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SUSTAINABLE DEVELOPMENT PROJECTS OF EDUCATION ESTABLISHMENT IMPLEMENTED IN THE
BANI ENVIRONMENT BASED ON Al TOOLS
S. Bushuyev, D. Bushuiev, S. Murzabekova, M. Khusainova, R. Saldullaev

Abstract

The rapid evolution of global challenges has shifted the operational landscape of education
establishments from the VUCA (Volatility, Uncertainty, Complexity, Ambiguity) framework to the more
complex BANI (Brittle, Anxious, Nonlinear, Incomprehensible) environment. In this context, ensuring the
sustainable development of educational institutions requires adaptive, resilientjy.and innovative
approaches. This paper explores how Al-powered tools can facilitate the planning, implementation, and
management of sustainable development projects within the BANI framewaork. Thejstudyaproposes an
integrated model where artificial intelligence supports decision-making, résource optimizationjyand risk
mitigation throughout the project lifecycle. Al-driven predictive analytics identifygpotential disruptions,
while machine learning algorithms suggest adaptive strategies to maintain‘project resilience» Moreover,
intelligent automation streamlines administrative processes, allowingyeducationaljleadérs to focus on
strategic sustainability goals, such as green campus initiatives, digitalitransformation, and inclusive
learning environments. The paper further demonstrates how Al enhances stakeholder engagement through
real-time feedback loops, ensuring that projects remain alighied withinstitutionalgoals and societal needs.
Case studies of successful implementations highlight_ how Al:powered preoject management not only
improves operational efficiency but also fosters innovationand long-term sustainability within educational
ecosystems. The findings suggest that embracing;Al within the' BANI envitonment empowers educational
institutions to navigate uncertainties, promate sustainable ‘practices, and create resilient learning
communities equipped for future challenges.

Keywords: Sustainable development projects, BANI environment, Artificial Intelligence (Al) tools,
resilience, predictive analytics, resource aptimization, ‘decision-support systems, digital transformation,
sustainability goals, risk mitigatien.

Introduction

The transformation, of global systems has reshaped the operational landscape for educational
institutions. Traditionally, challenges weke,framed within the VUCA (Volatility, Uncertainty, Complexity,
Ambiguity) paradigm. Hoewever,, the“modern world increasingly aligns with the BANI/ (Brittle, Anxious,
Nonlinear, Incomprehensible) framework, characterized by fragile systems, heightened uncertainty,
unpredictableloutcomesyandicomplex interdependencies. This shift presents significant challenges for
the sustainable development ofieducation establishments, requiring adaptive, resilient, and innovative
approaches tQ,project management. In the context of sustainable development, educational institutions
must not enly promate, environmental, social, and economic sustainability but also ensure resilience
against disruptions [1]. The BANI environment amplifies the need for proactive strategies, as traditional
projectymanagement frameworks struggle to address the dynamic and often unpredictable nature of
modern challenges. This calls for intelligent solutions capable of navigating complexity, predicting risks,
and adaptinginteal time. Artificial Intelligence (Al) emerges as a transformative enabler in this context.
Al-powered tools, such as machine learning algorithms, predictive analytics, and intelligent automation,
provide educational institutions with the capacity to design, implement, and manage sustainable
development projects more effectively. These technologies facilitate data-driven decision-making,
optimize resource allocation, and enable adaptive project management by identifying potential disruptions
and suggesting responsive strategies. Moreover, Al enhances stakeholder engagement by providing real-
time feedback loops, ensuring projects remain aligned with institutional goals and societal needs [2]. From
green campus initiatives and digital transformation to inclusive learning environments, Al-powered project
management fosters innovation while ensuring long-term sustainability. This paper explores how Al tools

can be effectively integrated into the planning and implementation of sustainable development projects
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within the BANI environment. It proposes a conceptual framework that combines Al capabilities with
sustainability principles, demonstrating how educational institutions can navigate uncertainties while
promoting resilience, inclusivity, and environmental stewardship [3]. The pursuit of sustainable
development has become a global imperative, driven by the urgent need to balance economic growth,
environmental stewardship, and social well-being [4]. However, implementing sustainable development
projects has grown increasingly complex due to the evolving dynamics of the modern world, encapsulated
by the BANI (Brittle, Anxious, Nonlinear, Incomprehensible) paradigm. This framework describes a world
where traditional methods of planning, execution, and decision-making are challenged by instability,
unpredictability, and interconnected systems. In this turbulent environment, the ability to manage
sustainable development projects effectively demands innovative approaches and adaptive tools. Artificial
Intelligence (Al) has emerged as a transformative enabler, offering the potential to‘analyze vast amounts of
data, forecast trends, optimize resource allocation, and support decision-makinglin realgtime. These
capabilities align with the need for agility, precision, and resilience in addreéssing the complex challenges
of sustainable development within a BANI context. This paper aims_to_exploredhow Aljtools can be
strategically integrated into the management of sustainable development, projects to enhance their
effectiveness and resilience [5]. By leveraging Al, project managers cah,address key,challenges such as
risk mitigation, dynamic resource allocation, and stakeholdeflengagement, ultimately fostering more
robust and adaptive project outcomes [6, 7]. The introduction isistructuredias follows: the first section
examines the defining characteristics of the BANI enviroRfment and their implications for sustainable
development. The second section highlights the role of Alin transforming project management practices.
The final section outlines the research objectives and the structure of the paper. This study contributes to
the growing body of literature on sustainable developmentyand digitalytransformation by providing a
conceptual framework for implementing Al in/managing projects, in volatile and complex settings [8]. It
underscores the need for interdisciplinary approaches to achieve global sustainability goals amidst
uncertainty.

