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Abstract

Operations research depends on inputs that are not naturally 

numerical. Objectives are negotiated, constraints are 

contested, criterion weights are argued over, and the 

parameters that finally enter a model are usually distilled 

from interviews, facilitated workshops, questionnaires and 

free-text commentary. Converting that material into a usable 

model has long been the slowest, least reproducible and 

least auditable part of the analytical process. Between 2023 

and 2024, with unusual density in the latter year, a body of 

work emerged that applies large language models and 

related generative systems to precisely this conversion 

problem. This paper reviews that work and situates it within 

the wider applied analytics literature on data-driven decision 

systems, procurement and supply chain optimisation, safety 

and risk management, healthcare operations, energy 

transition planning, and enterprise financial decision-

making. The paper develops a conceptual model that 

decomposes the path from stakeholder situation to decision 

model into six functional layers: elicitation, qualitative 

coding and synthesis, synthetic respondent generation, 

autoformulation from natural language, preference and 

weight elicitation for multi-criteria methods, and 

explanation, verification and governance. Six propositions 

derived from the model are examined against the literature, 

and applications are then surveyed across eight domains in 

which stakeholder and survey data feed directly into 

operational models. Three findings structure the argument. 

First, progress has been fastest at the two ends of the 

pipeline, in text-to-model translation and in automated 

deductive coding, while the middle, where stakeholder 

meaning is negotiated and converted into legitimate model 

structure, remains comparatively underserved. Second, the 

evaluation base is thin relative to the enthusiasm, with most 

reported gains measured against convenience benchmarks 

rather than controlled comparison. Third, and most 

consequentially for operations research specifically, the 

errors these systems make are structured rather than random, 

since persona conditioning amplifies group differences and 

models drift toward socially acceptable answers on sensitive 

items, which converts a noise problem into a bias problem 

that optimisation then propagates into unfair allocations. 

The discussion characterises this pattern as an inversion, in 

which the capability profile of the technology is the reverse 

of the difficulty profile of the practice. Theoretical, 

methodological, practical and policy implications are drawn 

out, limitations of the review, the evidence base and the 

model are stated, and the paper closes with a research 

agenda organised around verification, participatory 

legitimacy, and the epistemic status of synthetic evidence in 

decision models that carry real consequences. 
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1. Introduction 

1.1 The soft edge of a hard discipline 

The canonical description of the operations research process runs through problem definition, data collection, model 

formulation, solution, validation and implementation. Textbook presentations devote most of their attention to the middle 

stages, where the mathematics lives. Practitioners tend to report the opposite distribution of effort. Getting a problem defined 

in a way that its owners recognise, and getting reliable parameters out of the people who hold the relevant knowledge, 

routinely consumes more calendar time than solving the resulting model. 
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This asymmetry produced its own methodological tradition. 

Problem structuring methods, including Soft Systems 

Methodology (Checkland, 1981), Strategic Options 

Development and Analysis (Eden & Ackermann, 1998) and 

the broader family catalogued by Rosenhead and Mingers 

(2001), exist because messy, multi-actor situations resist 

direct formalisation. Multi-criteria decision analysis 

developed elaborate machinery for eliciting and aggregating 

preferences precisely because criterion weights are 

judgements rather than measurements. Facilitated modelling 

itself is difficult to audit, since a workshop is a live event 

whose reasoning is largely invisible in the artefacts it 

produces, as Franco and Greiffenhagen (2018) showed 

through detailed ethnomethodological study of how such 

sessions unfold. Marttunen et al. (2017) documented how 

frequently practitioners combine a structuring method with 

an analytic one, which is itself an admission that neither half 

suffices alone. 

The same asymmetry appears throughout the applied 

literature. Studies of multi-stakeholder governance 

alignment in joint ventures describe the coordination 

problem as prior to, and harder than, the optimisation 

problem it eventually enables (Eyetsemitan et al., 2020). 

Work on supplier relationship management frames 

collaborative capability rather than contract structure as the 

binding constraint on supply chain performance (Ike et al., 

2021). Safety research is more explicit still, since safety 

leadership influence in large temporary project organisations 

is a construct that exists only in perception data (Arumosoye 

& Obriki, 2024), and the recurrence mechanisms of unsafe 

behaviour are behavioural rather than physical (Obriki & 

Arumosoye, 2022). 

 

1.2 What changed 

Large language models altered the economics of working 

with text. Three capabilities matter for operations research 

specifically. First, models can conduct adaptive dialogue, 

which means an instrument can probe rather than merely 

record. Second, they can apply a coding framework 

expressed in ordinary language, without task-specific 

labelled training data. Third, they can translate a prose 

description of a decision problem into a formal model and 

executable solver code. 

Fan et al. (2024) framed the third of these as one pillar of a 

broader artificial intelligence for operations research agenda, 

situating natural language to model translation alongside 

parameter generation and solver acceleration. Their framing 

is useful but incomplete for present purposes, because it 

treats upstream human material as a data source rather than 

as a site of contested meaning. The literature reviewed here 

sits partly inside their taxonomy and partly outside it. 

A parallel shift occurred in applied decision systems. Work 

on advanced decision support for healthcare operations and 

resource planning makes the same argument in a domain 

where the inputs are overwhelmingly qualitative (Adelanwa 

et al., 2024a). 

 

1.3 Scope of the review 

This review covers work that uses artificial intelligence, 

predominantly large language models, to collect, code, 

synthesise, simulate or formalise stakeholder and survey 

data for operations research and adjacent decision-analytic 

purposes. It excludes work that applies artificial intelligence 

to solve optimisation problems whose inputs are already 

given, and it excludes forecasting and predict-then-optimise 

pipelines (Elmachtoub & Grigas, 2022) except where 

stakeholder judgement supplies the predicted quantity. 

The contributions are fivefold. First, a conceptual model of 

AI-enabled stakeholder and survey synthesis, presented in 

Section 4 as six functional layers mapped onto stages of the 

operations research process rather than onto model 

architectures, together with six propositions that the 

synthesis then examines. Second, a comparative reading of 

the evidence base that distinguishes claims supported by 

controlled comparison from claims supported by 

demonstration. Third, a cross-domain application survey 

drawing on the applied analytics literature in procurement, 

healthcare, safety, energy, finance, marketing and 

agriculture, which is where stakeholder data actually enters 

operational models. Fourth, a set of theoretical, 

methodological, practical and policy implications drawn 

from the synthesis. Fifth, a research agenda that treats 

verification and participatory legitimacy as first-order 

technical problems rather than as ethical postscripts. 

 

2. Methodology 

2.1 Review design 

This is a scoping review with narrative synthesis rather than 

a systematic review in the PRISMA sense. That choice 

reflects the state of the field. The relevant work is scattered 

across operations research, computational linguistics, survey 

methodology, human-computer interaction and applied 

domain journals, uses incompatible vocabulary for similar 

constructs, and includes a large preprint fraction that formal 

inclusion criteria would either over-weight or exclude 

entirely. 

Sources were identified through database and preprint-

server searching across combinations of three term groups. 

Method terms included large language model, generative 

artificial intelligence, foundation model and multi-agent 

system. Data terms included survey, questionnaire, open-

ended response, interview, stakeholder, qualitative and 

preference elicitation. Domain terms included operations 

research, optimisation, decision analysis, multi-criteria 

decision analysis, problem structuring, supply chain, 

scheduling and resource allocation. Backward and forward 

citation chasing extended the initial set. 

A second corpus was assembled from the applied decision-

analytics literature, covering domains in which stakeholder 

and survey data feed directly into operational models. This 

corpus is treated as evidence about the demand side of the 

problem, showing where and why such data enters models, 

rather than as evidence about method performance. The 

emphasis falls on 2024 publications, with earlier work 

included where it established a line of inquiry and later work 

included where it supplies evaluation evidence that 2024 

lacked. 

 

2.2 Inclusion and exclusion criteria 

Work was included where it satisfied three conditions. It had 

to concern the collection, coding, simulation or 

formalisation of human judgement data rather than the 

solution of problems whose inputs were already given. It 

had to involve artificial intelligence methods, predominantly 

but not exclusively large language models. And it had to 

bear on decision modelling, either directly through 

optimisation and multi-criteria analysis or indirectly through 

the construction of parameters that such models consume. 
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Work was excluded where the artificial intelligence 

component operated purely downstream of a settled model, 

where the study concerned language model capability in the 

abstract with no decision-analytic application, or where a 

claim of stakeholder synthesis rested on a demonstration too 

under-specified to assess. Predict-then-optimise pipelines 

were excluded except where stakeholder judgement supplied 

the predicted quantity. 

No language restriction was imposed in principle, although 

the retrieved corpus is overwhelmingly English-language, 

which is itself a finding rather than only a limitation and is 

discussed in Section 9. 

 

2.3 Corpus composition 

Two corpora were assembled and are used for different 

evidential purposes throughout. 

The methodological corpus consists of studies that report the 

performance of an artificial intelligence method on an 

elicitation, coding, simulation or formalisation task. It is 

treated as evidence about what these methods can currently 

do, and claims drawn from it are qualified by the strength of 

the underlying design, distinguishing controlled comparison 

from demonstration. 

The applied corpus consists of decision-analytic and 

operational studies across procurement, healthcare, 

occupational safety, energy, finance, marketing, process 

improvement, education and agricultural development. It is 

treated as evidence about the demand side of the problem, 

establishing where and why judgement data enters 

operational models and what the consequences of 

misrepresenting it would be. It is not used to support claims 

about method performance, and no attempt is made to pool 

results across the two corpora. 

 

2.4 Synthesis procedure 

Synthesis proceeded in four passes. The first pass coded 

each methodological source to a stage of the operations 

research process, which produced the six-layer structure 

presented in Section 4. The second pass coded each applied 

source to the layer or layers whose data it consumes, which 

produced the application mapping in Section 6. The third 

pass extracted evaluation designs and reliability statistics 

where reported, which produced the assessment in Sections 

7.3 and 7.4. The fourth pass identified disconfirming and 

critical evidence explicitly, in order to avoid the tendency of 

technology reviews to aggregate positive demonstrations. 

Where sources conflicted, the study with the stronger design 

was given precedence and the disagreement was reported 

rather than resolved. Where a claim rested on a single 

demonstration, it is described as such in the text. 

 

2.5 Quality appraisal 

No formal quality appraisal instrument was applied, since 

none of the available instruments accommodates the mixture 

of computational benchmark studies, survey methodological 

experiments and applied conceptual frameworks that this 

corpus contains. Instead, three appraisal questions were 

applied consistently to methodological sources: whether the 

comparison condition was a serious baseline or a 

convenience one, whether the reported metric measured the 

construct of interest or a proxy for it, and whether the study 

reported performance disaggregated in any way. The 

answers inform how strongly each finding is stated. 

