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ABSTRACT

Veterinary medicine, animal husbandry, and health sciences operate in data-saturated ecologies shaped by electronic records,
sensor systems, laboratory platforms, and increasingly automated analytic infrastructures. In this context, the dominant
educational dilemma is not whether professionals should be statistically literate, but whether they should remain dependent on
specialist analysts for the core analytic actions that define contemporary evidence-based practice, production optimization, and
welfare governance. This article argues that training veterinarians, zootechnists, and health professionals as data analysts is
superior to training them primarily as statisticians or as researchers who routinely outsource analytic work. The argument is
grounded in cultural-historical activity theory and Bedny’s systemic-structural activity theory, and it is updated for a technical
environment in which machine learning, large language models, and agentic workflows reduce the friction of coding and
documentation while increasing the need for domain-grounded judgement. R, RStudio, and Quarto are presented as an exemplary
toolchain that unifies analysis, explanation, and publication into a single reproducible activity. The conclusion proposes a
competence-oriented curriculum in which communicative, transformative, and evaluative capabilities co-develop through
authentic analytic work tied to welfare and community responsibility.
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INTRODUCTION

Across veterinary practice, animal production systems, and health research, decisions increasingly arise from complex data
flows rather than isolated observations. Precision livestock farming and digital monitoring systems generate continuous
measurements that demand model-based interpretation, and the long-term success of these systems depends on workforce capacity
in programming and data science as much as on traditional animal science knowledge Menendez et al. (2022). Veterinary medicine
has similarly faced an informatics imperative: effective care and research require not only data capture but interoperable
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From Statistician-Dependent Practice to Data-Analytic Agency: An Activity-Theoretical Case for Training Veterinary and Health Professionals as
Data Analysts in the Age of Al

information models, analytic capacity, and collaboration across disciplines Johnson et al. (2011). These realities make analytic work
an ordinary component of professional action rather than an occasional technical service.

Yet many curricula still treat data analysis as an accessory. A common compromise is to strengthen statistics courses while
leaving authentic analytic work to later specialist consultation. Another compromise is to train researchers to design studies but to
outsource data handling, programming, and reproducible reporting. These arrangements can produce competent consumers of
results, but they often leave the professional unable to carry the object of practice through the full chain of analytic transformation,
from raw records to warranted claims. In welfare-relevant domains, such dependence is costly. It delays feedback, increases
miscommunication, obscures accountability, and weakens the professional’s capacity to justify decisions to clients, producers,
regulators, and communities.

The thesis advanced here is that training veterinarians, zootechnists, and health professionals as data analysts is superior
because it reorganizes the activity system of professional formation. It makes analytic action an internal capability of the collective
subject rather than an external service. It also aligns training with the historical trajectory of data analysis as a field that exceeds
classical statistics in scope, integrating computational practices, visualization, domain reasoning, and iterative model use Donoho
(2017), Tukey (1962). This superiority is not a rejection of statistics. It is a claim about division of labor and the location of analytic
agency within professional activity.

The contemporary environment strengthens this case. Machine learning and large language models increasingly automate
aspects of coding and documentation, and systematic reviews show that such models can enhance code completion and developer
productivity while changing what it means to “write” software Husein et al. (2025), Jiang etal. (2024), Weber etal. (2024). The easier
code becomes to draft, the more important it becomes for domain professionals to know what to ask, what to check, and how to
integrate outputs into ethical and scientific decision-making. Analytic agency therefore becomes a central educational objective.

CONCEPTUAL FRAMEWORK: ACTIVITY THEORY, MODIFIED ACTIVITY SYSTEMS, AND SSAT

Cultural-historical activity theory treats human practice as object-oriented, mediated, and collective. The unit of analysis is not
an isolated individual act but a historically formed system in which subjects pursue objects through tools within communities and
divisions of labor Engestrom (1987), Leontiev (1978). On this view, education should not merely transmit information but reorganize
the learner’s participation in object-directed activity so that the learner becomes capable of acting within, and transforming, real
practices.

Bedny’s systemic-structural activity theory adds a fine-grained analytic language for how activity is organized and regulated.
SSAT conceptualizes activity as a self-regulated system integrating cognitive, behavioral, and motivational components oriented
toward conscious goals, and it provides a principled account of the relations among activity, actions, and operations Bedny and
Karwowski (2006). This matters for education because “learning” becomes the development and reorganization of goal-directed
actions and their operationalization under changing conditions, not merely the acquisition of declarative knowledge.

