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decision-support system that converts the collective behavior of spectators in Iran’s Persian Gulf Pro League
stadiums into decision-oriented metrics for four stakeholder groups simultaneously — venue and operations
managers, commercial sponsors, club and federation governance bodies, and fans — from a single shared
representation and without any individual identification.

Methods: The research is applied and follows the design-science paradigm with an iterative build—evaluate
strategy. The population comprised Persian Gulf Pro League match events in the 1401-1402 and 1402-1403
seasons, and the unit of analysis was the stand sector rather than the individual spectator, which matches the
granularity of managerial decisions and satisfies privacy requirements. Sampling was purposive with
maximum variation across lighting condition, crowd density, and event tension. The instrument was a
sector-level dataset of 512 training and 384 evaluation instances organized into six training regimes,
generated at this proof-of-concept stage by a physics-based generator that emits both observations and labels
from a single latent collective state. A shared perception trunk feeds four stakeholder-specific decision
branches and a hysteresis-based alert state machine; each branch was benchmarked against its own
single-purpose baseline under an identical training budget.

Results: The unified system matched or outperformed the single-purpose baselines on five of eleven metrics,
with gains concentrated in structured spatio-temporal tasks: counting error fell from 10.92 to 3.07 (=72%
improvement), root-mean-square error from 13.65 to 4.05, localization precision rose from 0.17 to 0.48, and
time-to-crisis error improved from 15.49 to 9.14 seconds. Specialized baselines retained a narrow edge on
simple event-level classification (safety-class accuracy 0.89 vs. 0.78; governance F-score 0.95 vs. 0.94). A
deployment mode driven solely by existing broadcast footage cost only 2.3 percentage points, at 267.2
frames per second and 3.74 ms latency.

Conclusions: A shared representation can create value for several stakeholders at once, which renders
stakeholder theory measurable rather than merely descriptive in Iranian football; yet the value is uneven,
and synergy emerges only where tasks share underlying structure. Managerially, the system supports a shift
from reactive to anticipatory crowd management, more defensible sponsorship valuation, and
evidence-based governance under a non-biometric data regime. Because the evidence rests on synthetic data,

the findings establish design validity rather than field performance.
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Introduction
Professional football is not a dyadic exchange between a club and its customers but a dense

network of stakeholders, each expecting a distinct form of value from the same ninety-minute
event. Freeman’s (1984) stakeholder theory holds that an organization is accountable to a
network of claimant groups rather than to a single constituency, and work in sport has confirmed
that value creation in football cannot be understood from the club’s vantage point alone
(Yiapanas et al., 2024; Perechuda & Cater, 2022). Inside a stadium these claims run
concurrently: the operations manager attends to density and surge risk, the sponsor’s marketing
manager to how much of the crowd’s attention reaches the advertising boards, the disciplinary
secretary to precursors of disorder, and the fan to comfort and the quality of the occasion.
Despite this simultaneity, each layer is in practice monitored by separate instruments, separate
data, and largely retrospective processes.

The problem this study addresses arises from that fragmentation. Spectator behavior —
standing, clapping, coordinated chanting, goal celebration, sudden surges toward the barriers,
and congestion at the exits — carries decision-relevant information, but at the scale of tens of
thousands of people it cannot be extracted moment by moment, measured, or acted upon
through human observation alone. The problem is sharper in Iran, where Premier League
venues combine high nominal capacity with heterogeneous monitoring infrastructure and
persistent crowd-safety pressure (Biglari & Meier, 2023), while the league’s commercial and
international potential remains contingent on making the sponsorship value proposition
transparent (Soroush et al., 2022). These two pressures — safety and marketing accountability
— are usually treated by separate systems, yet they originate in the same physical reality: the
moment-to-moment collective behavior of the crowd.

The literature offers mature components but no integration. Crowd counting and density
estimation have advanced considerably (Gao et al., 2020; Song et al., 2021; Ma et al., 2024),
surge and anomaly detection have been formalized (Cob-Parro et al., 2025; Omlin, 2025), and
crowd-level affect recognition has become feasible (Chen et al., 2025); yet these systems
terminate in a technical quantity rather than a managerial decision, and each is optimized for a
single stakeholder. In parallel, sport-management research has established what spectators
value (Biscaia et al., 2023; Yoshida et al., 2021; Omidi et al., 2025) and how sponsorship
operates (Cornwell & Kwon, 2020; Nazari et al., 2025), but measurement in this stream relies
overwhelmingly on post-event surveys. The gap this study occupies is therefore the absence of
an artifact in which one representation of crowd behavior is deliberately engineered to serve
several stakeholders at once, and in which that claim is tested rather than asserted.

Research methods
The study is applied and adopts the design-science paradigm (Hevner et al., 2004; Peffers et al.,

2007), in which a designed artifact is developed through iterative build—evaluate cycles and its
validity is established by demonstrated performance against competing baselines. The
population comprised match events of the Persian Gulf Pro League in the 1401-1402 and 1402—
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1403 seasons; six venues with contrasting bowl geometry, capacity, and lighting — Azadi
(Tehran), Naghsh-e Jahan (Isfahan), Imam Reza (Mashhad), Foolad Arena (Ahvaz), Yadegar-e
Emam (Tabriz), and Pars (Shiraz) — served as the reference frame for parameterizing the
generator rather than as sites of field data collection. The unit of analysis was the stand sector:
managerial decisions are taken at sector granularity, and sector-level aggregation makes
individual identification structurally impossible, which addresses the ethical objection raised
against biometric surveillance in public space (Solarova et al., 2023).

