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ABSTRACT

Artificial intelligence (AI) components—models, data

pipelines, feature stores, and feedback loops— -
introduce uncertainty and non-determinism into i e e
software delivery. Traditional Agile practices,

designed around code-centric change, can struggle

with the probabilistic and data-dependent nature of Al

work. This manuscript examines how Agile

methodologies can be adapted to Al-integrated « e ot
METHODOLOGY

software projects, and evaluates their impact on flow :
efficiency, quality, and model performance stability. B
We synthesize practice patterns from industry,

articulate an “Al-adapted Scrum” and a

{ SHGON

/

“Kanban+MLOps” operating model, and contrast

them with a baseline Scrum approach.

Fig.1 Agile Development Methodologies,Source([1])
A mixed-method methodology combines process
modeling with a discrete-event Monte Carlo
simulation of 42 synthetic projects and a statistical
analysis of key delivery and ML-specific outcomes

(lead time, deployment frequency, change failure rate,
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rework ratio, and 30-day accuracy retention). Results
suggest that incorporating MLOps gates (data
validation, model evaluation, fairness and drift
checks), dual-track discovery/delivery, and explicit
WIP limits for experimentation can reduce lead time
by 29-37%, roughly double deployment frequency,
and lower change failure rates by 40-50%, while
improving short-term accuracy retention by ~7-9
percentage points. The paper concludes with a
practical playbook—roles, ceremonies, definitions of
done, and risk controls—for engineering leaders who
must align Agile cadences with the iterative learning
cycles of Al. Limitations and directions for future
research are discussed, including external validity to
highly regulated domains and long-horizon drift
behavior.
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INTRODUCTION

Agile methods transformed software engineering by
prioritizing customer value, iterative delivery, and
responsiveness to change. Yet, Al-integrated systems add
elements that classic Agile rarely addresses explicitly:
data quality volatility, model generalization error,
stochastic training outcomes, non-stationary
environments, and feedback loops that modify both
system behavior and user behavior over time. An Al
feature may “pass tests” on Tuesday and degrade by
Friday due to a data source schema change, a shifts in user
cohorts, or model drift. Consequently, the unit of change

extends beyond code to include datasets, features,

hyperparameters, and evaluation baselines.

Planning
Requirements

Gathering Development

Agile Software Development

Deployment Testing

Maintenance

Fig.2 Agile Development Methodologies in Al-Integrated
Software Projects,Source([2])

Three tensions emerge when teams apply Agile to Al

work:

1. Discovery vs. Delivery: Data exploration,
hypothesis generation, and modeling are
inherently uncertain. Estimation accuracy for
such tasks is low, but downstream product
delivery still requires predictable cadence.

2. Speed vs. Safety: Frequent releases (a hallmark
of Agile) must be balanced with safeguards such
as bias audits, model cards, explainability
artifacts, and rollback plans.

3. Static Requirements vs. Learning Objectives:
Requirements in Al often specify a performance
envelope (e.g., “>95% F1 on segment X with
fairness delta <3% across sensitive attributes”)
rather than functional determinism (“return field
Y”). Evaluation becomes integral to definition of
done.

To address these tensions, teams increasingly combine
Agile with MLOps—a set of practices that makes
data/ML assets versionable, testable, and deployable.
MLOps introduces CI/CD/CT (continuous training)
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pipelines, automated validation (data drift, concept drift,
bias), reproducible experiments, model registries, and
production telemetry. When overlaid onto Scrum or
Kanban, MLOps shifts the focus from “feature shipped”
to “model behavior sustained.”

This manuscript pursues three questions:

e RQI1: How must Agile roles, ceremonies, and
artifacts evolve to accommodate Al lifecycles?

e RQ2: What delivery and quality gains are
achievable when MLOps gates are fused into
Agile processes?

e RQ3: How do different Agile operating models
(baseline Scrum, Al-adapted Scrum,
Kanban+MLOps) compare in throughput and
stability, given realistic uncertainty in data and
modeling tasks?