The review is written from an operations research 

perspective, which shapes what counts as an important gap. 

A survey methodologist reading the same corpus would 

likely weight Layer 1 more heavily and Layer 4 less. This 

orientation is stated rather than corrected for. 

 

3. Background: The Stakeholder Data Problem in 

Operations Research 

3.1 Where soft data enters hard models 

It is worth being concrete about how stakeholder and survey 

material actually becomes model input, because the 

abstraction obscures the difficulty. 

In procurement and supply chain optimisation, supplier 

evaluation weights, risk scores and resilience indices are 

derived from expert judgement and structured questionnaire 

instruments. Frameworks for data-driven vendor evaluation 

and bid selection combine measured performance with 

assessed capability, and the assessed component dominates 

in early-stage sourcing (Ahiaeke Patrick et al., 2021). 

Resilience indices for post-pandemic supply chains are 

explicitly constructed from perceived exposure and 

perceived recovery capability rather than from realised 

disruption frequency (Efobi et al., 2023). Supplier 

relationship management frameworks operationalise trust 

and collaboration, neither of which has a natural instrument 

(Ike et al., 2021). Quantitative risk architecture for public-

private partnerships layers stakeholder-assessed likelihood 

over technical exposure (Ike et al., 2024). 

In safety and risk management the dependence is even more 

direct. Near-miss and hazard observation systems generate 

large volumes of short free-text reports that must be 

classified before they can inform any predictive model 

(Obogo et al., 2021). Behavioural safety programmes rest on 

observation data whose coding is a judgement (Obriki et al., 

2023a). Safety culture maturity models are perception 

instruments (Arumosoye & Obriki, 2021). Predictive safety 

analytics for early detection of high-risk activity depends on 

the quality of the upstream classification far more than on 

the choice of predictive algorithm (Obriki & Arumosoye, 

2020). 

In healthcare operations, patient flow models, workforce 

planning models and service redesign decisions all consume 

staff and patient perception data. Governance-driven 

workforce planning frameworks require nurse-patient ratio 

judgements that combine measured workload with assessed 

acuity (Omaghomi et al., 2023). Health system 

transformation work notes that the data backbone required 

for such models is itself an organisational and governance 

achievement rather than a technical one (Ilodigwe & 

Adesemoye, 2021). 

In energy planning, community acceptance is now treated as 

a modelled variable rather than an external condition. Work 

on turning social license into a measurable variable predicts 

community trust from survey and contextual data (Komi, 

2024a), and related analysis models the causal link between 

community trust and project survival (Komi & Adeniji, 

2024d). Just transition analysis combines econometric 

estimation with skills mapping derived from workforce 

survey instruments (Komi & Adamolekun, 2024b). 

In agriculture and rural development, technology adoption 

models rest almost entirely on smallholder survey data, and 

the literature on socioeconomic barriers to adoption makes 

clear that the barriers are perceptual and institutional as 
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much as financial (Michael & Ogunsola, 2022). 

Assessments of climate-smart practice contribution to 

household food security depend on self-reported outcome 

measures (Michael & Ogunsola, 2021b). 

In information security, human factors research is survey 

research. Studies of password practice and authentication 

behaviour, of bring-your-own-device adoption risk, and of 

awareness training effectiveness are all instrument-based, 

and their outputs feed directly into control prioritisation 

decisions (Onche et al., 2024). 

 

3.2 Why the conversion is hard 

Four properties of stakeholder material resist automation, 

and they compound. 

The material is short and context-poor. Open-ended survey 

responses, near-miss reports and free-text feedback often 

consist of a few words whose meaning depends on 

organisational context the analyst holds and the text does 

not. 

The material is contested. Different stakeholder groups 

describe the same situation using incompatible framings. A 

constraint to one group is a target to another. Aggregating 

across groups without first surfacing the disagreement 

produces a model that no group recognises. 

The material is strategic. Respondents anticipate the use to 

which their answers will be put. Procurement 

questionnaires, safety perception surveys and staff 

satisfaction instruments all elicit answers shaped by 

expected consequences. 

The material carries legitimacy. Where a model's authority 

derives from having consulted affected parties, the 

consultation is not merely a data-collection step. It is part of 

what makes the eventual recommendation acceptable. Multi-

stakeholder governance alignment work makes this point 

directly (Eyetsemitan et al., 2020), as does the energy 

transition literature on why projects survive or fail (Komi & 

Adeniji, 2024d). 

Automation interacts differently with each property. It helps 

most with the first, is neutral on the third, and risks actively 

damaging the fourth. 

 

4. Conceptual Model 

4.1 Rationale 

The synthesis requires an organising structure, and the two 

obvious candidates are unsatisfactory. Organising by model 

architecture, which is the convention in the computational 

literature, groups together work that solves quite different 

problems and separates work that solves the same one. 

Organising by application domain, which is the convention 

in the applied literature, obscures the fact that a procurement 

problem and a healthcare rostering problem consume 

stakeholder data in structurally identical ways. 

The model proposed here organises instead by function 

within the operations research process. It decomposes the 

path from a stakeholder situation to a decision model into 

six layers, each defined by the transformation it performs on 

the material rather than by the technique it uses. The 

decomposition was derived inductively during the first 

synthesis pass described in Section 2.4 and then applied 

deductively in later passes. 

 

4.2 The six-layer pipeline 

Fig 1 presents the model. Four layers lie on the main path 

from situation to model: elicitation converts a situation into 

recorded stakeholder input, coding converts that input into 

structured categories, autoformulation converts a structured 

problem description into a formal model, and the model 

yields a recommendation. Two layers sit off the main path in 

supporting roles: synthetic respondent generation feeds 

pretesting, imputation and robustness analysis rather than 

the primary data stream, and preference elicitation supplies 

the weights and trade-off parameters that the formulation 

requires but that no amount of text coding can produce. A 

sixth layer wraps the others, supplying explanation, 

verification and governance, and it is the layer that closes 

the loop back to the stakeholders whose input started the 

process. 

 

 
 

Fig 1: The six-layer stakeholder-to-model pipeline. Solid arrows 

show the primary data path, dashed arrows show supporting and 

governance relationships, and the dashed box marks the under-built 

bridge between coded stakeholder material and formulation-ready 

problem descriptions 

 

Two features of the figure carry the argument of the paper. 

The first is the dashed box between Layer 2 and Layer 4, 

marking the transition from coded stakeholder material to a 

problem description clean enough for an autoformulation 

system to consume. Section 5.4.3 argues that this transition 

is where the least work has been done and where the most is 

needed. The second is the feedback loop running beneath 

the pipeline. Where a model's authority derives from 

consultation, that loop is not an optional refinement but the 

mechanism through which the model acquires its legitimacy, 

and every automation decision in the layers above changes 

what passes through it. 

 

4.3 Layer definitions 

 
Layer Function Representative work 

L1 Elicitation 
Collecting stakeholder 

input adaptively 

Chopra and Haaland 

(2023); Wuttke et al. 

(2024); Yu et al. (2024) 

L2 Coding and 

synthesis 

Converting text to 

structured categories 

and themes 

Chew et al. (2023); 

Mathis et al. (2024); De 

Paoli (2024) 

L3 Synthetic 

respondents 

Generating or imputing 

respondent-level data 

Argyle et al. (2023); Sun 

et al. (2024); Park et al. 

(2024) 

L4 

Autoformulation 

Translating problem 

descriptions into 

formal models 

Ramamonjison et al. 

(2023); Xiao et al. 

(2024); AhmadiTeshnizi 

et al. (2024) 

L5 Preference 

elicitation 

Deriving MCDA 

parameters from 

judgement 

Emerging; largely 

extrapolated from L1 to 

L3 

L6 Explanation 

and governance 

Making models 

legible, checked and 

accountable 

Chen et al. (2024); 

Mostajabdaveh et al. 

(2024); Ominyi (2024a) 
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4.4 Propositions 

The model generates six propositions, which the synthesis in 

Sections 5 and 6 examines and Section 7.7 revisits. 

P1. Automated performance is higher where the 

transformation is constrained by an externally supplied 

framework than where the framework must itself be 

induced. Deductive coding should therefore outperform 

inductive theme generation, and translation of well-posed 

descriptions should outperform interpretation of contested 

ones. 

P2. Effort in the field is distributed inversely to difficulty, 

concentrating at the ends of the pipeline where inputs are 

cleanest and thinning in the middle where meaning is 

negotiated. 

P3. Synthetic respondent data is defensible in the supporting 

role shown in Fig 1, for pretesting and robustness analysis, 

and indefensible on the main path, where it substitutes for 

consultation rather than augmenting it. 

P4. Error at Layers 2 and 3 is not randomly distributed 

across respondents, so bias introduced upstream is 

propagated by optimisation into systematically unequal 

allocations rather than averaged away. This is the 

proposition for which the evidence is most indirect and most 

in need of a dedicated test. 

P5. Layer 6 determines the value of the layers beneath it, 

because a formulation derived by an opaque process cannot 

be validated by the stakeholders who supplied its inputs, and 

only they can detect misinterpretation of intent as distinct 

from error in execution. 

P6. Evaluation practice measures the wrong quantity. 

Coding accuracy and formulation accuracy are proxies for 

decision equivalence and stakeholder recognition, and 

neither of the latter is currently measured. 

 

4.5 Boundary conditions 

The model applies to decision problems whose parameters 

are substantially judgemental and whose stakeholders are 

identifiable. It does not usefully describe problems whose 

inputs are wholly instrumented, such as scheduling against 

measured machine throughput, where Layers 1 to 3 collapse 

and the pipeline reduces to formulation and solution. It also 

assumes a single formalisation is the goal; participatory 

settings in which the purpose is to sustain rather than resolve 

disagreement fit the model only partially, and Section 9.3 

returns to this. 

 

5. Literature Synthesis 

This section works through the six layers in turn. For each, it 

reports what has been established, what rests on 

demonstration alone, and what the applied corpus indicates 

about demand. The distribution of research effort across the 

layers is uneven in a way that Proposition 2 anticipates. 

Layer 4 has attracted the most concentrated methodological 

attention, with competitive benchmarks and successive 

system generations. Layers 2 and 3 are active but 

fragmented across disciplines. Layer 1 is developing 

quickly. Layer 5 is conspicuously thin. Layer 6 is nascent 

within operations research but comparatively well 

developed in the adjacent governance literature. 

 

5.1 Layer 1: AI-mediated elicitation 

The oldest constraint in stakeholder data collection is the 

trade-off between depth and scale. Structured surveys reach 

many people but confine them to anticipated answer spaces. 

Semi-structured interviews recover unanticipated content 

but cost too much per respondent to run at scale. Every 

applied instrument in the domains surveyed above sits 

somewhere on this frontier, and most sit at the shallow end 

for cost reasons. 