This article also assumes a modified activity system concept developed for your educational model, where the classical “rules”
mediator is replaced by a persuasion tool. In professional formation, norms rarely operate as inert constraints. They are enacted
through communicative artifacts, justificatory genres, ethical commitments, and institutional rhetorics that mobilize pathos, logos,
and ethos. When analytic work is brought inside the collective subject, persuasion tools become essential because analytic claims
must be translated into trust, consent, compliance, and coordinated action without coercion. This is especially salient in veterinary
and husbandry contexts where decisions intersect with owner values, producer constraints, animal welfare, and public health.

CLARIFYING THE ALTERNATIVES: STATISTICIAN TRAINING, CONSULTANT DEPENDENCE, AND DATA-ANALYTIC
FORMATION
THE ARGUMENT REQUIRES A CLEAR DISTINCTION AMONG THREE EDUCATIONAL ENDPOINTS.

A statistician-oriented endpoint emphasizes formal inference, probability models, and methodological rigor. This training is
invaluable, but in domain programs it often remains detached from full data workflows, including cleaning, provenance,
visualization, version control, and reproducible reporting. It can produce professionals who understand tests and models yet cannot
enact analytic work reliably under real constraints.

A consultant-dependent endpoint trains professionals to design studies and interpret results while routinely delegating data
handling, programming, and modeling implementation to specialized analysts. This can work in high-resource environments, but it
introduces systematic vulnerabilities: translation loss between domain and analytic languages, delays in iterative inquiry, and
diffusion of responsibility when results are contested.

A data-analytic endpoint trains professionals to perform end-to-end analytic actions as part of their normal object work. In this
endpoint, statistics remains present as a warranting discipline, but it is embedded within broader data practices. The professional
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learns to produce, critique, and revise models; to document decisions; to communicate uncertainty; and to deploy analytic artifacts
as mediators of collective decision-making. This endpoint aims at agency, not merely literacy.

The superiority claim defended here is that the data-analytic endpoint better fits the historical development of knowledge
production and the contemporary tool environment, and it better supports welfare-oriented practice in veterinary and health
domains.

WHY DATA-ANALYTIC TRAINING IS SUPERIOR IN WELFARE-ORIENTED DOMAINS
ANALYTIC AGENCY PRESERVES THE INTEGRITY OF THE OBJECT OF ACTIVITY

In activity theory, the object is not simply a target. It is the meaningful problem-space that organizes motives, goals, and
evaluation. In veterinary and husbandry practice, the object often includes an inseparable bundle: animal health, welfare, owner
livelihood, environmental constraints, and institutional accountability. When analytic work is outsourced, the object risks
fragmentation. Analysts may optimize for statistical elegance, while clinicians optimize for timeliness, and producers optimize for
cost. A data-analytic professional can keep the object coherent across the analytic cycle because the same subject who understands
the lived contradictions also performs the transformations that turn records into reasons.

This coherence becomes increasingly important as data sources multiply. Precision livestock systems, for example, require
iterative modeling aligned with management goals and technology capabilities, and the literature explicitly frames workforce
training in programming and data science as imperative for long-term success Menendez et al. (2022). Where the object is dynamic,
analytic dependence becomes a bottleneck. Data-analytic agency reduces this bottleneck by enabling rapid hypothesis revision and
context-aware model adjustment.

ANALYTIC AGENCY REDUCES TRANSLATION LOSS AND SUPPORTS ACCOUNTABLE JUSTIFICATION

Consultant dependence introduces a structural translation problem. The professional must express domain questions as analytic
specifications and then translate outputs back into domain decisions. Each translation step is an opportunity for misunderstanding,
selective emphasis, and loss of nuance. This is not merely an efficiency issue. It affects accountability. In contested decisions, such as
euthanasia, antimicrobial stewardship, or herd-level interventions, justification must be traceable and communicable. Evidence-
based veterinary medicine pedagogy recognizes that clinical action depends on integrating research evidence with professional
judgement and client values, and it calls for explicit training in accessing and applying knowledge through practice-centered
exercises Fajt et al. (2009). Data-analytic training strengthens this integration because it places the professional in direct contact
with the evidentiary transformations that generate the “evidence” they cite.

In SSAT terms, outsourcing pushes crucial goal-directed actions outside the learner’s regulated activity, leaving the professional
with partial control of the functional system that produces claims. A data-analytic endpoint internalizes these actions. It enables the
professional to defend warrants, recognize limitations, and revise methods without waiting for external cycles.

