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Article

Veterinary Expert: Legal Nature and Responsibility

Andrzej Dzikowski

Department of Food Hygiene and Public Health Protection, Warsaw University of Life Sciences,
159 Nowoursynowska St., 02-787 Warsaw, Poland; andrzej_dzikowski@sggw.edu.pl

Simple Summary: The issuing of expert opinions is rarely found as a topic of discussion in veterinary
colleges as one of the forms of veterinary practice. At the same time, it has a significant social, legal,
and economic impact. This article examines veterinary experts and expertise from an interdisciplinary
ethical and comparative legal perspective, regarding different definitions and underlying basic
assumptions concerning the meaning of veterinary expertise. Analysis reveals how the terminology
used changes the perception of the examined institution. Legally relevant factors of an expert opinion
are identified: direct connection with the law and the intended, applied use of this opinion in a legal
context. A variety of sources of legal and ethical duties and the related liability of the veterinary
expert are revealed, both as a proficient and as a member of a public trust profession. Different
theoretical and practical suggestions are made to clarify and facilitate expertise in various contexts of
veterinary professional practice.

Abstract: Veterinary professional practice can be performed in many forms, including expert activity.
The importance of veterinary expertise is, however, often underrated and limited to only one of its
areas. Nonetheless, veterinary expert opinions have significant social, legal, and economic impacts.
This study investigates veterinary expertise from an interdisciplinary, comparative perspective.
Ethical and legal analysis and interpretation are performed. Essential concepts and relevant aspects
of veterinary expertise are analysed. Legally relevant factors of an expert opinion are identified.
The relationship between the law, the language, and the understanding of the role and duties of a
veterinary proficient is demonstrated. A variety of possible expert opinions and the multiplicity of
veterinary scopes of such activity is presented. It is argued that the ranges of forensic veterinary
medicine and of veterinary expertise are broader than is predominantly assumed. Veterinary forensic
medicine is a crucial part of veterinary specialisation. Ethical and legal basics, and the scope of
veterinary expert’s liability, are revealed and discussed. The conclusion is that the duties and
responsibilities of expert veterinarians are particularly great due to the exercise of the public trust
profession, with large importance for the whole society. Their observance is, however, crucial to
ensure the highest quality of expert opinions issued by veterinarians.

Keywords: veterinary ethics; veterinary forensic medicine; veterinary law; expertise; expert opinion;
civil law; penal law; legal procedure

1. Introduction

Among the forms of veterinary professional practice, the issuing of decisions, predi-
cates, certificates, reports, and opinions of various kinds can be indicated [1,2]. Not only
decisions on the state of health of an animal, which are the everyday work of general
practitioners, but also expert opinions belong to this sphere of professional activity.

The general definition of an expert is based on the special skills or knowledge of a
certain person [3–13]. Similarly, the definition of “expertise” could refer simply to a specific
skill or type of knowledge [12]. These are abstract and globally consistent definitions. They
are independent of a given jurisdiction and its specific, detailed legal regulations, or local
traditions. Moreover, they are uniform and unanimous throughout science. This common,
universal basis allows for the current analysis.
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Any veterinary professional is, and should be, in fact, professional par excellence, and
thus an expert in veterinary medicine [14–16]. He or she could specialise, with expertise in
a particular scope of study, knowledge, and skills. Every veterinary surgeon is—or could
be—an expert.

Therefore, a fundamental question may be asked about whether an expert includes

• any veterinary surgeon;
• a specialist, in the sense that a veterinarian deals with a given, specific problem area

and has knowledge and skills in this respect;
• a specialist, in the sense of an officially recognised title, such as veterinary surgeon; or
• the legal function of a proficient?

The goal of the author is to analyse, prove, and present universal and essential features
developed by science, professional ethics, and law worldwide, regardless of the jurisdiction.
Such a general and universal type of study is possible due to the fundamental homogeneity
of the considered problem, the essential identity of legal solutions on a global scale, and
the uniformity of veterinary sciences.

The inevitability of interdisciplinary knowledge used in all types of veterinary practice,
including expertise in all its meanings, is indicated [14,17]. Therefore, the current analysis
has an interdisciplinary and comparative veterinary, legal, linguistic, and ethical nature.

A comparative legal analysis of the concept of the veterinary expert is carried out.
Nevertheless, it is decided to reduce the number of citations of legal acts to a minimum,
selecting only the most representative ones. An etymological and linguistic analysis of
the legal vocabulary also sheds light on the definitions accepted and adopted, and the
background of the terms used. Functional and teleological paths of legal interpretation are
also used.

2. Expert and Expertise

The definitions of “expert” and “expertise” are comprehensive and have existed
since, at least, the second half of the 19th century [12], although the institution of expert
veterinarians is much older [18]. It should be noted that the definitions of the discussed
concepts are sometimes subject to logical fallacy, being defined as idem per idem (i.e., a
vicious circle) [19].

Additional characteristics of an expert are emphasised, however, in the literature.
According to the established opinions of the scientific community, a veterinary expert is a
person qualified in veterinary medicine in terms of not only knowledge and skills but also
his or her education, experience, training, and thus—personal cognizance [10,20–22]. The
roles of long-term and ongoing practice, the current work at the time that the expert opinion
is issued, experience in researching a given issue, and experience in issuing opinions are
especially appreciated [9,19,21,22].

It should be noted that this covers not only any specific field of veterinary science
or practice, but also a general veterinary medical cognizance, which laymen do not pos-
sess [1,6,10,12,16]. The point of reference is the state of the general, common knowledge of
a typical citizen with an average education and no particular interests.

2.1. When a Veterinary Expertise Is Not Possible

It should be noted that veterinary peer courts, as a rule, should not commission expert
opinions in veterinary sciences. As persons who possess special knowledge, the judges of
such courts should assess the case investigated by themselves. According to the author,
this is a specific variant of the iura novit curia (the court knows the laws) rule.

The only exception should be considered for highly specialised and rare aspects of
veterinary medicine. Such a statement is an effect of the extensive teleological interpretation
of the legal provisions, analogous to the possibility of admitting evidence from an expert
opinion on international law before a court of justice [11].

On the other hand, if there was a judge in a civil or criminal court, who is a veterinary
surgeon, he/she cannot use his/her personal veterinary knowledge and should order an
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expert opinion [11]. The accumulation of different procedural roles by the judge would
violate the adversarial, contradictory nature of the court proceedings and would undermine
the constitutional guarantees for the parties.

This conclusion does not apply only to exceptional situations in which the legislator
has provided for the possibility of veterinarians acting as experts and arbitrators [23–25],
and private arbitration at the request of the parties, where the veterinarian acts simultane-
ously as an expert and as a iudex privatus (private judge).

2.2. Scope and Impact of Veterinary Expertise

The veterinarian’s expert opinion can apply to all matters related to animals, as well
as nature protection, environmental and ecosystem protection, interspecies interactions,
public health protection, food safety, fodder, drugs, etc. [7,8,20,26–28].

A specific, underestimated type of veterinary experts is those who can be described
as “scientific experts”. They could work on behalf of public authorities, government,
non-governmental organisations, or industry, providing scientific veterinary expertise in
biosecurity, food safety and public health, animal production and productivity, agriculture,
etc. [12,15,16,28–30]. This includes expert opinions issued within state veterinary authori-
ties, both carried out purely in the laboratory and as a result of “field work” with the prin-
ciple of “learning by doing”, e.g., in the eradication of transmissible diseases [12,16,28,29].
This type of expertise may have an impact on society via the implementation and applica-
tion of the scientific work and veterinary knowledge [12,28].

Another impact that veterinary expertise could have is its incorporation into the
law-making process, at the local, national, and international levels (e.g., food safety laws,
infectious disease combat and prevention, animal welfare, statutes regulating the economic
use of animals and their productivity). As with the introduction of interdisciplinary
elements of other sciences, including technical and ethics, into veterinary expertise [2,17,30],
it is also possible and desirable to introduce elements of veterinary medicine, through
expert opinions, into other technical sciences, humanities, and the law.

A very important area of expertise is the assessment of veterinary malpractice in civil
and disciplinary proceedings [11,31].

3. Terminology Used and the Understanding of the Position and Duties of an Expert

In addition to the mentioned considerations, it is necessary to examine how the
terminology used affects the (in)correct understanding of the legal institution, position,
and duties of the veterinary expert.

3.1. Who Is an Expert?

The word “expert” is derived from the Latin expertus, ex-peritus. It is a designation of
a person who is skilful or who is experienced in something. The word experior, likewise,
means to try, to test, to put to the test, to make trial of a person or thing, to find out, to
prove [32–34].

As already indicated, any veterinarian could be an expert in a legal sense [4,15]. Every
veterinarian, including general practitioners, is a specialist in his field and is recognised as
such by the law. As has been stated above, all veterinary knowledge is a special factor that
laymen do not possess [15,16].

Veterinarians could practice issuing “opinions”, even unknowingly or unaware [8],
but this does not imply that every aspect of veterinary practice is expertise. The factors
that make a given activity an expert opinion will be presented in the following part of
the analysis.

The conducted research allowed the conclusion that the term “expert witness” is
widely abused [35–38]. The nomenclature “expert witness” greatly (and faultily) influences
the perceptions of experts in the Anglophone world. It should be observed that linguistic
issues overlap in this respect with the legal regulations of the common law.
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Many authors, as well as professional legislators, seem to be trapped in their linguistic
imaginings, and—despite noticing and demonstrating fundamental differences—still place
the expert opinion on par with evidence given by a factual witness [1,4,10,13,36,37,39].

There should be no doubt that the duties, powers, and the entirety of the legal insti-
tution of a veterinary expert differ significantly and fundamentally from cases in which a
veterinary surgeon is called as a witness of a fact in a case. A veterinary expert’s opinion
differs from factual evidence to the same extent. Indeed, these differences are so profound
that they can be indicated without any doubt [10,13,36,37], so it was decided not to repeat
these arguments in the current work.

3.1.1. Professional Witness

Problematic, however, are the so-called “professional expert opinions”, as some [1,3],
but not all [13], researchers refer to cases in which a veterinarian testifies before a court or
other authority about information obtained in the course of his/her professional work. The
equivalent term “professional witness’ evidence” is also used [1,3,10,35]. The activities of
such a witness could include not only providing facts but also collecting evidence [9].

Notions are presented [1,9,10] according to which the “professional expert opinion” or
“professional witness’ evidence” is a legal institution that lies between an expert opinion
and a witness’ testimony. Supporters of this theory maintain that it is a specific form of a
“de facto expert”, due to his/her professional qualifications.

This position is not only fundamentally errant but also internally contradictory. There
should be no doubt that this is nec plus ultra the testimony of a factual witness (nothing
further beyond). No particular knowledge is used directly in this testimony, and it is not
the subject of evidence. The fact that the veterinary surgeon will use, in his testimony as
a witness, the knowledge he/she has gained from education, practice, and experience is
irrelevant. As with other witnesses, everyone has a certain degree of knowledge, back-
ground, and life experience. In the discussed case, the veterinarian is to provide only factual
information. His/her profession has no particular legal relevance and is merely accidental.

3.1.2. Professional Secrecy

Nevertheless, the witness testimony of a veterinary surgeon regarding any information
obtained in the course of professional work is a very complex issue. It relates to one of the
most important ethical and deontological obligations of a veterinarian, as a representative
of a profession of public trust, namely professional secrecy [10,20,27,40,41].

This is one of the oldest duties of professional medical ethics, included in the Hippo-
cratic oath [13,42]. It should be noted that professional secrecy applies to all information
obtained during the work of a veterinarian. It applies to all facts, not merely the animal
itself or its state of health or the animal’s owner. Moreover, it is not limited to clinical
practice only and includes also official veterinarians and veterinary scientists.

A veterinarian may testify about the facts that he/she has gained as information in
the course of his professional work only if he is released by an authorised body, such as the
court, in the appropriate procedure. Alternatively, the person to whom the information
relates may release the veterinary surgeon from confidentiality.

3.2. Further Terminology

A veterinary expert can also be named, particularly in the judicial context, a proficient.
The word “proficient” is also derived from Latin, referring to somebody acting on behalf of
somebody else [32–34].

It is the expert veterinary who conducts the examination, issues a decision, draws up
a report, and presents it. He or she works for the layman, such as the judge. Expert opinion
allows laymen to understand complex, specialised issues and problems. It is a particular
form of assistance [1,4,6,10,19,22,26,31], and advice [1,4,6,14,15,32,43].

It has been found that in the veterinary scientific literature, the use of the afore-
mentioned terminus technicus is extremely rare. The author hereby proposes the more
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frequent use of this term and the discontinuation of the usage of the ambiguous term
“expert witness”.

Other terms used in a related sense include “connoisseur” (and “connoisseurship”),
borrowed from French and used predominantly in relation to cuisine, music, and the
fine arts, as well as the Italian term “cognoscente”, derived from Latin. Similar is the
Yiddish-based “maven”. Etymologically, they all refer to someone who has specialised,
above-average knowledge in a particular field [32–34]. A different, yet related, meaning is
attributed to the word “doyen” (f. “doyenne”), meaning the oldest, and therefore the most
experienced, individual [33]. Unlike the term “proficient”, their use in a veterinary context
is not recommended.

As has been shown, most of the terminology is derived from Latin. A similar situation
can be observed in most of the European languages. In other languages, particular terms
referring to the expert carry the following semantic loads: knowledgeable, profession-
ally competent, reasonable appraiser (e.g., German Sachverständiger), proper estimator,
evaluator, adjudicator, adviser (e.g., German Gutachter), or somebody fluent and eloquent
(e.g., Polish biegły).

3.3. Specialisation and Expertise

A “specialist” is a person devoted to a particular, specialised branch of science or
a profession, particularly a medical one, such as a branch of veterinary medicine. The
initial use of this term in English was in a medical context, similarly in French. Becoming
specialised is a result of differentiation, adopting a specific area of study and practice, e.g.,
veterinary surgery, canine diseases, cariology, or neurology [44]. It should be noted that in
most jurisdictions, there is no separate postgraduate specialisation in forensic veterinary
medicine or forensic veterinary pathology [1,21,36,43].

Such specialised, above-average (compared to other veterinarians) knowledge and
skills are the basis for being an expert—and, moreover, being one in an effective and correct
way. They, however, do not in themselves make a given veterinarian legally proficient.

Synonymous terms “specialisation” and “expertise” are both used with different mean-
ings, depending on the context [10,27], i.a., the specialised knowledge itself, the possession
of such knowledge, the actual specialisation, the title of specialist, the administrative duties,
and the performance of an expert opinion. The expert opinion itself can be also referred to
as “expertise”.

Specialisation, or expertise, in a given field of veterinary medicine, e.g., in neurology,
proves deepened professionalisation. It has a significantly positive impact on the cog-
nizance of a given veterinarian [4,14] and increases their likelihood of examining a given
type of case. The same must be said both for actual expertise in a certain field of veterinary
medicine and for the officially recognised title of the specialised DVM.

On the other hand, it should be observed that specialisation in such a narrow sense is
not a prerequisite and sine qua non condition for becoming a forensic veterinary expert [21].
As has been already mentioned, the reference point is the average level of a layman. The
exact subject and complexity of the case are also important.

Doctoral and professor titles, as well as various training courses and scientific confer-
ences, should be treated in a manner analogous to what was stated above for the legally
recognised specialisation.

Indeed, the vast majority of veterinary experts are academics or specialised practition-
ers [1,21]. There are very few “experts by profession” who are devoted solely to examining
cases and producing reports [1,21].

Nevertheless, a certain doctrinal consensus can be observed: actual skills and knowl-
edge tested in practice are far more important than the title itself [7,9,19,45]. Such a certified
title helps in obtaining a court order or a civil contract [1] and helps the expert to demon-
strate his/her proficiency and professionalism [7]. Each diploma can be used as a credential,
a certification of quality, and a justification of the competencies that one possesses in a
tangible way [7,9,46].
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In the case of a court expert, it is the court (the judge) who assesses the proficiency
and decides and grants the status to the given veterinarian [7,11].

As has been revealed, above-average knowledge and skills are not, by themselves,
enough. Being an expert in light of the law is also not tantamount to having the title of a
specialist or actually specialising in a given branch of veterinary medicine.

3.4. Legally Relevant Factors

The above-mentioned question should be reposed, but from a slightly different point
of view: what factors are legally relevant for the proficient or expert in the strictest sense?

The conducted research allowed the conclusion that these factors are

• a direct connection with the law, and
• the intended, applied use of the expert opinion or report in a legal context.

Therefore, for example, clinical examinations performed as part of the diagnostics and
therapy of animals, post-slaughter examinations of meat, administrative examinations of
district veterinary officers, or state veterinary hygienists and scientific tests do not provide
an expert opinion per se. The listed factual and legal cases lack the simultaneous, cumulative
occurrence of the two mentioned sine qua non prerequisites. In particular, administrative
decisions regarding the suitability of meat for consumption, or designating an outbreak
of an infectious animal disease, are not expert opinions. Such decisions are classified
differently, due to being the fulfilment of administrative obligations imposed by the law.

3.5. Veterinary Expert and Veterinary Forensic Medicine

The term “veterinary forensic medicine” should also be understood similarly to the
definition of the veterinary proficient. It covers any usage of veterinary medicine for the
purpose of the law [1,36].

The author, however, strongly rejects the limitation of the legal institution of an expert
to judiciary proceedings or to forensic pathology. Such a limitation would be contradicted
by the arguments of both historical and current legal provisions on a global, comparative
scale. One of the reasons for such a false, narrow understanding of the analysed issues is,
as has already been shown, the abuse of the term “expert witness”.

Different types of expert opinions [4,11,17,36,39], together with the differentiation
criteria, are presented in Table 1.

Table 1. Types of expert opinions.

Criteria Types of Opinions

Commissioning entity

C
ou

rt

Prepared by registered experts

Prepared by experts appointed ad hoc or
ad casum

Commissioned ex officio/motu proprio

Commissioned at the request of the party to
the proceedings

Official (ordered by the police, procurature, public authority)

Private, extrajudicial (such opinion may be used in the court as a substantive support, source
of arguments, source of further evidence requests, motion or request for an evidence, private
document evidence, basis for a supplementary opinion of another expert, or for appointing an

expert, etc.)

Mandatority/not
Mandatory (required by the law)

Facultative

6
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Table 1. Cont.

Criteria Types of Opinions

Form of realisation

Independent, individual expert

Collective (prepared by two or more veterinary surgeons) and complex (one opinion prepared
by the veterinary expert and expert(s) from another field of expertise)

Institutional (prepared by scientific institutions, public veterinary administrative institutions,
veterinary clinics, or veterinary laboratories; form excluded in some jurisdictions, yet very
useful in veterinary science, where elaborate opinions that require equipment and many

specialists can be developed)

Content of the opinion/report

Sensu largo (containing course of activities, examinations, and conclusions, as well as
additional documents, e.g., results of laboratory tests)

Sensu stricto (solely conclusions, allowed predominantly in the course of purely clinical or
administrative practice)

Form of the opinion/report

Oral

Written

Mixed

Type of material

Abstract (theoretical)

Examination-based

Based on case files

Based on case files and examination

Order, task assigned, or
importance

Primordial

Ultimate

Pa
rt

ia
l

Preliminary

Provisional

Supplementary (by the same expert as the
primordial one)

Accessory

Counter-expertise (by another veterinary expert besides the primordial one, having the same
value as evidence)

Super-expertise (in German: Oberexpertise; improperly named “consulting expertise” by some
authors; by other veterinary experts besides the previous expert(s), evaluating previous

opinion(s), having higher value as evidence; type present only in some jurisdictions, such as
Switzerland, while in others it is explicitly excluded by the law)

Type of expert’s conclusion
or justification

Categorical (unequivocal)

Probable (alternate)

Content of expert’s conclusion
or justification Total

Partial

Henceforth, the legal context of veterinary medicine shall be broadly understood [5,36]:
as court proceedings, administrative proceedings, legislation, contract conclusion, etc.
Neither veterinary expertise nor veterinary forensic medicine are limited solely to court
evidence or to pathology, as some hold [6,7,10,19].

Most of the veterinary literature focuses on forensic veterinary court experts in crim-
inal proceedings [6–8,17,22,31,36,38,47–49], while other contexts of the activity of expert
veterinarians are merely mentioned [1,2,5,7,26,31,44,48,50]. Animal abuse, animal welfare,
animals as victims of accidents, animals causing injuries to people, and other issues re-
lated to pathomorphology provide relevant examples of veterinary expertise, but they are
definitely not exhaustive.
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Forensic veterinary medicine is a separate, broad, and interdisciplinary branch of
science, and it is not the same as forensic veterinary pathology, which is its subdivision; a
veterinary expert is not the same as a veterinary pathologist [8,14,17,36,47]. Nevertheless,
according to the author, veterinary forensic medicine cannot be interpreted as synonymous
with veterinary specialisation [5], the latter being a broader term.

In particular, attention should be paid to the private-law aspects of forensic veterinary
medicine, and of veterinary expertise, such as animal-sales-related examinations and opin-
ions. The author’s statement is based on the legal provisions of many legal regimes [31,51]
and on the practical and economical significance of such expert opinions. This crucial
theme is notoriously ignored in the majority of the veterinary scientific literature discussing
expert opinions.

Moreover, the author’s view is supported by the linguistic interpretation, as the word
“forensic” is derived from the Roman forum (market). Therefore, it is incorrect to claim that
the extension of the meaning of forensic veterinary medicine (from forensic pathology to
veterinary jurisprudence) is a trend of the recent past [1,26]. On the contrary, it is a return
to the origins of the discussed discipline.

3.6. Untrue Novelty

It is often stated in the literature that veterinary forensic medicine is a new scientific
discipline and that the activities of expert veterinarians are a “new form” of practicing the
profession [1,8,47]. These are definitely erroneous and untrue statements of novelty.

The use of expert opinion in relation to veterinary medicine in its modern meaning
in various normative acts dates back (at least) to the end of the 18th century. Eminent
examples include expert veterinarians adjudicating on the occurrence of physical defects
in animals, performing official examinations, and deciding on price reductions. Such
regulations are, or have been, present in the following states: Austria, Belgium, Germany,
France, Luxembourg, Poland, Spain, and Switzerland [23–25,46,52–57].

Sales-Related Expert Opinions

Bearing in mind the above examples, the author would like to return to the aforemen-
tioned sales-related veterinary examinations and issuing of sales-related expert opinions.
It should be noted that the use of terms such as “vetting” or “pre-purchase examina-
tions” [10,26,58–61] does not cover the entire scope of the issue in question.

These synonyms apply only to veterinary examinations conducted, and opinions
issued, before concluding of the contract of the sale of an animal. Meanwhile, veterinary
examinations are often carried out, and opinions issued, after the conclusion of the con-
tract, after the animal’s delivery, when a physical defect in the animal is revealed and
manifested. Examinations and opinions can be carried out both intravitally [17,26,36] and
post-mortem [47], including post-slaughter.

There is no substantial difference between a veterinary examination aimed at issuing
expert opinions before and after the conclusion of the contract, before and after the delivery,
or those ordered by the seller, by the buyer, or by the court (in the event of a dispute
regarding the animal warranty). German veterinary science provides a variety of names
for sales-related veterinary examinations and opinions [57–62]; nevertheless, according to
the author, they should not be differentiated [51,60].

A similar legal nature is presented in opinions issued by veterinarians after examining
an animal’s health in relation to exhibiting it at competitions, shows, or races or allowing it
to breed.

There is no doubt that the development of veterinary expertise and specialisation in the
legal veterinary field has already taken place: in terms not only of the proper performance
of the role of veterinary expert, and thus acting lege artis, but also legal obligations and
professional ethics and deontology [51,57–61].
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4. Characteristics of the Veterinary Expert Opinion

Unlike factual witnesses, who provide facts and information to the court, other au-
thorities, or private persons, the expert witness provides an opinion: conclusions and
interpretations of the results obtained [8,13].

It is reasonable to distinguish between a veterinary surgeon’s decision—a comprehen-
sive verdict on an animal’s health status—and an expert opinion, also called a report. The
first is a manifestation of the activity conducted by a clinician or pathologist, or a public
veterinary officer. As has been revealed, decisions may be issued not only in the case of
expert opinions.

The report/opinion is the final formulation of the results, observations, and conclu-
sions of a proficient [51]. It should be noted that not all opinions of expert veterinarians are
based on decisions on an animal’s health. Both decisions and reports may be presented in
oral, written, or mixed form.

An opinion/report should be balanced, clear, complete, concise, confidential, consid-
ered (taking into account all data and materials, even those that detract from the conclusion),
consistent with life experience, convenient, fact-based, impartial, independent, intelligible
and understandable (to the layman), integral, in relation to the matter, justified, lawful,
logical, methodologically appropriate, objective, precise, prepared within a certain pe-
riod of time, professional, properly appointed and in accordance with the provisions of
the procedure in question, qualified, relevant, reliable, scientifically based, scrupulous,
self-confident, sound, truthful, unbiased, and uninfluenced [1,3,7–11,13,19,36,43]. It is
especially important that the opinion is not written in an over-intellectualised or incompre-
hensible manner regarding its addressee, the layman [7,8,11,12,36]. The court, the public
administration, the industry, and the animal owner must understand the opinion in order
to benefit from it.

Opinion-making and the preceding examinations are dependent on the personal
performance of the commissioned expert [11,51]. Acting by proxy or deputy is strictly
prohibited, due to the strict personal nature of this obligation. As has been shown, the
personal skills, knowledge, experience, and cognizance of a given proficient are the factors
of key importance.

Moreover, the opinion/report should contain appropriate reservations, regarding, i.a.,
aspects that go beyond the scope of questions asked to the expert; that go beyond the scope
of the specialisation, knowledge, skills, and competence of the expert; that go beyond the
area, scope, or range of expertise; for which a decision cannot be made on the basis of
the available research material or other insufficient data; and on which discrepancies or
differing opinions are presented in the scientific discourse [8–10,13,21,40,50].

Expert’s Liability

Therefore, the following opinions should be considered defective: those that are
incomplete, those that go beyond the subjective or the objective, or the expert’s cognizance;
and those that are illogical, internally contradictory, contradictory (in the case of several
opinions), unscientific (contrary to current knowledge), illogical, intentionally falsified,
unclear, methodologically incorrect, suggested, or biased [11].

In the case of court expert opinions, after analysing them in accordance with the
principle of discretion (free assessment of evidence), the court accepts the opinion when it
meets the requirements of correctness, rejects the opinion in its entirety, or partly rejects
the opinion [4,19,22,48]. The court may also order a supplementary opinion (ex officio, or
at the request of the party). The expert bears public-law liability for a faulty opinion, e.g.,
imprisonment or a pecuniary fine [11]. Penal liability for inappropriate behaviour in the
courtroom is also possible [11]. The court expert is a public-law institution, and thus bears
public-law liability of a criminal and administrative nature.

The issue of private, extra-judicial opinions is different. In the case of a defect in the
opinion, the commissioning party (e.g., owner, seller, buyer of the animal) may not accept
the defective opinion as a defective performance of the obligation (and, thus, a breach of
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contract), or they may possibly accept it. The commissioner is entitled to compensation,
and, in some jurisdictions, also to a warranty for defects in the opinion. It is a civil, private-
law liability [23,51–54,59,61,62], as the expertise commissioned in a civil contract has a
private-law nature.

In addition, a veterinarian may be held professionally and disciplinarily liable in the
case of defective opinions, both judicial and extra-judicial [51]. A veterinarian working in a
scientific or state institution, or in a clinic, may also be liable as an employee [51].

Such a situation has, moreover, a significant negative effect on his/her scientific
and professional reputation. His/her moral responsibility towards the whole society is,
therefore, worth considering.

5. Duties of Veterinary Experts

The abstract, general, and unspecific obligations and duties of experts are well es-
tablished both in legal acts—especially the codes of criminal, civil, and administrative
procedures—and in judicial decisions, and the scientific literature. At the same time, these
rules are the features of a proper expert opinion. Therefore, the same can be said about
the duties of an expert [1]. These are interdependent and inextricably intertwined issues.
Compliance with the expert’s duties results in the issuance of a proper opinion. All of these
aspects are established and are uniform for all types of expert opinions; hence, they will
not be discussed in more detail.