1. Purpose of research

The primary purpose ofsthisystudy,is tolexptore how artificial intelligence (Al) can enhance the
planning, implementation, and \management, of sustainable development projects within educational
institutions operating in the)BANI (Brittle, Anxious, Nonlinear, Incomprehensible) environment. As
educational establishménts strive,to achieve sustainability goals, they face increasing challenges
stemming from unceftainty, cemplexity;-and rapid technological change. This paper aims to demonstrate
how Al tools can address jthese challenges by enabling adaptive, resilient, and efficient project
management.

Ultimately, the ‘paperiaims to provide educational leaders, policymakers, and project managers
with actionablelinsights andia praetical framework for leveraging Al in sustainable project management. By
addregsing the complexities of the BANI environment, the study aspires to empower educational
institutions,to navigateuncertainties while advancing their sustainability agendas (table 1).

Table 1
1 —



IPMAY

Berlin | 34" World
2025 | Congress
Key objectives of the research
Area of Focus Description Key Objectives

Analyze how the characteristics of the BANI
framework (Brittle, Anxious, Non-linear,

- Understand the challenges posed by BANI

Examine the Impact|{Incomprehensible) affect sustainable [to sustainable project management.

of the BANI|project management in educational|- Identify specific vulnerabilities and

Environment settings. opportunities within educational contexts.
Develop a conceptual model for Al-driven|- Create a framework that integrates Al

Integrate Al with|project management that aligns with the technologies withfsustainability principles.

Sustainability United Nations' Sustainable Development|- Focus on aligning Al{applications with

Principles Goals (SDGs), particularly in education. specific SDGsrelevant toeducation.

Enhance Decision-
Making and
Adaptability

Explore how Al-powered predictive
analytics, intelligent automation, and real-
time monitoring can improve project
decision-making and resilience.

- Investigate the use“of Al fofpimproved
forecasting and#isk management.

- Demonstrate how Al can enable real-time
adjustments and, Aincrease project
resiliencet

Promote Innovation
and Efficiency

Identify how Al can streamline“project
workflows, optimize resource allocatiof,
and reduce environmental impact.

~Explore how Al can automate tasks and
improve resource efficiency.

- Analyze thepotential of Al to minimize the
environmental footprint of educational
projects.

Foster Inclusive and
Sustainable
Learning
Environments

Investigate how Aljcan“support projects
promoting digitaljinclusion, green campus
initiatives, |\ and “equitable access to
education:

~aExamine the role of Al in promoting
equitable access to educational
resources.

- Analyze how Al can contribute to the

development of sustainable campus
initiatives.
- Study the implementation of Al for

enhanced digital inclusion.

OverallAim

Provide educationallleaders, policymakers,
and project managers with actionable
insights and@®a practical framework for
leveraging Al in sustainable project
management. By addressing the
complexities of the BANI environment, the
study aspires to empower educational
institutions to navigate uncertainties while
advancing their sustainability agendas.

- Develop practical guidelines and tools for

Al-driven sustainable project
management.
- Enable educational institutions to

effectively respond to the challenges of the
BANI environment.

- Advance sustainability goals through
strategic Al implementation.

The purpose of this paperisto develop a conceptual framework for integrating Artificial Intelligence
(Al) tools into the management of sustainable development projects within the BANI (Brittle, Anxious,
Nonlinear, Incomprehensible) environment. This framework aims to enhance the adaptability, resilience,
and effectiveness of these projects while addressing the unique challenges posed by the volatile and
complex nature of the modern world.

Let’s define research tasks. Below is Table 2 presenting the outlined tasks in a structured format,
with descriptions and key focus areas for each component related to the BANI environment, Al in project
management, and sustainable development projects.
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The research tasks with key focus areas to the BANI environment

Task

Description

Key Focus Areas

1. Analyze the BANI
Environment

Identify the key characteristics of

the BANI framework (Brittle,
Anxious, Nonlinear,
Incomprehensible) and their
implications  for  sustainable
development projects. Highlight
specific challenges project
managers face in such
conditions.

- Characteristics. Brittle (fragile systems),
Anxious (uncertainty-driven stress),
Nonlinear (unpredictable outcomes),
Incomprehensible (complex data).

- Implications. Resoukce instability, decision-
making under pfessure,and adapting to rapid
changes.