We propose two adapted operating models, evaluate them
through a controlled simulation of project flow, and
provide statistically grounded insights for practitioners.
LITERATURE REVIEW

Agile’s core principles—iterative development, customer
collaboration, and responding to change—have proven
durable across web, mobile, and cloud. Scrum organizes
work into time-boxed sprints with stable teams and
product backlogs; Kanban emphasizes flow and WIP
(work-in-progress) limits to reduce cycle time. Extreme
Programming (XP) contributes engineering practices
such as TDD, refactoring, and pair programming that
improve code quality.

Al development, meanwhile, derives from data science
workflows such as CRISP-DM and its modern derivatives
(e.g., CRISP-ML(Q)), which stress  business
understanding, data preparation, modeling, evaluation,
and deployment, followed by monitoring and
maintenance. MLOps extends DevOps by making the
data-model-code triad a first-class citizen: data
versioning, feature stores, model registries, linecage
tracking, reproducible pipelines, and automated

evaluation and monitoring.

Empirical reports highlight gaps when classic Agile meets
Al

o Estimation volatility: Modeling tasks often
require exploratory loops where outcomes are
path-dependent and non-linear with effort.

e Non-determinism: Identical code can yield
different models due to random seeds, GPU
nondeterminism, and floating-point differences,
complicating traditional definition of done.

e Ethical/compliance constraints: Fairness,
privacy, and explainability introduce new
acceptance criteria and release gates.

e  Operational decay: Model and data drift can
silently degrade performance, demanding
continuous monitoring and retraining.

Emergent patterns to bridge these gaps include: dual-track
Agile (discovery track for data/experiments, delivery
track for productization), ML-specific definitions of
ready/done (data availability, label quality thresholds,
evaluation baselines), shadow deployments and canary
releases for safe rollout, model cards and data sheets for
transparency, and feedback-augmented roadmapping that
accounts for drift remediation and labeling debt.

While case studies advocate these practices, comparative,
quantitative evidence remains sparse due to proprietary
datasets and heterogeneous contexts. Simulation and
synthetic studies can therefore illuminate plausible effect
sizes and trade-offs, guiding real-world experimentation.
METHODOLOGY

Study Design

We adopt a mixed-method design centered on discrete-
event Monte Carlo simulation to compare three
operating models across 42 synthetic projects (14 per
group), each lasting 12 weeks:

1. Baseline Scrum (BS): Standard Scrum with
sprint  planning, daily scrum, reviews,
retrospectives; no explicit MLOps gates; ML

tasks treated like regular user stories.
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2. Al-Adapted Scrum (AS): Scrum with dual-
track discovery/delivery, a “Model Readiness”
checklist in Definition of Ready (DoR), and
MLOps gates (data validation, bias tests, drift
checks) in Definition of Done (DoD).

3. Kanban+MLOps (KM): Pull-based flow with
explicit WIP limits per lane (Data Prep,
Experiment, Evaluate, Productize), automated
CI/CD/CT, and continuous release practices.

Process and Roles

e  Product Owner (PO): Owns business KPIs and
acceptance  thresholds including  model
performance and fairness guardrails.

e Tech Lead / ML Lead: Curates experiment
roadmaps, orchestrates pipeline automation,
ensures reproducibility.

e Data Engineer: Manages sources, schemas,
feature stores, and data validation tests.

e ML Engineer / Scientist: Designs and trains
models, maintains evaluation baselines and
experiment tracking.

e Software Engineer: Integrates inference
services, AB testing harnesses, telemetry, and
rollout strategies.

e SRE/Platform Engineer: Owns CI/CD/CT,
observability, and incident response.

Operational Policies

e DoR (Al-specific): Stable data source
identified; label strategy approved; minimum
sample size defined; offline evaluation protocol
agreed; ethical risks assessed.

e DoD (Al-specific): Reproducible training run
captured; model registered with lineage;
evaluation meets thresholds (e.g., Fl>target,
drift p-value>a for the launch cohort); bias
analysis within bounds; rollback artifact ready;

monitoring probes defined.

e Ceremonies: Sprint reviews/demo include
model performance and fairness dashboards.
Retrospectives consider “learning velocity”
(validated experiments per week).

e WIP Limits: AS constrains concurrent
experiments to 2 per ML engineer; KM enforces
WIP at each lane based on historical throughput.