Instead, the author’s intention is to focus on a more complex problem: are the duties,
responsibilities, and liability of a veterinary expert the same as the duties, responsibilities,
and liability of proficients in other areas of expertise?

The conducted analysis allowed the conclusion that there are significant differences in
the case of experts performing professions of public trust, such as veterinary medicine, and
burdened with professional ethics [2,5,6,14,26,44,51,59,63,64]—in relation to experts who
do not perform such professions and are not required to comply with professional ethics.

The duties of a veterinary professional and the duties of an expert overlap and comple-
ment each other. They arise from different sources and different systems of social control
and result in different legal liabilities. In addition, there may be further mixing of duties
derived from other sources, e.g., religion, national law, international law, labour law, civil
law, scientific ethics, etc. [51]. All these conditions create a specific, individual, and uniform
model of the bonds resting on a given entity [51].

Nevertheless, the premise that distinguishes the veterinary expert from other profi-
cients is the professional ethics and deontology [13,26,51,64].

The risk of liability of the veterinary expert is, in the author’s opinion, greater than in
other cases. Being a representative of the profession of public trust [57,62] is an additional
criterion affecting the increase in the rigor of the liability and the lowering of its threshold.

Regardless of criminal and professional liability, a veterinary expert may also bear
civil responsibility. In particular, the following civilian liability can be indicated: liability
for damages, for culpa in contrahendo (fault in conclusion of the contract, in the case of
private opinions), and tort liability [57,60,62], as well as liability towards third parties, e.g.,
an animal buyer who does not order an expert opinion [57–60,62].

It should be noted that in some jurisdictions, it is necessary for the court to notify
the veterinary professional organisation and obtain its input (but not binding consent)
regarding the person to be appointed as a proficient [45].

5.1. Secrecy and Documentation

One of the key ethical aspects is the obligation to maintain veterinary professional
secrecy and confidentiality, as mentioned in the earlier part of the current study.

In addition, an obligation for any expert to maintain confidentiality related to any
knowledge gained in the course of examination and the issuing of an opinion should
be raised. The problem of the expert’s confidentiality is crucial in terms of the rule of
law and is often present in normative acts, but it is considered extremely rarely in the
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veterinary literature [10,11,45]. According to the author, this gap in the veterinary literature
may be caused by the “natural” conviction of veterinary surgeons about the need to
maintain secrecy.

While the two legal obligations of secrecy overlap in the discussed area of veterinary
expert opinions, in other areas of expertise, this regularity is not observed due to the lack of
the ethical principle of professional secrecy. Meanwhile, the obligation of veterinary ethics
is broader and more general than that of any expert. The former includes, as has already
been demonstrated, any knowledge gained in the course of any professional activity of any
veterinary surgeon, including information gained as a proficient. One should, however,
bear in mind that the legal basis of these two overlapping obligations is different.

Another very important duty, associated with secrecy, to be guided by the veterinary
proficient, is documentation. It concerns the entire course of the expert’s study, the results of
all analyses and tests conducted, as well as the report, as the final summary of the expertise.
This obligation has its sources in professional law (veterinary medical documentation,
possibly also concerning informed consent), in court procedural law, and in civil law
(proper performance of the obligation, due diligence) [4,10,20,27,40,41,51].

5.2. Independency and Advocacy

It is argued that the expert veterinarian should remain independent of any influence
and never assume the role of an advocate [8,9,13]. This undoubtedly applies to the parties
to the court proceedings, such as the accused, defendant, or claimant [10]. Regardless of
whether the expert was appointed at the request of one of the parties to the proceedings, or
ex officio or motu proprio, he/she appears before the court and for the court. Furthermore,
the principle of independency applies to certain influence groups, politicians, social or-
ganisations, relatives, friends, representatives of certain views, etc. The rule of objectivity
includes also the deontological prohibition of issuing opinions in relation to one’s own
clinical cases, owned animals, or enterprises [20,27].

A provocative question could be, however, posed: does this also apply to animal ad-
vocacy?

In order to answer this question correctly, one should set aside specific legal regulations
and one’s own views and prejudices and try to look at the problem in a general and holistic
way. The research carried out made it possible to present a functional interpretation of the
discussed problem.

It is a well-known fact that animal advocacy is the highest ethical and deonto-
logical rule of the veterinary profession in many jurisdictions, especially Anglo-Saxon
ones [10,13,14,40,41], but, nowise, in all. According to some regulations [20], the most
important rule in the veterinary profession is to ensure the welfare of mankind, while other
professional veterinary organisations do not indicate any primary rule explicite.

Consequently, does a veterinarian presenting an expert opinion in which, in order to
maintain impartiality, independency, and objectivity, he/she evades assessment based on
animal advocacy or another guiding rule and acts against the law, deontology, and ethics
of a professional corporation? The answer is no. As has been shown, the primary duty of
the expert is to maintain objectivity and impartiality, and the primary role of the expert
is to provide independent, substantive assistance. Therefore, an expert cannot adopt any
point of view that favours any side of the proceedings, on the basis of animal advocacy or
the good of mankind.

Nevertheless, he/she may and should include in his/her opinion a statement that, in
accordance with the prevailing rule of professional ethics, the case analysed in the opinion
takes a certain rating. The aforementioned rule is also the part of specific knowledge of
the expert. It is the court (or the other authority ordering the opinion) that proceeds to its
comprehensive and free assessment.

The case of private veterinary opinions is slightly different; hence, the expert veteri-
narian is afforded greater freedom of expression but should always indicate the ethical
basis for his/her claim.
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Thus, another principle of veterinary professional ethics is also implemented: the
exclusion and disclosure of any possible conflicts of interest [3,10,14,20,40]. As has been
already mentioned, this deontological imperative applies primarily to one’s own clinical
cases and owned animals [27]. According to the author, such a legal and ethical provision
implements the general principle of law: nemo iudex in causa sua (no-one is judge in his
own cause).

5.3. Cognizance and Correctness

Another important aspect of the expert’s duties, and of the characteristics of the
opinion, which the author would like to raise, is basing the opinion on scientific grounds,
methodological correctness, and the use of appropriate research methods [13]. This is the
implementation of another important requirement and professional rule applicable to all
veterinarians: the use of current medical knowledge [10,20,27,40,41]. This statement is
related to another deontological obligation of each veterinarian, continuous self-education
as a part of the lege artis practice [11,14,20,65]. The provision of specialised knowledge in
a given field does not, however, imply the veterinary medical training of the person, or
authority, that commissioned the expert’s opinion [66].

A veterinary expert exceeding his/her own competences, expertise, the level of his/her
own knowledge, skills, scientific competences, education, or professional experience, and
the scope of the procedural competences expressed in the questions asked, will bear
professional liability in the veterinary peer court [10,20,27,40,41,51].

Similarly, professional liability will be implied for malpractice and medical errors
committed during the preparation of the opinion and the examination. Professional liability
for malpractice is independent of the civil one (damages) [23,25,51–54,61,62].

Another eminent example of a deficiency implying professional liability is the com-
mission of a crime by the expert, e.g., issuing a false opinion or bribery.

It should be noted that in some jurisdictions, appointing a veterinary surgeon as an
expert by the court requires the veterinary professional corporation to be informed. The
corporation should express its opinion (but not consent) in this matter [45].

5.4. Non-Universal Duties

Another issue worthy of deeper analysis is the collection of evidence by the veterinary
expert. This part of the expert’s work is often pointed out in the literature on veterinary
experts written in Anglophone circles [7–9,21,22,26,36,38,48], and thus in the common
law context.

The obligation to collect evidence, inspect the crime scene, conduct the chain of
custody, and other resulting responsibilities [7,9,10,21,22,26,36,38,48,49,67,68], and liability
for non-compliance with the law, results from the Anglo-Saxon penal law system, including
the offices of a coroner or medical examiner.

In continental law, the situation is completely different. Statutory provisions explicitly
or implicitly prohibit the collection of evidence and sampling by any experts, including
veterinarians [11]. Under such provisions, the expert may examine only evidence (e.g., ani-
mals, animal corpses, case files, documents, laboratory test results) provided by procedural
entities, such as the police, or the prosecutor.

A significant exception to this prohibition has been developed in the legal doctrine and
jurisprudence. Thus, collecting additional evidence in the examined material is possible in
the case of the threat of destruction of this evidence, or the impossibility of its subsequent
analysis [11]. It is the result of the systemic and teleological interpretation of the law, with
which the author does agree and affirm.

The discussed essential legal difference between continental and common law coun-
tries is not reported in the global veterinary literature. It has been discussed only in local
analyses, focused on the legal system of the particular state, usually in non-congress lan-
guages [11,64]. In the author’s opinion, therefore, this problem needs to be analysed and
discussed in the current study. Hereby, significant differences in the court procedure, duties,
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and empowerment of the expert veterinarian in different legal systems are revealed, as
well as fundamental disparities in the judicial proceedings. The issue of the contradictory
nature of the trial in the common law system, and the behaviour in the courtroom related
to it, should be assessed in an analogous way.

The discussed differences significantly affect the course of expertise, as well as the
duties of veterinary experts.

5.5. Veterinary Experts’ Legal Knowledge

It should be observed that legal knowledge is a legal requirement for an expert in all
types of legal systems [26,31,45]. Moreover, it is also a legal and deontological obligation
of every veterinarian [10,17,20,26,27,41]. It is therefore, as analysed above, a duty for
veterinary experts of a double nature, double source, and broad, multifarious liability.
The importance of legal awareness in this regard among veterinary surgeons is revealed,
especially in the face of progressive globalisation and cases of appointing outstanding,
foreign veterinarians as experts.

5.6. Wide Range of Responsibility

The responsibility of the veterinary expert, as a professional par excellence and a
member of a public trust profession, to the general public can be derived from ethical
codes [6,10,14,20,27,41]. The moral responsibility of all experts and of all scientists can also
be assumed, but there is no way to respect it directly, unlike the morality of veterinarians,
the violation of which is punishable by professional liability before peer tribunals.

Modern changes in humans and humans in relation to animals bring about changes in
public morality. These are accompanied by changes in the law. Changes in the professional
veterinary ethics, including the strengthening of the obligations of expert veterinarians
to maintain a level of due diligence in their practice, are implied. Social implications,
public expectations, and inter-systemic connections require new tasks, behaviours, and
approaches from veterinarians [14,43]. The development of the professional activities of
veterinarians within their expertise is associated with a rise in the level of responsibility,
and liability—primarily ethical and civil.

6. Conclusions

Proficiency and expertise—the comprehensive work of an expert veterinarian—are
crucial from theoretical, practical, legal, and veterinary points of view. It is a significant form
of veterinary practice. It should be emphasised that veterinary forensic medicine has been
found to be an important part of the complex phenomenon of veterinary specialisation.

It has been found that the role of a veterinary expert can be defined as the legal function
of a proficient: a veterinary surgeon whose substantive statement (opinion/report) is based
on specific veterinary knowledge and skills and meets the legally relevant criteria: a direct
connection with the law and the intended, applied use of this opinion in a legal context.

It has been revealed that the diversity of terminological forms significantly affects
the correct and incorrect understanding of the institution, role, tasks, and responsibilities
of veterinary experts. It has been shown that limiting oneself to only one legal system,
without comparative studies, significantly narrows the understanding of the discussed
problem. Moreover, it has been proven that the global view allows for a uniform and
consistent foundation for all veterinarians who will act as expert witnesses in the future.

It has been revealed that the problem of the responsibility of a veterinary expert for
the, broadly understood, defectiveness of judgments and conclusions issued by him/her
on the basis of the conducted examination is complex and multifaceted. The basis of this
complexity is, above all, the multitude and complexity of the obligations imposed on the
veterinarian providing the expertise. The origin of these obligations (from different, but
complementary, source systems of values and obligations) is not without significance.

The development of the practice and theory of the analysed problem has had a
significant impact on the development of veterinary medicine, especially in terms of
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research procedures and of specifying the standards of due diligence and the compliance
of conduct with ethical and deontological principles.

Trends for the future in veterinary expertise are expected to gain the interest of both
public and private commissioners, which corresponds to an increase in the frequency of
disputes [1,43,47]. This applies to evaluating the malpractice and unethical behaviour of
other veterinarians as well [43].

An increase in the importance of veterinary expertise is expected, in terms of not only
legal matters but also in the further development of veterinary medicine—as a science,
and as an ethical system of professional duties [14]. Thus far, the predictions have been
realised [1,43]; it is, therefore, expected that these processes will continue in the future.

In particular, it may be important to intensify the use veterinary proficient opinions in
legislative processes and in economic development, through the use of interdisciplinary
knowledge and skills and the navigation of public discourse in animal matters.

The analysis conducted indicates that the ultimate goal of litigation, as well as of scien-
tific research and of issuing expert opinions, is to discover the truth. This brings the court
trial and the expert opinion formation process closer to the research and the publication of
its results in science. Axiology and praxeology, as well as professional and social liability,
are analogous and comparable in these areas of veterinary professional activity.
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45. Rozporządzenie Ministra Sprawiedliwości z dnia 24 stycznia 2005 r. w Sprawie Biegłych Sądowych. Available online: https:
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Niektórych Gatunków Zwierząt. Available online: https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU19660430257/O/D1
9660257.pdf (accessed on 1 June 2023). (In Polish)

47. Listos, P.; Gryzinska, M.; Kowalczyk, M. Analysis of cases of forensic veterinary opinions produced in a research and teaching
unit. J. Forensic Leg. Med. 2015, 36, 84–89. [CrossRef]

48. Merck, M.D. Veterinary Forensics: Animal Cruelty Investigations; Wiley & Sons: Chichester, UK, 2013; pp. 10, 17–36, 41.

15



Animals 2023, 13, 2163

49. Parmalee, K. Crime Scene Investigation. In Veterinary Forensics: Investigation, Evidence Collection, and Expert Testimony, 1st ed.;
Rogers, E., Stern, A.W., Eds.; Taylor & Francis: Boca Raton, FL, USA, 2018; pp. 23–52.

50. Martin, D. Role of the expert witness. Vet. Rec. 2013, 173, 1. [CrossRef]
51. Dzikowski, A. Veterinary surgeons’ legal obligations in sales-related animal health status examinations. Med. Weter. 2021, 77,

309–313. [CrossRef]
52. Allgemeines Bürgerliches Gesetzbuch für die Gesammten Deutschen Erbländer der Œsterreichischen Monarchie. Amended.

Available online: https://www.ris.bka.gv.at/GeltendeFassung.wxe?Abfrage=Bundesnormen&Gesetzesnummer=10001622 (ac-
cessed on 1 June 2023). (In German).

53. Code Des Obligations/Obligationenrecht/Diritto Delle Obbligazioni, Loi Fédérale Complétant le Code Civil Suisse (Livre Cin-
quième: Droit Des Obligations) du 30 Mars 1911/Bundesgesetz Betreffend die Ergänzung des Schweizerischen Zivilgesetzbuches
(Fünfter Teil: Obligationenrecht) vom 30. März 1911/Legge Federale di Complemento del Codice Civile Svizzero (Libro Quinto:
Diritto Delle Obbligazioni) del 30 Marzo 1911. Amended. Available online: https://www.fedlex.admin.ch/en/cc/internal-law/
22 (accessed on 1 June 2023). (Official Text in German, Italian, and French; English Version Available).

54. Código Civil. Real Decreto de 24 de Julio de 1889 por el que se Publica el Código Civil, Texto Consolidado. Amended. Available
online: https://boe.es/buscar/act.php?id=BOE-A-1889-4763 (accessed on 1 June 2023). (In Spanish).

55. Ordonnance sur la Procédure en Matière de Garantie dans le Commerce du Bétail du 14 Novembre 1911/Verordnung Betreffend
das Verfahren bei der Gewährleistung im Viehhandel vom 14. November 1911/Ordinanza sulla Procedura in Materia di Garanzia
nel Commercio del Bestiame del 14 Novembre 1911. Amended. Available online: https://www.fedlex.admin.ch/eli/cc/27/877
_903_899/de (accessed on 1 June 2023). (In German, Italian, and French).

56. Vaquer, A. Contract Law in Spain; Wolters Kluwer: Alphen aan den Rijn, The Netherlands, 2012; pp. 152, 187–190.
57. Wolkowski, B. Die Rechtliche Behandlung der Kaufuntersuchung Beim Pferdekauf ; Dr. Kovač: Hamburg, Germany, 2010; pp. 23–28,
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Simple Summary: Veterinary nurses and technicians experience burnout, which affects
their mental and physical health, the likelihood of leaving their job, and their quality
of work. Burnout is caused by workplace issues, and existing research has identified
specific causes in veterinary nurses and technicians. But little is known about how to
address these issues within veterinary clinics in ways that are both effective and feasible.
To address this gap, we consulted a panel of 40 veterinary nurse and technician leadership
or wellbeing experts to seek their opinions on the challenges to addressing burnout and
recommended management approaches. Responses were collected via two anonymous
surveys between October 2024 and January 2025. The lack of, or unclear, regulation, poor
leadership knowledge, poor team culture, an unwillingness to change, and existing burnout
were found to make burnout management more difficult. Thirty-nine possible solutions,
with recommended actions, were developed. These focused on improving communication,
progression pathways, delegation, and leadership. Panel experts rated the proposed
solutions as being highly, or very highly effective. When making changes in the workplace,
current workplace problems, such as poor team culture and poor leadership, need to be
considered first, as these will reduce the likelihood of success.

Abstract: Veterinary nurses and technicians are at risk of burnout, which negatively impacts
mental and physical health, turnover, and patient care. Workplace contributors to burnout
have been identified in this population, but little is known about best practice management
strategies. This study used the Delphi method to explore barriers to addressing burnout
and develop expert recommendations for workplace management strategies. Forty partici-
pants with a minimum of 5 years’ industry experience in leadership, or wellbeing, were
recruited via purposive sampling from the USA, UK, Australia, New Zealand, and Canada.
Participants completed two anonymous, online, mixed-methods surveys between October
2024 and January 2025. Qualitative survey data were analysed using content analysis to
identify codes and categorise solutions. Quantitative data were analysed using descriptive
statistics. Barriers to addressing burnout included industry-wide barriers, such as lack
of, or unclear, regulation and lack of leadership knowledge, and clinic-specific barriers,
such as poor team culture, unwillingness for change, and existing burnout. Thirty-nine
solutions were developed and rated as being highly, or very highly effective. These focused
on themes such as improving communication, developing progression pathways, and
providing leadership training and support. Existing workplace barriers must be evaluated
prior to selecting strategies, to maximise effectiveness in specific contexts.

Keywords: workplace mental health; animal care professional; leadership; wellbeing;
retention; workload; regulation; utilisation

Animals 2025, 15, 1257 https://doi.org/10.3390/ani15091257
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1. Introduction

Veterinary team members are prone to burnout, with veterinary nurses and technicians
(VN/Ts) at particular risk [1]. The existing body of evidence on burnout in veterinarians
and the unique contributors to burnout in their role is growing [2,3], however, research
specific to burnout in VN/Ts is lacking [4]. A recent study found that VN/Ts were twice as
likely to experience high/very high levels of burnout compared to the general population,
with exhaustion being a key contributor [5]. The same study identified that having a good
work-life balance was the biggest predictor of low burnout levels [5]. Burnout has well
documented negative physical and mental health consequences for the individual, with
potential welfare implications for veterinary patients under their care. Burnout is also
a known contributor to intentions to leave, thus leading to increased staff turnover and
increased economic costs for veterinary practice owners [6–8]. Effective prevention and
management of burnout within VN/Ts is, therefore, critical to ensuring team wellbeing,
business sustainability, and patient outcomes.

Burnout is defined as a syndrome resulting from chronic workplace stress which has
not been adequately managed [9] and is, therefore, considered an occupational health issue.
According to the International Labour Organisation (ILO), a United Nations agency that
sets international labour guidelines for its 187 member states, a safe and healthy work
environment is a fundamental right for employees [10]. Furthermore, the World Health
Organisation (WHO) guidelines on mental health at work, written in consultation with the
ILO, state that employers have a responsibility to ensure that psychosocial risks, which can
contribute to burnout, are managed within the workplace to protect employee’s mental
health [11]. Psychosocial risks are defined as “anything in the design or management
of work that increases the risk of work-related stress” [12] (psychosocial risks section).
This may include a lack of work variety, lack of job control or inflexible hours, poor
communication, lack of support, and poor work-life balance [12]. A shared responsibility
exists between the workplace and the employee to manage and protect the mental health
and wellbeing of individuals through preventing burnout.

Burnout contributors can be divided into risk and protective factors, with protective
factors describing aspects of the workplace that can help to reduce an individual’s risk of
experiencing burnout. Protective factors in VN/Ts have been found to include manageable
workloads, teamwork and support, clear and respectful communication, appropriate
staffing levels, recognition of work, and knowledge of making a difference to clients and
patients [13]. Risk factors describe aspects of the workplace that increase an individual’s
risk of experiencing burnout. These factors may be experienced across a range of industries,
for example, co-worker incivility [14], or may be unique to individuals working in animal
care roles, for example, exposure to animal abuse and euthanasia [15]. In VN/Ts, risk
factors have been found to include high workloads, lack of skill utilisation, negative team
culture, unclear communication, poor management or leadership, lack of schedule control,
poor remuneration, lack of progression opportunities, negative client interactions, and lack
of appreciation [13,16]. Some of these contributors, including high job demands, low job
control, lack of support, and team conflict in VN/Ts, were identified in studies published
over 10 years ago and, therefore, awareness of these problems is not new [17,18]. Despite
this, recent research suggests that they are still being inadequately managed [13,16]. In
addition to understanding the contributors to burnout it is, therefore, necessary to identify
any barriers and enablers that may prevent, or support, organisations in addressing these
contributors, so as to maximise the chances of success.

Barriers are factors that impede the ability of people leaders to address burnout risk
factors. These are multifactorial and may be internal to the workplace. This includes
barriers related to the interventions themselves, for example, technology that is not suited
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for the intended use; barriers related to the process of implementation, for example a
lack of planning; or barriers related to the characteristics of the team or workplace, for
example opposing values within the team. Barriers may also be external to the workplace,
related to industry or legislative limitations, for example a lack of standardised educational
competencies for professional licensing requirements [19]. Enablers are factors that facilitate
people leaders to manage burnout. These may also arise from internal workplace sources,
for example clear goals that have been collaboratively developed; or external sources, for
example existing research to help understand the impact of changes [19].

Burnout prevention strategies can be classified as primary and secondary interventions,
which may be organisational or individual focused, and tertiary interventions, which are
generally individual focused [20]. Primary interventions are aimed at addressing the
antecedents of burnout and preventing the onset of signs. Secondary interventions focus
on identifying signs of burnout in the early stages and preventing the development of
longer-term impacts. Tertiary interventions are aimed at addressing existing burnout and
minimising the long-term effects through healing and rehabilitation [20]. Implementation
of primary and secondary interventions by the organisation requires an understanding of
the unique contributors to burnout in VN/Ts.

Existing research exploring burnout in VN/Ts includes recommendations on strategies
that can be implemented within the workplace to better support individuals. These include
providing opportunities for professional development, greater control over shift pattern
and length, and management training on development of positive interpersonal relation-
ships [17,21,22]. No studies to date, however, have explored barriers to implementation.
Furthermore, existing studies typically include researcher recommendations to address
burnout [21–24]. While these recommendations are informed by research findings derived
from VN/Ts, they have not been evaluated for their perceived effectiveness or feasibility.
Gaining this information, particularly from experienced wellbeing and leadership experts
in the veterinary industry, is critical to ensure best practice recommendations target the
known risk and protective factors and are also evaluated as effective and feasible.

Delphi studies are a research method commonly used in the development of human
healthcare recommendations, allowing researchers to gain consensus through expert opin-
ion [25]. The Delphi technique has been used in studies to develop workplace guidelines for
the prevention of mental health problems [26], as well as to rate the importance of factors in
the occurrence of burnout in nurses [27], and is therefore well-suited to research in the area
of VN/T burnout. The Delphi method is used to collect objective opinions from participants
in geographically diverse locations, across successive iterative rounds, to develop recom-
mendations based on collective expert views. Delphi studies are particularly useful in areas
where limited research exists and consensus is absent, and the technique transforms expert
opinions into group consensus to elevate the quality of research evidence [25]. The lack of
existing research on barriers, enablers, and feasibility of management strategies to address
burnout in VN/Ts makes this an ideal framework for developing recommendations in
this area.

The aim of this study was to employ a Delphi method to develop effective and feasible
organisational management strategies to address known contributors to burnout in VN/Ts.
This addressed the existing literature gap by producing recommendations based on expert
consensus. This was achieved by, first, identifying perceived barriers and enablers to
addressing the contributors, then, second, by exploring perceived ease of implementation
and effectiveness of proposed strategies in addressing burnout in the workplace.
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2. Materials and Methods

The Delphi method [28] was used to conduct the study, and it is reported following
the Delphi studies in social and health sciences—recommendations for an interdisciplinary
standardized reporting (DELPHISTAR) guideline [29].

2.1. Research Design

The Delphi method is a structured consultation process whereby a panel of experts
contribute their views on an issue via an anonymous survey. Surveys incorporate both
quantitative and qualitative questions to allow experts to rate items and provide feedback
on their reasoning [25]. Panel members then revise their views through multiple survey
rounds based on summarised feedback and responses from other participants, until con-
sensus is reached. Anonymity is maintained throughout the process to minimise risk of
bias resulting from perceptions of dominance and group conformity [25]. The current
study comprised two rounds of data collection, with additional planned rounds being
cancelled due to consensus being reached. In this study, consensus was defined as at least
75% endorsement by the panel across two consecutive ratings, following guidelines from
similar research [27,30]. This process can be seen in Figure 1.

2.2. Participant Recruitment

Purposive sampling was utilised to identify experts with a minimum of five years’
experience in VN/T leadership, leadership consulting, or wellbeing, as utilised in similar
studies [25,31]. Potential participants were identified through their involvement in, or
contributions to, VN/T wellness publications, conference presentations, veterinary industry
wellbeing initiatives and awards, VN/T wellbeing podcasts, LinkedIn profiles, and existing
professional networks of the researchers. Potential participants were contacted via email
or LinkedIn and invited to contribute to the study. The panel size in Delphi studies
is recommended to be greater than 20, after taking into account attrition across survey
rounds [30]. Out of 84 experts invited, 40 consented to participate in the initial round.
Participant recruitment was not directed toward specific countries, however, all recruited
participants belonged to nations considered as the global West and English speaking.
Participants who completed each round were invited to participate in subsequent rounds.

2.3. Measures

The aim of Round 1 was to explore barriers, enablers, and proposed strategies to
address risk and protective factors for burnout in VN/Ts. The survey comprised a mixture
of four questions which were developed by the authors. Participants were asked to respond
to the same four questions for each of 10 risk and three protective factors derived from the
findings of Chapman et al. [13,16]. For the 10 risk factors, Question 1 asked participants
to rate how easy, or difficult, they believe it is to address the issue. Responses were rated
on a 5-point Likert scale from ‘very difficult’ to ‘very easy’. Three open-ended questions
then asked participants to identify (1) what, if any, barriers they are aware of that increase
the difficulty for managers or leaders to address the issue, (2) what, if any, enablers they
are aware of that support managers or leaders to address the issue, and (3) what solutions
or strategies they are aware of that effectively address the issue. For the three protective
factors, the same questions were asked but rephrased to reflect the protective aspect. For
example, the words “to address this issue” were replaced with “to promote this factor”. The
final open-ended question in the protective factors section removed the word “solutions”
and sought strategies to promote the protective factor only, as solutions for protective
factors are not required (Supplementary Materials S1). Responses to the questions in
Round 1 were analysed and informed the development of solutions to the 10 risk factors,
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and promotions strategies for the three protective factors, which were then reviewed in the
second round of data collection.