- Challepnges. Managing fragile ecosystems,
stakeholder anxiety, and nonlinear project
impacts:

. =0 Al Toolsy, Machine learning, NLP,
Investigate how Al tools enhance \ . . g
. . - optimization algorithms.
decision-making, risk L . .
. - Capabilities. Predictive analytics
2. Examine the Role | management, and resource . . . . .
. . . (forecasting risks), dynamic simulations
of Al in Project | optimization. Explore capabilities . .
. o . .| (scenario testing), stakeholder platforms
Management like predictive apalytics, dynafmic 4
. . (real-time engagement).
simulations, and) stakeholder . . .
- Benefits. Improved accuracy, proactive risk
engagementplatforms. . - .
mitigation, and efficient resource allocation.
- Stages. Planning (data-driven strategies
Design a structured approach for g. g ( . gies),
: ) . Execution (real-time adjustments), and
integrating Al tools into S
. . Evaluation (impact assessment).
3. Develop a | sustainable development project . .
. . - Framework Components. Al integration
Conceptual stagesy, (planning, execution, .
) . . roadmap, tool selection, and stakeholder
Framework evaluation) Identify  critical .
alignment.
factars for  successful Al - . .
Q. - Critical Factors. Data quality, technical
application.

expertise, ethical considerations.

4. Conduct a Case
Study Analysis

Apply the framework to a real-
world sustainable development
project to validate its feasibility.
Assess Al’s role in overcoming
challenges, improving outcomes,
and aligning with global
sustainability goals.

- Case Study. Example project (e.g., urban
green infrastructure).

- Analysis. Al’s impact on challenges (e.g.,
resource scarcity), outcomes (e.g., reduced
emissions), and alignment with UN SDGs.

- Validation. Measurable improvements in
efficiency and sustainability metrics.
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- Insights. Al adoption strategies, risk
Offer actionable insights and best | management protocols, and stakeholder
practices for leveraging Al in [ communication tools.

. . sustainable development | - Best Practices. Regular Al training, cross-
5. Provide Strategic . . . . .
. projects. Emphasize | sector partnerships, and iterative feedback
Recommendations . L .
interdisciplinary collaboration | loops.
and continuous learning in a BANI | - Emphasis. Collaboration (technical and
environment. domain experts), continuous learning

(adapting to BANI dynamies).

2. Conceptual Framework Model

This model integrates Al-driven project management with sustainable development goals,
addressing the challenges posed by the BANI environment. It consSists of fivetinterconnected stages,
ensuring adaptive, resilient, and efficient project execution.

1. Project Initiation & Needs Assessment (Brittle Environment Respoehse)

Objective. Identify sustainability goals and project scope within,the educational institution.

Al Role. NLP-driven stakeholder analysis, historical pfeject data review,and needs assessment.

Output. Project charter with sustainability objectives aligned with institutional goals.

Po=f(S, E, T)

Where:

P, Project initiation score,
S Sustainability goals,

E Educational context,
TTechnology readiness.

2. Risk Analysis & Scenario Planning (Anxious Environment Response)
Objective. Identify potential risks and uneertainties within the BANI framework.
Al Role. Predictivefanalyticsyfor risk detection, probability modelling, and mitigation strategies.
Output. Risk‘matrix and scenario-based project plan.
R=1—e¢*T
Wheret
R Risk\probability;
A Risk fagtor basedon project complexity,
I Timeyhorizon for project completion.

35 Resaource Allocation & Project Design (Nonlinear Environment Response)
©bjectiveOptimize resources for sustainable project implementation.
Al'Rele. Machine learning algorithms for dynamic resource allocation and cost estimation.

Output. Adaptive project plan with real-time resource tracking.
n

Cmin = Z(Ri x C;)
i=1
Where:
Cmin Minimum project cost,
Ri Resource units allocated,
Ci Cost per resource unit.

4. Project Execution & Real-Time Monitoring (Incomprehensible Environment Response)
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Objective. Ensure project progress while adapting to dynamic conditions.

Al Role. loT-based monitoring, Al-driven performance dashboards, and anomaly detection.
Output. Real-time project health indicators and progress reports.

Pt=PO+y V(X))

Where:

Pt Project performance at time t,

y Al-driven adjustment factor,

VJ(X) Gradient of project success index.

5. Project Evaluation & Continuous Improvement (Adaptive Learning Loop)

Objective. Evaluate project outcomes and integrate lessons learned into future initiatives.
Al Role. Post-project analysis using Al-generated insights and stakeholder feedbacks
Output. Sustainability report and recommendations for future proje€ts.

m
Sinat = Z Wk x Ok
k=1
Where:
Sfinal Final sustainability score,
Wk Weight of each sustainability criterion,
Ok Observed project outcomes.

3. The case studies Al-driven sustainable education program/for Master’s students in Al

A university is launching an Al-driven s@stainable education program for Master’s students in Al.
The program uses Al to personalize learning, optimize resources (exg., energy-efficient online platforms),
and ensure sustainability goals (e.g., reducing carbon féotprint). The BANI environment introduces:

- Brittleness. Risk of tech failures orfunding instability.

- Anxiety. Uncertainty among students andfaculty about Al’s educational role.

- Nonlinearity. Unpredictable studentenrollment or engagement patterns.

- Incomprehensibility. Ambiguity in long-term Al learning outcomes.