Sampling was purposive with maximum variation over lighting condition, crowd density,
and event tension. The resulting instrument contained 512 training and 384 evaluation instances
distributed across six training regimes; a regime here denotes a curriculum block in which one
operating-condition profile dominates, so that the model is exposed to daylight low-density play
through to saturated, high-tension derby conditions and to abrupt transitions such as goals,
protests, and evacuation. At this proof-of-concept stage the instances were not field recordings
but outputs of a physics-based generator that maintains a latent collective state and emits both
the observation and the ground-truth label from that state, which permits exact evaluation of
constructs — time to crisis, collective coherence — that cannot be labeled reliably by human
annotators on real footage.

Functionally, the system is a shared perception trunk with four stakeholder-specific decision
branches. The trunk estimates sector density, localizes crowd mass through a point-based
formulation, models temporal dynamics with a bidirectional state-space block, and fuses visual
and acoustic cues into a single latent collective state; each branch reads that state and returns
one stakeholder’s metric set, while a hysteresis-based state machine with asymmetric rise and
fall thresholds converts continuous risk into a stable three-level alert. Four stakeholder groups
were included on four explicit criteria — a direct claim on the in-stadium event, decisions
actually informed by observable stand behavior, real decision authority within Iranian football,
and measurability without identifying individuals — and groups failing one or more criteria
were deliberately excluded and discussed as extensions. Evaluation compared each branch with
its own single-purpose baseline under an identical training budget, using error, accuracy,
temporal error, throughput, and latency as appropriate to each task.

Results
The unified system was superior or equal on five of eleven metrics, but the distribution of those

results is the finding. Where tasks share spatio-temporal structure the integration paid: counting
error fell from 10.92 to 3.07 and root-mean-square error from 13.65 to 4.05, localization
precision rose from 0.17 to 0.48, and the error in predicting time to crisis fell from 15.49 to 9.14
seconds — placing the estimate inside the window in which a stadium operations team can still
act. Where tasks are simple event-level classifications, the compact specialized model kept a
narrow advantage: safety-class accuracy 0.89 against 0.78, governance F-score 0.95 against
0.94, area under the curve 1.00 against 0.99, and atmosphere and coherence errors 0.03 and
0.04 against 0.06 and 0.08. Fan sentiment was saturated at 1.00 for both.
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The deployability test produced the most managerially consequential result. Moving from a
multi-view configuration requiring dedicated cameras to one driven only by the broadcast feed
already produced at every fixture cost 2.3 percentage points, with throughput at 267.2 frames
per second and latency at 3.74 milliseconds. The capability profile across six axes — counting,
tracking, safety, governance, sentiment, and coherence — showed near-ceiling performance on
sentiment, governance, and tracking, intermediate performance on safety, and the lowest
normalized score on counting; this is not a contradiction of the counting gain but its
complement, since the relative improvement over the baseline is large while residual absolute
error in saturated sectors remains the binding constraint. The live dashboards illustrate the same
shared representation resolving into different decision surfaces: a safety view reporting time to
crisis, ranked at-risk sectors, and a density heat map, and a sponsor view reporting the
distribution of aggregate visual attention across sponsor zones together with the arousal index
— both stamped as aggregate and non-identifying.

Discussion and conclusion
The results support the central claim with an important qualification. A shared representation

can serve four stakeholders simultaneously, but it does so unevenly: synergy is a function of
shared underlying structure, not of integration per se, which is consistent with the classical
account of multi-task learning as an inductive bias that helps only when tasks are related
(Caruana, 1997; Ruder, 2017). Practically, this converts an architectural question into a
managerial one — integration should be pursued where the stakeholder metrics are
spatio-temporal, and specialized modules retained where they are categorical.

For crowd analytics, the contribution is the closing of the loop between measurement and
decision: prior work improved counting accuracy without translating it into an actionable
managerial quantity, whereas coupling counting to a time-to-crisis estimate converts accuracy
into anticipation and answers the reactive limitation of stampede detectors. For sponsorship, an
aggregate, continuously measured attention metric responds to the imbalance Cornwell and
Kwon (2020) identified between abundant audience-response research and scarce
sponsorship-process measurement, and gives Iranian clubs a more defensible basis for pricing
advertising inventory. For governance, reporting sector-level tension precursors without
individual identification charts a middle path between inaction and pervasive surveillance.
Theoretically, the study operationalizes stakeholder theory by rendering competing stakeholder
claims jointly measurable within a single system.

The principal limitation is that the evidence base is synthetic. Physics-based generation buys
exact ground truth for constructs that cannot be reliably annotated by hand, but it cannot
establish equivalent performance on Iranian match footage with its occlusion, camera motion,
weather, and crowd heterogeneity; the reported figures are design validation, not field
performance. Further limitations include the absence of user-acceptance testing, the untested
economic assumption that documented attention translates into sponsorship price, the
dependence of the audio channel on broadcast mixing, and a single-country institutional
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context. The research agenda that follows is correspondingly specific: prospective validation
on labeled match footage from at least three venues of contrasting geometry, calibration of alert
thresholds against recorded operational incidents, a field study of managerial adoption, and an
economic study linking measured attention to realized sponsorship value.
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were collected or processed.
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