Figure 1. Delphi technique flow chart.
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The aim of Round 2 was to rate the ease with which each solution or promotion
strategy, developed in Round 1, could be implemented, as well as to rate the perceived
effectiveness of the solutions in addressing the 10 risk factors. The survey comprised a
mixture of three questions developed by the authors. Participants were asked to respond
to the same three questions for each of the 10 risk factors, and two of those three questions
for the three protective factors. Rating questions asked participants to rate how easy,
or difficult, they believed it would be to implement each solution, for the risk factors,
and each strategy, for the protective factors, as well as how effective, or ineffective, they
believed the solutions for each risk factor would be. Items were measured on 5-point Likert
scales ranging from ‘very difficult’ to ‘very easy’ for ease of implementation, and from
‘very ineffective’ to ’very effective’ for effectiveness of solutions. Open-ended questions
asked participants to provide feedback on proposed improvements to both solutions and
strategies (Supplementary Materials S2).

2.4. Procedure

The study was conducted in accordance with the National Statement on Ethical
Conduct in Human Research, and ethical approval was obtained from the Human Ethics
Low Risk Committee at La Trobe University, Australia (approval number HEC24265). Data
for Rounds 1 and 2 were collected between 7 October 2024 and 13 January 2025.

A link to each Round of the survey was emailed to participants and responses were
collected using QuestionPro version 2 (Austin, TX, USA) [32]. Prior to receiving the first
survey link, participants were required to sign a participation consent form which included
advice to contact their local healthcare provider if they experienced any lasting negative
emotions after taking part in the study. Links to international helplines were also provided.
Each survey was initially open for two weeks, with a short time for data analysis scheduled
between rounds to maintain participant engagement and reduce attrition. Closure of both
survey rounds was extended by 10 days (Round 1) and one month (Round 2) in order
to allow for increased participation, and account for the busy December holiday period
(Round 2). Email reminders were sent to participants that had not yet completed the survey
two days before the initial survey closure date, and then again after the initial closure date
to inform remaining participants of the extended deadline.

A summary of responses was circulated to participants following data analysis of
each round to allow participants to compare their responses with those of the collective
panel. The Round 1 summary document outlined the key barriers and enablers that had
been identified from participant responses, as well as the mean ease-of-management rating
for each risk and protective factor. After Round 2, the summary document provided an
overview of the ease and effectiveness ratings for solutions proposed in Round 1, as well
as highlighting notable findings from the data.

2.5. Data Analysis

Data from open ended questions in Round 1 were analysed using NVivo version 15
(Denver, CO, USA) [33] and coded using conventional content analysis [34] to identify and
describe the emerging categories. This approach is recommended when existing research
on the area is limited, as it identifies patterns and recurrent viewpoints among partici-
pant responses to open-ended questions, without exposing participants to preconceived
theories or ideas [34]. An iterative approach was taken where one author (AC) read the
responses in full and then reviewed them multiple times to identify and refine categories
and sub-categories until no novel phenomena emerged. In contrast to thematic analysis
which relies on interpretive analytical approach by the researcher to contextualise the data,
content analysis takes a descriptive analytical approach, coding and categorising data to
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identify trends and patterns of words [35]. Risk of bias resulting from the epistemological
perspectives of the researcher is, therefore, much lower. Debriefs were conducted between
the primary author and the last author (VR) to ensure that context and clarity of the data
were accurately represented in the coding, and to further reduce the risk of bias.

Data from open ended questions in Round 2 were analysed using directed content
analysis [34] to validate and extend the existing findings from Round 1. Directed content
analysis utilises existing themes, which were developed in Round 1, to provide a framework
with which to design and analyse questions based on the existing categories [34]. The
same iterative process was followed to categorise data into the existing codes developed in
Round 1, with debriefs to increase validity of the process [34].

Quantitative data from Rounds 1 and 2 were analysed using descriptive statistics, with
means and standard deviations reported for each item. Missing data were managed by
calculating the central tendency based on the number of participant responses to each item
and excluding missing responses. Percentages and frequency counts for each Likert scale
rating were also calculated and used to determine whether consensus had been reached.

3. Results

3.1. Participants

Forty experts were recruited from the United States of America (USA) (n = 18), Aus-
tralia (n = 9), United Kingdom (UK) (n = 7), Canada (n = 4), and New Zealand (n = 2).
The majority of participants were VN/Ts (n = 33), with the remainder either veterinarians
(n = 3), or veterinary wellbeing experts without a veterinary clinical qualification (n = 3).
A total of 32 and 30 participants completed the survey in Rounds 1 and 2 respectively
(Figure 2).

3.2. Round 1

Round 1 explored barriers, enablers, and strategies to address risk and protective
factors for burnout in VN/Ts. Results for Round 1, summarising the themes identified
among barriers and enablers to address risk and protective factors, as well as the mean
rating for how easy or difficult participants thought that the risk or protective factor is to
manage, can be seen in Table 1.

Perceived ease of management ratings for all risk and protective factors ranged from
2.38 (±1.01) to 3.74 (±1.03) on a scale of 1 (very difficult) to 5 (very easy). Consensus
around ease of management was achieved in only three out of 13 items, with scores for the
remaining items spread across at least four out of five ratings. The factor that was rated
the most difficult to address in Round 1 was Problem 5 ‘Poor management and leadership
of the team’. One participant suggested that “It is very difficult to address poor management
or leadership because that would involve leadership admitting that those things are a problem”. In
contrast, Protective factor 2 ‘Knowledge of having a positive impact on a patient or client’
was rated the easiest protective factor to leverage, with numerous client and feedback
systems being proposed that one participant described as “Pretty easy and low cost!”.

Analysis of the qualitative data exploring barriers and enablers identified two key
overarching themes. First, there is a lack of training and support for leaders as well as
few positive role models in this area. One participant noted that this is an ongoing cycle,
where “Leaders in the vet profession don’t routinely get exposed to good leadership so learn poor
behaviours, then are promoted into the role with no support”. In addition, there is a lack of,
or variability in, VN/T regulation across all countries represented in the study, which
may impact the capacity to effect positive change in several risk areas. One participant
highlighted the extent of the impact, noting that “Out of date/touch regulations and rules
with regard to VN/T capabilities that would value add to the business, animal welfare, workload
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for vets, and job satisfaction for VN/Ts”. Other frequently cited barriers included workforce
shortages, existing levels of burnout in the team or management, hierarchical organisational
structures and a lack of workplace resources such as time or money. Enablers included
access to technology to support efficiency, professional networks, open and transparent
communication, and breadth of skills within the team.

Figure 2. Flow diagram of Delphi study process and participants including country of residence and
professional background.

24



Animals 2025, 15, 1257
T

a
b

le
1

.
Ba

rr
ie

rs
an

d
en

ab
le

rs
to

ad
dr

es
si

ng
ri

sk
an

d
pr

ot
ec

ti
ve

fa
ct

or
s

as
so

ci
at

ed
w

it
h

bu
rn

ou
ti

n
V

N
/T

s
de

ri
ve

d
fr

om
R

ou
nd

1.

R
is

k
F

a
ct

o
r

B
a

rr
ie

rs
to

A
d

d
re

ss
in

g
th

e
R

is
k

F
a

ct
o

r
D

e
ri

v
e

d
fr

o
m

C
o

n
te

n
t

A
n

a
ly

si
s

T
h

e
m

e
s

E
n

a
b

le
rs

to
A

d
d

re
ss

in
g

th
e

R
is

k
F

a
ct

o
r

D
e

ri
v

e
d

fr
o

m
C

o
n

te
n

t
A

n
a

ly
si

s
T

h
e

m
e

s

P
e

rc
e

iv
e

d
E

a
se

o
f

M
a

n
a

g
e

m
e

n
t

R
a

ti
n

g
(M

e
a

n
/5

.0
0

(S
D

))

C
o

n
se

n
su

s
R

a
ti

n
g

(P
a

rt
ic

ip
a

n
t

A
g

re
e

m
e

n
t

%
)

1.
Th

e
w

or
kl

oa
d

is
to

o
hi

gh
•

Fi
na

nc
ia

lc
on

st
ra

in
ts

of
th

e
bu

si
ne

ss
•

U
np

re
di

ct
ab

le
w

or
kl

oa
d

•
W

or
kf

or
ce

sh
or

ta
ge

s
an

d
ex

is
ti

ng
le

ve
ls

of
bu

rn
ou

t
•

La
ck

of
cl

ea
r

sy
st

em
s

an
d

pr
oc

ed
ur

es
to

gu
id

e
w

or
kfl

ow
•

La
ck

of
te

am
w

or
k

an
d

co
m

m
un

ic
at

io
n

•
N

ec
es

si
ty

fo
rc

in
g

cl
in

ic
s

to
ad

dr
es

s
w

or
kfl

ow
sy

st
em

s
•

C
ol

la
bo

ra
ti

ve
le

ad
er

sh
ip

cu
lt

ur
e

•
Te

ch
no

lo
gi

es
th

at
su

pp
or

t
w

or
kl

oa
d

st
re

am
lin

in
g

an
d

ef
fic

ie
nc

ie
s

•
Fl

ex
ib

le
sc

he
du

lin
g

2.
66

/5
.0

0
(±

0.
79

)
C

on
se

ns
us

:
D

iffi
cu

lt
/n

ei
th

er
di

ffi
cu

lt
no

r
ea

sy
(8

2.
93

%
)

2.
Th

er
e

is
a

la
ck

of
op

po
rt

un
it

ie
s

to
ut

ili
se

sk
ill

s
an

d
kn

ow
le

dg
e

fo
r

w
hi

ch
ve

te
ri

na
ry

nu
rs

es
/t

ec
hn

ic
ia

ns
ar

e
tr

ai
ne

d
an

d
qu

al
ifi

ed

•
U

nd
er

st
af

fin
g

le
ad

in
g

to
a

la
ck

of
ti

m
e

an
d

su
pp

or
t

•
La

ck
of

tr
us

tf
ro

m
ve

te
ri

na
ri

an
s

•
R

es
is

ta
nc

e
to

ch
an

ge
•

Sm
al

lc
lin

ic
si

ze
or

st
af

fh
ie

ra
rc

hi
es

•
Pr

of
es

si
on

al
ne

tw
or

ks
an

d
co

m
m

un
it

y
su

pp
or

t
•

Br
oa

d
te

am
sk

ill
se

tf
or

m
en

to
rs

hi
p

•
Ve

te
ri

na
ri

an
aw

ar
en

es
s

of
V

N
/T

ed
uc

at
io

n
an

d
ca

pa
bi

lit
ie

s
•

Le
ad

er
sh

ip
ad

vo
ca

cy

3.
00

/5
.0

0
( ±

1.
14

)
C

on
se

ns
us

no
tr

ea
ch

ed

3.
A

ne
ga

ti
ve

te
am

cu
lt

ur
e

ex
is

ts
(f

or
ex

am
pl

e:
bu

lly
in

g,
go

ss
ip

in
g,

cr
it

ic
is

m
,o

r
ge

ne
ra

li
nc

iv
ili

ty
)

•
La

ck
of

le
ad

er
sh

ip
aw

ar
en

es
s

or
ac

co
un

ta
bi

lit
y

•
La

ck
of

ps
yc

ho
lo

gi
ca

ls
af

et
y

•
Fe

ar
of

lo
si

ng
st

af
f

•
In

du
st

ry
w

or
kf

or
ce

ch
ar

ac
te

ri
st

ic
s

(f
em

al
e/

m
en

ta
lh

ea
lt

h/
ge

ne
ra

ti
on

al
di

ff
er

en
ce

s)

•
In

du
st

ry
aw

ar
en

es
s

an
d

ed
uc

at
io

n
in

it
ia

ti
ve

s
(e

.g
.,

Ve
te

ri
na

ry
In

ci
vi

lit
y

To
ol

ki
t)

•
Bu

dg
et

fo
r

re
so

ur
ce

s
an

d
tr

ai
ni

ng
•

R
eg

ul
ar

co
m

m
un

ic
at

io
n

an
d

op
po

rt
un

it
ie

s
fo

r
fe

ed
ba

ck

2.
52

/5
.0

0
( ±

0.
96

)
C

on
se

ns
us

no
tr

ea
ch

ed

4.
Th

er
e

is
a

la
ck

of
,o

r
un

cl
ea

r
co

m
m

un
ic

at
io

n
fr

om
bo

th
m

an
ag

em
en

t
an

d
w

it
hi

n
th

e
te

am

•
La

rg
e

cl
in

ic
or

m
ul

ti
pl

e
si

te
s

•
V

ar
ia

nc
e

in
co

m
m

un
ic

at
io

n
st

yl
es

an
d

pr
ef

er
en

ce
s

•
Ti

m
e

lim
it

at
io

ns
•

O
rg

an
is

at
io

na
lh

ie
ra

rc
hi

es
an

d
m

ul
ti

-l
ev

el
co

m
m

un
ic

at
io

n

•
C

ul
tu

re
of

ps
yc

ho
lo

gi
ca

ls
af

et
y

•
R

eg
ul

ar
ly

sc
he

du
le

d
m

ee
ti

ng
s

or
di

sc
us

si
on

fo
ru

m
s

•
A

cc
es

s
to

co
m

m
un

ic
at

io
n

pl
at

fo
rm

s
su

ch
as

Te
am

s
or

Sl
ac

k
•

St
ru

ct
ur

ed
an

d
co

ns
is

te
nt

co
m

m
un

ic
at

io
n

ch
an

ne
ls

3.
23

/5
.0

0
( ±

1.
07

)
C

on
se

ns
us

no
tr

ea
ch

ed

25



Animals 2025, 15, 1257
T

a
b

le
1

.
C

on
t.

R
is

k
F

a
ct

o
r

B
a

rr
ie

rs
to

A
d

d
re

ss
in

g
th

e
R

is
k

F
a

ct
o

r
D

e
ri

v
e

d
fr

o
m

C
o

n
te

n
t

A
n

a
ly

si
s

T
h

e
m

e
s

E
n

a
b

le
rs

to
A

d
d

re
ss

in
g

th
e

R
is

k
F

a
ct

o
r

D
e

ri
v

e
d

fr
o

m
C

o
n

te
n

t
A

n
a

ly
si

s
T

h
e

m
e

s

P
e

rc
e

iv
e

d
E

a
se

o
f

M
a

n
a

g
e

m
e

n
t

R
a

ti
n

g
(M

e
a

n
/5

.0
0

(S
D

))

C
o

n
se

n
su

s
R

a
ti

n
g

(P
a

rt
ic

ip
a

n
t

A
g

re
e

m
e

n
t

%
)

5.
Th

er
e

is
po

or
m

an
ag

em
en

t/
le

ad
er

sh
ip

of
th

e
te

am
(f

or
ex

am
pl

e:
m

ic
ro

m
an

ag
em

en
t,

fa
vo

ur
it

is
m

,l
ac

k
of

su
pp

or
t,

or
la

ck
of

ac
ti

on
on

te
am

co
nfl

ic
t)

•
Po

or
le

ad
er

sh
ip

tr
ai

ni
ng

or
su

pp
or

t
•

Po
or

le
ad

er
sh

ip
ro

le
m

od
el

s
•

N
eg

at
iv

e
w

or
kp

la
ce

cu
lt

ur
e

•
La

ck
of

re
po

rt
in

g
or

fe
ed

ba
ck

m
ec

ha
ni

sm
s

fo
r

st
af

f

•
A

cc
es

s
to

le
ad

er
sh

ip
tr

ai
ni

ng
an

d
re

so
ur

ce
s

•
A

cc
es

s
to

le
ad

er
sh

ip
m

en
to

ri
ng

an
d

pr
of

es
si

on
al

ne
tw

or
ks

•
Sh

al
lo

w
or

ga
ni

sa
ti

on
al

hi
er

ar
ch

ie
s

•
O

pe
n

co
m

m
un

ic
at

io
n

an
d

fe
ed

ba
ck

ch
an

ne
ls

be
tw

ee
n

te
am

an
d

le
ad

er
s

2.
38

/5
.0

0
(±

1.
01

)
C

on
se

ns
us

no
tr

ea
ch

ed

6.
Th

er
e

is
an

ex
pe

ct
at

io
n

of
w

or
ki

ng
ov

er
ti

m
e,

no
t

ha
vi

ng
a

br
ea

k,
an

d
a

ge
ne

ra
ll

ac
k

of
fle

xi
bi

lit
y

in
ro

st
er

in
g

•
In

du
st

ry
cu

lt
ur

al
no

rm
s

ar
ou

nd
pr

io
ri

ti
si

ng
pa

ti
en

ts
ov

er
st

af
fw

el
lb

ei
ng

•
W

or
kf

or
ce

sh
or

ta
ge

s
•

U
np

re
di

ct
ab

le
w

or
kl

oa
d

•
R

es
is

ta
nc

e
to

ch
an

ge

•
A

cc
es

s
to

ro
st

er
in

g
so

ft
w

ar
e

•
Le

gi
sl

at
io

n
ar

ou
nd

br
ea

ks
re

qu
ir

em
en

ts
an

d
m

ax
im

um
sh

if
t

le
ng

th
(w

he
re

ap
pl

ic
ab

le
)

•
C

on
si

st
en

tm
es

sa
gi

ng
an

d
ad

vo
ca

cy
•

W
el

ln
es

s
re

so
ur

ce
s

an
d

in
it

ia
ti

ve
s

2.
86

/5
.0

0
(±

0.
92

)
C

on
se

ns
us

no
tr

ea
ch

ed

7.
R

em
un

er
at

io
n

is
po

or
•

La
ck

of
bu

si
ne

ss
ex

pe
rt

is
e

•
C

om
m

un
it

y
at

ti
tu

de
s

to
ve

te
ri

na
ry

fe
es

•
Fi

na
nc

ia
ll

im
it

at
io

ns
or

of
th

e
bu

si
ne

ss
•

La
ck

of
in

du
st

ry
re

gu
la

tio
n

or
cl

ea
r

pr
of

es
si

on
al

st
ru

ct
ur

e

•
W

or
kf

or
ce

sh
or

ta
ge

dr
iv

in
g

w
ag

es
up

•
A

pp
ro

pr
ia

te
ut

ili
sa

ti
on

of
V

N
/T

s
an

d
su

pp
or

ts
ta

ff
to

re
du

ce
co

st
s

•
Pr

of
es

si
on

al
ad

vo
ca

cy
an

d
le

gi
sl

at
iv

e
ch

an
ge

s
(w

he
re

ap
pl

ic
ab

le
)

•
M

an
ag

em
en

tb
us

in
es

s
ac

um
en

2.
48

/5
.0

0
( ±

0.
99

)
C

on
se

ns
us

no
tr

ea
ch

ed

8.
Th

er
e

is
a

la
ck

of
op

po
rt

un
it

y
fo

r
pr

og
re

ss
io

n
or

de
ve

lo
pm

en
t

•
La

ck
of

cl
in

ic
re

so
ur

ce
s

(m
on

et
ar

y
an

d
st

af
fin

g)
•

Sm
al

lc
lin

ic
s

la
ck

in
g

ne
ed

fo
r

ad
va

nc
ed

ro
le

s
•

La
ck

of
in

du
st

ry
aw

ar
en

es
s

of
V

N
/T

va
lu

e
or

po
te

nt
ia

l
•

Fe
ar

of
ch

an
ge

fr
om

ve
te

ri
na

ri
an

s
an

d
le

ad
er

sh
ip

•
A

bu
nd

an
ce

of
av

ai
la

bl
e

C
E

an
d

ed
uc

at
io

na
lr

es
ou

rc
es

•
In

no
va

ti
on

an
d

op
po

rt
un

it
ie

s
fo

r
la

te
ra

lp
ro

gr
es

si
on

•
Le

ad
er

sh
ip

aw
ar

en
es

s
of

V
N

/T
ca

pa
bi

lit
ie

s
an

d
va

lu
e

•
Br

oa
d

te
am

sk
ill

se
tf

ac
ili

ta
ti

ng
m

en
to

rs
hi

p
an

d
co

ac
hi

ng

2.
79

/5
.0

0
(±

0.
86

)
C

on
se

ns
us

:
D

iffi
cu

lt
/n

ei
th

er
di

ffi
cu

lt
no

r
ea

sy
(8

0.
65

%
)

26



Animals 2025, 15, 1257
T

a
b

le
1

.
C

on
t.

R
is

k
F

a
ct

o
r

B
a

rr
ie

rs
to

A
d

d
re

ss
in

g
th

e
R

is
k

F
a

ct
o

r
D

e
ri

v
e

d
fr

o
m

C
o

n
te

n
t

A
n

a
ly

si
s

T
h

e
m

e
s

E
n

a
b

le
rs

to
A

d
d

re
ss

in
g

th
e

R
is

k
F

a
ct

o
r

D
e

ri
v

e
d

fr
o

m
C

o
n

te
n

t
A

n
a

ly
si

s
T

h
e

m
e

s

P
e

rc
e

iv
e

d
E

a
se

o
f

M
a

n
a

g
e

m
e

n
t

R
a

ti
n

g
(M

e
a

n
/5

.0
0

(S
D

))

C
o

n
se

n
su

s
R

a
ti

n
g

(P
a

rt
ic

ip
a

n
t

A
g

re
e

m
e

n
t

%
)

9.
H

av
in

g
to

de
al

w
it

h
ru

de
or

ab
us

iv
e

cl
ie

nt
s

•
Fe

ar
of

re
pe

rc
us

si
on

s
(c

lie
nt

lo
ss

/n
eg

at
iv

e
re

vi
ew

s/
lit

ig
at

io
n)

•
La

ck
of

tr
ai

ni
ng

in
co

m
m

un
ic

at
io

n
an

d
de

-e
sc

al
at

io
n

•
“T

he
cu

st
om

er
is

al
w

ay
s

ri
gh

t”
m

en
ta

lit
y

•
La

ck
of

re
so

ur
ce

s
(t

im
e/

st
af

fin
g/

su
pp

or
t)

to
ad

eq
ua

te
ly

m
an

ag
e

si
tu

at
io

ns

•
Po

si
ti

ve
an

d
w

el
l-

de
ve

lo
pe

d
cl

ie
nt

re
la

ti
on

sh
ip

s
•

D
ed

ic
at

ed
cl

ie
nt

su
pp

or
tr

ol
es

(e
.g

.,
ve

te
ri

na
ry

so
ci

al
w

or
ke

rs
)

•
A

va
ila

bi
lit

y
of

tr
ai

ni
ng

an
d

re
so

ur
ce

s
on

co
m

m
un

ic
at

io
n

•
A

cc
es

s
to

su
pp

or
t(

pe
er

ne
tw

or
ks

,
Em

pl
oy

ee
A

ss
is

ta
nc

e
Pr

og
ra

m
)

2.
86

/5
.0

0
(±

1.
13

)
C

on
se

ns
us

:
D

iffi
cu

lt/
N

ei
th

er
di

ffi
cu

lt
no

r
ea

sy
(9

7.
74

%
)

10
.T

he
re

is
a

la
ck

of
ap

pr
ec

ia
ti

on
,f

ee
lin

g
va

lu
ed

,o
r

be
in

g
he

ar
d,

by
m

an
ag

em
en

t

•
D

iv
er

si
ty

in
st

af
f

ac
kn

ow
le

dg
em

en
tn

ee
ds

an
d

pr
ef

er
en

ce
s

•
Bu

rn
ed

ou
tm

an
ag

er
s

•
N

eg
at

iv
e

or
hi

er
ar

ch
ic

al
w

or
kp

la
ce

cu
lt

ur
es

•
Po

or
m

an
ag

em
en

tr
ol

e
m

od
el

s
an

d
la

ck
of

tr
ai

ni
ng

•
Pr

of
es

si
on

al
ad

vo
ca

cy
ef

fo
rt

s
on

V
N

/T
ap

pr
ec

ia
ti

on
•

A
bu

nd
an

ce
of

ex
is

ti
ng

re
co

gn
it

io
n

pr
og

ra
m

s
to

m
od

el
•

W
or

kp
la

ce
cu

lt
ur

es
th

at
su

pp
or

t
op

en
co

m
m

un
ic

at
io

n
an

d
fe

ed
ba

ck
to

m
an

ag
em

en
t

2.
86

/5
.0

0
(±

1.
27

)
C

on
se

ns
us

no
tr

ea
ch

ed

P
ro

te
ct

iv
e

F
a

ct
o

r
B

a
rr

ie
rs

to
L

e
v

e
ra

g
in

g
th

e
P

ro
te

ct
iv

e
F

a
ct

o
r

D
e

ri
v

e
d

fr
o

m
C

o
n

te
n

t
A

n
a

ly
si

s
T

h
e

m
e

s

E
n

a
b

le
rs

to
L

e
v

e
ra

g
in

g
th

e
P

ro
te

ct
iv

e
F

a
ct

o
r

D
e

ri
v

e
d

fr
o

m
C

o
n

te
n

t
A

n
a

ly
si

s
T

h
e

m
e

s

P
e

rc
e

iv
e

d
E

a
se

o
f

L
e

v
e

ra
g

e
R

a
ti

n
g

(M
e

a
n

/5
.0

0
(S

D
))

C
o

n
se

n
su

s
R

a
ti

n
g

(P
a

rt
ic

ip
a

n
t

A
g

re
e

m
e

n
t

%
)

1.
H

av
in

g
so

m
e

co
nt

ro
l

ov
er

th
e

sc
he

du
le

or
ex

pe
ct

ed
ta

sk
s

•
H

ie
ra

rc
hi

ca
lo

r
ne

ga
ti

ve
w

or
kp

la
ce

cu
lt

ur
es

•
H

ig
h

an
d

un
pr

ed
ic

ta
bl

e
w

or
kl

oa
ds

•
St

af
fin

g
sh

or
ta

ge
s

•
C

on
fli

ct
in

g
te

am
m

em
be

r
ne

ed
s

or
sk

ill
le

ve
ls

•
Fl

ex
ib

le
st

af
fin

g
m

od
el

s
•

C
ol

la
bo

ra
ti

ve
te

am
cu

lt
ur

e
•

C
ro

ss
tr

ai
ne

d
st

af
ft

o
in

cr
ea

se
ta

sk
ca

pa
bi

lit
ie

s

3.
09

/5
.0

0
( ±

0.
89

)
C

on
se

ns
us

no
tr

ea
ch

ed

2.
K

no
w

le
dg

e
of

ha
vi

ng
a

po
si

ti
ve

im
pa

ct
on

a
pa

ti
en

to
r

cl
ie

nt

•
Sh

if
tw

or
k

ro
st

er
s—

ab
se

nc
e

at
pa

ti
en

td
is

ch
ar

ge
•

La
ck

of
cl

ie
nt

aw
ar

en
es

s
of

V
N

/T
ro

le
in

pa
ti

en
tc

ar
e

•
A

bs
en

ce
of

fe
ed

ba
ck

sy
st

em
s

•
N

eg
at

iv
it

y
bi

as
—

na
tu

ra
lf

oc
us

on
ne

ga
ti

ve
ou

tc
om

es

•
A

bi
lit

y
to

pr
ov

id
e

hi
gh

qu
al

ity
ca

re
•

R
oo

m
to

bu
ild

co
nn

ec
ti

on
s

w
it

h
cl

ie
nt

s
•

C
le

ar
an

d
es

ta
bl

is
he

d
cl

ie
nt

,a
nd

in
te

rn
al

,f
ee

db
ac

k
sy

st
em

s

3.
74

/5
.0

0
( ±

1.
03

)
C

on
se

ns
us

no
tr

ea
ch

ed

27



Animals 2025, 15, 1257
T

a
b

le
1

.
C

on
t.