Chopra and Haaland (2023) delegated the interviewer role to 

an artificial intelligence system and ran several hundred 

qualitative interviews on a single substantive question. The 

design point of interest for operations research is not the 

substantive finding but the demonstration that adaptive 

probing at survey scale is feasible, together with their 

observation that the factors surfaced in initial top-of-mind 

answers differed systematically from those surfaced by later 

probing. This matters directly for model construction. A 

first-pass constraint list gathered by questionnaire is likely 

to be a different object from the constraint list that emerges 

under sustained questioning, which has implications for how 

near-miss reporting systems and hazard observation 

programmes are designed (Obogo et al., 2021). 

Wuttke et al. (2024) tested the approach against a human-

interviewer control condition, randomly assigning 

participants to artificial or human interviewers working from 

an identical protocol. They report response quality broadly 

comparable to human-conducted interviews, with AI 

interviews eliciting substantially longer answers, alongside 

identified failure modes in guideline adherence. The 

controlled comparison is the methodologically important 

feature. Most work at this layer reports only that the system 

ran. 

Yu et al. (2024) approached the same territory from a 

systems engineering angle, proposing a modular architecture 

for conversational survey agents that separates question 

management, response interpretation and follow-up 

generation. Modularity matters for operations research 

deployment because it allows the elicitation logic to be 

audited independently of the underlying model, which is the 

same argument made in the governance literature about 

separating decision logic from decision infrastructure 

(Ominyi & Anichukwueze, 2024a). 

Several applied literatures describe elicitation problems that 

adaptive instruments would address directly. 

Safety perception surveys suffer from a well-known ceiling 

effect in which respondents report high safety climate scores 

that do not predict incident rates. Adaptive probing could 

distinguish genuine confidence from acquiescence, which 

matters for maturity models built on such instruments 

(Arumosoye & Obriki, 2021; Obriki et al., 2023a). 

Information security awareness research faces the opposite 

problem, in which respondents under-report insecure 

behaviour. Studies of password practice, device adoption 

and training effectiveness all rely on self-report instruments 

whose validity is bounded by social desirability (Onche et 

al., 2024). Virtual interviewing has historically shown some 

reduction in social desirability bias, though this has not been 

established for current conversational agents across 

culturally varied populations. 

Public health surveillance systems require rapid collection 

of symptom and behaviour data from populations with 

limited literacy and variable language. Frameworks for 

national surveillance and epidemic intelligence assume a 

data collection layer whose cost currently constrains 

coverage (Oparah et al., 2023). Adaptive multilingual 

instruments are a natural fit, subject to the performance gaps 

discussed in Section 7.5. 
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Education and training evaluation depends on learner 

feedback instruments whose design constrains what can be 

learned. Conceptual frameworks for evidence-based digital 

learning and for real-time performance analytics both 

presuppose richer feedback than fixed instruments produce 

(Orise & Niniola, 2022). 

Agricultural extension and adoption research faces cost and 

reach constraints that adaptive voice-based instruments 

could relax, particularly for the socioeconomic barrier 

questions where fixed-response instruments perform worst 

(Michael & Ogunsola, 2021b, 2022). 

Public safety communication is a further case in which the 

instrument and the population are badly matched. Work on 

artificial intelligence for multilingual and accessible 

emergency alerting identifies comprehension across 

languages and disability categories as the binding constraint 

on alert effectiveness (Odejide, 2023), and a trust-centred 

model for multilingual emergency communication treats 

recipient trust as a design variable rather than an assumption 

(Odejide, 2024). These are Layer 1 problems in a setting 

where the cost of a failed instrument is immediate and 

unevenly distributed. 

Administrative work supplies a quieter example. Studies of 

contemporary office management practice, of the influence 

of personal and professional attributes on organisational 

effectiveness, and of professional ethics and workplace 

experience among female secretarial staff are questionnaire-

based and address constructs that resist fixed-response 

measurement (Onche et al., 2021b). Where the construct of 

interest is workplace experience, adaptive probing is a 

validity requirement rather than a convenience. 

Interviewer effects are well documented in survey 

methodology, and an artificial interviewer has its own, 

currently uncharacterised, effect profile. Consent and 

disclosure norms for AI-conducted elicitation are unsettled, 

and interact with data protection obligations across 

jurisdictions (Annan, 2022). Whether adaptive probing 

improves or degrades comparability across respondents 

remains open, since the instrument is no longer identical for 

each participant, which is a problem for any downstream 

model that assumes exchangeability. 

 

5.2 Layer 2: Coding, thematic analysis and synthesis 

Coding free text is the classic bottleneck between qualitative 

stakeholder data and quantitative modelling. The recent 

literature attacks it from both the deductive and inductive 

directions, and the results differ sharply between them. 

On the deductive side, Chew et al. (2023) established the 

basic pattern of supplying a codebook in natural language 

and having the model apply it, which removes the labelled-

training-data requirement that constrained earlier machine 

learning classifiers. Subsequent work extended this to open-

ended survey responses in non-English settings, where 

responses are typically short, context-poor and semantically 

subtle, and where most prior evidence had come from 

English-language and topically simple material. Zenimoto et 

al. (2024) took a different route, generating pseudo-

responses to improve coding of open-ended items. 

On the inductive side, Mathis et al. (2024) compared open-

source model generated thematic analysis of healthcare 

interviews against traditional analysis, and De Paoli (2024) 

worked through inductive thematic analysis as an explicit 

exploration of where the approach breaks down. The pattern 

across these studies is consistent. Performance on deductive 

coding against a clear framework is substantially better than 

performance on inductive theme generation, and both 

degrade where the material requires reading tone, affect or 

conversational nuance. Later blinded comparisons with 

formal non-inferiority testing reinforced this asymmetry, 

supporting language models as an adjunct to rather than a 

replacement for human analysts. 

For operations research the gap is significant in a specific 

way. Deductive coding is what one does when the model 

structure is already settled and stakeholder text needs to be 

mapped onto known parameters. Inductive theme generation 

is what one does when the model structure is still in 

question, which is exactly the problem-structuring phase 

where the discipline most needs help and where current 

tools are weakest. 

The applied literature on human-in-the-loop machine 

learning is directly relevant here and is frequently 

overlooked by the survey methodology community. 

Reviews of the state of the art distinguish configurations by 

where human judgement enters, whether at annotation, at 

model correction or at decision (Ladapo et al., 2022), and 

service management research supplies the operational 

vocabulary for describing such hand-offs in production 

settings (Ladapo et al., 2023). Work on human-centred 

automated annotation with generative models addresses the 

specific case in which the model proposes labels and 

humans adjudicate, which is the dominant configuration in 

practical coding pipelines (Ladapo et al., 2024). 

This literature supplies something the qualitative coding 

studies generally lack, which is a vocabulary for describing 

what the human is actually doing. Reporting that a study 

used human validation is uninformative unless the 

configuration is specified. 

Related work on context-aware data curation for fine-tuning 

pipelines addresses the upstream question of what material a 

domain-adapted coding model should see (Oyesiji et al., 

2024), and parameter-efficient multilingual adaptation is 

directly relevant to coding in the linguistically diverse 

settings where much stakeholder data originates (Oyesiji et 

al., 2023). 

Reliability reporting has improved. Krippendorff's alpha 

with conventional thresholds is now common as an 

evaluation instrument, which permits comparison across 

studies in a way that raw accuracy percentages did not 

(Krippendorff, 2019). It also exposes an uncomfortable fact, 

which is that many reported agreements fall in the tentative 

rather than reliable band. 

The applied domains have their own reliability traditions 

that the automated coding literature could usefully absorb. 

Incident investigation research has long distinguished 

between coding the event and coding the causal attribution, 

with markedly lower agreement on the latter (Obriki & 

Arumosoye, 2024). Business intelligence applications for 

mental health resource allocation depend on classification of 

presenting need, where category boundaries are contested by 

construction (Anioke & Atima, 2023b). Public health 

governance models using process optimisation face the same 

issue when performance metrics are derived from coded 

case narratives (Anioke & Atima, 2023a). 

Model governance work adds a further consideration. Using 

a language model to judge the output of another language 

model is now a common evaluation shortcut, and reviews of 

this practice document systematic biases in the judging 

model that propagate into release decisions (Nwakamma et 
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al., 2024a). Where automated coding is validated by 

automated means, the resulting reliability estimate is not 

independent of the system being evaluated. 

 

5.3 Layer 3: Synthetic respondents and data 

augmentation 

This is the most contested layer. Argyle et al. (2023) 

introduced the conditioning of a language model on 

sociodemographic backstories drawn from real respondents 

to produce corresponding synthetic respondents, and argued 

that outputs reproduced human response distributions and 

cross-item correlation structure closely enough to warrant 

the term algorithmic fidelity. Sun et al. (2024) extended 

conditioning from individual backstories to group-level 

demographic information, finding close approximation of 

real marginals on many items and the worst performance on 

socially sensitive topics, where models drift toward socially 

acceptable answers. Kim and Lee (2024) applied the 

machinery to imputation and retrodiction in opinion data, 

which is the use case closest to standard operations research 

data preparation. Park et al. (2024) scaled interview-

grounded agent construction to roughly a thousand 

individuals. An earlier strand had already proposed treating 

conditioned models as economic subjects whose behaviour 

could substitute for experimental participants (Horton, 

2023). 

A critical literature developed in step. Bisbee et al. (2024) 

found that persona-conditioned synthetic responses 

substantially inflated estimates of affective polarisation 

relative to human benchmarks, attributing the distortion to 

stereotype amplification in the conditioning step. This is 

consistent with evidence that model outputs align more 

closely with the views of some demographic groups than 

others even before any persona conditioning is applied 

(Santurkar et al., 2023). Sarstedt et al. (2024) synthesised a 

large set of comparisons between synthetic and human 

samples and concluded that models reproduce surface-level 

patterns more faithfully than deeper behavioural regularities, 

recommending confinement to upstream activities such as 

pretesting and pilot design rather than main studies. Later 

methodological work highlighted analytic flexibility as a 

distinct threat, since the number of defensible prompting and 

conditioning choices is large enough that a determined 

analyst can reach many conclusions from the same 

underlying model. 

Evaluation practice has itself become a research topic. 

Distributional comparison, the dominant early standard, 

cannot distinguish coherent respondent-level prediction 

from aggregate pattern matching, which has motivated 

stricter designs such as cross-survey transfer, in which a 

model receives one block of a respondent's answers and 

must predict a disjoint block. 

Operations research has always augmented sparse data. 

What distinguishes synthetic respondents is the source of the 

augmentation and the nature of the claim being made. 