ANALYTIC AGENCY STRENGTHENS THE COLLECTIVE SUBJECT AND ITS DIVISION OF LABOR

Activity systems are collective. The question is not whether there is division of labor, but how it is organized. Data-analytic
formation does not eliminate specialists. It changes the social topology of collaboration. When domain professionals possess analytic
competence, collaboration with statisticians and data scientists shifts from dependency to partnership. Discussions become about
model assumptions, decision consequences, and system constraints, rather than about basic feasibility or elementary coding. This
produces a more inclusive collective intelligence, where specialized expertise amplifies the group rather than substituting for
missing capacities.

Veterinary informatics scholarship frames data and information management as essential for interdisciplinary collaboration and
institutional effectiveness Johnson et al. (2011). Data-analytic formation operationalizes this imperative at the level of training:
learners can participate meaningfully in informatics and analytics communities rather than remaining peripheral consumers of
outputs.

ANALYTIC AGENCY SUPPORTS REPRODUCIBILITY AND CUMULATIVE KNOWLEDGE

Scientific work depends on cumulative reliability. Reproducible research principles emphasize that analyses must be
transparent, executable, and inspectable, because hidden steps and undocumented choices undermine trust and hinder reuse Peng
(2011), Sandve et al. (2013). Literate programming extends this logic by integrating narrative and computation into a single artifact
so that explanations and results remain coupled Knuth (1984). In welfare-relevant fields, reproducibility is not a luxury. It is a
condition for responsible policy, clinical governance, and research translation.
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Data-analytic formation makes reproducibility part of the ordinary action repertoire of professionals. It trains them to produce
analytic artifacts that can be audited, shared, and improved. This is also a development claim: students become capable of
contributing to institutional memory and collective learning rather than producing isolated, non-reusable reports.

THE ENABLING ENVIRONMENT: AI ASSISTANCE AND THE DECLINING MARGINAL COST OF CODING

The practical feasibility of data-analytic training has changed. Historically, a strong argument for analytic outsourcing was the
high cost of programming skill acquisition. Today, machine learning systems and large language models reduce that cost by providing
interactive code completion, translation from natural language to code, debugging suggestions, and scaffolded documentation.
Systematic reviews report that large language models can significantly enhance code completion across languages and contexts,
improving productivity by predicting relevant code based on partial input Husein et al. (2025). Controlled studies also report
substantial productivity gains in programming tasks when developers use LLM-based assistance compared with traditional
workflows Weber et al. (2024). Surveys synthesize a fast-growing body of work on LLMs for code generation and highlight both
capabilities and risks, including correctness and evaluation challenges Jiang et al. (2024).

These systems do not eliminate the need for methodological competence. They shift the skill center of gravity. The scarce skill
becomes the ability to formulate good questions, specify constraints, detect errors, evaluate plausibility, and connect results to
domain objects and values. In other words, Al increases the returns to domain-grounded analytic agency. A professional who cannot
judge outputs is vulnerable to automation bias. A professional who can judge outputs becomes dramatically more productive.

Agentic workflows add another step. LLM-based agents are increasingly designed to plan, call tools, and iterate toward solutions,
extending LLM utility beyond text generation into structured problem solving and software tasks Liu et al. (2024). In educational
terms, this suggests a new didactic opportunity: students can learn analytic activity by supervising semi-automated toolchains,
focusing attention on warrants, assumptions, and consequences rather than on syntactic struggle.

R, RSTUDIO, AND QUARTO AS AN INTEGRATED TOOLCHAIN FOR ANALYTIC FORMATION
The case for data-analytic training becomes concrete when the curriculum is anchored to a coherent tool ecology.

R remains a foundational environment for statistical computing and data analysis, widely used across biomedical and
agricultural sciences R Core Team. (2025). The tidyverse ecosystem organizes common data tasks into a consistent grammar that
supports learning, transparency, and communicability in analytic work Wickham et al. (2019), Wickham and Grolemund (2023).
RStudio offers an integrated development environment that supports scripting, visualization, project organization, and reproducible
workflows, and it is explicitly designed to improve productivity in R-based analysis Allaire (2011), Posit Team. (2025). Quarto
extends literate programming into a multi-format publishing system that can render the same analytic manuscript into HTML, PDF,
and Word while preserving executable code and citations Knuth (1984), Quarto Development Team. (2025).

For professional formation, the value of this toolchain is structural. It supports three competency dimensions that align with a
theoretical, practical, poitetic educational model.