The objective is to“maximize the,sustainability index (G) while respecting time, budget, and
resource constraints, withpAl enhancing resilience, flexibility, efficiency, and confidence.

Step 1. Assign Numerical Values
ProjectiVariables
- I=12months(total implementation time).
= B=600,000 USD (total budget).
= R,=0.4 (baseline resilience, scale 0-1, moderate robustness).
N Fo=0.3 (baseline flexibility, scale 0-1, limited adaptability).
N Eo,=0.5 (baseline efficiency, scale 0-1, average resource use).
— Co=0.6 (baseline stakeholder confidence, scale 0-1, decent trust).
Al'Parameters
- A;=0.75 (Al mitigates risk well, e.g., via system backups).
- A,=0.65 (Al predicts nonlinear trends moderately, e.g., enrollment shifts).
- A3=0.7 (Al effectively interprets complex data, e.g., student performance).
- A,=0.85 (Al optimizes resources efficiently, e.g., scheduling).
Resources
- H=15 (15 staff/faculty, in person-units).
— M=40 (40 units of materials, e.g., software licenses, arbitrary scale).
- /=6 (6 infrastructure units, e.g., servers, arbitrary scale).
Constraints/External Factors
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- P=0.25 (25% disruption probability, e.g., tech glitches).
- D=0.15 (15% stakeholder anxiety about Al).
- N=0.35 (35% nonlinearity in outcomes, e.g., engagement variability).
- Uo=0.4 (40% baseline uncertainty in Al’s long-term impact).
Weights
- w;=0.25 (resilience moderately prioritized).
- w>=0.2 (flexibility relevant but secondary).
- w3=0.35 (efficiency critical for sustainability).
- w,=0.2 (confidence important for adoption).
- A=0.15 (penalty for BANI risks).
Sub-Tasks
3 sub-tasks - (1) Curriculum development, (2) Al platform deploymént, (8), Program
delivery.
> T1=3, T>=4, T5=5 months (3T=12).
> B;=150,000, B,=250,000, B;=200,000.

Step 2. Calculate Al Enhancements
Using the Al-driven equations:
1. Risk Reduction R=R,+A;P=0.4+0.75-0.25=0.4+0x1875=0.56875
2. Nonlinearity Management F=F+A,N=0.3%0.65-0:35=0.3+0.2275=0.5275
3. Data Interpretation U=U,-A5=0.4-0.7=-0.3.
4 Resource Optimization E=E,+A4{H+M#/) =0.5+0.85-(15+40+6) = 0.5+0.85-61=
0.5+51.85=52.35 (assume E<1; so0 E=1).

Step 3. Objective Function
G=wR+wWoF+w;3E+w,C-A(P+N+U)
- C=Co(1-D)=0.6+1-0.15)=0:6-0.85=0.51 (minimum, assume C=0.6 if higher).
Substitute. G=0.25-0:5875+0.2-0.5275;+0.35-1+0.2:0.6-0.15-(0.25+0.35+0)
- G=0»146875+0.9055+0:35+0.12-0.15-0.6
- G=0.722375-0.09=0.632875

Step 4. Verify Constraints

Time,3+4456=12<12,(satisfied).
Budget150,000+250,000+200,000=600,000=600,000 (satisfied).
ResourcesyH=15, M=40, [=620 (satisfied).

Risk Mitigation R=0.58752A,(1-P) =0.75-(1-0.25)=0.5625 (satisfied).

Flexibility F=0.52752A,(71-N) =0.65-(1-0.35)=0.4225 (satisfied).
Efficiency'E=1<A,(H+M+]) =0.85-61=51.85 (conceptually satisfied, capped at 1).
. Confidence C=0.620.51 (satisfied).

Albconstraints are met.

N s w2

Step 5. Interpretation

Sustainability Index (G) 0.632 (scale 0-1), a solid outcome.

Breakdown

R=0.5875 Al moderately improves resilience against tech/funding risks.
F=0.5275 Al helps adapt to enrollment nonlinearity.

E=1 Maximum efficiency via Al-optimized staffing and infrastructure.
C=0.6 Confidence holds steady despite some anxiety.

Penalty (-0.09) BANI risks are mitigated but not eliminated.

YV VYVY
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Step 6. Optimization Adjustment

Suppose we increase Al’s role in reducing anxiety (D drops to 0.05) and shift weights to prioritize
confidence (w,=0.3, w;=0.15):

- New C=0.6-(1-0.05)=0.57, assume C=0.65 with effort.

- Recalculate: G=0.15-0.5875+0.2:0.5275+0.35-1+0.3:0.65-0.15:(0.25+0.35+0)

G=0.088125+0.1055+0.35+0.195-0.09=0.648625

- Result Grises to 0.649, showing a slight improvement by boosting confidence.

Results for this Al-Driven Sustainable Education Program.

Initial G=0.632 reflects a sustainable, efficient program with Al effectively addressing BANI

challenges.

Adjusted G=0.649 suggests further gains by reducing stakeholder anxiety (e.g., via Al explainability

demos).