Conventional practice in demand forecasting fits a model to 

observed history and extrapolates, with uncertainty 

quantified from the fit (Tonoyan et al., 2021). Predictive 

analytics for demand forecasting accuracy in e-commerce 

procurement follows the same logic (Akin-Oluyomi et al., 

2023a). Attribution modelling in marketing constructs 

counterfactual journeys from observed touchpoints, with 

well-documented bias problems that arise from the 

modelling assumptions rather than from the data source 

(Sanni et al., 2022). Machine learning models addressing 

uncertainty in cross-channel campaign forecasting quantify 

that uncertainty explicitly (Wedraogo & Sanni, 2024). 

Predictive audience segmentation constructs latent groups 

from behavioural data and validates them against outcomes 

(Oziri et al., 2020). Frameworks for predictive and 

prescriptive marketing analytics distinguish the two modes 

precisely because the prescriptive claim requires stronger 

warrant (Rukh et al., 2023). 

In every one of these cases the synthetic quantity is 

anchored to observed behaviour of the same population. 

Synthetic respondents are anchored to a training corpus 

whose relationship to the target population is unknown and 

unverifiable. That is a categorical difference, not a 

difference of degree, and it should govern how the outputs 

are used. 

Interpretable machine learning work in renewable energy 

makes a complementary point. Early failure prediction 

models in distributed systems are valued partly because their 

reasoning can be inspected against engineering knowledge 

(Komi & Adamolekun, 2021b). Synthetic respondent 

generation offers no equivalent inspection surface, since 

there is no domain theory against which the generated 

preferences can be checked. 

Predictive analytics for financial risk detection illustrates the 

consequence. Where synthetic augmentation is used to 

balance rare-event classes, the augmented cases inherit 

whatever correlations the generator encodes, and 

downstream detection thresholds are set against a 

distribution that does not exist (Adelanwa et al., 2023b). 

Synthetic respondents are defensible as an instrument for 

exploring the sensitivity of a decision model to plausible 

preference structures, for pretesting an elicitation instrument 

before fielding it, and for stress-testing a model against 

hypothetical stakeholder configurations. They are not 

defensible as a substitute for consultation where the model's 

legitimacy rests on having consulted. The distinction is not 

primarily technical, and the marketing research literature has 

moved furthest toward codifying it (Sarstedt et al., 2024). 

 

5.4 Layer 4: Autoformulation from natural language 

This is the layer where operations research has done the 

most on its own terms. The NL4Opt competition 

(Ramamonjison et al., 2023) established the task of 

translating natural language descriptions into linear 

programming formulations, with subtasks for entity 

recognition and formulation generation, and supplied the 

benchmark against which subsequent work was measured. 

Three strategies then diverged. 

Multi-agent decomposition assigns specialised roles to 

cooperating agents. Chain-of-Experts (Xiao et al., 2024) 

coordinates such agents over complex operations research 

problems, introducing the ComplexOR dataset alongside 

NL4Opt evaluation. Mostajabdaveh et al. (2024) developed 

a multi-agent, multi-stage framework that couples 

formulation with verification, which is the more interesting 

design choice because it treats correctness as something to 

be established rather than assumed. 

Pipeline systems with solver integration build formulations, 

generate solver code and iterate on errors. OptiMUS 

(AhmadiTeshnizi et al., 2024a) and OptiMUS-0.3 

(AhmadiTeshnizi et al., 2024b) exemplify this route, with 

the later release targeting scale and introducing the NLP4LP 

dataset. The evolution of this system across versions is one 
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of the few places in the literature where like-for-like 

progress can be traced. 

Fine-tuning approaches train on optimisation modelling data 

rather than relying on prompt engineering or agent 

orchestration. ORLM (Tang et al., 2024) uses semi-

synthetic training data and LLMOPT (Jiang et al., 2024) 

pursues a related learning-based route. These are 

complementary to the agentic approaches rather than 

competing with them. 

Search-based and hybrid methods also appeared, including 

Monte Carlo tree search over the space of plausible model 

structures (Astorga et al., 2024), which produces a set of 

functionally distinct candidate models rather than a single 

answer. That output format is arguably better suited to 

stakeholder settings, where the point of the exercise is often 

to surface alternative framings rather than to converge 

prematurely. 

Two cautions have emerged. Workflow-based agentic 

designs can propagate errors through sequential stages, and 

at least one comparative study reports degraded performance 

for a pipeline system relative to a simpler standard baseline 

on a given dataset, which suggests that agent orchestration is 

not uniformly beneficial. Evaluation by final optimal value 

is also a coarse instrument, since a system can produce a 

formulation that is wrong in structure but coincidentally 

right in value, or can eliminate errors by deleting the 

constraints that caused them. Work on human-aligned 

evaluation for linear programming word problems responds 

directly to this (Xing et al., 2024). 

Essentially all work at this layer assumes a clean, self-

contained, unambiguous problem description as input. Real 

stakeholder material is none of these things. 

The gap is visible when one compares the benchmark 

problem statements with the descriptions that actually 

circulate in applied settings. Data-driven lean supply chain 

optimisation in manufacturing and retail requires reconciling 

process descriptions from operators, supervisors and 

planners that do not agree (Efobi et al., 2022). Negotiation 

optimisation for procurement cost reduction depends on 

reservation values that no party will state directly (Akinleye 

& Adeyoyin, 2022a). Resilient logistics for humanitarian 

supply chains integrates predictive analytics with field 

assessments whose categories shift between assessments 

(Anene & Clement, 2022). 

Some adjacent work does address structured formalisation 

from operational descriptions. Constraint satisfaction 

modelling for cloud network resource allocation and 

predictive resource scaling both formalise problems whose 

statements originate in service-level discussions rather than 

in mathematics (Ahmed et al., 2020). 

Warehouse and fulfilment settings show the same 

dependence, since integrated path-planning and slotting 

optimisation must first convert layout and throughput 

requirements stated by operations staff into a combined 

formal model (Akanbi & Sunday, 2024). Building the bridge 

between coded stakeholder material and formulation-ready 

problem descriptions is, on the evidence of this review, the 

single largest structural gap in the field. 

Manufacturing settings supply particularly clean examples 

of the same difficulty. Non-destructive evaluation of weld 

integrity formalises defect categories whose boundaries rest 

on inspector judgement (Atta et al., 2021). 

 

 

5.5 Layer 5: Preference and weight elicitation 

Multi-criteria weight elicitation is cognitively demanding 

and error-prone. Pairwise comparison approaches impose a 

burden that grows quadratically in the number of criteria, 

producing fatigue and inconsistency. Methodological 

responses within the multi-criteria community have targeted 

this directly, through reduced comparison sets, deck-of-

cards variants and ordinal regression formulations that trade 

precision for tractability. 

The applied literature shows how frequently the problem 

arises. Quantitative evaluation of environmental, social and 

governance adoption within supply chains requires 

weighting across incommensurable dimensions (Akinleye, 

2023a). Integrating such metrics into infrastructure auditing 

compounds the problem by adding temporal weighting 

(Okojie et al., 2023b). Multi-layered risk architecture for 

public-private partnerships requires both likelihood and 

consequence weights from parties with divergent exposure 

(Ike et al., 2024). Data visualisation research on 

procurement decision-making finds that presentation format 

materially affects the weights decision-makers reveal, which 

is a direct challenge to the assumption that elicited weights 

are stable properties of the decision-maker (Babatope et al., 

2023). 

Risk-based decision-making in pharmaceutical 

manufacturing formalises this as a structured judgement 

process with defined criteria and thresholds (Aneke & 

Adesemoye, 2020), and regulatory readiness maturity 

models embed weighting decisions in the scoring rubric 

itself (Eze et al., 2022b). Maturity models for predicting 

airport safety audit outcomes do the same, with the weights 

implicit in the dimension structure rather than elicited 

explicitly (Adeyelu & Dagodzo, 2024). Capital allocation 

and financial planning models require explicit trade-off 

parameters between growth, risk and liquidity that are 

ultimately judgemental (Oduleye & Medon, 2023). 

Four natural applications of language models at this layer 

can be identified, none of which has a substantial evaluation 

literature. 

Conversational weight elicitation would derive implicit 

trade-offs from narrative discussion rather than from explicit 

comparisons, returning a weight vector with a stated 

uncertainty range. The elicitation machinery of Layer 1 

supplies the mechanism; what is missing is validation 

against conventionally elicited weights. 

Text-to-criteria extraction would induce criteria and their 

hierarchical structure from stakeholder documents and 

transcripts rather than having the analyst propose them. 

Consistency repair would detect and interrogate inconsistent 

judgement patterns during elicitation rather than after it, 

converting a post-hoc correction into a conversational 

clarification. 

Synthetic preference profiles would support robustness 

analysis, testing whether a recommended alternative 

survives across plausible weight configurations rather than a 

single elicited one. This is the use of Layer 3 outputs that the 

evidence best supports, since it requires only that generated 

profiles be plausible rather than that they be accurate. 

The thinness of this layer is notable given that it is arguably 

where artificial intelligence could contribute the most 

decision-relevant value per unit of effort. It may reflect 

disciplinary separation, since the multi-criteria community 
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and the language modelling community have limited overlap 

in venues and vocabulary. 

 

5.6 Layer 6: Explanation, verification and governance 

Two contributions are indicative. Chen et al. (2024) applied 

language models to diagnosing infeasible optimisation 

problems, which is a genuinely stakeholder-facing task, 

since infeasibility usually means that one party's stated 

constraint is incompatible with another's, and the diagnostic 

output is an input to renegotiation rather than a technical 

artefact. Mostajabdaveh et al. (2024) build verification into 

the formulation process itself. 

The broader position emerging is that explanation is not a 

presentation-layer concern. If a formulation is derived from 

stakeholder text by an opaque process, the stakeholders 

cannot validate it, and validation by the people who supplied 

the inputs is the only check that catches misinterpretation of 

intent as opposed to error in execution. 

The operations research literature at this layer is nascent, but 

an adjacent body of work on algorithmic accountability and 

model risk management is well developed and directly 

applicable. 

Reviews of algorithmic accountability and model risk 

management in financial institutions establish the basic 

control architecture, including model inventory, validation 

independence and challenge functions (Ominyi & 

Anichukwueze, 2023). Conceptualisations of responsible 

governance structures for automated decision systems in 

regulated contexts extend this to systems whose outputs are 

decisions rather than predictions (Ominyi & Anichukwueze, 

2024a). Systematic review of organisational readiness for 

the European Union Artificial Intelligence Act supplies a 

maturity framing that translates readily to analytical 

functions (Ominyi et al., 2024b). 

Complementary work addresses specific control problems. 

Algorithmic accountability under trade secret protection 

identifies a structural obstacle to the transparency that 

stakeholder validation requires (Annan, 2024). Data privacy 

governance for cross-border platforms bears on the 

practicalities of elicitation across jurisdictions (Annan, 

2022). 