Variables and Measures

e Lead Time (days): From story commitment to
production.

e Deployment Frequency (per month):
Production releases of model or feature.

e Change Failure Rate (%): Releases requiring
rollback or hotfix.

e Rework Ratio (%): Percentage of completed
work reopened due to data/label issues.

e Accuracy Retention at 30 days (%): Model
performance vs. launch baseline after 30 days of
live traffic.

Control covariates include team size (6—10), domain
complexity (low/medium/high), and data volatility
(low/medium/high).

Simulation Assumptions

Per project, backlog arrival follows a Poisson process (A
varies by complexity). Data labeling latency is Lognormal
(p=1.1, 0=0.6 days per 100 samples). Training time
follows a Gamma distribution (k=2.2, 6=1.5 hours per
training job) with queueing under limited GPU slots.
Concept drift occurs with weekly probability p (0.15 low,
0.25 medium, 0.35 high). Failures increase when DoD
gates are absent. AS and KM reduce rework via earlier
data validation and controlled WIP; KM further reduces
queueing by smoothing flow.

Analysis Plan

We compute metric means/SDs per group and apply one-
way ANOVA to test group differences, followed by
Tukey HSD for pairwise contrasts. We fit an OLS
regression per metric with indicators for AS and KM (vs.

BS), controlling for team size, complexity, and data
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volatility. We report p-values and qualitative effect sizes
(n? for ANOVA; standardized B for regression). All data
are synthetic to illustrate expected tendencies; results
should be interpreted as guidance for practice experiments
rather than ground truth.

STATISTICAL ANALYSIS
(Synthetic Dataset; n=42 Projects)

Metric | Baseli Al- Kanban+M | ANO
ne Adapt | LOps (KM) | VAp-
Scru ed n=14 value
m Scru
(BS) m
n=14 | (AS)
n=14
Lead 228+ | 16.1+ 143+42 <
Time 6.3 4.8 0.001
(days)
Deploym | 2.1+ | 45= 62+1.5 <
ent 1.0 1.2 0.001
Frequenc
y (per
month)
Change | 247+ | 142+ 11.8+4.9 <
Failure 7.5 5.6 0.001
Rate (%)
Rework | 19.6+ | 124+ 9.8+3.9 <
Ratio 6.2 4.1 0.001
(%)
Accurac | 845+ | 90.8 + 92.1+£3.7 0.002
y 6.9 4.3
Retentio
n @30d
(%)

Metric

m Accuracy Retention @30d (%)

Fig.3
Notes: Values are mean + SD. Tukey HSD indicates AS
and KM both outperform BS across all metrics (p<0.05);
KM also outperforms AS on lead time and deployment
frequency (p<0.05). Covariate-adjusted OLS coefficients
(not shown) remain significant and directionally
consistent. Effect sizes are large for flow metrics
(n>>0.24) and moderate for accuracy retention (1>~0.12).
SIMULATION RESEARCH AND RESULT
Simulation Model
We implemented a discrete-event model of the delivery
pipeline with the following entities and queues:

e Backlog Items: User stories and ML tasks (data
acquisition, labeling, feature engineering,
modeling, evaluation, integration).

e Servers/Queues: Data prep workers, GPU
training slots, code review, CI build, validation
gates (data tests, fairness/bias checks, drift tests),
deployment approvals.

e Policies by Model:

o BS: No explicit data gates; TDD on
code only; sprint WIP allowed to
balloon inside a sprint; releases at sprint
end.

o AS: DoR/DoD with data/model gates;

discovery lane in parallel with delivery;
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time-boxed experiments; sprint releases
with canary.

o KM: Continuous pull with WIP limits
per lane; automated CT (scheduled
retraining); releases triggered when
gates pass; canary + automated
rollback.

Event Dynamics: Each backlog item transitions through
lanes; stochastic service times reflect labeling, training,
and review. Data incidents (e.g., schema change, missing
values spike) trigger rework if not caught by gates.
Concept drift events degrade live performance; if
monitoring detects drift beyond thresholds, a retrain ticket
is auto-created and prioritized.