Recommendations:

— Enhance A; (data interpretation) with student feedbackanalytics to lower Uy
— Monitor N (nonlinearity) via real-time enrollment data to refine F.
— Allocate the budget to Al training for staff to sustain E=72

This example illustrates the model's utility in quantifying'sustainabilitytrade-offs'and optimizing Al
contributions in a turbulent educational context.

Let's prepare a sensitivity analysis on this case. Sensitivity analysisiexamines how changes in key
parameters affect the outcome of the model—in this case, the sustainability“index (G) for the Al-driven
Sustainable Education Program for Master’s Students in Al."We will analyze the sensitivity of Gto variations
in criticalinputs: Al parameters (A1, Az, As, A4), extériial factors(P, D, N, U ), weights (ws, wz, ws, W), and the
penalty factor (A). Using the numerical example from the previousyresponse, it is to vary each parameter
+20% (or within reasonable bounds) and agsessithe impacton G.

Baseline Case Recap
Objective Functiof,G=waR+WaF +W3E +w,C=A(P+N+U)
Baseline Value$
- R=0.5875, F=0.5275, E=1, C=0.6
— w;=0.25, we=0.2,ws=0.35, w,=0.2, A=0.15
= P=0225, N=0:85, U=0, D=0.15
— A,=0.75, A>=0.65, As=0.7, A,=0.85
Baseline'G 0.632

Sensitivity Analysis,Methodology

Vary one parameter at a time by +20% (or to logical bounds, e.g., 0-1 for factors like R, F,
E, C).

Recalculate G and note the percentage change from the baseline.

Identify the most sensitive parameters (those causing the largest AG).

1. Sensitivity to Al Parameters

A; (Risk'Mitigation, Baseline = 0.75)
A;=0.6 (-20%), R=0.4+0.6-0.25=0.5
G=0.25-0.55+0.2-0.5275+0.35-1+0.2:0.6-0.15-0.6=0.6225
AG=0.6225-0.632=-0.0095 (-1.5%)
A:=0.9 (+20%) R=0.4+0.9-0.25=0.625
G=0.25-0.625+0.2:0.5275+0.35-1+0.2:0.6-0.15-0.6=0.6415
AG=0.6415-0.632=0.0095 (+1.5%)

A> (Nonlinearity Prediction, Baseline = 0.65)
A>=0.52 (-20%), F=0.3+0.52-0.35=0.482
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G=0.25-0.5875+0.2-0.482+0.35-1+0.2:0.6-0.15-0.6=0.6233
AG=-0.0087 (-1.4%)
A»=0.78 (+20%), F=0.3+0.78:0.35=0.573 F=0.3 + 0.78
G=0.25-0.5875+0.2:0.573+0.35-1+0.2:0.6-0.15:0.6=0.6411
AG=0.0091 (+1.4%)
A; (Data Interpretation, Baseline = 0.7)
A3=0.56 (-20%), U=0.4-0.56=-0.16 (set U=0), no change in G=0.632.
A3=0.84 (+20%), U=0.4-0.84=-0.44 (set U=0), no change in G=0.632.
AG=0 (0%)—U is already 0, so A3 has no further effect.
A, (Resource Optimization, Baseline = 0.85)
As=0.68 (-20%). E=0.5+0.68-61=0.5+41.48=41.98 (cap E=1), G=0.632 (no change).
As=1(+17.6%, max). E=1, G=0.632 (no change).
AG=0 (0%)—E is capped at 1, so A4 variations don’t affect Glbeyond the'haseline.

2. Sensitivity to External Factors
P (Disruption Probability, Baseline = 0.25)
P=0.2 (-20%). R=0.4+0.75-0.2=0.55
G=0.25-0.55+0.2-0.5275+0.35-1+0.2-0.6-0.15-(0.2+0385+0)=0.6375
AG=0.0055 (+0.9%)
P=0.3 (+20%). R=0.4+0.75-0.3=0.625
G=0.25-0.625+0.2:0.5275+0.35-1+0.2:0.6=0.15-(0:3+0.35+0)=0.6285
AG=-0.0035 (-0.6%)
D (Stakeholder Anxiety, Baseline = 0.15)
D=0.12 (-20%). C=0.6-(1-0.12)=0.528, assume C=0.6 (D =0.18) (+20%), assume (C =0.6),
(G=0.632).
(AG =0) (0%)—(C) fixed at 0.6 unlessyexplicitly adjusted.
N (Nonlinearity, Baseline 50.35)
(N=0.28) (-20%). (F=,0.3%0.65=10.482)
G=0.25x0.5875+ 0.2'%0.482+ 0.35 x1+ 0.2 x0.6 - 0.15 x(0.25 + 0.28 + 0) = 0.6398 $$
AG=0.0078 (+1.2%)
N=0.42 (+20%). F=0.3+0.65-0.42=0.573
G=025-0.5875+0.2:0.578%0.35-1+0.2:0.6-0.15+(0.25+0.42+0)=0.6261
AG=-0.0061 (-1:0%)
Uo (Ungertainty, U Baselines,0.4)
Up=0.32(-20%), U=0.32-0.7=-0.38 (set U=0),
G=0.632 (ne change).
Ue=0.48 (+20%): =0.48-0.7=-0.22 (set U=0),
G=0.682 (n0 change).
I1fA;=0.4 (weaker Al), U=0.48-0.4=0.08