Security considerations for agentic workflows are directly 

relevant to Layer 4 systems. Work on securing enterprise 

agentic workflows against prompt injection, tool poisoning 

and memory manipulation describes attack surfaces that a 

formulation pipeline consuming untrusted stakeholder text 

inherits by construction (Nwakamma et al., 2024b). 

Sector-specific governance work supplies further structure. 

Comparative governance of AI-driven healthcare 

management addresses executive oversight and regulatory 

interface (Afrihyia et al., 2024). Data integrity and 

governance in regulated life sciences operations codifies 

expectations that translate to analytical pipelines (Aneke et 

al., 2023). Platform governance and deployment tooling in 

regulated customer systems address the access control layer 

that stakeholder data collection depends on (Badmus et al., 

2024). 

The operations research community would gain more from 

importing this apparatus than from rebuilding it. 

Data governance work supplies the control layer on which 

stakeholder pipelines depend. Enterprise data sensitivity 

classification and retention frameworks determine what 

stakeholder material may be processed and for how long 

(Aliliele et al., 2024b), and risk-based business intelligence 

architecture formalises the exposure that follows from 

getting that wrong (Mbonu et al., 2021). Data protection 

impact assessment models for multi-cloud financial 

environments bear directly on multi-jurisdiction elicitation 

(Mbonu et al., 2022b), while identity and access 

management integration determines who can see the 

material once it has been collected (Mbonu et al., 2020). 

API governance and risk prioritisation frameworks are 

relevant wherever a pipeline calls external model services 

(Aliliele et al., 2023b), and work on artificial intelligence 

enabled general controls with audit automation extends the 

control environment to cover the analytical machinery itself 

(Mbonu et al., 2022a). 

Where stakeholder data cannot leave a device or a 

jurisdiction, deployment constraints become design 

constraints, and work on energy, reliability and latency 

trade-offs in green communication systems characterises the 

frontier that on-device processing operates against (Asiedu 

& Quainoo, 2024b). 

 

6. Applications Across Domains 

6.1 Procurement and supply chain 

This is the densest application area, because procurement 

decisions consume stakeholder judgement at every stage and 

because the resulting models are consequential. 

Supplier evaluation and bid selection combine measured 

performance with assessed capability, and geospatially 

informed evaluation frameworks illustrate how 

heterogeneous the input types are (Ahiaeke Patrick et al., 

2021). Digital supply chain governance frameworks in 

energy and infrastructure define the decision rights within 

which such assessments are made (Okonkwo et al., 2024a), 

and predictive procurement planning to sustain operational 

uptime requires demand signals that originate in 

maintenance judgement rather than in transaction history 

(Okonkwo et al., 2024b). Port logistics efficiency and 

demurrage elimination models depend on process 

descriptions elicited from operators (Okonkwo et al., 2020). 

Automated coding of supplier correspondence, tender 

documentation and audit findings is the most immediately 

practical application. End-to-end visibility frameworks 

improving transparency and traceability require 

classification of exception events that are reported in free 

text (Nnabueze et al., 2021). Automation and digital twin 

frameworks for reducing procurement errors depend on 

accurate specification capture (Akinlade et al., 2024). 

Risk and resilience applications are more speculative but 

potentially more valuable. Resilience index construction is 

explicitly a weighting exercise over perceived exposures 

(Efobi et al., 2023). Predictive vendor risk assessment 

models require the same (Tonoyan et al., 2024a). Integrated 

frameworks for artificial intelligence and predictive 

analytics in supply chain management describe the target 

architecture (Rukh et al., 2024). 

Two contributions supply useful caution. Localised supply 

chain solutions for community development make a related 

point about the mismatch between centrally specified 

models and locally held knowledge (Anene & Clement, 

2024). Workforce optimisation frameworks addressing 

staffing volatility depend on availability and preference data 

that workers have incentives to misreport (Falemi et al., 

2023). Order promising sits at the same boundary: a quoted 

lead time is a commitment made under uncertainty, and the 

risk threshold a firm accepts when issuing it is a managerial 
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judgement rather than a measured quantity. Work on online 

lead time quotation under contingency formalises the 

quoting decision as a sequential problem under disruption, 

which makes explicit the parameters that would otherwise 

remain implicit in a planner's discretion (Ekun & Muriel, 

2024). 

 

6.2 Healthcare operations and public health 

Healthcare generates large volumes of free-text patient and 

staff feedback, has multiple stakeholder groups with 

divergent objectives, and makes operational decisions that 

are resource-allocation problems. It is therefore the most 

active application area for automated coding. Analytics-

driven work on productivity and workflow inefficiency 

depends on process descriptions supplied by staff (Nnaji & 

Akinlolu, 2023), early detection systems for non-

communicable disease consume clinical narrative alongside 

measured indicators (Afrihyia et al., 2023), and governance 

and accountability models for public-private partnerships in 

health infrastructure add a negotiated allocation of risk 

between parties (Aminu-Ibrahim et al., 2024). 

Reported uses include inductive thematic analysis of patient 

and clinician interviews to identify service-delivery 

constraints (Mathis et al., 2024), classification of patient 

feedback to surface recurring operational failures, and 

blinded comparison of automated and human analysts on 

clinical qualitative material. The typical pipeline runs from 

unstructured feedback through automated coding to a set of 

criteria or constraints that then enter a scheduling, capacity 

or prioritisation model. 

The applied literature supplies the demand cases, of which 

governance-driven workforce planning is representative, 

since staffing models depend on acuity judgements rather 

than on measured workload alone (Omaghomi et al., 2023). 

At system level, the data backbone required for 

transformation is described as a governance and architecture 

achievement rather than a technical one (Ilodigwe & 

Adesemoye, 2021), and real-world evidence and predictive 

analytics for decision-making sit on top of it (Ilodigwe & 

Adesemoye, 2024). 

In public health, national real-time surveillance dashboards 

require classification of case narratives and symptom reports 

at speed (Oparah et al., 2023), and business intelligence for 

mental health resource allocation depends on classification 

of presenting need where category boundaries are contested 

(Anioke & Atima, 2023b). Drug shortage early warning 

models combine supply signals with reported clinical impact 

(Eze et al., 2022a). 

Healthcare infrastructure planning is a distinct and 

underappreciated case, because the decisions are capital-

intensive, long-lived and justified by projected population 

benefit that must be elicited rather than measured. 

Infrastructure-driven expansion of diagnostic access and 

programme management for coordinated multi-site delivery 

both depend on risk and dependency assessments supplied 

by project participants (Aminu-Ibrahim et al., 2021). 

At facility level the pattern repeats. Risk-managed 

construction strategies for highly regulated healthcare 

environments depend on assessed rather than observed risk 

(Ogbete et al., 2021), and lifecycle performance evaluation 

of purpose-built diagnostic laboratories combines measured 

throughput with judgements about fitness for purpose 

(Ogbete et al., 2023). 

Pharmacy and medicines access supply a further set of 

demand cases. Reviews of last-mile drug distribution 

barriers to underserved communities and of supply chain 

inefficiencies affecting medication affordability both 

synthesise qualitative field evidence into constraints that 

distribution models then consume (Asiedu & Asiedu, 2023), 

and conceptual work on equitable access to chronic 

therapies in hospital pharmacy settings makes the equity 

weighting explicit (Asiedu & Asiedu, 2024a). 

Clinical service research contributes evaluation designs that 

operational models borrow. 

 

6.3 Occupational safety and risk management 

Safety is an underappreciated application area for this 

technology, and it is one where the input data is almost 

entirely textual. 

Near-miss and hazard observation systems generate short 

free-text reports at volumes that exceed human coding 

capacity, which is precisely the constraint that automated 

deductive coding addresses (Obogo et al., 2021). Data-

driven occupational safety risk control models consume the 

coded output (Obriki & Arumosoye, 2020). Behavioural 

safety programmes generate observation data with the same 

properties (Obriki et al., 2023a), and incident investigation 

approaches oriented toward prevention require causal 

attribution coding where inter-rater agreement is historically 

weakest (Obriki & Arumosoye, 2024). 

Two constructs in this domain are pure perception measures 

and therefore candidates for adaptive elicitation. Safety 

culture maturity models rest on organisational learning 

indicators that are self-reported (Arumosoye & Obriki, 

2021), and safety leadership influence in large temporary 

project organisations is measurable only through perception 

instruments (Arumosoye & Obriki, 2024). Recurrence 

mechanisms of unsafe behaviour are similarly behavioural 

constructs (Obriki & Arumosoye, 2022). 

Aviation safety oversight presents a structurally similar 

problem with a stronger regulatory frame. Managing 

encroachments and unauthorised structures around 

aerodromes requires extracting requirements from 

heterogeneous regulatory and operational documentation 

(Adeyelu, 2021). Risk-tiered oversight models for 

unmanned operations in shared airspace require judgement-

based tiering (Adeyelu, 2023), and maturity models for 

predicting audit outcomes embed weighting in the scoring 

structure (Adeyelu & Dagodzo, 2024). 

Information security awareness sits alongside these as a 

behavioural risk domain where the measurement instrument 

is the survey and where training effectiveness evaluation 

depends on self-reported behaviour change (Onche et al., 

2024). 

 

6.4 Energy transition, power systems and asset 

maintenance 

The energy domain has moved furthest toward treating 

stakeholder acceptance as a modelled variable rather than an 

external condition, which makes it the most interesting test 

case for this technology. 

Predicting community trust in renewable projects converts 

social license into a measurable quantity (Komi, 2024a), and 

modelling the causal link between community trust and 

project survival makes the operational consequence explicit 

(Komi & Adeniji, 2024d). Just transition analysis combines 

econometric estimation with skills mapping from workforce 

instruments (Komi & Adamolekun, 2024b), and 
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diversification pathway modelling extends this to economic 

outcomes beyond direct job replacement. Reviews of 

financing mechanisms that fail to reach poor households are 

constructed from programme evaluation evidence whose 

synthesis is a coding problem (Komi & Adeniji, 2024c). 

Fairness in forecasting is a distinctive contribution from this 

domain. Work showing that accurate load forecasts are not 

necessarily fair forecasts identifies a failure mode with 

direct analogues in stakeholder data synthesis, since a model 

can minimise aggregate error while systematically 

misrepresenting subgroups (Komi, 2023). Predictive 

analytics for smart city emissions and infrastructure risk 

monitoring extends the pattern to urban systems (Okojie et 

al., 2023a). 

Power systems engineering supplies the technical 

counterpart to the social acceptance work discussed above, 

and it is where judgement enters as engineering assessment 

rather than public opinion. Digital twin modelling for real-

time monitoring and fault detection in smart grids, and AI-

powered digital twins for predictive maintenance, depend on 

failure taxonomies that originate in maintenance records 

written as free text (Shittu et al., 2023). 

