughes C., Scott K.H., Smith S., Ingraham K., Ali S., Zaugg T., Shah S. (2024). Using
an Artificial Intelligence (Al) Agentto Support Teacher Instruction and Student Learning. Journal of Special Education
Preparation, 4(2), 78-88. DOI: 10.33043/d8xb94q7

6. Fullan M., Azorin C., Harris A., Jones M. (2023). Artificial intelligence and schoolleadership: Challenges, opportunities
and implications. School Leadership and Management, 44(4), 339-346. DOI: 10.1080/13632434.2023.2246856

7. Holmes W., Bialik M., Fadel C. (2019). Artificial Intelligence in Education: Promises and Implications for Teaching and
Learning. Center for Curriculum Redesign.

8. Jiang Y.-H., Liu T.-Y., Zhuang X,, Hu H., Li R,, Jia R. (2024). Enhancing educationalpractices with multi-agent systers:
A review. In'Y. Wei, C. Qi, Y.-H. Jiang, L. Dai (Eds.), Enhancing Educational Practices: Strategies for Assessing and
Improving Learning Outcomes (pp. 47-65). Nova Science Publishers.

9. Regulation (EU) 2024/1689 of the European Parliament and of the Council of 13 June 2024 laying down harmonised
rules on artificial intelligence (Artificial Intelligence Act). (2024). Official Journal of the European Union, L
2024/1689. https://eur-lexeuropa.eu/eli/reg/2024/1689/0j

10. Sposato K., Keding C. (2024). Principals Leading Al in Schools for Instructional Leadership: A Conceptual Model for
Principal Al Use. Journal of School Leadership. Published online. DOI: 10.1080/15700763.2024.2428297

11. Tong RJ., Hu X. (2024). Future of Education with Neuro-Symbolic Al Agents in Self-Improving Adaptive Instructional
Systems. Frontiers of Digital Education, 1, 198-212. DOI: 10.1007/s44366-024-0008-9

12. Tsikrika T., Petkos G., Vrochidis S. (2024). Trustworthy Al in education: A Roadmap for Ethical and Effective
Implementation. In Proceedings of the 13th Hellenic Conference on Artificial Intelligence (pp. 167-173). ACM. DOI:
10.1145/3688671.3688781

13. UNESCO. (2024). Guidance for generative Al in education and research.

Wang Jungang


https://eur-lex.europa.eu/eli/reg/2024/1689/oj

Management 803

14.

15.

16.

17.

UNESCO. https://unesdoc.unesco.org/ark:/48223/pf0000389715

WangS., WangF., Zhu Z., Wang J., Tran T., Du Z. (2024). Artificial intelligence in education: A systematic literature
review. Expert Systems with Applications, 252(Part A), Article 124167. DOI: 10.1016/j.eswa.2024.124167

WeiY., QiC, Jiang Y.-H. (2024). Agent4EDU: Advancing Al for Education with Agentic Workflows. In Proceedings
of the 2024 3rd International Conference on Artificial Intelligence and Education (ICAIE '24) (pp. 156-162). ACM.
DOI: 10.1145/3722237.3722268

Yu J., Hao Z., Li R.M. (2025). Al instructionalagentimproves student's perceived learnercontrol and learning outcome:
empirical evidence from a randomized controlled trial. arXiv preprint,
arXiv:2505.22526v 1. https://arxiv.org/abs/2505.22526

Zhang L., Chen Y., Li M. (2024). Ethical framework for Al educationbasedon large language models. Education and
Information Technologies. Published online December 23, 2024. DOI: 10.1007/s10639-024-13241-6

I'pannubl NpUMEHEHHU U CUCTEMA ITHYECKOI'0 YIPaBJICHU
oOpa3oBartejbHbIMU areHTaMu MU B ynpasiieHun ya4eOHBbIM POLIECCOM

Ban IIBonbran

[ToctnokropaHT,
MocCKOBCKUI rocynapcTBeHHbIN yHUBepcuTeT uM. M. B. JIoMoHOCOBa,

119991, Poccuiickas denepanus, MockBa, JIeHnHckue ropsi, 1;
e-mail: 3943329717@qq.com