P
ro

te
ct

iv
e

F
a

ct
o

r
B

a
rr

ie
rs

to
L

e
v

e
ra

g
in

g
th

e
P

ro
te

ct
iv

e
F

a
ct

o
r

D
e

ri
v

e
d

fr
o

m
C

o
n

te
n

t
A

n
a

ly
si

s
T

h
e

m
e

s

E
n

a
b

le
rs

to
L

e
v

e
ra

g
in

g
th

e
P

ro
te

ct
iv

e
F

a
ct

o
r

D
e

ri
v

e
d

fr
o

m
C

o
n

te
n

t
A

n
a

ly
si

s
T

h
e

m
e

s

P
e

rc
e

iv
e

d
E

a
se

o
f

L
e

v
e

ra
g

e
R

a
ti

n
g

(M
e

a
n

/5
.0

0
(S

D
))

C
o

n
se

n
su

s
R

a
ti

n
g

(P
a

rt
ic

ip
a

n
t

A
g

re
e

m
e

n
t

%
)

3.
Be

in
g

tr
us

te
d

w
it

h,
an

d
in

vo
lv

ed
in

,d
ec

is
io

ns
ar

ou
nd

pa
ti

en
tc

ar
e

•
H

ie
ra

rc
hi

ca
lo

r
ne

ga
ti

ve
w

or
kp

la
ce

cu
lt

ur
e

•
N

eg
at

iv
e

ve
te

ri
na

ri
an

at
ti

tu
de

s
to

w
ar

ds
V

N
/T

ca
pa

bi
lit

ie
s

•
La

ck
of

ve
te

ri
na

ri
an

ex
pe

ri
en

ce
an

d/
or

se
lf

-c
on

fid
en

ce
•

La
ck

of
,o

r
un

cl
ea

r,
pr

of
es

si
on

al
re

gu
la

ti
on

•
W

el
l-

de
ve

lo
pe

d
ve

te
ri

na
ri

an
-V

N
/T

re
la

ti
on

sh
ip

s
•

C
ul

tu
re

of
sh

ar
ed

te
am

va
lu

es
an

d
co

lla
bo

ra
ti

on
•

G
oo

d
pa

ti
en

tm
an

ag
em

en
t

re
co

rd
sy

st
em

s

3.
13

/5
.0

0
( ±

0.
98

)
C

on
se

ns
us

no
tr

ea
ch

ed

28



Animals 2025, 15, 1257

Consistent themes were also identified across the proposed solutions. These focused
primarily on addressing leadership issues by improving recruitment procedures for leader-
ship roles, providing ongoing leadership training and support, and utilising management
consultants where necessary to address gaps in business expertise. In addition, a number
of strategies were proposed to support suggested solutions but were beyond the scope of
individual clinics to implement. These included public education campaigns to increase
awareness of industry challenges such as workload; the promotion of better understanding
and acknowledgment of VN/Ts in professional liability insurance policies; and advocacy
initiatives to lobby government and industry bodies for better pay standards, mandatory
registration, and title protection.

Specific solutions and strategies to address each risk and protective factor were devel-
oped based on common themes that emerged from participant responses. A range of broad
solutions were identified for each risk factor, with more specific actions proposed to help
achieve this solution. For example, to increase opportunities for skills and knowledge utili-
sation, one proposed solution was ‘Implement systems to support delegation’. Suggested
actions included: implementing VN/T-to-patient and veterinarian ratios, developing men-
toring programs, developing clear standard operating procedures (SOPs) for performing
clinical tasks, employing support staff to complete non-clinical tasks, and implementing
team rounds to support collaboration. Common themes found across all solutions included
improving communication, training and support, and workflow systems.

3.3. Round 2

Round 2 asked participants to rate the solutions and strategies, developed in Round
1, for ease of implementation (solutions and strategies) and effectiveness in addressing
burnout (solutions). Results for Round 2, summarising the proposed solutions developed
from the Round 1 responses, as well as the mean and consensus ratings for how easy each
solution and strategy would be to implement, and how effective each solution would be in
addressing burnout, can be seen in Tables 2 and 3.

A broad lack of consensus was found regarding the perceived ease of implementation
with scores for 50 out of 51 (98%) of the proposed solutions and strategies spread across
at least four different ratings on a Likert scale of one (very easy) to five (very difficult).
This lack of consensus could be explained by general qualitative data across all risk and
protective factors, which suggested that ease of implementation was expected to vary
depending on a range of contextual factors in the affected clinic. Existing workplace
climate, including team culture, leadership quality, staff willingness for change, attitudes
and behaviours of existing staff, and the ability to effectively design and implement change
processes, were identified by participants as aspects that impact the complexity of effecting
workplace change. Based on these findings, achieving consensus on ease of implementation
was determined to be unlikely due to there being too many variables to determine one, or
any, best practice recommendations. Advancement of these questions to further rounds
was discontinued.
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In contrast to ease of implementation, consensus around effectiveness was reached
in 39 out of 40 (97.5%) proposed solutions. The majority of solutions (87.5%) were rated
as effective/very effective, with three (7.5%) rated as effective/neutral, one (2.5%) rated
as ineffective/neutral, and one (2.5%) where consensus was not reached. Qualitative
data highlighted three key challenges and considerations that applied broadly across the
risk factors and proposed solutions. First, implementation time and strategy must be
considered when initiating any change process to set realistic expectations. Solutions that
rely on culture change, for example, require long term commitment, with one participant
estimating that “It takes time to engage the team and shift the culture (1–2 years)”, and another
noting that change management processes must be carefully considered “It needs to be
done with the people not to the people and it needs to be authentic not just words”. In addition,
historical cultural attitudes embedded in the industry also need to shift in order to reduce
barriers to change as illustrated by the following response: “The most difficult part [. . .] is
getting past the ‘but I have always done it this way’ mentality”. One participant suggested that
embedding leadership skills in professional training programs could be of benefit “The
changing of workplace wellbeing, culture and leadership could be quite easy if these issues were
addressed within [Doctor of Veterinary Medicine] DVM school trainings as well as technician
and assistant schools”. Finally, in some geographical regions, progress on issues including
utilisation, progression opportunities, and remuneration, was reported as being hindered
by lack of regulation or title protection, with one participant suggesting that “Registration
and accreditation of [VN/Ts] with delineation of duties based on experience and education will
assist professional growth and recognition [. . .] and be covered under registration/insurance just
as vets are”. Another participant noted that the lack of, or unclear, regulation impedes
veterinarian’s willingness to delegate tasks that VN/Ts are trained to perform “[Vets] prefer
to do things themselves because they know where accountability will land”.

Out of all risk factors analysed, high workload had the most effective solution: ‘Im-
proving staff retention’, which was rated as considerably more effective than: ‘Hiring more
staff’. One participant noted that “Hiring more staff will always be a problem: 1. As we have
a decline in the numbers of both DVMs and VN/Ts interested in serving this field, 2. Until we
positively impact culture (which drives retention) and workload management systems”. Another
stated that “Hiring more staff is most likely not cost effective for many clinics, improving workflow
and retention of staff is better”. High workload also had the least effective solution: ‘Preven-
tative healthcare focus to reduce the number of cases seen’. Participants suggested that
this was beyond the capacity of an individual clinic to manage, with one noting that “The
public health promotion to clients and consumers would require a HUGE effort from all sectors of
the profession and would be extremely challenging for a clinic to do on their own to change client
and consumer behaviours”.

The most highly rated effective solutions overall addressed poor management and
leadership of the team, which had been rated the hardest risk factor to address in Round
2. Participants noted that leaders in the veterinary industry are often not selected for
leadership qualities, therefore, early support is needed “In the veterinary industry (VN/T and
vet) the leaders are often those that own the practice or ‘fall into’ the position with length of service
or when staff leave. Better or greater focus on leadership and management skills in undergraduate
programs would help”, as well as ongoing peer support “Leadership peer groups that provide
coaching are a much-needed solution”.

Dealing with clients showing rude and abusive behaviours had the only solution
where consensus was not reached: ‘Communicate clear behavioural expectations to clients’.
Conflicting opinions around this focused on how the solution is implemented, with support
for providing clear expectations for both clients and veterinary staff. One participant noted
that “Expectations from clients alone without what they receive in return may be damaging on first
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impressions”, and another confirming “You can post signs for clients about poor behaviour—what
do they care? They can just go someplace else”. A third participant suggested that “When a
client begins at a practice, [they] should be signing some sort of agreement of what the practice will
provide for them and the required client behaviours”.

Analysis of data from open-ended questions in Round 2 was used to revise the
proposed solutions and suggested actions derived from Round 1. This included changes to
language to promote inclusive practice. For example, for Problem 3, exploring solutions to
a negative team culture, the proposed action: ‘support calling out unacceptable behaviour’
was changed to ‘support calling in of unacceptable behaviour’. It also included changes to
promote a growth mindset, acknowledging that individuals have the capacity to change.
For example, in Problem 9, exploring solutions to client incivility, ‘Having to deal with
rude or abusive clients’ was changed to ‘Dealing with clients expressing rude or abusive
behaviours’. In addition, a solution rated as ineffective/neutral was removed, and proposed
timelines to guide implementation of solutions were added based on feedback around
setting realistic expectations for implementation. The final recommendations can be seen
in Table 4.

Proposed strategies and suggested actions to leverage burnout protective factors were
also updated based on analysis of Round 2 data and can be seen in Table 5.
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4. Discussion

The aim of this study was to develop effective and feasible organisational management
strategies to address burnout in VN/Ts. This was achieved by utilising the Delphi method
to first identify the barriers and enablers to effecting change and then explore the perceived
ease and effectiveness of proposed strategies, to develop recommendations.

4.1. Industry-Wide Barriers

The findings revealed that the same barriers exist across all countries involved in this
study. Some barriers, such as inadequate regulation and lack of leadership education in vet-
erinary and VN/T training programs, are beyond the capacity of individual clinics to effect
change and require industry-wide or government interventions. The lack of, or uncertainty
around, regulation of VN/Ts was a key barrier to addressing multiple burnout risk factors.
Whilst current regulatory requirements vary between, and within, countries, participants
from all represented countries (USA, UK, Australia, Canada, and New Zealand) reported
the impact of inadequate regulation on VN/T utilisation. Local associations not permitting
VN/Ts to perform skills they are trained and qualified in, as well as poor veterinarian
education on VN/T regulations, have been found to contribute to poor utilisation [36,37].
Guidelines for optimal utilisation of VN/Ts, published by the American Animal Hospital
Association (AAHA) [38], outline the positive impact on the whole veterinary team, includ-
ing improved patient care, staff retention, and financial sustainability of the business, and
provide multiple resources to support improved utilisation. Further research, however, is
required to measure the impact of these guidelines in the future.

Inadequate support for leaders was also found to be a barrier to addressing numerous
burnout risk factors. Previous studies have highlighted the important role that leadership
plays in managing veterinary team burnout through actions such as support, advocacy,
recognition, and empowerment of staff [1,3]. These findings were replicated in the current
study, but it was also revealed that many veterinary team leaders lack the necessary training
or time to succeed in the role. Promotion of individuals to leadership roles based on clinical
expertise, or length of service, was reported as an embedded cultural problem within the
industry, resulting in a lack of positive role models or mentors to drive change. Provision of
training or support to leaders was proposed as a solution strategy for over half of the risk
factors that were reviewed, which illustrates the extent of the issue. Improved recruitment
processes for leadership positions, as well as better support and training for those interested
in taking on a leadership role, are vital to reducing burnout in VN/Ts as well as VN/T
leaders. Furthermore, non-leadership career progression pathways, other than leaving
the industry, must be offered to increase options for advanced VN/Ts in order to prevent
people advancing to management roles as the only career progression option.

4.2. Clinic Specific Barriers

Unique barriers within individual clinics focused on the existing workplace climate
and therefore, will vary between clinics. Quality of leadership, existing team culture, staff
willingness for change, existing level of staff burnout, financial health of the clinic, and the
ability to effectively design and implement change processes, are all issues that must be
objectively evaluated before determining suitable strategies for implementation.

Addressing poor leadership (Risk factor 5) was found to be a particular challenge
as it requires leaders to accept that they are part of the problem. Whilst this poses a
critical barrier to effecting positive change for VN/T teams, qualitative data from this study
also acknowledged the risk of burnout in leaders. Research suggests that negative leader
well-being is associated with negative employee well-being [39]. However much of the
literature focuses on the effects of leadership on employee burnout, with limited research
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exploring burnout in leaders, despite reports of high levels of stress and demands in their
role [39,40]. In addition to providing support to improve leadership skills, it is essential
that well-being support is also provided to leaders in order to enable them to perform to
the best of their ability. Similarly, implementing significant organisational change has been
found to contribute to burnout in teams [41]. Whilst pre-existing burnout in the team does
not prevent the introduction of new systems, required levels of support, such as time and
resources, should be re-evaluated in order to maximise adaptive reserve and resilience
within the team and avoid increased burnout and turnover [42].

Reluctance of staff to engage in a change process due to attitudes such as “we’ve
always done it this way”, was identified as a barrier in the current study and has also been
reported elsewhere [37,43]. Resistance to organisational change has been reported as one
of the key reasons why change initiatives fail [44]. Reasons for resistance include perceived
loss of control and lack of fairness [44,45], which comprise two of the six key Areas of
Worklife found to contribute to burnout [46]. When encountering resistance to change, it is,
therefore, essential to understand the underlying reasons for resistance, in order to address
these directly [44].

Clinic-specific barriers that are within the capability of individual leaders to address
will vary widely between clinics. Consideration must, therefore, be given to the existing
workplace climate before selecting which strategies to implement, and indeed, how to
implement them, in order to maximise chances of success.

4.3. Solutions
4.3.1. Risk Factors

Common themes among the proposed solutions included improving communication,
developing a culture of psychological safety, developing progression pathways for VN/Ts
with embedded training and support, developing clear policies in collaboration with the
team, and reviewing workplace systems to enhance efficiency. Many of the solutions, such
as improving workplace culture, will be a long process requiring time, commitment, and
resources to ensure that changes are successful and become embedded in the ongoing
normality of the clinic [47]. Kotter’s [48] change management process suggests that short
term wins can help to build morale and momentum to help sustain motivation within
larger change efforts. It may be possible, and even beneficial, therefore, to implement a
combination of short- and long-term strategies simultaneously to help generate positive
change in the short term.

Of the ten workplace risk factors evaluated in the study, high workload and lack
of support have been found to be significant contributors to burnout in VN/Ts [16]. In
the current study, improving staff retention was considered a more effective strategy for
reducing workload (Risk factor 1) than hiring more staff. Reasons for VN/T turnover have
been found to include poor financial outlook, lack of career progression opportunities,
lack of utilisation, poor workplace culture, and lack of employer support [49,50], all of
which have also been found to be risk factors for burnout in VN/Ts [16]. Factors predicting
retention in veterinary nurses have been described as multi-factorial and individual [50].
The introduction of ‘stay interviews’ was one of the proposed actions to achieve this solution
in the current study. These short, proactive discussions between leader and individual
team member are conducted at regular intervals and establish what works well in their
current role and what can be improved and have been shown to have positive results in
human nursing teams [51,52].

Improving workplace culture (Risk factor 3) was identified as particularly challenging
to address due to the time it takes to establish culture change within an organisation.
Research suggests that culture impacts employee engagement, morale, and cooperation,
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all of which play a key role in the implementation of successful change initiatives [47].
Proposed solutions focused on breaking down barriers within the team through actions
such as developing team vision and values collaboratively, establishing support from the
leadership team, and promoting regular and transparent communication. Establishing
a need for change and developing a shared vision are proposed to be two key stages of
successful change management [53]. Research suggests that acknowledging current prob-
lems within the team, developing a clear vision, and combined leadership and employee
support are all required for culture change to be successful [47]. Whilst these have all been
identified as separate actions within the recommendations, it is, therefore, important to
ensure that they are implemented collectively in order to maximise the change of success.

4.3.2. Protective Factors

Factors that protect against burnout in VN/Ts include having control over one’s work,
knowledge of having a positive impact, and being included in patient care decision mak-
ing [16]. As with risk factors, the ability to leverage each of these will vary between clinics,
therefore strategies should be carefully considered before implementation. The perceived
effectiveness of these strategies was not measured, as protective factors are aimed at pre-
venting the onset of burnout, rather than reducing existing burnout [54]. However, a notable
overlap of themes can be seen between proposed primary prevention strategies (protective
factor strategies) and secondary prevention strategies (solutions to risk factors). Teamwork,
collaboration, improved communication, support, and development opportunities, can
be seen across recommendations for both primary and secondary burnout prevention. As
such, it may be beneficial for clinic leaders to consider all recommendations—regardless of
which burnout risk factors have been identified in their clinic—in order to take a proactive
approach to burnout management within their teams.

4.4. Implementation of Solutions

Change management is challenging, and organisational change initiatives have been
reported to fail in 70% of cases, and in up to 90% of cases addressing culture change [55].
Change is, however, essential for improvement and ultimately, the survival of any organi-
sation [55]. The findings from this study showed that a positive and psychologically safe
workplace culture is fundamental to the success of a large number of the proposed solutions.
Previous research shows that a solid understanding of the operational process of change,
as well as establishing upper management support and awareness of the existing issues,
are critical to driving successful change [56]. Instruments to measure organisational culture
and health may be of use in conducting impartial evaluations and have been designed for
use in human healthcare [57,58]. These surveys conduct a full 360-degree evaluation of
areas such as leadership and management effectiveness, staff wellbeing, and patient safety,
and provide a valuable reference for developing veterinary focused assessment tools. Use
of evaluation tools such as these can help to increase leadership awareness of areas where
their perceptions of the organisational climate do not align with those of their teams. This
understanding will support leaders to select targeted strategies which are more likely to be
successful in addressing existing workplace issues.

In addition to assessing workplace climate, the time and effort involved with strategy
implementation must be considered and clearly communicated to the team in order to
set realistic expectations for both staff and leaders. Employee attitudes towards change
have been found to be a key determinant of its long-term success, therefore any change
process—regardless of the intended benefits for staff—must be carefully managed [59].
One of the key barriers to addressing burnout in this study was found to be the lack
of leadership or management expertise within the industry. In veterinary clinics where
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knowledge of workplace program design and implementation is lacking, external support
such as the use of business management consultants with an in-depth understanding of
the veterinary industry should, therefore, be considered to increase the chances of success.

The dissemination of these and future findings is critical to effecting change. Whilst
it is beyond the scope of this study, which focused on implementation of change within
the workplace, industry wide change is essential to achieving meaningful progress. In-
cluding leadership education in veterinary and VN/T training, improving VN/T regula-
tion, and increasing awareness of burnout reduction strategies across the industry can all
make a significant contribution to reducing burnout. In addition, tackling misinformation
around topics such as VN/T utilisation, and individuals’ weaknesses leading to burnout,
is imperative and may benefit from platforms such as social media to discredit broad
misconceptions [60].

Finally, it should be noted that whilst burnout is the result of workplace stressors and,
thus, the workplace has a responsibility to address them where possible, not all burnout
contributors can be completely controlled or eliminated [3]. There is, therefore, a shared
responsibility for VN/Ts to implement individual coping strategies to strengthen the effects
of workplace efforts. Whilst these may be implemented by the individual, however, many,
for example work-life balance, counselling, and education, may also require, or benefit
from, workplace support [3].

4.5. Limitations and Further Research

This study had some limitations worth noting. First, a high level of consensus around
effectiveness of solutions was achieved in Round 2 with only minor proposed modifications
which did not justify additional rounds. As a consequence, there was no opportunity to
measure stability of the results over successive rounds. There is significant variance among
the accepted closing criteria for Delphi studies. Some authors argue that stability must be
measured in conjunction with consensus in order to confirm the validity of results [61].
Others argue that either consensus alone, or a pre-determined number of rounds, is a more
commonly used criterion for terminating a Delphi study [62]. As such, additional rounds
would have enabled the measurement of stability in addition to consensus, but at the risk
of extending the study and further imposing on the goodwill of participants. Further
Delphi studies would be beneficial to confirm the reliability and proposed effectiveness of
these recommendations. Second, whilst all efforts were made to recruit panel members
from a range of representative countries, almost 50% of the panel comprised members
from one country (USA), whilst the other 50% represented members from the remaining
four countries (UK, Australia, Canada, New Zealand). It is, therefore, possible that some
proposed solutions may be more applicable to the culture and legislative climate of the
USA. In addition, all panel members were recruited from developed countries and therefore
data from developing countries was not captured. The findings, therefore, may not trans-
late to the different challenges that may be experienced by VN/T leaders in developing
countries and further research would be beneficial to explore the generalisability of these
recommendations. Finally, gaining expert opinion fills a gap in existing knowledge on
effective organisational strategies to address burnout in VN/Ts. However, further research
is required to evaluate and measure the effectiveness of proposed interventions in order to
know if the recommendations are actually effective in preventing burnout.

5. Conclusions

Burnout in VN/Ts has negative impacts on the individual, patient, and business, but
existing research lacks clear recommendations on workplace strategies to support better
management of burnout at the source. This study developed 39 expert-led workplace

49



Animals 2025, 15, 1257

burnout reduction strategies and recommended actions to guide VN/T managers world-
wide in addressing 10 known risk factors for burnout in VN/Ts. To the authors’ knowledge,
this is the first research to explore expert recommendations to address burnout in veterinary
or animal care professionals. Whilst some of the recommendations are uniquely relevant to
VN/Ts, many apply across broader animal care professional roles and may therefore help
to guide leaders in addressing burnout more widely.

Proposed strategies to address burnout, and associated recommended actions, are
specific to each risk factor, but many had similar overarching themes. These included
providing support and education to leaders, improving communication, fostering a culture
of psychological safety, developing clear guidelines and protocols in collaboration with the
team, providing clear progression pathways, and supporting delegation of tasks to VN/Ts,
as well as redistributing tasks for which they are overqualified. Successful implementation
of strategies relies on first, identifying the presence of workplace risk factors through assess-
ment of burnout among staff, and then, evaluating the existing organisational climate, in
order to select the most appropriate strategies. A good understanding of change processes
will also help to maximise success. In addition, the study identified the need for broader
change initiatives, including development of clearer regulation of VN/Ts, and inclusion of
leadership education within veterinary and VN/T training programs, to better support
veterinary clinics in achieving positive change within the industry. These findings provide
practical guidelines to help veterinary clinics reduce the risk of burnout in VN/Ts, as well
as insights for consideration by the broader veterinary industry to support professional
growth and a more sustainable future.
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Simple Summary: Gender equality is a goal (Goal 5) of the United Nations Development
Programme, yet challenges persist in academia, especially in fields like animal science.
This study focuses on gender issues within the Italian Animal Science and Production
Association (ASPA), which includes both academic and non-academic researchers involved
in animal sciences. Using 2023 data from ASPA and bibliometric information from Scopus
and Web of Science, the research highlights a slow but ongoing reduction in the gender
gap. However, vertical segregation remains a major issue, with few women holding top
positions like full professors. There is also horizontal segregation, as fewer women work in
animal science areas closely related to Science, Technology, Engineering, and Mathematics
(STEM) disciplines, such as Animal breeding and genetics. At the bibliometric level, men
generally perform better in research metrics like publication and citation counts. However,
these differences become less significant when considering academic position, scientific
sector, and age. Women are still under-represented in prestigious authorship.

Abstract: This paper focuses on gender issues within the Italian Animal Science and Pro-
duction Association (ASPA), which includes both academic and non-academic researchers
involved in animal sciences. Data from the association’s archives in 2023 and bibliometric
data obtained from Scopus and Web of Science were used. This study highlighted how
within the ASPA and in that part of the academic realm falling within the field of animal
science, a noticeable gender gap still exists, albeit decreasing over time at a very slow pace.
There is clear vertical segregation, with a minority of women occupying full professor
positions, and horizontal segregation with a low percentage of women involved in animal
science disciplines closer to STEM fields, such as “Animal breeding and genetics”. At the
bibliometric level, gender differences in bibliometric indicators are observed, favouring
men, although these differences are not significant when considering the academic position,
scientific sector, and age. In the official journal of the ASPA (Italian Journal of Animal Science),
women are under-represented in prestigious positions such as first, last, and corresponding
authors. Scientific societies, academic institutions, and research organizations are called
upon to do their part to accelerate the process of overcoming these inequalities.

Keywords: academic careers; authorship; bibliometrics; gender gap; segregation

1. Introduction

Gender equality constitutes one of the 17 key objectives (Sustainable Develop-
ment Goals, SDG) outlined in the 2030 Agenda for Sustainable Development, signed
by 193 United Nations (UN) member states in 2015. As highlighted in SDG 5, “Gender

Animals 2025, 15, 390 https://doi.org/10.3390/ani15030390
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equality is not only a fundamental human right but a necessary foundation for a peace-
ful, prosperous and sustainable world”. This commitment has to be actively pursued by
recognizing and enhancing female skills while ensuring equal leadership opportunities at
all levels of the decision-making process. UNESCO also recently published a document
proposing global action to address the persistent gender gap in science [1].

In recent years, considerable progress has been achieved and regulatory interven-
tions have emerged. In the United States, the National Strategy on Gender Equity and
Equality [2] is the first comprehensive national strategy to advance gender equity and
equality. It is built on an intersectional approach that acknowledges the overlapping forms
of discrimination related to gender, race, sexual orientation, and socioeconomic status,
among other factors, identifying ten interconnected priorities. The EU has implemented
comprehensive strategies for gender equality, resulting in the formulation of the Gender
Equality Strategy 2020–2025. The Strategy, defined as “a set of commitments and actions
that aim to promote gender equality in an organization through a process of structural
change”, presents policy objectives and actions to make significant progress by 2025 to-
ward a gender-equal Europe [3]. Despite the presence of guidelines in both national and
international regulatory frameworks, achieving gender equality in the workplace and
professions remains a significant challenge. The Global Gender Gap Report 2024 from the
World Economic Forum highlights that significant gender disparities persist [4]. Progress
towards closing the gap has been extremely slow, with a slight improvement compared to
2023. At the current pace, it is estimated that it will take 134 years to achieve full gender
parity globally. This report highlights significant gender disparities in the labour market.
Globally, women represent 42% of the workforce but occupy only 31.7% of senior leadership
positions. These disparities are even more pronounced in technical roles and STEM fields,
where women hold only 29% of entry-level positions and just 12.2% of executive roles. The
lack of full technical contributions from women in scientific fields of animal science, where
technological solutions like AI and Agriculture 4.0 are advancing rapidly, limits the ability
to find the innovative and sustainable solutions our planet needs.

The gender gap persists prominently in the context of academic and research environ-
ments [5,6], ranging from universities to scientific associations. The adoption of gender
policies specifically focused on universities and research is relatively recent. Starting in
2022, participation in the new European Framework Programme for Research and In-
novation, Horizon Europe, requires public entities, research organizations, and higher
education institutions to have a Gender Equality Plan. This requirement was introduced in
the “Gender Equality Strategy 2020–2025” by the European Commission [7]. Despite this,
concrete advancements in structural changes or the reduction in gender gaps in academia
remain a challenge. According to Gallego-Moron and Matus-Lopez [8], university measures
to address gender equality vary widely, often shaped by factors like budget constraints
and institutional commitment. As a result, these strategies are frequently inadequate and
ineffective in achieving meaningful progress. Moreover, even when policies are in place,
they appear to have limited results because they mainly address isolated factors rather than
taking a multifaceted, integrative approach [9]. For instance, simulations based on Italian
data revealed that policies such as compensating for women’s reduced productivity during
childrearing years, ensuring greater gender balance in promotion evaluation committees,
and implementing gender quotas are not fully effective unless they are implemented to-
gether in a comprehensive approach [10]. This highlights the importance of continuing
to monitor and critically assess the effectiveness of such policies, particularly in highly
specialized fields close to STEM, like animal science, where disparities persist.

This paper seeks to address these challenges by analyzing the current state of gender
equality within the field of animal science in Italy, with a particular focus on the academic
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and research contexts. Specifically, it aims to explore the factors contributing to vertical
and horizontal segregation and differences in research performances and identify possible
actions to foster greater gender equity.

This preliminary study analyses the current gender scenario within the Italian As-
sociation for Science and Animal Production (ASPA), which includes researchers from
all Italian universities and research organizations (e.g., National Research Council, etc.)
dedicated to various aspects of animal science, including livestock production, aquatic
animals, pets, sports animals, and wildlife. The ASPA, with its member base and study
commissions, endeavours to advance the field of animal sciences and technologies. Its
cultural and scientific role extends further, promoting the exchange of knowledge among
Italian scientific communities. Indeed, the ASPA is committed to improving scientific
communication within Italian society, emphasizing the importance of addressing gender
disparities in academic and research environments.