Maintenance and asset management are the clearest case of 

free-text data feeding an operational model. Vibration-based 

condition monitoring of rotating machinery and sensor-

based fault detection in building climate systems generate 

instrumented signals that must nonetheless be interpreted 

against maintainer judgement about severity (Sunday & 

Omoegun, 2022). 

Investment and deployment decisions close the loop. Data-

driven portfolio optimisation across solar, wind and storage 

assets requires scenario weights that are ultimately 

judgemental (Ilesanmi et al., 2024), and blockchain-based 

peer-to-peer energy trading embeds assumptions about 

participant behaviour that are elicited rather than observed 

(Shittu et al., 2021). Project management research on solar 

deployment identifies stakeholder alignment rather than 

technical feasibility as the dominant delivery risk (Amayo et 

al., 2024). 

 

6.5 Financial planning, audit, financial crime and 

payments 

Enterprise financial decision systems consume expert 

judgement extensively, and the audit function supplies a 

natural verification analogue for the pipelines described in 

Layer 6. 

Data-driven cost management models for strategic financial 

planning aggregate operational signals with management 

judgement (Oduleye & Medon, 2021), and decision 

analytics models for sustainable profitability formalise the 

trade-offs (Lawal & Oduleye, 2023). Variance analytics for 

cost control depends on explanation classification, which is 

a coding task (Aliliele et al., 2024a), and comprehensive 

financial reporting models formalise the compliance 

constraints that classification must satisfy (Medon & 

Oduleye, 2022). Integrated predictive analytics for strategic 

forecasting and quantitative measurement of financial 

analysis impact both rest on judgemental inputs (Oduleye & 

Medon, 2023). 

On the assurance side, integrated data management for 

financial forecasting and predictive risk assessment describe 

the control environment (Agu et al., 2023). Risk-based 

auditing in strategic financial management and data-driven 

compliance approaches to risk governance together sketch a 

validation apparatus that analytical pipelines could adopt 

(Akomolafe et al., 2023). 

Financial crime detection is a large and distinct branch of 

the same problem, in which the label being predicted is itself 

the output of an analyst judgement. Anomaly detection in 

financial time series is framed conceptually rather than 

purely statistically for the same reason (Atakpa & Fobellah, 

2023). Adaptive fraud risk scoring for real-time transaction 

monitoring must set thresholds that trade false positives 

against missed cases, which is a weighting decision rather 

than a modelling one (Fadayomi et al., 2024), and detection 

models for synthetic identity fraud face a target that is 

defined by convention (Elebe et al., 2023). 

Audit and assurance research supplies the counterweight. 

Venture and SME risk analytics show the same dependence 

on assessed rather than measured inputs (Eboh & Aliliele, 

2024), as does machine learning in insurance underwriting, 

where the historical decisions being learned from encode 

prior underwriter judgement (Oluwo et al., 2024). 

Payments and cross-border operations extend the pattern 

into multi-jurisdiction settings, where harmonising risk 

governance, technology infrastructure and compliance 

frameworks is a coordination problem across parties holding 

different objectives and facing different regulators (Okafor 

et al., 2024b). 

Public sector financial management supplies a final set of 

cases in which the constraint is institutional. Strategic 

finance in joint venture and cross-border structures depends 

on assumptions negotiated between partners rather than 

derived from data (Isiekwu et al., 2021), and lifecycle 

performance management models supply the operational 

counterpart (Adelanwa et al., 2023a). 

 

6.6 Marketing, customer operations and revenue systems 

Marketing research has engaged with synthetic respondents 

more systematically than any other applied field, and its 

conclusions are the most explicitly bounded. 

Customer acquisition and retention frameworks depend on 

segmentation whose validity rests on behavioural anchoring 

(Ogundairo & Ayivi-Donkor, 2023). Predictive maintenance 

modelling for e-commerce systems and traffic pattern 

forecasting across owned media both consume operational 

signals with substantial human interpretation (Oghenemaiga 

et al., 2024). Customer relationship and workflow 

automation in small healthcare practices shows the same 

pattern at small scale (Eyetsemitan et al., 2024a). 

 

6.7 Lean operations and small enterprise process 

improvement 

Process improvement methodologies are stakeholder 

elicitation methodologies in all but name, which makes them 

a natural adoption site. 

Lean Six Sigma adaptation for small enterprises depends on 

process mapping conducted with operators (Ambali et al., 

2021). Data-driven process optimisation in micro-

enterprises and integrated lean-digital scaling frameworks 

both require the same upstream elicitation (Eyetsemitan et 

al., 2024b). Cycle time reduction in professional services 

onboarding is a classic elicitation-then-optimise problem 

(Oyeleye et al., 2022). Algorithmic process optimisation 

with simulation modelling and predictive cost optimisation 

both depend on process parameters that originate in 
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interview data (Tonoyan et al., 2022b), and real-time 

performance monitoring systems close the loop (Tonoyan et 

al., 2024b). 

 

6.8 Education, workforce and inclusive service design 

Education and workforce applications supply instruments 

and evaluation designs that operations research borrows. 

Evidence-based digital learning platforms and real-time 

educational performance analytics both formalise feedback 

loops from learner data (Orise & Niniola, 2022). 

Special education and inclusive provision deserve separate 

treatment, because the decisions are individualised, legally 

constrained and documented in narrative form, which makes 

them an almost ideal test case for automated coding. 

Systematic review of behaviour intervention plan 

effectiveness in secondary settings depends on coding plan 

content and implementation notes (Oloto & Yeboah, 2023). 

Individualised planning research supplies the operational 

counterpart. Data-driven development of individualised 

education programmes proposes conceptual models for 

turning progress data into plan content (Yeboah & Oloto, 

2022b), monitoring implementation fidelity addresses 

whether the plan is executed as written (Yeboah & Oloto, 

2023), and using student progress data to personalise 

instruction is the classroom-level instance of the same loop 

(Yeboah et al., 2022a). 

Instructional and institutional research completes the 

picture. Integrating information and communication 

technology with mathematical thinking evaluates a digital 

intervention through learner outcome instruments (Boakye 

et al., 2020), and policy and practice research on educational 

technology for inclusive learning addresses the conditions of 

adoption (Ijiga et al., 2024). Work on artificial intelligence 

for student engagement and motivation, on 

hyperpersonalisation and hyperlocalisation as affordances, is 

the closest analogue in the applied corpus to Layer 1 

adaptive elicitation, since the system adapts to the individual 

rather than administering a fixed sequence (Seun et al., 

2024). 

 

6.9 Built environment and infrastructure asset 

monitoring 

Built environment decisions are long-lived, spatially fixed 

and justified by projected occupant experience, which 

makes them unusually dependent on elicited data. 

Techno-economic evaluation of renewable-material 

construction for low-income housing combines cost 

modelling with affordability assessments drawn from 

household instruments (Uduokhai et al., 2024b), and critical 

review of housing policy implementation strategies 

synthesises programme evidence into constraints that 

allocation models then apply (Uduokhai et al., 2023c). Post-

occupancy satisfaction modelling in government-sponsored 

housing is a direct instance of Layer 1 and Layer 2 working 

together, since satisfaction is measured by instrument and 

the resulting categories feed design standards (Uduokhai et 

al., 2023a). 

Design and delivery research supplies further demand cases. 

Design thinking approaches to architectural practice require 

criteria weights across cost, durability and sustainability 

dimensions that participants supply rather than derive 

(Uduokhai et al., 2023d). Building information modelling 

research addresses the coordination of specifications 

originating from multiple disciplines (Uduokhai et al., 

2023b), and system dynamics modelling of circular 

economy integration formalises feedback structures elicited 

from sector participants (Uduokhai et al., 2024a). 

Remote asset monitoring illustrates what changes when 

elicitation is partly replaced by instrumentation. Integrated 

frameworks combining aerial survey, LiDAR and 

geographic information systems formalise the resulting data 

into asset models (Dagodzo & Ahiaeke Patrick, 2021a), and 

encroachment detection using geospatial techniques 

converts a judgement about right-of-way violation into a 

classification task (Dagodzo & Ahiaeke Patrick, 2022a). 

Integrating drone operations into enterprise geographic 

information systems is the organisational counterpart 

(Dagodzo & Ahiaeke Patrick, 2023), while deep learning for 

vegetation classification in power corridors shows the 

classification layer directly (Dagodzo et al., 2022b). The 

instructive point for this review is that instrumentation 

displaces elicitation only for the observable portion of the 

problem. Whether an encroachment matters, and how 

urgently, remains a judgement. 

 

6.10 Agricultural and food systems 

Agricultural development is the clearest case of operations 

research dependent on survey data collected under difficult 

conditions. Digital agriculture tool assessment, climate-

smart practice contribution to household food security, 

socioeconomic barriers to technology adoption, quantitative 

agricultural economics modelling for food system 

efficiency, and assessment of artificial intelligence in 

agricultural decision-making all rest on smallholder 

instruments whose cost and reach constrain what can be 

modelled (Michael & Ogunsola, 2021b, 2022). 

Agricultural and livestock research supplies the clearest 

example of operational modelling built on primary data 

collected under difficult field conditions. Phenotypic 

characterisation of indigenous poultry across regions 

depends on structured field observation protocols whose 

consistency across enumerators is a live concern (Ekeocha 

et al., 2021). Feeding trials evaluating farm residues, 

alternative energy sources and silage supplementation 

generate performance data that feed least-cost ration 

formulation, which is a classical optimisation problem with 

judgement-laden constraints (Tawose et al., 2023a). 

Physiological and stress indicator work under field 

conditions introduces welfare constraints that are assessed 

rather than measured (Oluwadele et al., 2023). Aflatoxin 

detection and quantification in commercial feeds establishes 

safety thresholds that then enter procurement decisions as 

hard constraints (Tawose et al., 2023b), and integration of 

artificial intelligence with biosensors for rapid pathogen 

detection points toward instrumented replacement of some 

of that judgement (Olorunkosebi et al., 2023). 

 

7. Discussion 

7.1 Principal findings 

Four findings emerge from the synthesis. 

The first concerns the shape of progress. Capability is high 

and improving where the transformation is constrained by 

an externally supplied framework, and markedly lower 

where the framework must itself be induced from the 

material. Deductive coding against a stated codebook 

performs substantially better than inductive theme 

generation, and translation of well-posed problem 

statements performs better than interpretation of contested 
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ones. This is the pattern Proposition 1 anticipated, and it 

holds across both Layer 2 and Layer 4 despite the very 

different techniques involved. 

The second concerns the distribution of effort. Layer 4 has 

benchmarks, competing architectures, successive system 

generations and a traceable progress record. Layer 5 has 

almost nothing, despite being the layer at which a single 

parameter choice can reverse a recommendation. Layer 1 is 

developing quickly but has only one controlled comparison 

against human interviewers in the retrieved corpus. The field 

has invested most heavily where the inputs are cleanest. 