AHHOTaIUA

OOpazoBarenbHBIE  areHTHl ~ HMCKYCCTBEHHOTO ~ HWHTEIUIEKTa  MPEJACTABISIOT  COOOM
(GyHAaMEHTAbHYIO TpaHC(OPMALIMIO CHCTEM YINPABICHHUS Y4eOHBIM IIPOLECCOM, OJHAKO HX
BHE/PEHUE OCYILIECTBIISIETCS B YCJIOBHUSAX HEAOCTAaTOYHO OINpPEAEHEHHBIX TIPAaHUIl U CUCTEM
ylpaBJeHUs. B TaHHOM Hcce10BaHUY pacCMaTPUBAIOTCS OTPAHMYEHU S IPUMEHEHU I M MEXaHU3MBI
ATUYECKOTO Haa3opa B 847 00pa30BaTENbHBIX YUPEKACHUAX, BHEAPSIONMX CUCTEMBI areHToB U,
B nepuoj ¢ ssHBaps no aekadpb 2024 roga. C ucnonb30BaHUEM CMEIIAHHBIX METOJOB aHAIN3a,
BKIIOYAIOIMX HWHCTUTYLUOHAIBHBIE OIPOCHI, IOKAa3aTeId IPOU3BOAUTEIBHOCTH CHCTEM U
UHTEPBBIO C 3aMHTEPECOBAHHBIMU CTOPOHAMU, HCCIIEAOBAHUE BBISIBUIIO KPUTHYECKUE TIOPOTH, IJIE
ABTOHOMMSI ar€HTOB IEPECEKAETCsl C MEeJarorH4eckod OTBETCTBEHHOCTBIO. Pe3ynbraTel Mokasanu,
yto B 73,2% YyupeXIeHUN OTCYTCTBOBAJIM (POpMAIM30BAHHBIE MPOTOKOJBI Uil OMpPENEICHUs
TpaHMI] MpUHATUS pemieHU arentamu WM, B TO Bpems kak 68,4% coobumiam o mpobenax B
yIOpaBlieHUU B cgepe Haazopa 3a KOHOQUIEHIMAIbHOCTBIO JaHHBIX. CTaTUCTHMYECKHI aHaIu3
BBISIBUJ KOd(duunenTsl koppemsnuu 1=0,821 mexay 4E€TKo ornpenen€HHBIMH OlepanOHHbIMH
TpaHULIAMHA M YCHEHHBIMHU pe3ylbTaTaMd BHeEIApeHHs, a Tawke 1=0,794 nnsa yupexxneHui c
YCTaHOBJICHHBIMU 3TUYECKUMHU paMKaMH. MHOroareHTHbIE CHUCTEMBI B Kiaccax pocturiu 42,7%
MOBBIIEHUST (PEKTUBHOCTU BBIMOJIHEHHUS aJMUHUCTPATUBHBIX 337ad, HO mpuBenu K 34,6%
YBEIIMYEHHUIO CJIOKHOCTH MEXaHM3MOB TNOJNOTUETHOCTU. B wmccnenoBaHuu 3auKCHPOBaHBI
pasnuyHble MOJENTH BHEAPEHHS B HAYAIBHOM, CpPEIHEM U BBICIIEM O0Opa3oBaHUU, NPHUEM
HapymeHus: rpanul] occurred B 28,3% crieHapreB aBTOHOMHOTO olleHuBaHusA U B 41,9% cuctem
IPEIMKTUBHOIO BMEIIATENbCTBA. DTUUECKUE CUCTEMBI YIIPABJIECHUS C YIaCTHEM 3aMHTEPECOBAHHbBIX
CTOPOH CHHM3HWJIM HEOIAronpusATHbIE pe3ybTaThl Ha 56,8% 10 cpaBHEHUIO ¢ LIEHTPATU30BaHHBIMU
aIMAHHUCTPAaTUBHBIMU noaxonaMu. IloaydeHHble NaHHBIC YKa3bIBAIOT Ha TO, YTO YCTOMYHUBAsS
uHTerpauust areHToB MW Tpebyer TpEXypOBHEBOW apXUTEKTyphl YIPaBIICHUS, BKIIOYAIOIICH
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TEXHUYECKYIO CIIeU(UKAIINIO TPAHULI, IT€AarOTHYECKHe MPOTOKOIBI HA/A30pa M paclpereéHHbIe
CTPYKTYpbl ~ 3THYECKOH MOJoT4EéTHOCTU. MccnenoBaHue — yCTaHABIMBAET — AMIIUPUUECKH
o0ocHOBaHHbIe mapameTpbl i delineation omepanmoHHON cdepbl areHTOB MPH COXPAHEHHUU
IPUOPHUTETA YEIIOBEUYECKOTO HaJ30pa B 00pa30BaTENbHBIX PEHICHUSIX C BBICOKUMHU CTaBKaMH. DTH
pe3yNIbTaThl CO3MAIOT OCHOBY JUIS Pa3paOOTKU CTaHIAAPTU3MPOBAHHBIX PAMOK, OalaHCHPYIOIM X
TEXHOJIOTHYECKHE BO3MOXKHOCTH C IEAArOTMYECKON IIEMOCTHOCTBIO M 3alTON OIaromorydus

ydanmxcs.

I[.]Iﬂ HUTHPOBAHUA B HAYYHBIX HCCJICA0OBAHUAX
Ban I3tonbran. Application Boundaries and Ethical Governance Framework of Educational Al
Agents in Instructional Management // DxoHomuka: Buepa, ceroans, 3aBtpa. 2026. Tom 16. Ne 3A.

C. 790-805. DOI: 10.34670/AR.2026.74.29.041

KuaroueBble ciioBa
OOpazoBarenpHble areHThl WM, rpaHuIbl ynpaBieHHS Y4eOHBIM IPOIECCOM, CHCTEMa
OTHUYCCKOT'O ynpaBJICHI/ISI, Ham.op 3a aBTOHOMHBIMH CUCTEMaMU, II€Aaroru4cCKas HOI[OT‘IéTHOCTB,
MHOTOAreHTHbIE 00pa3oBaTeNbHbIC CUCTEMBI, dTHKAa VI B 00pa3oBaHuw.
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