3.°Sensitivity to Weights
w; (Resilience, Baseline = 0.25)
w; = 0.2 (-20%), adjust (wsz = 0.4)
G =0.2x0.5875+ 0.2 x0.5275 + 0.4 x1 + 0.2 x0.6 - 0.15 x0.6 = 0.6425 $$
AG=0.0105 (+1.7%)
w;=0.3 (+20%), adjust w3=0.3 G=0.3-0.5875+0.2-0.5275+0.3-1+0.2:0.6-0.15-0.6=0.6215
AG=-0.0105 (-1.7%)
ws (Efficiency, Baseline = 0.35)
w;=0.28 (-20%), adjust w1=0.32
G=0.32-0.5875+0.2:0.5275+0.28-1+0.2:0.6-0.15-0.6=0.6235

AG=-0.0085 (-1.3%)
1 —
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w3=0.42 (+20%), adjust w1=0.18
G=0.18-0.5875+0.2-0.5275+0.42-1+0.2:0.6-0.15-0.6=0.6415
AG=0.0095 (+1.5%)
4. Sensitivity to A
A=0.12 (-20%)
G=0.25-0.5875+0.2:0.5275+0.35-1+0.2-0.6-0.12:0.6=0.638
AG=0.006 (+0.9%)
A=0.18 (+20%).
G=0.632-(0.18-0.15)-0.6=0.626
AG=-0.006 (-0.9%)
Table 3
Summary of Results
Parameter -20% G +20% G Range of AG % Change
A 0.6225 0.6415 -0.0095 to +0.0095 +148%
A 0.6233 0.6411 -0.0087 t0 #0.0091 £1.4%
As 0.632 0.632 0] 0%
As 0.632 0.632 0 0%
0.6375 0.6285 -0.0085to +0.0055 +0.9%
D 0.632 0.632 0 0% (unless C
varies)
N 0.6398 0.6261 -0.0061 to +0.0078 +1.2%
Uo 0.632 0.62 (iflA3 weak) [“0it6-0.012 0to-1.9%
wy 0.6425 0.6215 -0.0105to +0.0105 +1.7%
W3 0.6235 0.6415 -0.0085 to +0.0095 +1.5%
A 0.638 0.626 -0.006 to +0.006 +0.9%

Let’s look at Key Findings
Most Sensitive Parameters

1.

wa(resilience weight): +1.7% change in G reflecting its influence on R.
w; (efficiency weight): £1.5%, due to E=1 being a key driver.
Ajand A2 +1.5% and +1.4%, showing Al’s role in resilience and flexibility is impactful.
2. Moderately Sensitive
N (nonlinearity) +1.2%, indicating sensitivity to unpredictable trends.
P and A £0.9%, moderate effect from brittleness and risk penalty.
3. Insensitive Parameters
Az and As. No change, as U=0 and E=1 are already optimized.
D has no effect unless C varies beyond the baseline.
Interpretation
Al Effectiveness. G is most sensitive to A; and A,, suggesting that improving Al’s risk mitigation and
trend prediction (e.g., via better algorithms) could significantly enhance sustainability.
Weight Priorities. Shifting focus between resilience (w;) and efficiency (w;) has a notable impact,
implying careful calibration is needed based on project goals.
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BANI Factors. Nonlinearity (N) matters more than brittleness (P), highlighting the need to address
unpredictable student engagement over tech risks.
Limits. E and U are at bounds (1 and 0), so further Alimprovements in A, or A;won’t affect G unless
constraints shift.
Recommendations
Enhance A; and A.. Invest in Al tools for risk detection (e.g., system diagnostics) and trend
forecasting (e.g., enrollment models) to boost R and F.
Adjust Weights. If resilience is a bigger concern (e.g., tech failures), increase w1; if
efficiency drives sustainability, keep ws high.
Monitor N. Use real-time data to refine A, and mitigate nonlinearity €ffects.
Revisit C. If D rises (e.g., more anxiety), actively improve C (e.g.,"via workshops) to avoid
constraint violations.
This sensitivity analysis shows the model’s robustness and highlights leverage peints for
optimizing the education program in a BANI context (Table 2).

1.

2.

3.
4.

Table 2
Model Flow Overview
Stage BANI Challenge Al Functionality Qutput
Project . - Al-dri .
r'o.Jec? Brittleness (fragility) driven B Clear project goals and scope
Initiation assessment
. . . . s g ) Risk matrix and mitigation
Risk Analysis | Anxiety (uncertainty) Predictivesisk modeling .
strategies
Resourf:e Nonllnealrlty Dynamlc resource Optimized project workflow
Allocation (complexity) planning
Project Incomprehensibilit Real-time monitorin Al-powered project dashboard
Execution P y g P pro)
Evaluation & . . Lessons learned and
. System adaptation Performance analysis .
Learning recommendations

4. Examinethe Role of Al in,Project Management

Artificial Intelligence (Al) transforms project management by providing advanced tools and
techniquesito addressithes€omplexities and uncertainties inherent in the modern world, especially within
the®BANI“envirenment. By leveraging data-driven insights, automation, and predictive capabilities, Al
enhances decision=making, optimizes resource allocation, and mitigates risks in sustainable development
projects (Table\3).