The third concerns the character of the errors. The critical 

literature does not report that these systems are simply 

noisy. It reports that persona conditioning amplifies group 

stereotypes and that models drift toward socially acceptable 

answers on sensitive items. These are distinct phenomena 

with a common consequence, which is that the error is 

structured rather than random. 

The fourth concerns evaluation. Every layer that has an 

evaluation tradition measures a proxy. Formulation 

benchmarks measure translation of clean text. Coding 

studies measure agreement with a human standard that is 

itself variable. Synthetic respondent studies have largely 

measured distributional similarity, a criterion the field is 

now abandoning as insufficient. Nothing measures whether 

the resulting decision differs from the one careful 

conventional analysis would produce. 

 

7.2 The inversion problem 

Taken together these findings describe an inversion. The 

capability profile of the technology is the reverse of the 

difficulty profile of the practice. 

In operations research, the hardest and most consequential 

work occurs early, when the problem is still being defined 

and competing framings are live. That is precisely where 

automated support is weakest, because the task requires 

inducing structure rather than applying it. The easiest and 

most mechanical work occurs later, once the formulation is 

settled and the remaining question is technical. That is 

where automated support is strongest. 

The practical risk this creates is not that the tools fail 

visibly. It is that they succeed on the tractable portion of the 

pipeline and thereby increase the throughput of a process 

whose upstream quality has not improved. A pipeline that 

formalises ten times as many problem descriptions ten times 

as fast, from stakeholder material coded no more accurately 

than before, produces more models of the same fidelity and 

reduces the time available to notice when one of them has 

misread what the stakeholders meant. 

 

7.3 What the benchmarks measure 

Layer 4 has benchmarks and therefore has comparability, 

but those benchmarks measure translation of already-clean 

descriptions. Layer 2 has borrowed reliability statistics from 

content analysis, which is appropriate but only assesses 

agreement with a human standard that is itself variable. 

Layer 3 evaluation is in active dispute, with distributional 

fidelity increasingly regarded as insufficient. Layers 1 and 5 

have essentially no shared evaluation instruments. 

A field-level consequence follows. Current benchmarks 

reward performance on the easiest sub-problem in the 

pipeline and are silent on the hardest. Nothing currently 

measures whether a model constructed from automatically 

synthesised stakeholder data recommends a different 

decision than one constructed conventionally, which is the 

only quantity that matters operationally. 

 

7.4 Reproducibility and analytic flexibility 

Non-determinism in model outputs, undocumented prompt 

variation, model version drift and proprietary interface 

changes together make exact replication rare. Reporting 

standards have improved but remain inconsistent. The 

analytic flexibility argument means that under-specified 

reporting is not a minor omission but a mechanism by which 

arbitrary conclusions survive review. 

The model governance literature offers relevant discipline 

here. Model inventories, versioning requirements and 

validation independence are standard expectations in 

regulated financial contexts (Ominyi & Anichukwueze, 

2023), and there is no principled reason why analytical 

pipelines feeding operational decisions should be held to a 

lower standard. 

 

7.5 Bias and its distributional shape 

Two distinct bias phenomena are documented and should 

not be conflated, and a third is a plausible extension of them 

that the evidence does not yet settle. 

Caricature and stereotype amplification occurs when 

persona conditioning exaggerates group differences (Bisbee 

et al., 2024). Social desirability or harmlessness drift occurs 

when models shift toward acceptable answers on sensitive 

items (Sun et al., 2024). Both are documented directly. The 

third, characteristic-correlated error, in which accuracy 

varies systematically with attributes of the person whose 

text is being processed, follows from the first two by 

extension rather than from direct measurement, since 

evidence that outputs align more closely with some 

demographic groups than others (Santurkar et al., 2023) 

implies unequal error rates without establishing them for 

coding tasks specifically. 

The third is the most consequential for operations research, 

because it produces biased parameters rather than noisy 

ones, and optimisation propagates bias in parameters into 

systematically unfair allocations. The energy fairness 

literature has already articulated the general form of this 

problem in the forecasting context, showing that a model 

can minimise aggregate error while systematically 

misrepresenting subgroups (Komi, 2023), and universal 

programme design research documents how apparently 

neutral instruments deepen existing inequality (Komi & 

Adeniji, 2024c). 

Performance gaps in non-Western and non-English contexts 

are documented and consistent with training corpus 

composition, which matters given that a substantial share of 

practice on resource-allocation problems occurs in exactly 

those contexts. Multilingual adaptation work offers a partial 

technical response (Oyesiji et al., 2023), but adaptation 

improves fluency more reliably than it improves cultural 

calibration. 

 

7.6 Security and integrity of the pipeline 

A formulation pipeline that consumes stakeholder text is an 

application that processes untrusted input. Prompt injection, 

tool poisoning and memory manipulation are live attack 

surfaces for agentic workflows (Nwakamma et al., 2024b), 

and a stakeholder consultation is an obvious injection vector 

where the participants have an interest in the outcome. This 

consideration is almost entirely absent from the operations 
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research literature on autoformulation and deserves attention 

before such systems are used in contested settings such as 

procurement scoring or grant allocation. 

The adjacent security literature makes the scale of that 

surface concrete. Threat actor analysis for strategic 

enterprise security planning addresses precisely the case in 

which the party supplying data to a system has an interest in 

its output (Dosunmu & Ogundele, 2023). Intrusion detection 

and prevention models describe the monitoring an analytical 

pipeline would sit behind (Dosunmu & Ogundele, 2020), 

and threat intelligence integration frameworks describe how 

an organisation maintains awareness of evolving attack 

methods (Dosunmu & Ogundele, 2022). Three contributions 

are especially relevant to verification. Breach and attack 

simulation frameworks provide continuous validation of 

controls rather than point-in-time assessment (Dosunmu & 

Ogundele, 2024a), threat-informed defence engineering 

measures control effectiveness against specific adversary 

behaviours (Dosunmu & Ogundele, 2024c), and cyber risk 

quantification models convert qualitative exposure into 

figures that support investment prioritisation, which is the 

same elicitation-to-parameter problem this review examines 

throughout (Dosunmu & Ogundele, 2024b). 

Where analytical pipelines control physical processes the 

stakes rise further. Adversarial machine learning in critical 

infrastructure describes attacks that manipulate model inputs 

rather than breaching systems (Adebayo et al., 2022), and 

AI-augmented threat detection in industrial control systems 

describes the defensive counterpart (Adebayo et al., 2023). 

Security architecture for the convergence of information and 

operational technology in regulated energy environments 

addresses the boundary at which analytical systems meet 

physical ones (Adegbite et al., 2022), and zero trust 

architecture for operational technology proposes an access 

model suited to it (Ahmed et al., 2021). Blockchain-assisted 

secure data exchange for supervisory control networks 

addresses integrity of the data stream itself (Shittu et al., 

2022). 

A further contribution bears on the input-manipulation 

problem at the infrastructure layer, where deep learning for 

malware classification addresses adversarial content that is 

designed to be misread (Idika et al., 2021). At the 

organisational level, identity-centric zero trust architecture 

determines who may submit material to a pipeline in the 

first place (Ogbole et al., 2021), and continuous monitoring 

for cloud misconfiguration addresses the most common 

practical failure in the environments where such pipelines 

run (Aliliele et al., 2023a). 

 

7.7 Revisiting the propositions 

Propositions 1, 2 and 6 are supported by the synthesis. The 

framework-constrained advantage in P1 appears consistently 

across layers. The inverse distribution of effort in P2 is 

evident from the relative maturity of Layers 4 and 5. The 

proxy-measurement problem in P6 is visible in every 

evaluation tradition surveyed. 

Proposition 4 is partially supported. That the errors are 

structured rather than random is established for stereotype 

amplification and for drift on sensitive items. That the 

structure tracks individual respondent characteristics closely 

enough to bias an allocation is a reasonable inference from 

those findings rather than a measured result, and it is the 

claim most in need of a dedicated study. 

Proposition 3 is supported in its negative half and untested 

in its positive half. The evidence that synthetic respondents 

should not substitute for consultation is strong. The claim 

that they are useful for pretesting and robustness analysis is 

plausible and endorsed by the marketing literature, but the 

retrieved corpus contains no study that demonstrates 

decision-relevant value from such use. 

Proposition 5 is argued rather than demonstrated. No study 

in the corpus tests whether stakeholder validation of an 

automatically derived formulation catches errors that 

verification alone misses. This is a gap worth naming 

precisely, because P5 carries much of the normative weight 

of the paper. 

 

8. Implications 

8.1 Theoretical implications 

The six-layer model contributes a way of relating two 

literatures that have developed largely in isolation. Problem 

structuring methods and multi-criteria decision analysis 

have long theorised the upstream stages of the operations 

research process, while the computational literature on 

autoformulation has theorised the downstream translation 

step. Placing them on a single pipeline makes visible the 

transition between them, which neither literature currently 

owns, and identifies it as a research object rather than an 

implementation detail. 

A second theoretical implication concerns the status of 

stakeholder data. The synthesis suggests that such data 

cannot be treated as a noisy measurement of an underlying 

parameter, which is the implicit assumption when synthetic 

augmentation is proposed. Where a model's authority 

derives from consultation, the data is partly constitutive of 

the model's legitimacy rather than merely informative about 

its parameters. That distinction has no representation in 

current formalisms and deserves one. 

A third implication is that fairness in operations research 

needs an upstream formulation. The energy forecasting 

literature has already established that a model can minimise 

aggregate error while systematically misrepresenting 

subgroups. The coding evidence extends the same structure 

to qualitative inputs. Fairness constraints applied at the 

optimisation stage cannot correct for bias introduced during 

elicitation and coding, because by then the 

misrepresentation is embedded in the parameters the 

constraints operate on. 

 

8.2 Methodological implications 

For researchers, the most immediate implication is that 

reporting standards need to change in three specific ways. 

Subgroup breakdowns of coding and simulation accuracy 

should be standard rather than exceptional, given the 

documented correlation of error with respondent 

characteristics. Human-in-the-loop configurations should be 

specified precisely, since reporting that a study used human 

validation is uninformative without saying where human 

judgement entered and how disagreement was resolved. And 

prompting, conditioning and model version choices should 

be reported in full, because the space of defensible analytic 

choices is wide enough that under-specification permits 

arbitrary conclusions to survive review. 

A second methodological implication concerns benchmark 

construction. The field needs a benchmark whose inputs are 

authentic and unclean, paired with expert-validated 
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formulations, and whose scoring rewards flagging ambiguity 

rather than resolving it silently. Existing benchmarks reward 

the opposite behaviour. 

 

8.3 Implications for practice 

For analysts and modelling teams, the synthesis supports a 

specific division of labour rather than wholesale adoption or 

abstention. 