Communicative competence develops because Quarto requires the learner to explain. Code, results, and narrative are co-
produced, making communication part of production rather than a post hoc add-on. Transformative competence develops because
learners manipulate real data, build models, and generate artifacts that change practice, whether through dashboards, reports, or
decision aids. Evaluative competence develops because the workflow foregrounds validation, uncertainty, sensitivity analysis, and
the comparison of competing explanations.

This toolchain also supports the ethical dimension of professional responsibility. In veterinary and animal husbandry settings,
analytic outputs must be defensible to multiple stakeholders. Quarto-based documents preserve an audit trail. They show what was
done, with what data, and why particular transformations were chosen. This strengthens welfare governance because it supports
reason-giving rather than authority claims.

CURRICULUM IMPLICATIONS IN ACTIVITY-THEORETICAL TERMS

A data-analytic curriculum should be designed as progressive participation in object-oriented analytic activity. The learner
begins with guided actions that are explicit and slow, and over time these actions become operationalized, conditionalized, and
transferable across contexts, consistent with the activity-action-operation hierarchy emphasized in SSAT Bedny and Karwowski
(2006). In early phases, learners work with small, well-understood datasets and produce short, reproducible reports. In later phases,
they engage with noisy institutional data, sensor streams, and mixed-method evidence, integrating domain judgement with
computational methods.

The central pedagogical unit is not the lecture on a statistical test. It is the analytic task embedded in a real object. A
pharmacology case becomes an analytic problem about treatment response and uncertainty. A herd health rotation becomes an
analytic problem about risk, surveillance, and intervention priorities. A wildlife health project becomes an analytic problem about
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ecological constraints and ethics. Evidence-based veterinary medicine exercises already provide a template: practice-centered
rounds build competence by repeatedly linking questions, evidence, and decisions Fajt et al. (2009). Data-analytic formation
generalizes this template by making data work the medium through which questions become answerable and decisions become
justifiable.

Within our modified activity system, persuasion tools also become curricular objects. Students must learn to translate analytic
results into ethically sound persuasion that avoids manipulation, scientism, and coercion. Analytic competence therefore includes
rhetorical competence: how to justify a model choice to a producer, how to explain uncertainty to a client, how to argue for welfare
safeguards to an institution, and how to document decisions in ways that invite critique.

ANTICIPATING OBJECTIONS AND SPECIFYING THE CONDITIONS OF SUPERIORITY
TWO OBJECTIONS DESERVE CAREFUL TREATMENT.

First, it may be argued that data-analytic training dilutes statistical rigor. The correct response is to treat statistics as the
warranting core of analytic judgement while refusing to reduce analytic activity to inference alone. The history of data analysis
emphasizes exploration, visualization, and iterative sense-making as integral to reliable work, not as optional preliminaries Donoho
(2017), Tukey (1962). Data-analytic formation can increase rigor by making assumptions explicit in code and by preserving decision
trails. It also improves the professional’s ability to know when a statistician is needed, and to collaborate effectively when advanced
methods are required. Kasarapu (2026)

Second, it may be argued that specialist analysts are more efficient. This is true when analytic work is routine, well-specified,
and separable from domain action. It is less true when the object is dynamic, when feedback cycles are rapid, and when values and
constraints shift during inquiry. Veterinary and health practice often exhibits precisely these conditions. Under such conditions,
consultant dependence becomes fragile. The superiority claim defended here is therefore conditional but robust: in data-rich,
welfare-relevant domains where decisions are iterative and contested, embedding analytic agency within the professional collective
subject produces better outcomes than outsourcing core analytic actions.

CONCLUSION

Training veterinarians, zootechnists, and health professionals as data analysts is superior because it reorganizes professional
formation around analytic agency. It preserves the integrity of the object of activity, reduces translation loss, strengthens accountable
justification, and supports reproducible, cumulative knowledge. It also reconfigures collaboration from dependency to partnership,
enabling collective intelligence in interdisciplinary environments.

The argument is strengthened by current technical conditions. Machine learning, large language models, and agentic workflows
reduce the marginal cost of coding while increasing the value of domain-grounded judgement. R, RStudio, and Quarto provide a
coherent tool ecology for turning these conditions into educational practice, unifying analysis, explanation, and dissemination into a
single reproducible activity.

In activity-theoretical terms, the aim is developmental: to transform the learner’s role in the activity system so that analytic
actions become part of professional identity and operational repertoire. In welfare-oriented fields, this is not merely a technical
upgrade. It is a democratic responsibility, because it enables professionals to offer reasons that communities can inspect, contest,
and improve. Hazarika. (2025)
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