Table 3

Key Roles of Al in Project Management

Al Functionality

Description

Benefits

Example

Analytics for
Management

1. Predictive

Risk

Al algorithms

analyze |of

bottlen

historical and real-time data|vulnerabilities.
to identify potential risks and | contingency

forecast future trends.

Enables early identification |A

renewable energy|

and
Supports
planning by

ecks

simulating various scenarios.

project uses Al to predict
supply chain disruptions
based on weather patterns
and geopolitical data.
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2. Resource
Optimization

Al models optimize resource
allocation by analyzing
project requirements,
timelines, and constraints.
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Minimizes waste and |Al-driven scheduling tools|

enhances efficiency. Ensures
the best use of financial,
human, and material
resources.

allocate workforce and
equipment efficiently in a
green infrastructure
project.

Al tools provide actionable

Reduces cognitive load on

Al dashboards for urban
sustainability projects|
suggest optimal locations|

insights by processing large|project managers. Facilitates [for. implementing
3. Decision-Support |datasets and highlighting key|data-driven  decisions injfenewable energy|
Systems patterns and correlations. complex, nonlinear systems. [sQlutions.

Al-powered platforms|Enhances collaboration Al “chatbotsy, assist in

improve communication by|among diverse stakeholders. [cebrdinating between
4, Enhancing|automating workflows, |Resolves issues ~quicklyfteams across different
Collaboration and|tracking progress, and|through intelligent task(time zon@s in international
Communication providing real-time updates. |management. development projects.

Al adjusts project

Al enables dynamic project|Ensur€Siprojects remain onftimelines for an

planning by continuously|traék. despite ‘diSruptions. |agricultural development

updating schedules and|Increases /flexibility and [initiative based on
5. Adaptive Project|priorities based on changingjresponsiveéness in \volatile unexpected climate
Planning conditions. environments, events.

6. Monitoring and
Performance
Evaluation

Al tools track
progress, measure
performance +etrics, “and
evaluate outcomes “against

predefined\goals.

project

Improves, accountability and

transparency. Identifies
areas “for improvement in
real-time.

IAn Al-based tool monitors
energy savings in a smart

city project and provides
periodic reports to
stakeholders.

Al plays a critical roletin modern projectymanagement, particularly in the BANI environment. By
integrating Al tools, projectimanagersycan address the inherent challenges of sustainable development
projects, such as unpredictability, resource‘€onstraints, and risk management. While challenges remain,
the potential benefits of Al far outweighythe limitations, making it a cornerstone for managing innovation
and sustainability in a'velatile,and complex world.

5.

Risk Managementfor Sustainable Development Projects in a BANI Environment

The following table outlines potential risks, their likelihood and impact, mitigation strategies, and
the role of Altools in addressing them (Table 4).

Tabled

Risk Management for'Sustainable Develo

pment Projects in a BANI Environment

Risk Category. Specific Risk Likelihood Impact Mitigation Al Role
Strategy
Brittleness System failure due | High High - Implement | - Simulate stress
to single-point redundancy in | scenarios
dependencies critical
systems
- Use modular | - Identify weak
project designs | points and
recommend




IPMA.

tools for real-
time updates

Berlin | 34" World
2025 | Congress
redundancy
measures
Supply chain | Medium High - Diversify | - Predict
disruptions suppliers disruptions using
Al-driven  supply
- Maintain | chain analysis
strategic
reserves
Anxiety Resistance to Al | Medium Medium - Cong Use explainable
adoption by training (XAl) to clarify
stakeholders sessi sien-making
Misinformation or | Medium - Deploy Al
miscommunicatio chatbots and
n leading to dashboards for
stakeholder accurate, real-
mistrust interactive time stakeholder

communication

interpretation

Nonlinearity Unpredictable - Conduct | - Use Al for
chain scenario scenario
from planning modelling and
changes - Maintain | nonlinear  trend
flexibility in | prediction
project
timelines and
resources
Medium - Stay updated | - Monitor
on policies regulatory
_ Include | changes using Al-
compliance driven data
buffers in | @nalysis
project plans
Difficulty analyzing High - Use data|- Process and
bility large, complex integration visualize large
datasets tools datasets with Al
tools for
T ‘Employ actionable
specialized -
. . insights
expertise in
data
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Unexpected Medium High - Conduct | - Model potential
environmental or comprehensive | impacts using Al-
social impacts impact driven simulation
assessments tools
- Engage with
local
communities
Budgetary Escalating costs | Medium High - Implement | - Predict cost
Constraints due to project strict  bud overruns  with Al
delays recommend
aving
nts
High upfront costs | Medium Medium alyze ROI of Al
for Al and other and
technologies recommend
optimal
investment
partnerships strategies
Technological Al algorithm bias | Low High - Conduct | - Detect and
Risks affecting decision- regular audits mitigate biases
- Use diverse through
datasets for automated Al
training audits
Medium - Maintain | - Predict system
backup failures and
systems automate recovery
- Partner with | mechanisms
reliable Al
service
providers
Human Medium - Provide | - Identify skill gaps
Reso change \or lack of regular training | using Al-driven
ills using Al N Incentivize performance
adoption analyses
through
rewards
High workload due | Medium Medium - Delegate | - Automate routine
to rapid project tasks tasks to reduce