Automated deductive coding is ready for use where a 

codebook exists and has been validated, which describes 

near-miss and hazard reporting, supplier audit findings, 

patient feedback classification and consultation response 

coding. It should be deployed with human adjudication of a 

sampled subset and with reliability reported, not assumed. 

Adaptive elicitation is ready for pilot use where the 

alternative is a fixed-response instrument that is known to be 

inadequate, which describes safety perception surveys, 

adoption barrier research and multilingual needs assessment. 

Comparability across respondents becomes a live question 

once the instrument adapts, and analysts should expect to 

defend it. 

Autoformulation is ready for use as a drafting aid on well-

specified problems, with the formulation treated as a 

proposal requiring verification rather than as an output. 

Constraint provenance should be recorded so that each 

model element can be traced to the input that generated it. 

Synthetic respondents are ready for instrument pretesting 

and for robustness analysis over plausible preference 

configurations. They are not ready to substitute for 

consultation, and using them that way in procurement 

scoring, grant allocation or service planning would be 

difficult to defend if challenged. 

 

8.4 Implications for policy and governance 

Three governance implications follow directly. 

Organisations deploying these pipelines in regulated or 

publicly accountable settings should extend existing model 

risk management arrangements to cover them rather than 

treating analytical tooling as out of scope. Model inventory, 

validation independence and challenge functions transfer 

with little modification. 

Procurement and public consultation processes that use 

automated synthesis should disclose that they do so. The 

legitimacy argument in Proposition 5 is not satisfied by 

accuracy alone; affected parties have a reasonable interest in 

knowing how their input was processed, and the anti-

discrimination exposure created by structured rather than 

random coding error is a legal risk as well as an ethical one. 

Finally, pipelines that ingest stakeholder text are 

applications processing untrusted input, and in contested 

settings the participants have a material interest in the 

outcome. Security review should be part of deployment 

approval, not an afterthought. 

Cross-border and multi-jurisdiction settings raise the 

governance question in its sharpest form, and an adjacent 

policy literature has already mapped much of the terrain. 

Reviews of legal barriers to trade participation identify 

compliance capability rather than tariff structure as the 

binding constraint for smaller participants (Jones & Ominyi, 

2020), and systematic review of market access outcomes 

from trade agreements assesses whether formal 

liberalisation translates into realised access (Jones & 

Ominyi, 2022). Compliance frameworks for technology 

transfer between developed and developing economies bear 

directly on where analytical capability is allowed to reside 

(Jones & Ominyi, 2023). Two contributions address 

artificial intelligence explicitly: applications in customs 

administration and trade facilitation describe automated 

decision-making with immediate distributional 

consequences (Jones & Ominyi, 2024a), and harmonising 

digital trade regulation across jurisdictions describes the 

coordination problem that follows (Jones & Ominyi, 2024b). 

Diplomatic and regional policy research supplies the multi-

actor analogue. Policy alignment modelling for climate 

diplomacy addresses coordination among parties with 

divergent objectives and no common authority (Liadi, 

2022), and linking diplomatic engagement to development 

outcomes attempts to make that coordination measurable 

(Liadi, 2023). Soft power projection through education and 

cultural diplomacy and cross-border security cooperation 

modelling both formalise relationships that exist primarily in 

assessment rather than in data (Liadi, 2024b). These settings 

are the limiting case for the legitimacy argument in 

Proposition 5, since no party can be compelled to accept a 

model and acceptance is therefore the whole of the outcome. 

 

9. Limitations 

Publication and demonstration bias is severe. A large share 

of contributions report that a technique worked on a dataset 

the authors selected, with no pre-registered hypothesis and 

no comparison to a strong baseline. Negative results exist 

but are concentrated in a handful of deliberately critical 

papers. 

Terminological drift complicates synthesis. Synthetic data, 

silicon sample, simulated respondent and generative agent 

are used with overlapping and inconsistent referents. The 

same is true of autoformulation, which sometimes denotes 

model construction and sometimes end-to-end problem 

solving. Similar drift affects the applied literature, where 

framework, model and architecture are frequently 

interchangeable. 

Rapid model turnover undermines cumulative comparison. 

Results obtained with earlier generation models and results 

obtained with later reasoning models are not 

straightforwardly comparable, and few papers separate 

capability effects from method effects. 

A fourth limitation is scope asymmetry between the two 

corpora. The methodological corpus was assembled through 

systematic term-combination searching, while the applied 

corpus was drawn from a consolidated reference collection. 

The applied corpus is therefore not a representative sample 

of applied practice and should be read as illustrative of the 

demand structure rather than as an estimate of its 

distribution. 

A fifth is the perspective noted in Section 2.5. The 

judgement that Layer 5 is under-served and that the Layer 2 

to Layer 4 transition is the central gap follows from an 

operations research framing of what matters. 

The evidence base itself constrains what can be concluded, 

in ways that no review design can compensate for. 

Controlled comparison is rare. Across the whole 

methodological corpus, the number of studies that randomly 

assign an automated and a human condition working from 

an identical protocol is very small. Most reported gains are 

measured against convenience baselines chosen by the 

authors. 

Effect sizes are difficult to compare across studies because 

model versions differ, prompting is under-reported and 
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metrics are inconsistent. Aggregation across studies would 

create a false impression of cumulative knowledge. 

Negative results are concentrated in a small number of 

deliberately critical papers rather than distributed across the 

literature, which suggests that the true rate of failed 

demonstrations is higher than the published record indicates. 

Evidence from non-English and non-Western settings is 

sparse relative to the share of applied practice occurring in 

those settings, so conclusions about performance are least 

reliable exactly where the consequences of error fall most 

heavily. 

The six-layer model is a simplification in three respects that 

users of it should keep in view. 

It presents as sequential a process that is iterative in practice. 

Analysts move back from formulation to elicitation 

repeatedly, and the figure's left-to-right arrangement 

understates that. 

It assumes convergence on a single formalisation. 

Participatory traditions in which the purpose of the exercise 

is to sustain productive disagreement rather than resolve it 

are only partially described by the model, and the feedback 

loop in Fig 1 is doing more work in those settings than the 

diagram suggests. 

It treats the six layers as separable, which is an analytical 

convenience. In agentic systems that elicit, code and 

formulate within a single workflow, the boundaries the 

model draws do not correspond to observable system 

components, and diagnosing where an error originated 

becomes correspondingly harder. 

 

10. Future Research Directions 

The agenda below is ordered by the ratio of decision-

relevant value to research effort rather than by tractability. 

Items A to C address the structural gaps identified in Section 

7.2, items D to F address the evaluation and legitimacy 

problems raised by Propositions 3, 5 and 6, and items G and 

H concern reporting and governance practice. 

A. Build the Layer 2 to Layer 4 bridge: The single largest 

structural gap is the absence of methods that take 

realistically messy stakeholder material and produce 

formulation-ready problem descriptions, with ambiguity 

flagged rather than silently resolved. A benchmark of 

authentic, unclean stakeholder inputs paired with expert-

validated formulations would advance the field more than 

another point of accuracy on existing benchmarks. 

B. Treat verification as the primary object: Formulation 

verification, infeasibility diagnosis and constraint 

provenance tracking should be designed in rather than added 

on. Every model element should be traceable to the 

stakeholder input that generated it, which is the analytical 

analogue of the audit trail expectations already standard in 

regulated domains (Aneke et al., 2023). 

C. Develop Layer 5 seriously: Conversational preference 

elicitation with calibrated uncertainty, consistency repair 

during elicitation, and robustness analysis over synthetic 

preference profiles are all tractable and all under-explored. 

Validation against conventionally elicited weights is the 

obvious first study. 

D. Establish a use-boundary standard for synthetic 

respondents: The field needs an explicit, citable convention 

distinguishing legitimate uses, including instrument 

pretesting, sensitivity analysis and robustness checking, 

from illegitimate ones, including substituting for 

consultation and generating headline findings. Marketing 

research has moved furthest toward this and operations 

research should not reinvent it. 

E. Evaluate at the decision level: Coding accuracy and 

formulation accuracy are proxies. What matters is whether 

the decision recommended by the resulting model differs 

from the decision that careful conventional analysis would 

produce, and whether stakeholders recognise the model as 

representing what they said. Neither is currently measured. 

F. Address legitimacy directly: Where a model's authority 

derives from having consulted affected parties, automating 

the consultation changes the nature of the claim. This is a 

design constraint on the technical system rather than an 

afterword to it, and it needs treatment in the operations 

research literature rather than by reference to general ethics 

guidance. 

G. Report distributionally: Aggregate accuracy should be 

accompanied by subgroup breakdowns as standard, given 

the documented characteristic-correlation of error. 

H. Import the governance apparatus: Model risk 

management, validation independence, readiness assessment 

and auditability standards already exist in adjacent fields 

(Annan, 2024; Ominyi & Anichukwueze, 2024a; Ominyi et 

al., 2024b). Adapting them is faster and more defensible 

than developing parallel conventions. 

 

11. Conclusion 

The recent literature demonstrates that artificial intelligence 

can materially accelerate the parts of the operations research 

process that have always resisted acceleration. 

Conversational elicitation makes depth affordable at scale. 

Automated coding makes free-text stakeholder data tractable 

as model input, reliably for deductive application of an 

existing framework and less reliably for inductive discovery. 

Autoformulation systems have advanced quickly on well-

posed problem descriptions and now have benchmarks, 

competing architectures and a visible progress trajectory. 

The gaps are equally clear. The field is strongest where the 

input is already clean and weakest where meaning is still 

being negotiated, which inverts the priority order of actual 

practice. Preference elicitation, the layer with the highest 

ratio of decision impact to research attention, is nearly 

untouched. Evaluation practice measures translation fidelity 

rather than decision quality. A growing critical literature 

shows that the errors these systems make are not randomly 

distributed across respondents, which turns an accuracy 

problem into an equity problem once the output enters an 

allocation model. And the security properties of pipelines 

that consume contested stakeholder text have barely been 

examined. 

The applied evidence surveyed here reinforces rather than 

softens these conclusions. Across procurement, healthcare, 

safety, energy, finance, marketing, process improvement 

and agricultural development, the pattern is consistent. 

Operational models depend on judgement data, the cost of 

collecting that data constrains what can be modelled, and the 

quality of its classification bounds the value of everything 

downstream. That is precisely the constraint this technology 

addresses. It is also precisely the point at which errors 

become invisible, because a fluent synthesis of stakeholder 

input is indistinguishable in form from an accurate one. 

The reasonable position is neither adoption nor abstention. 

AI-enabled synthesis is well suited to expanding the volume 

and depth of stakeholder input that an analyst can process, 

and poorly suited to replacing the stakeholder input itself. 

http://www.multiresearchjournal.com/
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The technologies extend the analyst's reach. Treating them 

as a substitute for the people whose problem is being 

modelled misunderstands both what they can do and what 

the model is for. 
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