Parameterization

e  WIP Limits: KM sets WIP = 1x(#engineers per
lane); AS limits concurrent experiments to 2 per
ML engineer.

o Gate Sensitivity: In AS/KM, data validation
catches 70-80% of data incidents pre-merge;
fairness checks capture 60-70% of bias
regressions pre-release; drift monitors detect
85% of post-release drifts within 48 hours.

e Compute Constraints: Training queues form
when GPU utilization >85%; KM’s flow
smooths queue spikes by reducing batch size and
favoring incremental fine-tuning.

Results Synthesis
Across 1,000 simulation runs per group:

e Flow: KM yields the shortest lead times via
controlled WIP and fewer blocked items. AS
reduces lead time relative to BS by gating
defects earlier, but time-boxing experiments still
creates periodic contention at training servers
near sprint ends, lengthening queues compared
to KM’s continuous pull.

e Quality & Stability: Change failure rate drops
significantly in AS and KM because release

gates prevent defect injection (bad data,

overfitting, bias regressions). KM’s automated
rollback and canary add further protection.

e Rework: Early data validation in AS/KM cuts
rework substantially. BS incurs hidden rework
when data issues surface during integration or
post-release.

e  Model Performance: Accuracy retention at 30
days is higher in AS/KM due to drift monitoring
and scheduled retraining. KM’s continuous
retraining schedule and faster detection shorten
the time models spend below target.

e  Throughput vs. Experimentation: Restricting
WIP does not reduce validated experiments per
week; instead, it increases the ratio of validated
to abandoned experiments by reducing context
switching and queue thrashing.

Practical Interpretation

e When cadence predictability matters
(regulated releases, stakeholder demos), Al-
Adapted Scrum balances structure with ML-
specific gates.

e  When teams face high data volatility and need
rapid recovery from drift, Kanban+MLOps
provides superior flow and resilience.

e Baseline Scrum is least effective for Al-heavy
work unless augmented with MLOps and tighter
WIP control.

CONCLUSION

Key Findings

Adapting Agile for Al-integrated software meaningfully
improves both delivery flow and operational outcomes.
Compared with a baseline Scrum approach, AI-Adapted
Scrum and Kanban+MLOps:

e  Shorten lead time by ~29% (AS) to ~37% (KM).

e Increase deployment frequency by ~2.1x (AS)
to ~3x (KM).

e Reduce change failure rate by ~43% (AS) to
~52% (KM).
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e Lower rework ratio by ~37% (AS) to ~50%
(KM).

e Improve 30-day accuracy retention by ~6-8
percentage points.

These gains arise from five mechanisms: (1) explicit
data/model gates in DoR/DoD; (2) reproducible pipelines
and model registries; (3) continuous monitoring for drift
and bias; (4) canary/rollback patterns; and (5) WIP limits
that curb experiment sprawl and queueing.
Implementation Playbook

e Roles: Add a data steward (can be part-time) and
elevate the ML lead’s accountability for
evaluation protocols and release gates.

e Backlog Hygiene: Express ML work as
hypotheses with success criteria (metric
thresholds, segments, fairness bounds) and
attach data availability assumptions.

o Definitions: DoR requires stable data access and
labeling strategy; DoD requires reproducibility,
model registration, documented evaluation,
fairness report, and rollback plan.

e Pipelines: Invest in CI/CD/CT that runs data
checks, model training, evaluation, and
promotion to a registry with automated lineage
capture.

e Release Strategy: Default to canary +
automated rollback; use shadow mode to gather
real-world performance prior to exposure.

e Observability: Treat model telemetry
(performance by segment, drift statistics, data
quality KPIs) like SLOs, with alerting and clear
runbooks.

e Cadence: Choose Al-Adapted Scrum when
stakeholder ceremonies and batch releases are
necessary; choose Kanban+MLOps when
volatility and drift dominate and continuous flow
yields better economics.

Limitations and Future Work

Our results derive from synthetic projects and
simulations calibrated to plausible, but not domain-
specific, parameters. External validity may vary in safety-
critical or highly regulated settings where review gates
and human-in-the-loop checks dominate timelines. Long-
horizon drift behavior, seasonality, and retraining
economics warrant deeper modeling. Future research
should combine field experiments with telemetry from
real CI/CD/CT systems, analyze fairness/ethics trade-offs
more directly, and quantify the ROI of labeling strategies

and active learning under different Agile policies.
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