The authors of this paper are the proponents of the ASPA Working Group on gender
equity with the aim of fostering awareness among members, promoting and disseminating
gender balance through monitoring the situation within the ASPA, and encouraging the
development of a constructive debate aimed at identifying useful actions to overcome
persistent vertical and horizontal segregation. To the best of our knowledge, this is the first
study to analyze the gender equality scenario within the ASPA.

2. Materials and Methods

2.1. Collection of ASPA Member Data

The data on the ASPA members were obtained from the association archive between
March and April 2023 and include the following information: name, surname, age, gender,
type of membership, position, and affiliation organization. The data for 2024 are not
yet available.

The academic positions and scientific sectors of each ASPA member were collected by
consulting the archive of the Italian Ministry of University at https://cercauniversita.cineca.
it/php5/docenti/cerca.php (accessed on 11 April 2023). In Italy, Scientific Disciplinary
Sectors (SDSs) denote specific fields or disciplines of focus for scientists and researchers.
These sectors serve to organize and classify academic and research activities. Each SDS
corresponds to a distinct area of knowledge, allowing for a systematic categorization of
research and expertise. Scientists specialize in one SDS based on their research interests and
expertise. Within these SDSs, scientific productivity is evaluated by qualifying competitions
based on the possession of different threshold values for different SDSs.

In the field of animal sciences, the Scientific Disciplinary Sectors (SDSs) dedicated to
animal husbandry encompass the following:

• Animal breeding and genetics, abbreviated as AGR/17;
• Nutrition and feeding, abbreviated as AGR/18;
• Husbandry techniques, abbreviated as AGR/19;
• Short-cycle animals (fish, poultry, rabbit, laboratory animals), abbreviated as AGR/20.

For the academic regular and aggregate members, the Glass Ceiling Index (GCI) was
calculated. The GCI is a relative index comparing the proportion of women in academic
environments (grades A, B, and C) to the proportion of women in top academic positions
(grade A positions, equivalent to full professorships in most countries) in a given year [11].
The GCI can range from 0 to infinity. A GCI of 1 indicates that there is no difference between
women’s and men’s promotion prospects. A score of less than 1 means that women are
over-represented at grade A level and a GCI score of more than 1 points towards a glass
ceiling effect where women are under-represented in grade A positions. In other words,
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the higher the value of GCI score, the stronger the glass ceiling effect and the more difficult
it is for women to move into a higher position.

Key bibliographic parameters (n. of publications, h-index, and citation index with
and without self-citations) for each ASPA member were collected from Scopus, one of the
largest databases containing abstracts and citations of peer-reviewed research literature
(consulted at the end of March 2023). The h-index, also known as the Hirsch index,
is a metric used to measure both the productivity and impact of researchers’ scientific
output. The h-index provides a single number that reflects both the quantity (number of
publications) and impact (citation counts) of a researcher’s work, commonly used as a
measure of productivity and influence within academic and research environments.

2.2. Data Collection of Authors with Publications on IJAS

The Italian Journal of Animal Science (IJAS), the official open access journal of ASPA, in-
vites all members of the association to support the journal by submitting their manuscripts.
Starting from February 2023, IJAS articles authored by Italian researchers, both ASPA
members and non-members, were extracted from the Web of Science database [12] for
four different years (2002, 2008, 2014, and 2021), refining the search by country/region
(Italy). This study identified the prestigious positions of first, last, and corresponding
authors, and the number of women and men in these roles was counted for each publica-
tion. The corresponding author was only counted if different from the first and last author.
Gender determination required access to the full name of each author, including their given
name in full (not merely initials) and surname. In Italy, gender can be easily inferred from
the full name. In the few ambiguous cases involving foreign co-authors, a specific online
search was conducted to identify the researcher’s gender.

3. Statistical Analysis

The analyses of bibliographic parameters were conducted on a subset of 293 members,
excluding honorary members (aged over 70 years), non-academic members, and members
who lacked an indication of a Scientific Disciplinary Sector.

Subsequently, these data were analyzed using JMP® Pro 17.0.0 software, utilizing
descriptive statistics, ANOVA and ANCOVA models, and non-parametric tests (Welch’s
test ANOVA). These analyses aimed at assessing the effect of gender, age, position, and
scientific field on bibliographic performances. The Logworth statistics (log transformation
of p-value) are reported to explain the contribution of each variable to the ANCOVA
models used.

The sample size in the different analyses could be smaller in the different analyses
reported due to the lack of some information (age, SSDs) for some members or categories
analyzed. For example, the PhD students and fellows do not have an indication of SDs.

4. Results and Discussion

4.1. Gender Distribution of Members in the ASPA

In 2023, the Association for Science and Animal Production counted a total of 491 mem-
bers, considering only individuals and excluding organizations. Members were classified
into three categories: honorary members (retired members), regular members, and aggre-
gate members. According to ASPA’s statute, aggregate members are young individuals
undergoing training in animal science research, including doctoral students, research
fellows, and grant holders. Upon completing their training and transitioning to stable
positions as researchers, they become regular members. Figure 1 illustrates the percent-
age of women within the entire association and across the three membership groups.
When considering only aggregate and regular members (excluding honorary members),
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women account for 46.5%. Among aggregate members, the proportion of women is 52.5%,
markedly exceeding the overall average.

Figure 1. Percentage of women members of the Association for Science and Animal Production in
the year 2024.

According to statistics from the European Union (EU), the proportion of women
among doctoral graduates has shown a slight increase in the last decade, reaching 48.1% in
2018 (EU-27) [11]. This outcome suggests that, without differentiation by the field of study,
gender parity between female and male doctoral graduates has almost been achieved at
the European level, indicating gradual progress towards gender equality over time. At
the Italian level, the proportion of female doctoral graduates is slightly higher than at the
European level, although the evolution between 2010 and 2018 recorded a slight reduction
in the percentage of young women obtaining a doctoral degree, from 53.2% to 50.5% [11].
In particular, when examining the specific fields of “Agriculture, forestry, fisheries and
veterinary”, which are closely related to but not completely overlapping the field of animal
sciences, the percentage of women gaining a doctorate in 2018 was 56.8% at the European
level (EU-27) and 56.3% at the Italian level. These figures are slightly higher than the 52.5%
percentage of aggregate members of the ASPA, which also includes research fellows.

The ASPA was established just over 50 years ago (1973), with only 3 out of its 28 found-
ing members (10.7%) being women. Over time, the percentage of women in the association
has steadily increased, rising from 20.6% in 1994 to 40.9% in 2023, reflecting a nearly
threefold growth over 30 years.

The association primarily includes scientists from all Italian universities and other
research organizations, along with a small number of technicians and professionals. Its
members are distributed across eighteen regions in Italy. Membership is exclusively male
in two regions, while thirteen regions exhibit a male majority, one achieves gender parity,
and two have a female majority.

Academic members constitute the vast majority, representing 88.2% of the association
when excluding honorary members. In contrast, among non-academic, non-honorary
members, gender parity (50:50) is observed, demonstrating a more balanced distribution
compared to their academic counterparts.
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The academic members of the association represent almost the entire cohort of Italian
academics within the field of animal sciences and technologies, which totals 409 scientists,
46.7% of whom are women.

When classifying academic members (aggregate and regular members) by position
and gender, a notable gender disparity emerges in the full professor position (Figure 2). The
figure does not include the category of tenured university researchers as this category is
being phased out and is no longer renewed. Notably, women represent 57% of the tenured
researcher category.

Figure 2. Members of the Association for Science and Animal Production in the year 2023 by
position and gender. Only academic regular and aggregate members, excluding tenured researchers,
were reported.

The diagram highlights the typical “scissor-like” trend that characterizes the male-
to-female ratio at different career levels: the female component consistently dominates
in lower-level positions but becomes a minority in higher-level positions, as confirmed
also by the glass ceiling index, which is equal to 1.7. The balance point corresponds to
the position of associate professor. This trend, with some differences, is also confirmed at
the national level concerning academic staff in 2020 [13]. A similar trend among academic
staff is also reported at the European level [14]. According to this report, while the overall
percentage of women in academic roles is generally close to parity, the representation
of women significantly decreases in higher positions. In 2018 (EU-27), the proportion of
women declined from nearly half (46.6%) in grade C positions (PhD holders) to 40.3% in
grade B (more senior) positions. There was a further decline to approximately one-quarter
of women (26.2%) in the grade A positions, which represents the highest grade at which
research is typically conducted within the institutional or corporate system. Moreover,
it should be emphasized that from 2015 to 2018, the improvement at the European level
appears minimal, indicating a prolonged path toward gender parity. In Italy in 2018, only
23.7% of grade A positions in academic environments were held by women.

The gap is particularly noticeable in Scientific Disciplinary Sectors compared to social
and humanities disciplines: the proportion of women in category A was 17.9% and 28.5%
in Engineering and Technology and Agricultural Sciences, respectively, while, in social and
humanities sciences, it exceeded 30% in 2018. In Italy, the situation appears even more
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imbalanced, with only 13.8% and 19.5% of grade A positions being held by women in the
fields of Engineering and Technology and Agricultural Sciences, respectively [11].

The “scissor effect” refers to a prevalent trend of vertical segregation observed across
various work domains. However, as highlighted by Farina et al. (2023) and other authors,
gender disparities are particularly pronounced in the academic and research spheres, with
progress toward overcoming these inequalities advancing at an exceptionally slow pace [14].
The representation of women declines as if there were a “leaky pipeline” during advance-
ment from junior to senior academic positions, with high attrition rates observed [15]. The
under-representation of women in higher career positions can be attributed to both the
“leaky pipeline” and “glass ceiling” phenomena. The former refers to the effect of women
leaving the career pipeline at various stages while the latter pertains to structural barriers
such as discrimination and gender bias that hinder women’s access to top decision-making
and managerial roles [11].

The causes of vertical segregation in academic careers are multifaceted, complex,
and interconnected. On one hand, there is a well-documented, lower scientific productiv-
ity among women compared to men based on commonly used indicators for assessing
scientific output: the number of publications, citations, and citation indexes [16]. The
lower scientific productivity of women could be partially attributed to the greater family
responsibilities of women, not only childcare but also caring for elderly and disabled family
members. These family commitments compete with research activities but also limit oppor-
tunities for travelling and the establishment of national and international networks, both
crucial factors for accessing funding and publishing scientific work. It is not coincidental
that the international mobility of European female doctoral candidates is higher than that of
their male counterparts, while among senior researchers, the ratio is reversed, with men ex-
hibiting greater international mobility [11]. The lower mobility of female senior researchers
translates into fewer international contacts and opportunities to secure international grants
with international teams, leading to diminished chances of publishing and lower visibility
in the academic world.

Moreover, within the academic context, women tend to exhibit a stronger inclination
than men towards educational activities (teaching and mentoring) and administrative
tasks, thus diverting time away from research [17,18]. In addition, several authors have
highlighted that female researchers may be more hesitant to participate in competitions
due to a lack of self-confidence [19].

According to Filandri and Pasqua (2021), who analyzed career advancement using
data from the entire population of researchers and professors in the Italian university
system, a significant gender gap in career progression emerges [18]. The analysis revealed
that, in this case, the gap cannot be attributed to lower scientific productivity or women’s
reluctance to seek promotions. Instead, it exposed structural gender biases. These biases,
partly conscious and partly unconscious, are likely to contribute to undervaluing the
performances and scientific competencies of women. For instance, the study by Jappelli
et al. (2017) suggests that research papers authored by women receive less favourable
evaluations [16]. Bendels et al. (2018), analyzing 295,557 research articles from 54 journals
listed in the Nature index, highlighted that women are authors of fewer articles than
men (two articles fewer per year), and articles with female key authors are cited less
frequently [20]. The gender difference in citation rates increases as the number of authors
contributing to an article increases. The authors concluded that the prognosis for the
coming decades predicts a really poor harmonization of disparity between the two genders.
Furthermore, additional barriers to career progression include working cultures that lack
gender sensitivity and fail to accommodate family commitments, incidents of sexual
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harassment, bullying, gender-based violence, and differences in individual choices and
behaviour based on gender [13].

As a result, lower proportions of women, relative to men, attain full professorship
positions, which are considered as a pre-requisite for top-level decision-making roles
such as faculty heads or university rectors. These positions are generally associated with
“desirable” attributes, including higher salaries, prestige, social security, and adequate
pension benefits. In the academic context, the over-representation of men among heads
of universities is an example of such vertical segregation. A South Korean study found
that gender quotas improved female faculty representation at all tenure levels but not in
senior leadership roles like the dean or president. This suggests that entry-level quotas
may not suffice to address gender inequality at higher academic levels. Evidence of their
effectiveness across disciplines indicates limited and slow progress in fields where women
are severely under-represented [21].

In addition to vertical segregation, horizontal segregation was investigated by exam-
ining the gender distribution across Scientific Disciplinary Sectors among the association’s
members. The analysis revealed a clear predominance of men in disciplines related to
Animal breeding and genetics (AGR/17; see Figure 3), which are more closely associated
with STEM fields. Values indicating closer gender balance were observed in disciplines
related to Short-cycle animals, such as fish, poultry, laboratory and fur animals, birds, and
rabbits (AGR/20).

Figure 3. Percentage of women among the academic members of the Association for Science and
Animal Production in the year 2023 by the main scientific disciplinary sectors. Only associate and
regular members with SDSs were reported (n = 281).

Horizontal segregation refers to the concentration of women and men in different
sectors (sectoral segregation) and occupations (occupational segregation) [22]. It can occur
within education with over- or under-representation of one gender in specific subjects
and employment with over- or under-representation of one gender in specific professions,
industries, etc. The issue of horizontal segregation may in turn lead to increased vertical
segregation. For instance, undervaluing competencies associated with “women’s work”
may limit women’s prospects for career advancement [11].

Out of the 281 academic regular members, 44% are women. Within the SDSs, women
represent 41.2% in Animal breeding and genetics and 48.6% in Short-cycle animals.
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Although in the field of Animal breeding and genetics (AGR 17) a smaller percentage
of women is observed, this value is not significantly different from the overall average
of 44% of women across all SDSs. However, it can be noticed that in three out of the
four SDSs considered (AGR17, AGR18, AGR19), there is a strong vertical segregation,
with the number of female full professors significantly lower compared to men. Only
in the AGR20 sector, gender differences across academic positions are minimal and not
statistically significant. In the field of Animal breeding and genetics (AGR/17), the strongest
vertical segregation is observed, with a very low percentage of women in full professor
positions (10%) compared to other SDSs (Figure 4), probably linked to a stronger gender
prejudice that considers statistics and calculation as a prerogative of men, as in other STEM
disciplines. This is particularly concerning given the growing reliance of animal science
and the wider agricultural sector on precision livestock farming and artificial intelligence
tools, making these fields increasingly interconnected with STEM disciplines. A lack of
female representation may limit diverse perspectives in a sector that is advancing rapidly
through technological and scientific innovations. This perspective is invaluable as we
aim to develop innovative solutions that not only increase productivity but also support
broader goals of ecological and social sustainability [23]. In-depth analyses of the role of
women in promoting environmental and social sustainability have been published recently
in various fields [24,25].

Figure 4. Percentage of women among the academic members of the Association for Science and
Animal Production in the year 2023 by the scientific disciplinary sectors and position. Only regular
and aggregate members, excluding tenured researchers (n. 281). FT = fixed-term.

The percentages of women reported in Figure 4 reflect the proportion of women
present in the four SDSs at the national level in the Italian university system. Overall,
women constitute 45.9% of the total, and the percentage of women among full professors is
12.5% in AGR/17, 30.8% in AGR/18, 26.3% in AGR/19, and 58.3% in AGR/20, based on
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data from the official website of the Italian university system [26,27]. It is worth noting that
the EU defines gender parity as a 50:50 ratio and gender equality as a proportion between
40 and 60%. In the case of full professors, there is an evident inequality as confirmed by the
glass ceiling index which exceeds 1 in three out of the four SDSs.

Vertical segregation in the SDSs of animal science in Italy could be calculated as the
proportion of women and men who are full professors over the total number of women and
men in academic environments (from full professors to tenure track researchers and fixed-
term type B and A researchers). This results in a significant difference (p-value = 0.0014)
with percentages of 15.7% and 34.3% for women and men, respectively. The opportunity
for women to become full professors, calculated as relative risk, was 0.44 in 2023, whereas,
in 2013, it was 0.27 (when the percentages of women and men full professors were 9.6%
and 35.2%).

Vertical segregation could also be seen from the glass ceiling indexes, equal to 2.2
for AGR/17, 1.8 for AGR/18, 1.6 for AGR/19, and 0.9 for AGR/20. These indexes show
that in three out of the four SDSs with a value higher than 1, a strong vertical segregation
is currently present. The GCIs for the above sectors in 2013 were 1.7, 2.2, 5.3, and 1,
respectively. Although in some SDSs, the GCI has improved over the last 10 years; by
calculating the GCI for the four SSDs together in the same 10 years, it moves from 1.7 to 1.6.

When comparing the values of 2023 with those of 2013, there has been an increment of
approximately 0.6% per year in the number of women full professors and a decrease of
0.1 in the GCI. It can be estimated that it will take approximately 60 years, given the same
trends, to have equal opportunities for women and men to access top positions in the four
SDSs in animal science.

The probability for a woman to become a full professor is significantly lower
(p-value < 0.05) in three out of the four SDSs evaluated. Women (and men) in AGR17,
18, and 19 show values of 7.7% (40.4%), 17.4% (38.3%), and 15.9% (34.1%), respectively.
Only in the AGR/20 sector is there a higher but not statistically different value for women
(vs. men), equal to 23.3% (17.2%). Overall, women have a probability of becoming full
professors equal to 0.44 while men have 2.3 times that probability. These values underline
a persistent inequality of opportunity for women to reach the position of full professor,
contributing to a gender gap in salaries and retirement pensions that accumulate disad-
vantages throughout the entire career of a woman scientist. It would also be interesting to
evaluate these data with respect to academic age, defined as the age at which individuals
achieve different career milestones; however, the necessary data are not available.

While animal sciences, as a whole, may not fall entirely within the STEM category
(Science, Technology, Engineering, and Mathematics), certain disciplinary areas within it
encompass STEM skills. Research in the field of Animal breeding and genetics now de-
mands proficiency in mathematics, statistics, and computer science. Despite improvements
in recent years, women working in STEM fields are still in the minority. According to the
2023 report on gender equality in the EU [26], the proportion of women graduating in
STEM disciplines is persistently lower than that of men and is relatively stable: there are
two men graduating in tertiary education in STEM disciplines for every woman. The ratio
is slightly better at the master’s or equivalent level and at the doctoral level (respectively,
1.5 and 1.8 men for every woman in 2020) [27].

As previously highlighted, when discussing doctoral graduates, at both European
and Italian levels, women graduates were over-represented in the field of Education
and under-represented in the broad fields of ICT and Engineering, Manufacturing, and
Construction [11]. For instance, in Italy, out of 100 female students who enrol in university,
only 21 choose STEM degree courses. Moreover, among all those enrolled in STEM faculties,
female students represented only 37% [28]. This gender gap is present not only in Italy but
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also in Europe and around the world. As teaching and learning cultures can be influenced
by gender stereotypes and unconscious biases, this may constitute a barrier to women’s
progression in STEM fields [29]. Some of the contributing factors to this situation include
gender stereotypes, lack of female role models in STEM disciplines, and differences in
education and perception of these disciplines [30].

In the EU, men dominate 85% of all top-level positions in STEM fields [28]. These
data suggest that the extent of vertical segregation in career paths for women in academic
environments is more pronounced in the field of STEM. Particularly in STEM, women face
barriers including biases from hiring committees, lack of mentoring, social marginalization,
inhospitable group cultures, lower salaries, fewer resources, less respect, lower likelihood
of promotion, and even overt opposition to hiring female faculty members [31].

4.2. ASPA Governance and Committees

Regarding aspects related to the governance of the association, since 1973, the year
of its foundation, ASPA presidents have always been men, and the board of directors has
had an almost exclusively male composition. Only since 2013 has the board, consisting of
five members, including the president, seen the presence of one or two female members.
This phenomenon is largely associated with the different proportion of women reaching
the position of full professor because, as previously highlighted, certain apex positions and
roles are almost exclusively held by full professors.

The ASPA also has permanent or temporary internal study committees that look into
specific topics within the field of animal production and promote activities such as seminars,
conferences, and scientific and informative publications. These committees arise from a
proposal by a member, which is first examined by the Board of Directors and then circulated
among the other members. Membership in these committees is voluntary but regulated to
avoid overly large groups. It is possible to be part of more than one committee. In 2023,
ASPA hosted 11 study committees with a total of 168 members, averaging 15.3 members
per committee, from a minimum of 8 to a maximum of 26. Women constitute 40.5% of
the committee members and 41.7% of the committee coordinators. Since membership is
voluntary, it was expected that the percentage of women in the committees would be similar
to the overall percentage of women in the association. However, it is noteworthy that even
within the committees, evidence of vertical segregation is apparent, with a higher female
presence in the study committee on “Companion animal breeding” (75%) and a lower
presence in committees dedicated to more technical topics such as “Precision Livestock
Farming” and “Statistical Methodology and Experimental Design” (18.8 and 23.1% resp.).

4.3. Bibliometrics of the ASPA Members

The scientific performances of the ASPA academic members belonging to the three
main categories (fixed-term researchers type A and B, associate professor, and full professor)
were analyzed by examining key bibliometric parameters (no. of publications, h-index, no.
of citations, and no. of self-citations). These data were collected by Scopus in March 2023.

When considering only gender as a source of variation, statistically significant dif-
ferences between women and men are observed for the four variables considered and
age (Table 1). Men outperform women in all the variables considered, with a statistically
significant average (and median) difference in favour of men equal to 17.3 (9.5) documents,
2.5 (2.0) points of h-index, 391.5 (189.5) citations, and 66.3 (13) self-citations. Moreover,
the average age of male authors is 3.5 years higher than that of females. This model ex-
plains only 2.3 to 3.3 percent of the observed variability. The differences remain significant
even when using Welch’s test for the variables that show unequal variances (publication
numbers, citations, and self-citations).
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Table 1. Main descriptive statistics for biometric parameters and age by gender.

Gender Women Men (W-M) Statistical Parameters

Publication Sample size (n) 121 172 r2 0.033
Mean 63.9 81.2 −17.3 p-value 0.0006

Median 57 66.5 −9.5 Welch’s p-value 0.0003
S.D. 34.6 50.1

h-index Sample size (n) 121 172 r2 0.026
Mean 18.1 20.6 −2.5 p-value 0.0039

Median 17 19 −2.0 Welch’s p-value
S.D. 7.1 8.2

Citation n. Sample size (n) 121 172 r2 0.025
Mean 1224.3 1615.9 −391.5 p-value 0.005

Median 1003 1192.5 −189.5 Welch’s p-value 0.0033
S.D. 1024.6 1376.4

Self-citations n. Sample size (n) 121 172 r2 0.023
Mean 126.6 192.8 −66.3 p-value 0.0068

Median 98 111 −13.0 Welch’s p-value 0.0033
S.D. 140.2 252.7

Age (years) Sample size (n) 121 172 r2 0.025
Mean 51.6 55.2 −3.5 p-value 0.0038

Median 53 58 −5.0 Welch’s p-value
S.D. 11.3 10.6

r2: coefficient of determination of the ANOVA model. Welch’s p-value is reported when the assumption of
ANOVA is not satisfied.

This effect is clearly shown in Figure 5, where a higher number of male outliers in
terms of the number of documents can be observed. For this metric, out of the 24 top re-
searchers in the first 10% of the distribution, 33% are women. All of the top male researchers
hold full professor positions, whereas among women, only 75% are full professors. This
observation aligns with findings from previous studies [32], indicating that gender dispari-
ties in academic environments can largely be attributed to the extremes of the distribution,
notably the disproportionate representation of men among the highest-achieving scientists.

Owing to the low variability explained by the previous model, which considers gender
as the sole source of variation, a three-way ANCOVA model was applied, including gender,
academic position, and scientific sector as fixed factors with age as a covariate.

It is worth noting that a logarithmic transformation for the variables citations and
self-citations was also explored to address the funnel pattern observed in the residuals.
However, this transformation did not alter the significance of the factors. Firstly, a saturated
model incorporating two- and three-way interactions was applied, but none of these
interactions proved statistically significant and were thus removed from the model.

With this model, gender consistently showed no significance for the four bibliometric
variables considered (Table 2). On the contrary, academic positions, including fixed-term
researchers type A and B, associate and full professors, consistently yielded high signifi-
cance, emerging as the most important source of variation, as demonstrated by the highest
Logworth value. In addition, the SDSs were significant, although the Logworth was lower,
except for the h-index. The covariate age also proved significant for all the metrics con-
sidered, with Logworths lower than those for the SDSs. The r2 of the model increased for
all four variables, with the highest value (0.36) for the h-index and the lowest (0.21) for
the self-citations.
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Figure 5. Distribution of bibliometrics by gender for ASPA academic members. The whiskers of the
box plot extend from the box to the minimum and maximum data points that are not considered soft
outliers (outside 1.5 times the Interquartile indicated by dot).

Table 2. Effects and r2 of the three-way ANCOVA model used.

Y Variables Effects

Obs. n. 280 Positions Age (Year) S.S.D. Gender r2

Document n. 0.32
Logworth 15.13 2.72 2.64 1.01

p-value
h-index 0.36

Logworth 16.06 4.20 1.28 0.48
p-value <0.0001 0.0001 0.0530 0.3324

Citations n. 0.29
Logworth 11.401 3.991 1.022 0.665

p-value <0.0001 0.0001 0.09511 0.21642
Self-citations n. 0.21

Logworth 9.32 3.12 1.80 0.80
p-value <0.0001 0.00076 0.01603 0.15866

The results concerning positions and age align with expectations: as careers progress,
the parameters under consideration tend to increase, as illustrated in Figure 6. Notably,
among male full professors, there are more outliers in the younger age bracket, hinting that
men often advance more swiftly in their careers and attain higher positions earlier com-
pared to women. Several longitudinal studies have linked the gender gap in bibliometric
performance to women’s shorter career durations [33], a higher representation of women
in teaching-intensive and part-time positions [34], and fewer women in the top positions
where both genders achieve the highest performance [35].
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Figure 6. Age by position and gender. The whiskers of the box plot extend from the box to the
minimum and maximum data points that are not considered soft outliers (outside 1.5 times the
Interquartile indicated by dot).

Analyzing a model that incorporates academic age at various career stages by gender
would be beneficial, but regrettably, such data are unavailable.

The position emerged as the most crucial factor. Indeed, the exclusion of the full
professor category, dominated by older men at 75%, eliminates statistical gender differences.
On the other hand, when considering age alone, gender becomes statistically significant,
although with a low explained variability when using gender alone in the simplest model.

In Figure 7, where the Least Square Mean (LSM ± SE) by positions and gender are
reported, it is evident that gender is not statistically significant.

Figure 7. Least Square Means (LSM ± SE) of the bibliometric parameters by gender and position.

Although differences by gender are not statistically significant (Figure 7), the main
descriptive statistics of the distribution by gender and position (Table 1 and Supplementary
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Table S1) show differences starting from early career stages. These disparities persist across
the higher positions, although diminished for some metrics. This pattern highlights both
the “sticky floor” and “glass ceiling” theories, especially evident in outliers among young
male full professors but absent among young female full professors.

To summarize, considering both academic positions and age, statistical parity emerges
between men and women in terms of performance. However, academic positions appear
as the primary determinant of bibliometric performance. Specifically, the early attainment
of full professor positions enhances opportunities for securing research funding, fostering
collaborations, and building professional networks.

As Abramo et al. (2021) note, an intriguing question arises: could the employment of
bibliometric indicators contribute to a more equitable assessment of female researchers? [32]
Various strategies have been suggested, with the most radical proposal put forward by
Abramo et al. (2016) [35], involving the establishment of performance rankings that
differentiate between genders. This proposal stems from the observation, corroborated
by our own data, that “when comparing the research performance of individuals within
the same gender category, distinct rank positions emerge compared to those rankings that
disregard gender distinctions”.

This concept parallels the practice in sports, where gender-specific rankings are
common to ensure fair competition and recognition of individual achievements within
distinct categories.