adjustments

effectively

- Use Al tools to
automate
repetitive tasks

human workload

Conclusion
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The integration of Al tools into the management of sustainable development projects offers a
transformative approach to addressing the challenges of operating in a BANI (Brittle, Anxious, Nonlinear,
Incomprehensible) environment. This paper has explored how Al technologies can enhance resilience,
foster adaptability, and optimize decision-making processes across complex value chains, ensuring
alignment with sustainability goals.
Key Insights and Achievements.
Enhanced Resilience. Al-driven scenario modelling and risk assessment enable projects to withstand
disruptions and uncertainties, addressing the brittleness of traditional systems.
Improved Adaptability. Through dynamic resource allocation and real-time monitoring, Al facilitates
flexible responses to evolving project needs, countering the anxiety of unpredictableichange.
Optimized Decision-Making. Predictive analytics and explainable Al (XAl) empower stakeholders with
actionable insights, mitigating the challenges posed by nonlinear andfincomprehensible system
behaviours.
Sustainability Alignment. Al tools support the efficient use of resgurces;lensdre trangparency, and
promote measurable environmental, social, and economic benefits:
Challenges and Mitigation Strategies.
While the integration of Al introduces concerns regarding éthical usey data quality, and stakeholder
trust, proactive measures such as establishing governance frameworksj, conducting regular audits,
and fostering transparent communication can addresSithese issues effectively.
Strategic Implications.
This study underscores the importance of combining Al capabilities,with human expertise to balance
technical innovation with ethical consideratiens and stakeholder engagement. By adopting modular,
scalable, and interdisciplinary approaches, organizations‘éan maximize the impact of sustainable
development projects while navigating thelcomplexities of the' BANI context.
Future Research Directions.
Exploring Al's role in fostering collaborationyacrass diverse stakeholders in sustainability projects.
Investigating the long-term impact'of Alzdriveniintenientions on sustainability goals.
Developing frameworks togintegrate Al seamlessly into policy-making processes for sustainable
development.
By embracing Al as a strategic partner in project management, organizations can not only achieve
sustainability objectivesibut alsobuild resilient systems capable of thriving in an uncertain and dynamic
world

Reference

1. Love, J\).& Roper, S. (2009)» Organizing innovation: Complementarities between cross-functional
teamsg@ilechnovation, 29, 192-203. https://doi.org/10.1016/J.TECHNOVATION.2008.07.008.

2. Rammer, Cy CzaknitzKi, D., & Spielkamp, A. (2009). Innovation success of non-R&D-performers:
substituting “technology by management in SMEs. Small Business Economics, 33, 35-58.
https://@oi.okg/102189/ssrn.1314246.

3. HidalgapAy, & Albors, J. (2008). Innovation Management Techniques and Tools: A Review from Theory
and Practice. IRPN: Innovation Processes. https://doi.org/10.1111/j.1467-9310.2008.00503.x.

4. Bushuyev, S., Murzabekova, S., & Biloshchytskyi, A. (2023). Inspirational Development of Education
Establishment. Astana IT University Case. IEEE International Conference on Smart Information Systems
and Technologies (SIST).

5. Bushuyeyv, S., Piliuhina, K., & Chetin, E. (2023). Transformation of values of the high technology projects
from a VUCA to a BANI environment model. Innovative Technologies and Scientific Solutions for Industries,
N 2(24), pp. 191-199

6. Bushuyev, S., Tykchonovych, J., Chernysh, O., Sukhonos, N., & Khalilov, A. (2024). Creative principles
for managing innovation projects in BANI environment. Management of Development of Complex Systems.

https://doi.org/10.32347/2412-9933.2024.57.6-11.
1 ———



https://doi.org/10.1016/J.TECHNOVATION.2008.07.008
https://doi.org/10.2139/ssrn.1314246
https://doi.org/10.1111/j.1467-9310.2008.00503.x
https://doi.org/10.32347/2412-9933.2024.57.6-11

IPMA.

Berlin | 34" World
2025 | Congress

7. Bushuyev, S., &Ivko, A. (2024). Construction of models and application of syncretic innovation project
management in the era of artificial intelligence. Eastern-European Journal of Enterprise Technologies, 3(3
(129), 44-54. https://doi.org/10.15587/1729-4061.2024.306436

8. Roper, S.,Du, J., & Love, J. (2008). Modelling the innovation value chain. Research Policy, 37, 961-977.
https://doi.org/10.1016/J.RESPOL.2008.04.005.

N
O
S



https://doi.org/10.15587/1729-4061.2024.306436
https://doi.org/10.1016/J.RESPOL.2008.04.005