4.4. Gender Distribution of Authors on IJAS

The number of papers published on the IJAS by Italian scientists increased over the
years (from 27 to 75 papers in the last two decades). In 2002, only 30% of authors were
women and the percentage of prestigious positions covered by female scientists was 22%,
the lowest value obtained in the four years included in the survey.

The gap between the percentage of female authors and the prestigious positions held
by women widened even more in 2008 (−13%) when about one-third of women covered
prestigious positions even though the percentage of female authors was nearly 50%. In
2014, the total number of papers published on IJAS increased significantly in comparison to
2008 but the gender distribution remains unchanged. A trend towards achieving a gender
balance was observed only in 2021, with a sharp increase in prestigious positions covered
by women (41%) despite the lower percentage of female authors (36%) compared to the
two previous surveys.

Abramo et al. (2009) studied the research productivity of the Italian academic system
between 2001 and 2003 using the Italian Observatory of Public Research (ORP) [36]. The
percentage of Italian female scientists in the disciplinary area of Agriculture and Veterinary
Sciences was 27%, and this value is close to the gender distribution of authors in IJAS in
2002 (30%). The authors discovered that in the same period, women were more active
(more than one paper per year) than men (52.7% compared to 47.5%). In the report by
the European Commission (2018), the women-to-men ratio of authorship in the field of
Agricultural Sciences (including animal science) increased from 0.9 to 1.0 in Italy between
the five-year periods 2008–2012 and 2013–2017 [30]. These ratios are similar to the value
found in this study in 2008 (0.92) but lower than that of 2014 (0.72), which is closer to the
EU-28 ratios (from 0.7 to 0.8 in two periods). According to Ross et al. (2022), women in
research teams are significantly less likely than men to be credited with authorship [37].
An investigation into the gender balance in STEM subject areas in Portugal showed that,
among all researchers in any author position, women wrote fewer publications than men
and this gap was largest in 2003 or earlier, although it decreased over the years, reaching
parity in the five-year period 2014–2018 [38]. In addition, Bendels et al. (2017), analyzing
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almost 300.000 articles from 54 journals listed in the Nature index from 2008 to 2016, found
that women comprise, on average, 47.6% of all authorship in Italy [20]. This value is very
similar to that obtained in this study considering the two central years (2008 and 2014).

The percentage of female first authors increased sharply from 2002 to 2008 (15 to
41%) and this increase continued linearly in 2014 and 2021 when the 50% threshold was
reached. Therefore, the growing role of women in the authorship of scientific articles
has been confirmed over the years. Conversely, the percentage of women as last authors
remained stable or decreased over time (from 30 to 25%). Typically, the last position is held
by the author responsible for acquiring funds and other resources necessary to carry out
the experiments. Therefore, these data may reflect some difficulties of women in accessing
public and private funding and performing the role of principal investigator.

Johnson et al. (2021) observed that the percentage of reviewed research abstracts with
a female last author, during the period 2006–2018 at the Pediatric Orthopedic Society of
North America annual meeting, was very low (17.8% of the total) but, in addition, abstracts
with women as last authors were significantly less likely to reach publication compared
to those with men (59.6 vs. 67.9%; p < 0.05) [39]. In the paper by Bendels et al. (2017),
women are, on average, 33.1% of the first authors and 18.1% of the last authors at the
global level [20]. The highest average annual growth rate from 2008 to 2016 was found for
the last authorship (1.4%) followed by the first authorship (0.7%). This positive trend is
confirmed in this study only for the female first authors while, for the female last authors,
the percentage is stable (on average 25% in the last three years considered).

Nevertheless, the percentage of women in the role of corresponding author (considered
only if this position is different from the first or last author) increased threefold (from 15 to
45%) over the years. This trend is not linked to a corresponding increase over the years
in the total number of women involved in the publication of articles (+6%) and could
be justified by the fact that women are traditionally believed to have a greater aptitude
for managing, rearranging, and proofreading manuscripts, following the stereotype that
women are more organized and more persevering than men. This gender stereotype
is derived from the unequal distribution of men and women in social roles both in the
household and the workplace [40].

In a recent publication on gender disparities in high-quality research revealed by the
Nature index, the writers, who did not have access to the researchers’ academic positions,
reported lower productivity for female authors [20]. In the same publication, the writers
also reported that articles with female key authors (first and last) are cited less frequently
than articles with male key authors.

This difference in citation rates increases as the number of authors contributing to an
article increases, probably due to the strong competition for key positions among female
authors. Furthermore, they observed distinct differences at the level of journal, journal
category, continent, and country.

5. Conclusions

This study highlighted that within the association for animal sciences and the broader
field of animal sciences, there is still a noticeable gender gap that has reduced over the
years but at a very slow pace. In particular, there is a vertical segregation with a minority of
women occupying full professor positions and a horizontal segregation with a low percent-
age of women involved in technical disciplines closer to STEM. At the bibliometric level,
differences in bibliometric indicators between women and men are observed, favouring
the latter, although these differences are not significant when taking into account academic
position and scientific sector as fixed factors, with age as a covariate. Considering the
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authorship of scientific papers, women are under-represented in prestigious positions such
as the first, last, and corresponding author.

This study provides evidence of barriers hindering women’s advancement in science
despite recent policy efforts for equality. However, some limitations must be acknowledged.
It focuses on a single disciplinary field, examines only the Italian context, and does not
include variables such as academic age due to data unavailability. Despite these constraints,
the findings offer valuable insights for understanding gender disparities in academia.

The question of why so few women reach top positions and why progress is slow
remains. The roots of this imbalance are deeply entrenched in local and historical contexts,
perpetuating systemic inequalities. Effective policy efforts to increase women’s partici-
pation in science must address complex social, cultural, economic, and political factors.
Each country must identify and tackle the mechanisms perpetuating past inequalities, as
neglecting the intellectual contributions of half the population cannot be justified.

Overcoming the gender gap in academic and research environments requires action
not only within universities, research centres, and associations but also in broader societal
realms. Cultural evolution, education of new generations against stereotypes, family sup-
port, and welfare policies are essential. However, the academic and scientific community
is also called upon to play its part in the process toward gender equality, a process that
is currently advancing too slowly. Efforts should prioritize equity in power roles within
institutions, visibility in scientific events, and authorship in scientific publications. Research
groups should strive to achieve gender balance across all disciplines, and balanced teams
should be incentivized. Departments and universities should be encouraged to adopt re-
source distribution criteria that consider gender balance in leadership and decision-making
roles. Furthermore, selection panels for research projects and editorial boards should ensure
balanced gender representation and receive training to mitigate biases that contribute to
the under-representation of women. As highlighted by several authors, the simultaneous
implementation of all policies is essential; otherwise, progress may be significantly delayed.
Scientific associations, such as universities, should adopt regular gender balance monitor-
ing, using indicators to measure and drive progress. Establishing an annual evaluation
system tailored to gender in academic environments could aid in addressing the issue.
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Simple Summary: Comparative psychology is the oldest of the social sciences, and is one of the
natural science branches of psychology. This article is the first to suggest that comparative psychology
be incorporated into the vet school curriculum. Many aspects of comparative psychology form natural
links with the training of veterinary students. These links include the study of ethics, animal behavior,
research methodology, and animal welfare.

Abstract: This article highlights some of the advantages that comparative psychology offers the
veterinary student and veterinary education generally. Comparative psychology is the oldest of the
social sciences and, as such, has accumulated over three centuries of experience in such areas as
research design, animal–human interactions, and animal behavior. To establish whether comparative
psychology is taught in veterinary schools, we survey all course catalogs of U.S. veterinary schools.
None of the schools surveyed offered a course in comparative psychology, and inconsistencies were
noted among the schools in regard to courses in animal–human interaction, animal behavior, and
ethics. Suggestions are provided on how to incorporate principles of comparative psychology in
veterinary education at both the undergraduate and graduate levels.

Keywords: comparative psychology; veterinary education; teaching

1. Introduction

One of the most important challenges facing veterinary science is the training of
veterinary students. In the United States (U.S.), the veterinary curriculum is usually
four years, at the end of which the student receive the degree of Doctor of Veterinary
Medicine. Throughout the four years, students receive training in a variety of areas,
including anatomy, animal–human interaction, biochemistry, comparative anatomy and
physiology, endocrinology, ethics, neurobiology, nutrition, parasitology, pharmacology,
and a host of other specialized courses.

The purpose of this article is to recommend that veterinary students take a course
at either the undergraduate or graduate level in comparative psychology. Comparative
psychology (CP) is the oldest of the organized social sciences, with the term first used in
1778 [1]. As the oldest of the social sciences, CP has the most experience of any behavioral
science working on the fundamental issue of animal behavior including ethics, animal–
human interaction, and experimental design [2,3].

CP has been defined as the “application of the comparative method to problems in
psychology” [4,5]. As such, it is a general psychology with methods and results applicable
to both human and non-human animals. Indeed, one of the goals of CP is to conduct a
variety of comparisons of humans with non-human animals. CP is one of the few natural
science branches of psychology and is arguably the only behavioral science that specifically
compares human and non-human animals. As such, we believe that many of the principles,
methods, and data of CP are a natural fit with veterinary education. As far as we can
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determine, the present article is the first to suggest that a link between veterinary education
and a course in comparative psychology would be beneficial to veterinary students.

CP differs from fields such as animal behavior and comparative cognition. While
some aspects of CP may overlap with other animal behavior courses/disciplines, they are
not identical [5]. Students of CP receive combined training in the principles of behavior
and methods of comparative analysis. Of relevance to veterinary education is that CP
courses contain components related to animal–human interactions, the use of conditioning
methods, and the role of animals in the therapeutic process. Seldom, if at all, are these
topics covered in any other course that focuses on animal behavior. Moreover, in the
best CP courses, students receive laboratory experiences where they directly compare the
behavior of various animals, including humans.

We believe that CP has much to recommend for veterinary training. First, as a general
psychology, CP offers students a variety of perspectives, many of which are directly related
to veterinary training. These include a focus on ethics, animal–human interaction, the use
of animals as a therapeutic adjunct, and the use of clinical psychological methods to treat
animals for depression and other behavioral ailments. Moreover, as CP is psychology-
based, students also receive instruction in the more social aspects of dealing with animals
and interacting with fellow humans. Recently, it has been suggested that an interaction
between CP and clinical psychology would be beneficial to both fields [6]. This emphasis
on the social interactions of human animals is perhaps unique to psychology-based courses.

Second, a course on CP contains information on how to use classical and operant
conditioning methods to train a variety of animals in a variety of situations. For instance,
conditioning methods are routinely used not only to increase the production of farm
animals, but also to improve their welfare [7,8]. Moreover, the training of companion
animals is also based upon some form of conditioning. The fact that veterinary students
have little to no theoretical and practical experience in classical and operant conditioning
puts them at a distinct disadvantage when confronted with the behavioral problems of
their clients.

Third, the research designs used in CP will help the veterinary student better un-
derstand good research, and recognize poor and misleading veterinary research. For
those veterinary students interested in conducting research, a thorough understanding
of comparative research methods will dramatically increase the reliability of their find-
ings [2]. Even a cursory understanding of the research methods used in CP will help the
student better understand research, and make them better researchers and consumers of
veterinary science.

Consider, for example, that one of the most fundamental research methods in CP
is the ethogram (also known as a behavioral profile). A veterinarian may be confronted
with a situation where the human caregiver may state that their pet “always engages in
the problem behavior”. A veterinarian with a background in CP will immediately know
that this is not true, as there are “behavioral patterns”. The veterinarian will then request
that the human caregiver keep a detailed record of, for example, the time of occurrence,
the intensity of occurrence, and what was happening the moment the problem behavior
was expressed. In effect, the human client becomes a citizen scientist [9]. With such a
detailed record, both the veterinarian and the human caregiver are in a better position to
treat the behavioral problem. A Google search will reveal that there are literally hundreds
of ethograms on all aspects of animal behavior that the veterinarian can refer to. Moreover,
there are videos on how to prepare an ethogram. The senior author (CIA), for example,
co-developed an ethogram to evaluate enrichment devices for elephants [10].

Fourth, because CP contains a significant social science aspect, the veterinary student
will be in a better position to understand the social bond between the animal and the
human caregiver. As mentioned earlier, animal–human interaction is a significant research
area in CP. No other psychology or animal behavior course maintains such a focus.
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2. Search Methodology

To determine if CP is currently covered in veterinary schools, we looked at the course
catalogs of all 32 veterinary schools in the United States (U.S.). We restricted our search to
U.S. veterinary schools, as we could not access data from non-U.S. schools. We looked at
three areas covered in a typical CP course to determine whether some aspects of CP are
covered. These areas are animal welfare, animal behavior, and ethics. The results are below,
and clearly show that these fundamental aspects of CP are seldom, if at all, included in the
veterinary school curriculum.

All university course catalogs were accessed and evaluated (omitting the University
of Florida, because student login credentials were required). Courses in welfare, ethics,
and behavior were all recorded on an Excel spreadsheet. Course numbers and course
descriptions, as well as whether the course was offered as an elective or core class, were
also recorded in the spreadsheet.

3. Results

The data we obtained from our search of veterinary school catalogs is presented below.
The catalogs were examined from November 2022 to January 2023. We believe they are the
most current catalogs at the time this article was submitted. The first graph represents the
number of schools offering courses related to animal welfare. The second graph represents
the number of schools offering courses in animal behavior. The last graph represents the
number of ethics-related courses offered by veterinary schools.

Animal Welfare Course Data: Figure 1 shows that, of the 32 AVMA-accredited veteri-
nary colleges that allowed access to course catalogs, six (19%) required an animal welfare
course to be taken by the veterinary students. Only four (12%) colleges offered a welfare
class as an optional elective course, and the remaining 22 (69%) colleges do not offer a
welfare course.

Figure 1. Distribution of animal welfare courses for schools of veterinary medicine.

Behavior Course Data: Figure 2 shows that, of the 32 AVMA-accredited veterinary
colleges that allowed access to course catalogs, 12 (37%) required a behavior course to be
taken by the veterinary students. Seven (22%) colleges offered a behavior course as an
optional elective, and the remaining 13 (41%) universities do not offer a behavior course.
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Figure 2. Distribution of animal behavior courses for schools of veterinary medicine.

Ethics Course Data: Figure 3 shows that, of the 32 AVMA-accredited veterinary
colleges that allowed access to course catalogs, only 11 (35%) require a core class in ethics
to be taken. Two (6%) of the colleges offer ethics as an optional elective course, and the
remaining 19 (59%) do not offer any sort of ethics course.

Figure 3. Distribution of animal ethics courses for schools of veterinary medicine.

4. Resources

It is beyond the scope of this paper to provide specific exercises that can be incorpo-
rated into a veterinary school curriculum. Many resources can be found in the open-access
journal The International Journal of Comparative Psychology (IJCP) (https://escholarship.org
/uc/uclapsych_ijcp accessed on 3 July 2023). In addition to free access to articles related to
CP, IJCP recently published two special issues related to teaching (Volume 33) and the state
of CP (Volume 31), respectively. These two special issues will be particularly important for
those educators wanting to either develop a CP course specifically designed for veterinary
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students and/or incorporate elements of CP into an existing course. These resources can
also serve as independent readings, and as a base for discussion at the administrative level
for those programs considering integrating CP into their curriculum on a formal basis.

The special issue related to teaching (https://escholarship.org/uc/item/78468853
accessed on 3 July 2023) includes 12 papers summarizing over 50 classroom-tested inquiry-
based exercises. A wide variety of invertebrates and vertebrates are used, ranging from
tardigrades to humans. The activities range from experiments on basic conditioning to the
construction of ethograms. Of particular interest are papers describing how to construct
apparatus using 3D printers, and how to construct low-cost robotic animals [11].

The current state of comparative psychology is the focus of the second special issue [12].
This issue contains 13 articles that cover a wide range of topics. These topics include
comparative methodology, data analysis, equine therapy, and the philosophy behind
CP (https://escholarship.org/uc/item/0mn8n8bc accessed on 3 July 2023). One paper
provides general resources including books, review articles, history, websites, and teaching
exercises [5].

5. Benefits of CP to Both Undergraduate and Graduate Veterinary Students

Incorporating CP at the graduate level offers veterinary students several advantages.
Many of these we have already mentioned, including the study of ethics, the implementa-
tion of research design, and the use of conditioning methods. Moreover, the “social” nature
associated with a psychology course will better prepare students for interacting with the
public and, perhaps, better understanding themselves.

As just one example, consider how conditioning methods are used to improve the
lives of farm animals and to increase their production. Abramson [13] shows how classical
and operant conditioning is used to modify the behavior of farm animals, and Baldwin [7]
reports on how operant techniques are used by animals to regulate their environment.
Functional knowledge of conditioning methods is not only useful for veterinarians working
with hoofed animals, but also for those working with companion animals exhibiting
behavior problems.

Moreover, conditioning methods can be used to improve the lives of animals by
reducing environmental stress. In an unpublished experiment, the senior author (CIA)
trained a llama to poke its head through a “hula hoop” for a food reward. Head poking
was automatically recorded, and a food bin was programmed to operate when the llama
met specific contingencies. This method, which was later adapted for horses [14], was
subsequently used by the llama to tell the researcher which food it preferred, to turn on and
off a water, spray, and to turn on and off a fan. The latter two rewards were particularly
useful in the hot Oklahoma summers, where temperatures can reach in excess of 100◦
Fahrenheit (37.8◦ Celsius).

For veterinarian students focusing on research, there is no behavioral science that
has more experience designing and interpreting animal behavior experiments than CP [2].
Consider the following example. The senior author, who is a comparative psychologist
(CIA), was asked to join a team to evaluate the digestive properties of dog chews such
as GreeniesTM. Rather than test the product on a dog, he modified the original method
of Pavlov [15] by placing the digestive juices in a test tube along with the product. The
degradation of the product could now easily be determined by weighing the remaining
sample as a function of time. This procedure has the added advantage that it permits the
parametric manipulation of several independent variables, such as the amount of gastric
juices. This procedure eliminated any possible stress in test animals, as none were used [16].

Other examples where the methods of CP were used to gather data of interest to
veterinarians include a study on the use of silver vine (Actinidia polygama Maxim) as an
enrichment aid for cats [17], the development of a survey instrument to match a human’s
personality characteristics to those of their pets [18], issues related to equine therapy [19],
an analysis of reproductive endocrinology and musth in a captive Asian elephant [20], a
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comparison of food vs. human contact as a reward for horses [21], and a study investigating
the ability of horses to measure time [14].

The above examples focus on traditional research areas familiar to veterinarians. How-
ever, an understanding of CP can be used in areas not normally considered by veterinarians.
These include the relationship of CP to pet industry litigation [22], and how consumer
products affect animal behavior [23].

At the undergraduate level, we would encourage pre-vet majors to take a course in
comparative psychology. Such a course, in combination with those typically required for a
pre-vet major, will significantly enhance their preparation for graduate training. The results
of our survey of veterinary schools show the graduate training of veterinary students in
the area of ethics, behavior, and animal welfare is not consistent. These topics are part of
any competent undergraduate course in CP.

6. Limitations and Challenges

This article advocates incorporating CP in the training of veterinarians at the grad-
uate and at undergraduate levels. We also suggest that CP be incorporated into the
training of veterinary professional associates (VPA). The development of VPA fills a
much-needed gap in veterinary practice [24]. We would advocate that those veterinar-
ian policymakers charged with developing VPA programs consider adding a course in
comparative psychology.

Despite the many advantages of CP [3–5], there are challenges associated with finding
CP programs. A major challenge is that few psychology departments associated with
universities that maintain veterinary schools offer CP courses to their undergraduates. In
our previous data set, we omitted the University of Florida because a login was required.
No such restriction was present to access the course listing in the psychology department.
Of the 33 total AVMA-accredited veterinary colleges in the United States, seven (21%)
offered comparative psychology courses to their undergraduate students, and seven (21%)
additional universities offered an animal behavior course, but did not include comparative
psychology in the course title. The remaining 19 (58%) universities did not offer any
comparative psychology or animal behavior courses to their undergraduate students.

The situation is perhaps more dire when graduate programs in CP are considered.
Of the 33 total AVMA-accredited veterinary colleges in the United States, not a single
university offers a strictly CP program. Eight (24%) universities offer an animal-behavior-
focused graduate program, and the remaining 25 (76%) universities do not offer any CP or
animal-behavior-focused graduate programs.

The lack of CP programs is not restricted to universities that maintain veterinary
schools. The problem is nationwide. Of the 650 universities and colleges surveyed, in-
cluding those that maintain veterinary schools, only 82 (12%) offered an undergraduate
course in CP [5]. This absence of CP programs is reflected by the fact that there is only one
currently available textbook [25].

7. Recommendations and Discussion

As mentioned in the Introduction, we believe this is the first article to suggest that
comparative psychology be incorporated into the veterinary school curriculum. To provide
some supporting evidence for our assertation, we looked at volumes 25 (2001) through
50 (2023, numbers 1 and 2) of the Journal of Veterinary Medical Education. Discounting, letters
to the editor, editorials, and book reviews, of 1,360 articles, only three fall into the general
area of CP [26–28].

Despite the limitations and challenges, we believe that incorporating CP into the
veterinary school curriculum will benefit both CP and the teaching of veterinary students.
Given the lack of comparative psychology courses and graduate programs, we suggest that
those interested in incorporating CP:

1. Work closely with a comparative psychologist to develop curricula. The International
Society for Comparative Psychology operates a Listserv (http://www.comparativ
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epsychology.org/accessed on 3 July 2023) and Division 6 (Society for Behavioral
Neuroscience and Comparative Psychology) of the American Psychological Associ-
ation (APA) maintains a list of comparative psychologists. Moreover, the APA has
an educational consulting service consisting of individuals specializing in evaluating
and developing educational resources;

2. Commission a CP textbook specifically designed for veterinary students;
3. Develop an online CP course for veterinary students;
4. Integrate CP courses into the undergraduate pre-vet curriculum;
5. Assign CP readings for veterinary students without access to CP programs;
6. Hire comparative psychologists as faculty members/consultants;
7. Design an intensive one-week “mini-course” in comparative psychology.

Although the data and ideas discussed in this paper are based on U.S. institutions, we
believe that the situation is similar in other parts of the world. Several papers have been
written advocating for CP in Africa [29,30] and Asia [31]. These papers, and the present
contribution, can help colleagues in these parts of the world better understand CP, and
stimulate them to incorporate CP into their countries’ veterinary training.

In conclusion, we believe that, with some effort, CP can significantly add to the training
of veterinarian students.

8. Conclusions

The partnership between comparative psychology and aspects of veterinary training
seems a natural one. Both have a stated interest in the ethical treatment of animals, a
focus on behavior, and a concern for animal welfare. Moreover, both share an interest in
animal–human interactions and the use of behavioral techniques. Behavioral techniques
are used to treat problem behaviors and to increase the output of farm animals, by estab-
lishing appropriate conditions of reward and designing suitable environments conducive
to production. Moreover, the research designs associated with CP are some of the oldest
available, and help the veterinarian student plan better experiments and recognize good
behavioral science.

Integrating CP into veterinary school curricula will not be easy. Few veterinary
schools have associated psychology departments offering CP courses. There are also few
graduate programs. We have provided several suggestions, such as independent readings,
developing a CP textbook designed for veterinarian students, and creating an online course.
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Simple Summary: Veterinarians often suffer from mental diseases. Related studies have mostly
regarded veterinarians working in practice, so little is known about veterinarians working for
authorities (official veterinarians). Official veterinarians control animal husbandries or food producers
to ensure animal welfare, freedom from infectious diseases, and food safety. We assessed the
psychosocial wellbeing of official German veterinarians and compared it to that of employees in
other professions using an online questionnaire. The results indicated that official veterinarians
experience high demands during their work and are regularly exposed to offensive behavior during
their activities. They also felt exhausted more often than employees in other professions. They
also considered their work as meaningful and had more freedom than other employees concerning
working time and how they performed their jobs. The results indicate that official veterinarians may
require protection and support.

Abstract: Background: Even though the mental health of veterinarians has raised concerns, little
is known about the wellbeing of official veterinarians ensuring animal welfare, food safety, and
control of infectious diseases and performing other tasks for veterinary public health. Therefore, the
aim of this study was to assess the psychosocial conditions of official German veterinarians and to
compare them with those of other employees. Methods: An online survey was conducted including
82 items of the Copenhagen Psychosocial Questionnaire (COPSOQ III) and additional questions on
workplace and demographics. Results: The answers of 838 respondents were analyzed, representing
26% of the target population. The average values for the dimensions Quantitative Demands, Emotional
Demands, and Burnout Symptoms were substantially higher than those for German employees in other
professions. Official veterinarians mainly working in animal welfare frequently experienced physical
violence (6.7%) or threats of violence (53%). However, the profession also provides advantages:
official veterinarians reported higher average values concerning the dimensions Control over Working
Time and Influence at Work than other employees. Most participants stated that they experienced their
work as meaningful, and the Job Insecurity dimension was low. Conclusions: Official veterinarians
frequently experience offensive behavior and high-level demands. Therefore, measures to support
and protect official veterinarians are needed. The positive aspects of this job should be emphasized
to recruit and retain veterinarians in this field of the profession.

Keywords: mental health; COPSOQ III; veterinary authorities; survey; welfare controls; job satisfaction;
psychosocial conditions; One Health; wellbeing

1. Introduction

The mental wellbeing of veterinarians is a cause for concern. Veterinarians more often
suffer from stress and depression and are more likely to commit suicide than the general
population [1,2]. This phenomenon has been observed for several decades worldwide [3–9].
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However, the awareness, discussion, and research of this topic have focused on veterinari-
ans working as practitioners. Concerning veterinarians working for the authorities in cities,
districts, federal states, or federal ministries (hereafter referred to as official veterinarians),
little is known. Additionally, official veterinarians might suffer from work-related mental
health problems; for instance, two official veterinarians committed suicide in Germany in
2015, one after being threatened by farmers [10].

Official veterinarians provide several different functions in the context of One Health
such as controlling compliance with laws and other regulations. In Germany, they ensure
the health of humans by inspecting food of animal origin in slaughterhouses as well as
in shops or restaurants, monitor infectious diseases in livestock and pets, and inspect
households and farms to ensure animal welfare. Moreover, official veterinarians inspect
or control animal by-products, animal experiments, veterinary pharmacies, and the trade
of animals and food of animal origin at the border. In 2021, 10% of all veterinarians
(3224 of 32,930) were employed as official veterinarians in Germany [11]. Worldwide,
no current information is available on the field of work of 10 million veterinarians [12].
In 2003, approximately 25% of veterinarians worked for the government (also including
veterinarians performing animal health services funded by the government [13]).

Several risk factors have been identified regarding the mental health of veterinari-
ans working in practice. For instance, dealing with bereaved clients [14], long working
hours [15], and performing euthanasia [7] are associated with distress, anxiety, and/or
sadness. However, the working life of official veterinarians is different from that of prac-
ticing veterinarians; therefore, these factors may not fully apply to official veterinarians.
For instance, official veterinarians do normally not perform euthanasia but may have to
order and/or perform the culling of thousands of animals to control infectious diseases. In
these as well as in other situations, official veterinarians are highly accountable and must
weigh different interests and aspects. Unannounced controls concerning animal welfare
or food safety are part of the everyday work for most official veterinarians, which can be
stressful [16] as the situations are unforeseen. The persons facing these controls are often
stressed and sometimes ready to use violence, such as when pet owners fear that their pet
will be taken away or when farmers fear losing their livestock, which are their source of
income and a part of their identity. In Germany, several attacks on official veterinarians
have recently been reported. The most severe cases were caused by farmers: an official
veterinarian was killed in 2015, two official veterinarians were injured with an iron rod
in 2016, and an official veterinarian was shot in 2017 [17]. Official veterinarians often
have to balance the interests of animals and humans, which can lead to moral distress [18].
Animal welfare incidents are often associated with the social, health, and/or psychological
difficulties of the owners. Determining an adequate response is challenging for official
veterinarians [19]. However, how strongly these factors influence the wellbeing of official
veterinarians is unknown.

A second factor that might be demanding for official veterinarians is that all controls
and conversations have to be documented to enable their use as proof in court proceedings.
In addition, workload impacts the wellbeing of veterinarians as well as other types of
employees [20,21]. The work tasks of official veterinarians have probably increased in the
recent years due to different factors: new regulations that have been enacted, such as the
Animal Health Law in 2021 [22]; more emphasis being placed on animal welfare; and, finally,
the prevalence of new or reoccurring infectious diseases, e.g., the highly pathogenic avian
influenza and African swine fever. In Germany, the veterinarian workload also increased
in official veterinary service due to skills shortages and job vacancies [23,24]. All these
factors, including high levels of responsibility, conflicts, requirements for court-proofed
documentation, moral distress, and high workload, have presumably resulted in high job
demands. However, scientific research on the demands faced by official veterinarians in
their jobs is limited. Worldwide, to the best of our knowledge, only one scientific study
has been conducted on the wellbeing of official veterinarians [16]. Ultimately, knowledge
must be obtained to keep as many official veterinarians in their jobs as possible and to
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attract more veterinarians to these positions to ensure food safety, animal health, and
animal welfare [24]. Therefore, the structural benefits and demands the professionals
experience must be understood. As such, the aim of this study was to assess the status of
the demands, social relationships, leadership, influences, and potential at work; conflicts
and violence; as well as the job satisfaction and (mental) health of official veterinarians
using the Copenhagen Psychosocial Questionnaire (COPSOQ III). Where possible, the
results were compared with those of employees in other professions to identify differences.
In particular, we hypothesized that official veterinarians experience high levels of cognitive
and emotional demands and often experience conflicts and offensive behavior during their
work. Finally, we analyzed whether the emotional and cognitive demands as well as the
burnout symptoms differ between age groups, genders, persons in leadership positions,
and different fields of work (animal welfare or others).

2. Materials and Methods

The questionnaire used in this study was developed from the third version of the
Copenhagen Psychosocial Questionnaire (COPSOQ III) described by Burr et al. [25]. This
questionnaire is a generic instrument used to assess the different dimensions of psychosocial
conditions and is applicable for all kinds of jobs [25]. The COPSOQ III is not a ready-to-use
questionnaire but a catalog of questions that are grouped into three different levels: core,
middle, and long. For this study, all 31 core, 13 middle-level, and 38 long-level questions
were used (Table S1). The questions belonged to the different dimensions of psychosocial
conditions, e.g., Job Satisfaction and Emotional Demands [25]. The 82 questions used in this
version were from 40 different dimensions. We used most of the items and the phrasing of
the validated German Standard Version (GSV [26]). The GSV questions were supplemented
using questions from the COPSOQ III that were considered relevant for the purposes of
our study. In particular, questions relating to conflicts and offensive behavior were added.
Participants were asked about their experiences in the last 12 months concerning gossip
and slander, conflicts and quarrels, cyber bullying, sexual harassment, threats of violence,
and physical violence. If a person reported that they experienced such behavior, they
were asked by whom (owner of animals, food producer, coworker, supervisor, or someone
else). Moreover, demographic information (gender, age, and federal state), information
concerning professional experience and current workplace, and the availability and the
attitude toward certain measures that might reduce work-related demands were requested.
All questions except the open questions were mandatory. In total, the questionnaire
comprised 139 questions and is available in Supplementary File S2 in the original language
(German). The questionnaire was pretested by a colleague with expertise in psychology as
well as by three official vets. Feedback was received either by email or voicemail. After the
pretest, only minor changes were made.

This study’s design and questionnaire were approved by the Ethics Committee of the
Freie Universität Berlin (ZEA-Nr.: 2022-024). Each participant was informed of the aims of
the study and that some questions might evoke memories of demanding situations. They
were further informed of the personal-related data such as gender that would be collected.
The possibility of quitting the survey without further consequences was mentioned. IP
addresses or other individual-related data were not collected. All participants actively
agreed to participate. The data of the participants were treated confidentially.

The questionnaire was implemented in LimeSurvey Cloud and was accessible via an
internet link (https://vetepi.limesurvey.net/935244?lang=de accessed on 11 June 2024).
A short introduction informed the participants concerning the aim of the study and data
protection measures. Questions were displayed on 12 pages. At the end of the survey,
the participants had the opportunity to provide comments. The survey was available
from 1 November 2022 to 23 of January 2023. The invitation to participate was shared
on a Facebook group of official veterinarians and was published in the Journal of the
Veterinary Chamber in Germany. Moreover, the association of official veterinarians of
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Germany (Bundesverband der beamteten Tierärzte e.V.) distributed the invitation via
e-mail to their members.

The answers were exported to Microsoft Excel© (16.0) and imported to Statistical
Analyses Software (SAS© Version 9.4), which was used for data handling as well as
statistical analyses. Figures were created using Microsoft Excel© (16.0). The answers were
checked for plausibility, where possible. The answers from persons who stated they did
not work as an official veterinarian and those who did not complete at least half of the
questionnaire were excluded.

All questions from the COPSOQ III were answered with a 5-point Likert scale, except
the General Health item (1–10) and items of the Self-Efficacy dimension (4-point Likert
scale). The categories were replaced with the equivalent numbers provided in the guideline
(0-25-50-75-100 or 0-33-67-100) [24]. Then, the values of the dimensions were determined
by calculating the mean over the corresponding items. For instance, for the Role Conflicts
dimension, the mean of the answers to the questions “Are contradictory demands placed
on you at work?” (item CO2; Table S1) and “Do you sometimes have to do things which
seem to be unnecessary?” (item CO3) was calculated. Corresponding to the items, all
dimensions ranged between 0 and 100. If an item was missing, the dimension was set to
missing. As the questionnaire used in this study also included questions other than the
those in the GSV, six dimensions were calculated in two different ways: first, including all
items that were used in our study; second, including only those items that were used in
the GSV [26] to ensure comparability to the reference data. For example, in our study, the
Emotional Demands dimension included items ED1, EDX2, and ED3. ED1 was not part of
the GSV. Therefore, we first calculated the dimension with all three items and second with
only EDX2 and ED3 as in the GSV. The descriptive analyses included the mean and its 95%
confidence interval. The means and confidence intervals were compared with those of a
reference population [26], including at least 148,435 German employees. Statistical tests
could not be conducted as the data were not freely available. For some data, the median as
well as 25% (Q1) and 75% (Q3) percentiles were also calculated. The dimensions had one to
four corresponding items (Supplementary File S1). Those dimensions consisting of only
one item were not continuous as they could only contain the five different values. However,
to ensure comparability, we followed the guideline but also reported the percentage of
participants within each category. The Mann–Whitney U-test and Kruskal–Wallis test
were used to identify differences between subgroups concerning different dimensions (e.g.,
gender and Emotional Demands). The associations between subgroups and categorical data
(e.g., main field of work and experience with violence) were tested with chi square tests.
p-values < 0.05 were regarded as statistically significant.

3. Results

3.1. Participants

Overall, 886 persons opened the survey and answered at least the first question. A
total of 19 persons reported not working as an official veterinarian (defined as working
for the government in the fields of animal welfare, food safety, infectious diseases, in the
slaughterhouses, or having other responsibilities of authorities), and 28 persons did not
finish at least half of the questionnaire. These persons as well as one other person who pro-
vided clearly wrong answers were excluded from further analyses. Therefore, the answers
of 838 participants were analyzed. This represented 26% of the target population [11].

An average of 21 min was required to complete the questionnaire (median; Q1: 16 min;
Q3: 30 min). The information on demographics and job characteristics is displayed in
Table 1. Where possible, the percentage in the study was compared with that of the target
population [11] or reference population [26]. Nearly 80% of participants were women,
which is a higher proportion than in the target population. Two-thirds of the participants
worked full-time. The percentage of civil servants was higher in the study population than
in the target population, and 22% of the study participants were 55 years or older. The
median work experience was 10 years (Q1: 4 years, Q3: 19 years). Most of the participants
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worked mainly in the field of animal welfare (Table 1). Approximately 41% (n = 348) of the
participants reported performing a supervisory function for other official veterinarians.

Table 1. Demographic information and job description from a survey assessing the psychosocial
conditions of official veterinarians (n = 838).

n Percentage
Percentage
in Target

Population 1

Percentage in
Reference

Population 2

Gender

Female 658 78.5 69.7 48.3
Male 179 21.4 51.7

Diverse 1 0.1

Age

<35 years 106 12.7 28.7
35–44 years 288 34.4 29.9
45–54 years 258 30.8 17.7
>54 years 186 22.2 13.0

Employment

Civil servant 403 48.1 33.3
Employed (temporary or tenure) 437 51.0 66.7

Miscellaneous 8 1.0

Working hours

Part-time 274 32.9 26.1
Full-time 560 67.2 73.9

Level

State 12 1.4
Federal state 28 3.3

City or province 798 95.2

Main field of work

Animal welfare 368 43.9
Food safety 176 21.0

Infectious animal diseases 140 16.7
Ante- and postmortem inspection

procedures (slaughterhouse) 64 7.6

Other 87 10.4

Work on weekends or public holidays (≥once/month)

Yes 309 36.9 44.1
No 529 63.1 55.9

Work during evening/night (≥once/week)

Yes 224 26.7 41.2
No 614 73.3 55.9

Possibility of working from home

Yes 392 46.8
No 446 53.2

Work on the road/inspections

Yes 748 89.3
No 90 10.7

1 Compared with all German official veterinarians (Bundestierärztekammer e.V. 2022 [11]). 2 Compared with a
reference population of German employees in different professions (Lincke et al., 2021: COPSOQ III in Germany:
validation of a standard instrument to measure psychosocial factors at work [26]; n: 148,435–254,551).
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3.2. Demands

The descriptive results of the dimensions are shown in Table 2, and the comparison
with the reference population is displayed in Figure 1. Most participants stated that their
job was highly demanding: concerning the Cognitive Demands dimension, most participants
reported to often or always have to track and remember many things and that they often or
always have to make difficult decisions. This resulted in a mean value of 82 for Cognitive
Demands (Table 2). The mean score of 71 for Emotional Demands was substantially higher than
that the reference population (48; Figure 1). Further analyses were conducted for these two
dimensions to gain deeper insights. The score for Emotional Demands did not vary among
genders or age groups, but veterinarians working in animal welfare reported experiencing
significantly higher emotional demands (Table 3). Veterinarians in a leadership position for
other veterinarians reported higher levels in the Cognitive Demands dimension (Table 3).
The main field of work did not influence the degree of strain.

Table 2. Descriptive analyses of psychosocial dimensions from survey of 838 German official veteri-
narians using COPSOQ III.

Dimension Item 1 Positive
Value

n Mean STD

DEMANDS

Work Pace WP1, WP2 low 838 67.8 18.3

Quantitative Demands QD2, QD3 low 838 75.1 22.8

Cognitive Demands CD1, CD2, CD4 low 838 81.7 11.6

Emotional Demands ED1, EDX2, ED3 low 838 66.0 16.5

Demands for Hiding Emotions HE2 low 838 64.4 20.7

Work Privacy Conflicts WF2, WF3 low 838 51.7 23.8

INFLUENCE AND POSSIBILITIES

Influence at Work INX1, IN3, IN4, IN6 high 836 55.9 15.4

Possibilities for Development PD2, PD3 high 838 73.8 17.2

Control over Working Time CT1, CT2, CT4, CT5 * high 837 63.6 13.9

Meaning of Work MW1 high 838 73.3 20.5

SOCIAL RELATIONSHIPS AND LEADERSHIP

Predictability PR1, PR2 high 838 53.4 20.2

Recognition RE1 high 823 50.9 28.2

Role Clarity CL1, CL3 high 838 60.3 20.3

Role Conflicts CO2, CO3 low 838 48.0 21.8

Illegitimate Tasks IT1 low 838 52.6 22.1

Quality of Leadership QL2, QL3, QL4 high 798 46.8 25.3

Social Support from Supervisor SSX2 high 809 65.7 28.7

Social Support from Colleagues SC1 high 822 79.6 20.4

Sense of Community at Work SW1 high 823 79.5 17.2

JOB SECURITY AND SATISFACTION

Job Insecurity JI1, JI3 low 822 17.1 21.0

Insecurity over Working Conditions IW1 low 821 21.7 24.8
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Table 2. Cont.

Dimension Item 1 Positive
Value

n Mean STD

Job Satisfaction JS1, JS4, JS5, JSX high 820 60.9 17.2

Commitment to Workplace CW1, CW2, CWX3 high 838 55.5 20.0

Work Engagement WE2 high 814 45.7 23.3

(MENTAL) HEALTH

Self-rated Health GH2 high 813 6.3 1.8

Sleeping Troubles SL1 low 814 56.1 26.3

Burnout BO1, BO2, BO3 low 814 57.6 20.7

Stress ST1, ST3 low 814 60.6 21.8

Somatic Stress SO1, SO2 low 814 29.4 22.0

Cognitive Stress CS1, CS3 low 814 42.3 20.1

Depressive Symptoms DS1, DS2, DS3, DS4 low 814 37.3 21.0

Self-Efficacy SE2, SE4 high 814 66.7 19.7

* reversed scale. 1 See Table S1 or COPSOQ Guideline (https://www.copsoq-network.org/guidelines; [27]
accessed on 17 October 2023); STD: standard deviation.

 
Figure 1. Means with 95% confidence intervals of scores for sociopsychological dimensions from a
survey of official veterinarians in Germany (n: 813–838) compared with those of a reference population
of German employees in different professions (Lincke et al. 2021: COPSOQ III in Germany: validation
of a standard instrument to measure psychosocial factors at work [26]; n: 148,435–254,551); the
dimensions included the following items: Quantitative Demands: WP1, WP2, QD2, QD3, CT5;
Emotional Demands: EDX2, ED3; Influence at Work: INX1, IN3, IN4; CT: CT1, CT2; Predictability:
PR1, PR2; CO: CO2, CO3, IT1; Trust and Justice: TM1, TMX2, JU1, JU4; Recognition: RE1; General
Health: GH2*10; Burnout Symptoms: BO1, BO2, BO3; see Supplementary Table S1).

3.3. Influences and Possibilities for Development

The assessments concerning the Influence at Work and Possibilities for Development di-
mensions were relatively positive, with mean scores of 56 and 74, respectively (Table 2).
This result means that, on average, the veterinarians often had a strong influence on deci-
sions, and they often could influence what they performed and how they did it. However,
they had less of an influence on the amount of work assigned to them (item IN3): here, 23%,
44%, 26%, and 8% of the participants answered “never/hardly ever”, “seldom”, “some-
times”, and “often” or “always”, respectively. The Control over Working Time dimension
was assessed higher by the study population than by the reference population (Figure 1).
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Moreover, the participants stated they worked less often at night and on the weekend
than the reference population (Table 1). Additionally, the Meaning of Work dimension was
positively assessed, as 41% and 28% of participants stated that they felt their work was
meaningful “often” and “always”, respectively.

Table 3. Differences in Emotional Demands, Cognitive Demands, and Burnout Symptoms dimensions
according to gender, age group, and main field of work of 838 official German veterinarians.

Emotional Demands Cognitive Demands Burnout Symptoms

Category n Mean LCI UCI
p-

Value
n Mean LCI UCI

p-
Value

n Mean LCI UCI
p-

Value

Sex

Female 658 66.4 65.1 67.6 0.256 658 81.8 81.0 82.7 0.555 640 59.2 57.7 60.8 <0.001
Male 179 64.7 62.3 67.1 179 81.0 79.2 82.8 173 51.3 48.3 54.3

Age

<35 years 106 67.8 65.0 70.6 0.806 106 81.6 79.4 83.8 0.897 104 56.1 51.8 60.4 0.016
35–44 years 288 66.6 64.8 68.3 288 82.2 80.9 83.5 279 60.2 57.9 62.4
45–54 years 258 65.3 63.1 67.5 258 81.4 79.9 82.8 253 58.9 55.9 61.0
>54 years 186 65.3 62.9 67.7 186 81.2 79.5 83.0 178 53.1 50.0 56.3

Main field of work

Animal
Welfare 106 70.7 69.3 72.2 <0.001 106 81.7 80.6 82.7 0.922 358 57.4 55.3 59.6 0.774

Else * 288 62.3 60.8 63.9 288 81.6 80.5 82.8 456 57.7 55.8 59.6

Supervisor of other veterinarians

Yes 348 68.0 66.3 69.6 0.006 348 84.3 83.2 85.4 <0.001 336 57.7 55.5 59.9 0.984
No 490 64.6 63.1 66.1 490 79.7 78.7 80.8 478 57.5 55.6 59.3

* Includes infectious animal diseases, food safety, ante- and postmortem meat inspections, and miscellaneous.

3.4. Social Relationships and Leadership

Most participants reported always receiving social support from their colleagues if
needed and described the working atmosphere with their colleagues (Sense of Community at
Work dimension) as good (Table 2). The responses for the Quality of Leadership, Social Support
by the Supervisor, and Recognition by the Management dimensions varied more than those for
the other scales (Table 2). This finding indicates that some participants were satisfied with
their supervisor, while others were not. The scores concerning the Role Clarity, Role Conflicts,
Illegitimate Tasks, and Organizational Justice dimensions varied less, around 50 points. This
means that most participants agreed only partly to terms such as “Do you receive all the
information you need in order to do your work well?” or “Does your work have clear
objectives?” (Role Clarity dimension). However, the assessments of the study population
concerning the Recognition, Role Conflicts, Predictability, and Trust and Justice dimensions
resembled those of the reference population (Figure 1).

3.5. Job Security and Job Satisfaction

The participants reported feeling rather secure concerning their employment (Table 2).
This finding can be explained by the high percentage of civil servants participating in the
study (Table 1).

Most participants stated that they were “satisfied” or “neither satisfied nor unsatisfied”
with the different aspects of their work, resulting in a mean score of 61 on the Job Satisfaction
dimension (Table 2). The answers varied concerning the different job aspects: 70% chose
the answers “satisfied” or “very satisfied” concerning their salary, but only 42% were
“satisfied” or “very satisfied” with their management.

Regarding workplace commitment, the agreement with the item “Do you enjoy telling
others about your place of work?” was lower than that with the other two items. The
reason for this finding might be that, in some cases, the information is confidential or other
persons do not like to hear stories about animal abuse, slaughter, or hygiene deficiencies.
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3.6. (Mental) Health

All questions concerning the health of the participants related to their general wellbe-
ing during the last four weeks, as health status could be assigned to only personal or only
work-related reasons, so this must be kept in mind when interpreting our results.

The assessment of the general health of the study population was slightly lower than
that of the reference population (Figure 1), which might have been related to the study
population being older (Table 1). However, the study population also scored higher in the
Burnout dimension (Figure 1). The average Burnout score of 58 indicated that most of the
participants reported feeling worn out and physically and emotionally exhausted (most)
part of the time. Between 7% and 10% of the participants answered these questions with
“all the time”. The results of further analyses revealed that in contrast with cognitive and
emotional demands, the Burnout assessment differed among genders and age groups but
not concerning the job characteristics (Table 3). Women reported a higher level of Burnout
symptoms than men, and persons in the age group 35–44 years reported a higher level of
Burnout than those older than 54 years.

3.7. Conflicts and Offensive Behavior

More than half of the participants reported being involved in gossip and slander and
more than 80% in conflicts and quarrels in the last 12 months (Figure 2). This was mostly
the case with animal owners (61% and 68%) but also with colleagues (43% and 41%) or
supervisors (20% and 24%; multiple choices possible).

 

Figure 2. Experiences with concerning conflicts and offensive behavior in the last 12 months reported
by official German veterinarians (n = 807) on a survey based on COPSOQ III.

A total of 19 persons reported that they had been sexually harassed by animal owners
(n = 9), colleagues (n = 3), food producers (n = 2), supervisors (n = 2), and others (n = 3).
Approximately one-third of participants (35%) reported experiencing threats of violence,
93% (n = 264 of 285) of them by animal owners and only rarely by food producers (n = 28)
or others (n = 10). Veterinarians working mainly in the field of animal welfare were
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more likely to be threatened (53% vs. 21%, p < 0.001) than those working mainly in other
fields. A total of 30 persons reported experiences with physical violence, 24 of whom were
working mainly in animal welfare. The veterinarians were harmed by 6 food producers
and 25 animal owners.

4. Discussion

Our findings showed that official veterinarians in Germany experienced high work de-
mands but also strongly influenced their work. The relationship with supervisors/management
differed, whereas the relationships with colleagues were good in most cases. Finally, more than
one-third of the veterinarians reported experiences with threats of violence.

4.1. Study Design and Selection Bias

More than 800 official veterinarians participated in this study. However, as three-
quarters of the target population did not respond, selection bias cannot be ruled out. The
results of the comparison of the study population with the target population showed
that women were more likely to participate. This phenomenon has also been observed
in other studies [4,6,28]. The participation in an open online survey depends on the
personal interest of the addressed persons. Women were maybe more likely to participate
as they felt more addressed, because women are more likely to suffer from mental illnesses
(gender gap in mental health [29]) and maybe also talk more openly about difficulties.
Nevertheless, concerning cognitive and emotional demands, no differences were apparent
between women and men. Different from other surveys among veterinarians [4,30,31],
older veterinarians were not under-represented. The association of official veterinarians in
Germany, which originally represented the official veterinarians employed as civil servants,
distributed the link to our survey. This might be the reason why the participation from
civil servants and thereby older persons was higher (Table 1). The results might thus
overestimate the level of job security because civil servants were over-represented.

In general, the COPSOQ III is a well-established instrument used to assess different di-
mensions of psychosocial conditions among employees [25–27]. However, as the COPSOQ
III is not a ready-to-use instrument, the surveys vary. Therefore, caution is warranted when
comparing the results with those of other surveys, as dimensions with the same names
might contain different items. We controlled for this problem by calculating the dimensions
by following Lincke et al. [26]. We did not include all items of the GSV in our questionnaire
to ensure the survey would not be too long. Therefore, the calculations for only a small
proportion of dimensions were the same as those for the reference population. Due to
the additional questions, survey completion required approximately 21 min to complete,
a time span that should not be exceeded [32], as this might result in more dropouts and
lower-quality answers [33].

4.2. Demands

Our results showed that official veterinarians in Germany experienced high job de-
mands. A too-high workload for official veterinarians was also reported by Väärikkälä
et al. [16]. Official veterinarians also reported experiencing higher emotional demands
than the reference population (Table 3) and slightly higher demands than the employees
working in healthcare, the social sector, and teaching and educating (mean = 69) [26].
These high demands might be caused by different circumstances: the official veterinary
profession experiences a shortage of staff [24]. Due to the energy crisis and other factors,
cities and districts are often in a precarious financial situation. Additionally, the workload
presumably increased due to increases in the number of cases of animal neglect following
inflation, new regulations such as the Animal Health Law, and the spread of African swine
fever and avian influenza. Additionally, the increased workload could be an aftereffect of
the COVID-19 pandemic. According to McKee et al. [34], approximately 50% of veterinari-
ans in academic positions reported increased work as well as quantitative and emotional
demands due to the COVID-19 pandemic.
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A review by Stetina and Krouzecky [35] indicated a gender gap in mental health
in veterinary medicine, as elsewhere: women veterinarians experience slightly higher
demands [36], are more likely to use negative stress management practices [37], and suffer
more often from suicidal ideation, which are more often related to the work situation [31].
In this study, the Emotional and Cognitive Demands dimensions did not vary among the
genders or age groups. Even though different characteristics are assigned to the Baby
Boomers, Generation X, and Generation Z [38], all generations of official veterinarians
reported experiencing high emotional and cognitive demands. The results of our study
contribute to preventing recriminations among genders and generations.

In contrast to these demographic factors, job characteristics significantly influenced
the demands (Table 3). Welfare inspections, especially, were reported to be stressful [16]. In
this study, veterinarians working mainly in animal welfare reported significantly higher
emotional demands (Table 3). This finding is understandable as most of the conflicts, threats,
and violence arose from situations involving animal owners. Moreover, veterinarians are
confronted with both human and animal misery. Official veterinarians, as empathetic
human beings, face challenges in dealing with human and animal suffering [39]. In the
work of Devitt et al. [39], official veterinarians also reported an uncertainty: they felt
unqualified to provide the necessary support to animal owners, e.g., in cases of farmers
experiencing serious mental health problems. In contrast to persons working in, e.g., youth
welfare services, knowledge regarding mental health and social support for a person in
crisis is not yet always part of the education for official veterinarians in Germany. Here,
courses and networks should be offered.

4.3. Influences and Possibilities for Development

Until now, research on the influences and possibilities for development and the control
over working time of official veterinarians has been limited. In the work of Väärikkälä
et al. [16], 70% of veterinarians reported working from home. In this study, the percentage
was substantially lower (Table 1), even though our study was conducted after the COVID-
19 pandemic, which increased the possibilities of working from home. The Possibilities for
Development dimension consisted of two questions concerning the ability to use available
expertise and to learn new things. The work of an official veterinarian is highly specialized,
and regulations and conditions changing over time explain the relatively high scores
(Table 2). The participants also rated their work as meaningful. Meaning and purpose are
important drivers of work engagement, especially for Generation Z [40].

4.4. Social Relationships and Leadership

The relationships with colleagues were rated as good in most cases, whereas those
with the supervisor and management differed among participants (Table 2). We ob-
tained results similar to those of a survey of veterinarians employed in various fields
of work [41]: whereas a good working atmosphere and good relationships with colleagues
were mentioned the most often as positive aspects of work, the relationship with the
employer/supervisor was reported as being sometimes difficult. In most studies on the
stress and mental health of veterinarians, the relationships with colleagues and supervisors
were not analyzed or reported [1]. Here, further research is needed because positive social
relationships and support from supervisors and colleagues contribute to coping with stress:
Väärikkälä et al. [16] found that support availability was associated with a higher work
commitment, less feelings of loneliness, and even fewer sleeping disorders.

4.5. Job Security and Job Satisfaction

The veterinarians in this study felt secure in their positions probably due to the
shortage of skilled labor and their long-term employment. This security is presumably a
driver for this field of the profession, e.g., as long-term work contracts are rarely available
in the academic field of veterinary medicine [41].
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The overall job satisfaction reported in this study (Table 2, mean = 61) mirrors the
job satisfaction of the reference population (mean = 63; [26]). Notably, the job satisfaction
scale in the work of Lincke et al. [26] included three additional questions. Therefore,
the comparability of these results is limited. In a recent study, the job satisfaction of
veterinarians working in the noncurative sector was higher than that of those working in
practice in Germany [41]. This finding can be explained by two factors: a higher salary and
less time providing on-call services [42]. However, veterinarians might be less attracted by
the salary for official services as salaries in the curative sector rise, which could be a reason
for the shortage of younger official veterinarians.

4.6. Conflicts and Offensive Behavior

One of the motivations of this study was to assess the level of offensive behavior
experienced by official veterinarians. In the work of Väärikkälä et al. [16], 88% of the
participants experienced threatening situations during work in the previous 12 months.
In our study, “only” 53% of official veterinarians working in animal welfare reported
having been threatened. This difference might have multiple reasons: First, the definition
of being threatened may vary among individuals and societies. Second, the wording or
translation of the question might have biased the results. However, with an incidence of
30 physical attacks in 12 months, official veterinarians regularly experienced violence. Here,
further research is needed concerning measures to prevent these events and to protect and
support official veterinarians during and after their work. As an insight from this study,
participants also assessed the availability and usefulness of certain measures (manuscript
under preparation).

5. Conclusions

This is one of the first studies on the wellbeing of official veterinarians ensuring animal
welfare, food safety, and control of infectious diseases and performing other tasks for vet-
erinary public health. This study showed high job demand levels for official veterinarians
in Germany. Moreover, those working mainly in animal welfare regularly experienced
offensive behavior. Further insights are needed into how these demands influence job
satisfaction and mental health. Additional approaches to support veterinarians during
their work are necessary. Finally, further research is needed to explore similarities to and
differences from the psychosocial situations of the official veterinarians in other countries.

Concerning the relationship with management/supervisors, further analyses includ-
ing free-text answers or subsequent qualitative studies might provide further insight
regarding the sources of problems and cooperation.

Positive organizational behavior (POB) focuses not on the weaknesses or mental
illnesses of employees but, following the lead of positive psychology, on strengths and
resources. Thereby, employees are not just prevented from experiencing mental illness
but hopefully gain satisfaction, self-efficacy, and security within their jobs. The positive
aspects of the work of official veterinarians in this study were the atmosphere and support
from colleagues. Moreover, most participants experienced their work as meaningful and
felt secure concerning their employment. These aspects should be highlighted to motivate
veterinarians to work in this field. By reducing the demands and strengthening the positive
aspects, more official veterinarians can hopefully be recruited and retained, thereby helping
to ensure animal health, welfare, and food safety.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ani14131975/s1, Table S1: Questions from the COPSOQ III used
in this survey assessing the psychosocial situation of official veterinarians in Germany; File S2:
Questionnaire in German.
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Simple Summary: This study, which was carried out as a large-scale investigation in 444 farms
throughout Greece, explores the beneficial effects to small ruminant dairy farms of a steady and
professional relationship with a veterinarian. The findings of detailed analyses indicated that,
in summary, these benefits related to lower parasitic burden in animals of the farms and higher
production of better-quality milk, as shown by the assessment of outcomes related to the health and
production of animals. Moreover, the welfare of the animals in the farms was also improved, as
evidenced by the lower incidence of painful diseases (e.g., clinical mastitis) and the effective use
of relevant pharmaceutical products (e.g., non-steroid inflammatory drugs). The results attest that
the application of veterinary advice and veterinary clinical services in sheep and goat dairy farms
contributes to the improved health, production and welfare of animals.

Abstract: The objective of the present study was to evaluate the potential benefits of veterinarians
in improving the health and welfare of dairy sheep and goats by studying the associations of
management practices employed in the farms with production- or health-related outcomes in sheep
and goat farms in Greece. This work explored associations with ‘professional relationship with a
veterinarian’ at 444 small ruminant dairy farms in an investigation performed around Greece, where
106 variables, related to infrastructure, animals, production outcomes, health management, health
problems and human resources, were assessed. In 384 (86.5%) farms, a professional relationship with
a veterinarian was maintained. The median value of visits made annually by veterinarians to these
farms was five. In farms with a professional relationship with a veterinarian, significant differences
were found in 24 variables (35.8%) related to management practices and 6 (30.0%) production-
or health-related outcomes. In multivariable analysis, the following emerged with a significant
association: epg counts in faecal samples (p = 0.014), average annual milk production per ewe/doe
(p = 0.015), somatic cell counts in bulk-tank milk (p = 0.037), and annual incidence of clinical mastitis
(p = 0.044). Moreover, associations of the characteristics of veterinarians emerged with somatic cell
counts in bulk-tank milk: the gender (p < 0.0001) and the age (p = 0.004) of the veterinarians. The
results attest that the application of veterinary advice and clinical services in sheep and goat dairy
farms contributes to the improved health, production and welfare of animals.

Keywords: epg counts; farmer; mastitis; veterinarian; veterinary practice; veterinary profession;
veterinary specialisation

1. Introduction

Veterinarians can play a role in improving the health and welfare of small ruminants
through the control of diseases in the farms by means of investigation of problems occurring
therein and the application of various (preventive or reactive) interventions. Within their
professional capacity, veterinarians are important stakeholders for the welfare of animals, in
all their professional roles. For example, in the role of government officials, they participate
in the formulation of welfare standards for the transport and slaughter of animals and thus
create and assess the standards for a safe food supply to people; they also participate in
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the creation of codes of conduct for veterinarians, farmers, etc., to address the care of farm
animals. In the role of academics, they are responsible for teaching animal welfare, as well
as improving animal health, to undergraduate students. In the role of practitioners, they
are responsible for explaining to farmers, animal carers and their clients, the importance
of animal welfare and to educate them about the necessity to improve animal health and
welfare, which is reflected in the quality of the meat and milk produced and ultimately in
the income of the farms.

A recent (September 2021) topical search in the Web of Science, using the terms
‘[improv* AND veterinary*] AND [sheep OR goat*] AND [welfare]’ (* is used as a truncation
symbol), revealed 73 relevant articles.

Veterinary interventions in small ruminant farms contribute to improving health and
welfare of the animals therein. Examples of such interventions include the management of
obstetrical problems [1,2], the control of ectoparasitic infestations (psoroptic mange [3–5]
and cutaneous myiosis [3,6]), the establishment of veterinarian-related practices as wel-
fare indicators in farms [7,8], the monitoring of biosecurity practices in farms [9–11], the
improvement in neonatal survival [2], the control of foot-related lameness [12,13], the
administration of local anaesthesia as a means of pain management [14,15], the develop-
ment of guidelines for handling sheep and goats [16], and the regularisation of welfare
requirements in small ruminant farms [17].

Notably, 35 of these articles (47.9%) have been published during the last five years,
i.e., since August 2018, thus indicating the increasing interest in the topic. However, most
of these studies have been carried out in countries with meat-production sheep farming
systems: 21 (28.8%) in the United Kingdom and another 22 (30.1%) in other countries.
In contrast, only 16 (21.1%) papers have originated from Mediterranean countries and
referred to dairy production systems, indicating the paucity of relevant studies for dairy
small ruminant farms.

Veterinary work with small ruminants occupies around 21% of the overall time of
veterinarians in Europe [18], with the lowest proportion in Russia (6%) and the highest
in Iceland (55%). In fact, small ruminant work is the third most important area of focus
of veterinarians in the continent, after small animal and cattle work [18]. Hence, there is
interest in understanding the benefits that veterinarians may bring to farms with which
they have a professional association.

The objective of the present study was to evaluate the potential benefits of veterinarians
in improving the health and welfare of dairy sheep and goats by studying associations
with management practices employed in the farms and with production- or health-related
outcomes in sheep and goat farms in Greece.

2. Materials and Methods

2.1. Study Design—Collection of Samples and Information

A large countrywide study was performed in 444 small ruminant farms in Greece
(325 sheep flocks and 119 goat herds) (Figure 1). The farms were selected on a convenience
basis, which referred to the eagerness and consent of the farmers to receive a visit for
an interview and collection of samples. All farms were visited by the investigators in
order to obtain information and samples. In total, these farms included 110,228 sheep and
30,192 goats [19].

Initially, an interview of the farmer was carried out, always by the same investigator
(author D.T.L.). The senior investigator (author G.C.F.) introduced the interviewer to
the farmer; he informed the farmers about her identity and her employment, as well
as about the objectives of this study [19]. A detailed interview was carried out with the
farmer, using a standardised, structured questionnaire, which included questions regarding
infrastructure, animals, production outcomes, health management, health problems and
human resources in the farm [19].
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Figure 1. Locations (red dots) of 444 small ruminant dairy farms around Greece, in the 13 administra-
tive regions of the country, which were visited during the countrywide investigation.

Then, on each farm visited, 25 female animals were randomly selected for body
condition score evaluation. In order to adhere to the relevant standards [20] and to achieve
uniformity of measurements, scoring (0–5, including half scores) was always performed by
a certified European Veterinary Specialist in Small Ruminant Health Management.

Subsequently, samples from the bulk-tank milk of the farm were collected for further
examinations. Bulk-tank milk samples were obtained for cytological, chemical and bacterio-
logical examination by using aseptic methodology. The samples were collected using sterile
plastic single-use pipettes, which were immersed into the tank to withdraw them [21].

Finally, faecal samples were collected directly from the rectum of adult female animals
on the farms [21]. In each flock or herd, 20, 30, 40 or 50 ewes of female goats (for farms with
≤165, 166–330, 331–500 or >500 females, respectively) were selected for sampling.

2.2. Laboratory Examinations

Initially, bulk-tank milk samples were processed within 4 h of collection for somatic
cell counting and measurement of milk composition (fat, protein, added water) by means
of an automated counter, as detailed before [21].

Then, they were examined using microbiological techniques for total bacterial counting
and for isolation of Staphylococcus spp. and Listeria spp. [21]. All staphylococcal isolates ob-
tained were subjected to assessment for the detection of antibiotic resistance by employing
the automated system BD Phoenix™ M50 [21].
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Faecal samples were pooled and the McMaster technique was performed in quadru-
plicate samples obtained from these samples [21].

2.3. Data Management and Analysis

Data were entered into Microsoft Excel and analysed using SPSS v. 21 (IBM Analytics,
Armonk, NY, USA). Initially, the farms were allocated into one of two cohorts: those that
maintained a regular and professional relationship with veterinarians, or those that did not.
In this context, ‘professional relationship’ referred to a stable, non-contractual, association
with a veterinarian, who, in full accord with and by applying all the relevant professional
veterinary conduct codes [22,23], was providing veterinary advice and clinical services in
relation to the health and welfare of the animals in the farms.

Univariable analyses were performed initially. A ‘professional relationship with a vet-
erinarian’ (as defined hereabove) at the farms was considered. A total of 106 variables were
assessed (Table A1) and univariable analyses were performed. Comparisons between the
results obtained for farms with or without a ‘professional relationship with a veterinarian’
were made by using the appropriate statistical methods, specifically, Pearson’s chi-squared
test, Fisher exact test, z-test for proportions, analysis of variance or Mann–Whitney test,
as appropriate. Then, parameters related to management practices and to production- or
health-related outcomes that were found with a significance of p < 0.10 in the above analysis
were further evaluated within the cohort of farms with a ‘professional relationship with a
veterinarian’ for potential associations with the gender and the age of the veterinarians, as
well as with the annual frequency of veterinary visits to the farm. For the evaluations for
potential associations with the gender of the veterinarians, the same techniques as above
were used as appropriate. For the evaluations for potential associations with the age of
the veterinarians and the frequency of veterinary visits, Spearman’s rank correlation was
employed.

The above were then followed by multivariable analyses. For the identification of
potential associations of a ‘professional relationship with a veterinarian’ with production-
or health-related outcomes, a multivariable model was constructed; variables (production-
or health-related outcomes) found with p < 0.2 in the preceding univariable analysis were
included into this model. Progressively, variables included into the multivariable model
were removed from the model by using backwards elimination. The likelihood ratio test
was performed to assess the p-value of each parameter; among those found with p ≥ 0.2, the
one with the largest p was removed from the model. The procedure was repeated, until no
variable with p ≥ 0.2 could be removed from the model [24]. The variables included in the
final multivariable model constructed are in Table S1. After identifying in the multivariable
analysis the production- or health-related outcomes that were significantly associated with
the ‘professional relationship with a veterinarian’, a further multivariable analysis was
performed to study associations with the gender and the age of the veterinarians, as well
as with the annual frequency of veterinary visits to a farm for each of these outcomes. The
variables included in the final multivariable models constructed are in Table S1.

For the results of somatic cell counts and total bacterial counts in milk, appropriate
transformations to normalise the data were performed before the analysis [25,26]. For the
evaluation of epg counts, only results from farms in which anthelmintic administration
had not been performed during the two months prior to sampling (n = 369) were taken
into account.

In all analyses, statistical significance was defined at p < 0.05.

3. Results

3.1. Descriptive Results

Of the 444 farms visited, in 384 (86.5%, 95% confidence interval (CI): 83.0–89.4%), the
farmers indicated that they maintained a professional relationship with a veterinarian. The
median value of visits made annually by veterinarians to these farms was 5 (interquartile
range: 7).
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Veterinary visits were also made to farms where farmers indicated that they did not
maintain a professional relationship with a veterinarian. Nevertheless, their frequency
was significantly lower; the median value of visits made annually by veterinarians to such
farms was 2 (0.25) (p < 0.0001).

3.2. Characteristics of Veterinarians Associated with the Farms Visited

In total, the farmers maintained a professional relationship with 47 different veterinar-
ians, 17 (36.2%) females and 30 (63.8%) males. The average age of these veterinarians was
42.8 ± 1.5 years.

Male veterinarians were significantly older than females: mean age was 45.4 ± 1.9 years
versus 38.1 ± 2.1 years, respectively (p = 0.019). Among veterinarians younger than 35 years,
there were more females (58.3%), whilst among veterinarians older than 50 years, there
were more males (85.7%).

There was no difference between female and male veterinarians in the number of
visits made to the farms annually: 5 (7) versus 5 (6.5), respectively (p = 0.82).

Most of the veterinarians (n = 29, 61.7%) were graduates of the Faculty of Veterinary
Medicine of the Aristotle University of Thessaloniki, and fewer (n = 13, 28.7%) were
graduates of the Veterinary Faculty of the University of Thessaly, whilst a smaller number
were graduates of veterinary Faculties of other European countries (n = 5, 10.6%). Notably,
17 of the veterinarians (36.2%) had followed some postgraduate training in farm animal
health management and diseases.

3.3. Differences between Farms with or without a Professional Relationship with a Veterinarian

The detailed results of the univariable analysis for the 106 variables are shown in
Table S2. A significant difference between farms with or without a professional association
with a veterinarian was found for 38 variables (Table A2).

With regard to variables related to management practices, there was a significant
difference in farms with a professional relationship with a veterinarian for 24 (35.8%)
practices; further, there was a tendency for significance for 8 (11.9%) practices (Table 1).

Table 1. Summary of the significance in variables related to management practices and production-
or health-related outcomes found in 444 small ruminant farms in Greece, in accord with professional
relationship with a veterinarian.

Type of Variables

Difference between Farms with or without
Professional Relationship with a Veterinarian

in Number of Variables

Significant 1 Tending for
Significance 2 Not Significant 3

Health management 8 2 9
Pharmaceutical treatment 3 0 4
Biosecurity management 2 2 4

Reproductive management 5 3 10
Management in the milking parlour 1 0 5

Nutritional management 5 1 3
Production-related outcomes 2 0 3

Health-related outcomes 3 1 10
Animal condition outcomes 1 0 0

Total 30 variables 9 variables 48 variables
1: p < 0.05; 2: 0.05 ≤ p < 0.10; 3: p ≥ 0.10.

With regard to production- or health-related outcomes, there was a significant differ-
ence in farms with a professional relationship with a veterinarian for six (30.0%) outcomes,
and there was a tendency for significance for one (5.0%) outcome (Tables 1 and 2).
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Table 2. Production- or health-related outcomes found with a significant association with professional
relationship with a veterinarian in this countrywide cross-sectional study in 444 small ruminant
farms in Greece.

Farms in Which There Was a Professional
Relationship with a Veterinarian (n = 384)

Farms in Which There Was No
Professional Relationship with a

Veterinarian (n = 60)
p-Value

Average milk production per ewe/doe during
the preceding milking period

199.5 (127.5) L 129.0 (114.0) L <0.0001

Average number of lambs/kids born per ewe/doe
1.28 (0.20) newborns 1.20 (0.16) newborns 0.003

Incidence of clinical mastitis during the preceding season
2.0% (4.5%) 3.0% (4.1%) 0.021

Epg counts in faecal samples
228 ± 11 epg 320 ± 42 epg 0.011

Body condition score
2.40 (0.22) 2.26 (0.61) 0.016

Somatic cell counts in bulk-tank milk
0.543 × 106 (0.504 × 106–0.583 × 106)

cells mL−1
0.680 × 106 (0.567 × 106–0.814 × 106)

cells mL−1 0.026

In the multivariable analysis, the following production- or health-related outcomes
emerged with a significant association with a professional relationship with a veterinarian
(Table 3): (a) epg counts in faecal samples (p = 0.012) (Figure 2); (b) average annual milk
production per ewe/doe (p = 0.015); (c) somatic cell counts in bulk-tank milk (p = 0.037);
and (d) annual incidence of clinical mastitis (p = 0.044) (Figure 3).

Table 3. Results of multivariable analysis of the professional relationship with a veterinarian with
production- or health-related outcomes in this countrywide cross-sectional study in 444 small rumi-
nant farms in Greece.

Production- or Health-Related Outcomes Odds Risk (±se 1) p

epg counts in faecal samples 0.012

With ‘veterinarian’ 2 reference -
Without ‘veterinarian’ 1.406 ± 0.147 0.011

Average annual milk production per ewe/doe 0.015

With ‘veterinarian’ reference -
Without ‘veterinarian’ 1.269 ± 0.109 0.002

Somatic cell counts in bulk-tank milk 0.037

With ‘veterinarian’ reference -
Without ‘veterinarian’ 1.021 ± 0.012 0.028

Annual incidence of clinical mastitis 0.044

With ‘veterinarian’ reference -
Without ‘veterinarian’ 1.408 ± 0.429 0.24

1: se: standard error; 2: i.e., a professional relationship with a veterinarian.
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Figure 2. Mean epg counts in faecal samples among farms with (green bar) or without (pink bar)
professional relationship with a veterinarian, as found in a countrywide cross-sectional study in
444 small ruminant farms in Greece.

Figure 3. Average annual milk production per ewe/doe (horizontal axis), somatic cell counts in
bulk-tank milk (vertical axis) and annual incidence of clinical mastitis (diameter of bubbles) among
farms with (green-coloured bubbles) or without (pink-coloured bubbles) a professional relationship
with a veterinarian, as found in a countrywide cross-sectional study in 444 small ruminant farms in
Greece.

3.4. Differences among Farms with a Professional Relationship with a Veterinarian, in Accord with
Characteristics of the Veterinarian
3.4.1. Gender of the Veterinarian

The detailed results of the univariable analysis for association of management practices
and production- or health-related outcomes with the gender of the veterinarian are in
Table S3. A significant difference between farms related to the gender of the veterinarian
with whom there was a professional association was found for ten management practices
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(p ≤ 0.028 for all relevant comparisons; details are in Table S3) and for two production- or
health-related outcomes (p ≤ 0.026 for all relevant comparisons; details are in Table 4).

Table 4. Production- or health-related outcomes found with a significant association with the gender
of the veterinarian with whom there was a professional relationship in a cross-sectional study in a
countrywide cross-sectional study among 384 small ruminant farms in Greece.

Farms in Which There Was a
Professional Relationship with a

Female Veterinarian (n = 121)

Farms in Which There Was a
Professional Relationship with a

Male Veterinarian (n = 263)
p-Value

Epg counts in faecal samples
183 ± 15 epg 250 ± 16 epg 0.024

Somatic cell counts in bulk-tank milk
0.461 × 106 (0.401 × 106–0.529 × 106)

cells mL−1
0.585 × 106 (0.540 × 106–0.638 × 106)

cells mL−1 0.026

3.4.2. Age of the Veterinarian

The detailed results of the univariable analysis for the association of management
practices and production- or health-related outcomes with the age of the veterinarian
are in Table S4. A significant correlation in accord with the gender of the veterinarian,
with whom there was a professional association, was found for six variables related to
management practices (p ≤ 0.029 for all relevant comparisons; details are in Table S4) and
for two production- or health-related outcomes (p ≤ 0.024 for all relevant comparisons;
details are in Table 5).

Table 5. Production- or health-related outcomes found with a significant association with the age
of the veterinarian, with whom there was a professional relationship in a cross-sectional study in a
countrywide cross-sectional study among 384 small ruminant farms in Greece.

Variables rsp Type of Association p-Value

Incidence of clinical mastitis 0.116 positive 0.024
Epg counts in faecal samples 0.131 positive 0.020

3.4.3. Annual Frequency of Veterinary Visits to the Farms

The detailed results of the univariable analysis for the association of management
practices and production- or health-related outcomes with the annual frequency of veteri-
nary visits to the farms are in Table S5. A significant correlation in accord with the annual
frequency of veterinary visits to the farms was found for 16 variables related to manage-
ment practices (p ≤ 0.045 for all relevant comparisons; details are in Table S5); however, a
significant correlation was not seen for any production- or health-related outcome (p > 0.07
for all relevant comparisons; details are in Table S5).

3.5. Associations of Characteristics of Veterinarians with Production- or Health-Related Outcomes

In the multivariable analyses performed, significant associations of the characteristics
of veterinarians emerged only for the somatic cell counts in bulk-tank milk, specifically,
related to a) the gender (p = 0.0001) and b) the age (p = 0.007) of the veterinarians (Table 6,
Figure 4).

For the other production- or health-related outcomes, no significant associations with
the characteristics of veterinarians emerged, i.e., for the epg counts in faecal samples
(p > 0.06), the annual incidence of clinical mastitis (p > 0.11), or the average annual milk
production per ewe/doe (p > 0.13).
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Table 6. Results of multivariable analysis for variables related to the characteristics of veterinarians
with a significant association with somatic cell counts in bulk-tank milk among 384 small ruminant
farms in Greece.

Variables Odds Risk (±se 1) p

Gender of veterinarian 0.0001

Female reference -
Male 1.558 ± 1.120 -

Age of veterinarian 0.004

Per year decrease 1.015 ± 1.005 -
1: se: standard error of the mean.

Figure 4. Somatic cell counts in the bulk-tank milk, in accord with the gender (red-yellow dots:
female; blue-grey dots: male) and the age of the veterinarians among farms with a professional
relationship with a veterinarian, as found in this countrywide cross-sectional study among 384 small
ruminant farms in Greece (red and blue dashed lines are respective trendlines).

4. Discussion

4.1. Associations of Professional Relationship with a Veterinarian with Outcomes Related to
Milk Production

The findings indicate that the beneficial effects were focused on the production of milk
in the farm, as milk production, somatic cell counts in bulk-tank milk and incidence of
clinical mastitis were three outcomes significantly improved in farms with a professional
relationship with a veterinarian. The improved outcomes regarding milk quantity and
quality are the result of the application of a variety of targeted management practices
by the veterinarians: preventive use of laboratory diagnostic examinations in samples of
milk, vaccination against contagious agalactia, vaccination against staphylococcal mastitis,
administration of flunixin in cases of clinical mastitis, and improved general management
practices (e.g., better nutritional management). These findings are in line with the pro-
duction system prevalent in the country, i.e., dairy production [27], as well as with the
farmers’ consideration of mastitis as the most important problem in their flocks/herds [21].
Therefore, veterinarians comply with the requirements of their clients and contribute to the
increase in agricultural production (animal production) relevant to the country.

It is also noteworthy that in a recent scientometrics study of mastitis in sheep [28], the
two veterinary faculties of Greece were among the top three establishments internationally
with regard to research output on that subject, whilst in another evaluation, it was found
that research about sheep and goats in Greece has focused on milk production and diseases
of the udder of small ruminants [29]. This indicates the increased interest in the study and
control of the infection in the country, as well as the production of relevant knowledge,
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which is disseminated to field practicing veterinarians. These, in turn, usefully apply that
knowledge to the field.

4.2. Associations of Professional Relationship with a Veterinarian with Practices Related to
Administration of Pharmaceutical Products

In Greece, veterinarians active in small ruminant health management make most
of their income through the sale of veterinary pharmaceuticals, for which they have the
exclusive right. Indeed, veterinary services to small ruminant farmers are mostly provided
for ‘free’, considered as a ‘professional gift’ for the purchase of veterinary products.

The above is reflected in the findings of the evaluation of parameters related to the
administration of pharmaceutical products: higher number of occasions of administration
of anthelmintic drugs annually, more frequent prescription of (more expensive) injectable
solutions for anthelmintic use, more common routine administration of antimicrobials
to newborns, more frequent administration of selenium to newborn animals, and more
frequent use of flunixin in the treatment of clinical mastitis. Whilst, in some cases, there
can be a benefit for these, the financial aspect might always be involved in the decision for
prescribing the respective drugs.

The increased prescription and administration of antibiotics to newborns can lead to
the development of antibiotic resistance [30–33] and it must thus be discouraged. Moreover,
the present results did not show that the more frequent administration of antibiotics to
newborns was associated with a lower incidence of pneumonia on diarrhoea in newborns,
which are the most significant problems of lambs/kids at that age [34–37]. It is also noted
that in sheep and goat farms in Greece, determinants of the administration of antibiotics in
the treatment of various infections were found to mostly be the socio-demographic charac-
teristics of farmers rather than management- or animal-related factors in the farms [38]. An
improved use of antimicrobials, as underlined by scientific principles and compliance with
policies and regulations, is important for an improvement in the welfare of the sheep and
goats, as well as for reducing the risk for the development of antibiotic resistance.

The increased number of occasions of anthelmintic administration would have con-
tributed to the lower epg counts found in these farms. Nevertheless, the frequent ad-
ministration of anthelmintics is a main risk factor for the development of resistance by
gastrointestinal nematodes [39–41] and this might have contributed to the presence of
extensive and countrywide resistance of Haemonchus contortus to benzimidazoles, as found
in a recent relevant field investigation [42]. One can also postulate that the frequent pre-
scription of macrocyclic lactones by veterinarians might be practiced as a consequence of
the understanding of veterinarians of the possibility of the existence of that widespread
resistance.

There are nevertheless some positive facets in this increased administration of phar-
maceutics. It is noted that among farms with a professional association with a veterinarian,
more frequent use of flunixin was also made. Flunixin contributes to a reduction in the clin-
ical signs of mastitis and alleviates pain [43,44], thus improving the welfare of the animals.
That way, veterinarians also contribute to improving animal welfare, given that mastitis
has been determined by the European Food Safety Authority to be a disease significantly
reducing sheep welfare [45].

All of the above confirm the need to continue the training of professionals and of
farmers in the correct usage of veterinary pharmaceuticals. Correct usage should be guided
by scientific knowledge and surveying works, with the aim to contribute to a reduction in
the resistance of the various pathogens (antibiotics, anthelmintics).

4.3. Characteristics of the Veterinarians

The majority of the veterinarians involved in this study were male. However, the
female veterinarians were younger than the male ones, which is a consequence, in Greece
and internationally, of most veterinary students over the last 20 years being females. In
some faculties, this proportion can even be up to 80% of the total students [18,46,47].
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Whilst farm animal veterinary work had been previously considered to be a male-
dominated focus of the profession, this has evidently been changing, despite the fact that
female veterinary students do not frequently consider such a career [48]. Possibly, this may
be due to the changing landscape of veterinary work with farm animals, which nowadays
involves an increased advisory and preventive farm health approach rather than clinical
work at the individual animal level [48,49]. Additionally, it is also noted that, Europe-wide,
of the 54 listed European Veterinary Specialists in Small Ruminant Health Management,
50% are females [50].

In farms with a professional relationship with a female veterinarian, some health-
related outcomes were better than in farms with a relationship with a male veterinarian.
The final grades of the veterinary degree can be considered a reflection of the knowledge
acquired by young graduates during their studies and may thus represent the cognitive
level of a new graduate regarding veterinary work [51,52]; this may affect professional
actions, including health management in farms. It is thus interesting that an analysis
of the final grades of graduates of the Veterinary Faculty of the University of Thessaly
revealed that, during the period of 1999 to 2023, female veterinarians graduated with
an overall higher final grade than male veterinarians: 6.65 ± 0.02 versus 6.46 ± 0.03
(average ± standard error of the mean; maximum possible: 10), respectively (p < 0.0001).

With regard to age, the application of more frequent management practices by younger
veterinarians can be in line with more recent relevant scientific developments. For example,
the benefits of the administration of selenium to pregnant ewes/does have only been
described in Greece in the last few years [53,54] and have now been disseminated to
practicing veterinarians. The present findings are in line with a report that older sheep
farmers use fewer of the various management tools available to improve the health of the
animals in their farms and less frequently [55].

5. Conclusions

Veterinary practitioners active in farm animal practice have a significant responsibility
to the farmers and to the animals within these farms. Their work involves the maintenance
of animal health and animal welfare in the farms, and, within this frame, they discuss with
farmers the appropriate management practices to improve the health of the animals, to
mitigate disease and distress (including pain control) and to maximise productivity.

The results attest that the application of veterinary advice and clinical services in
sheep and goat dairy farms contributes to the improved health, production and welfare
of the animals. Nevertheless, the training of veterinary practitioners in the correct use of
pharmaceuticals should continue, especially given the European initiatives to minimise the
administration of drugs in farm animals [56].

Whilst the results provide clear evidence regarding the beneficial role of veterinarians
in small ruminant farms, it should be noted that veterinary services to these farmers are
underpaid or even not paid at all. Farmers view the veterinary work in their flocks/herds
as a ‘perk’ or ‘free benefit’ carried out by veterinarians in association with the drugs
(pharmaceutical and immunological products) that they sell to the farmers. This may lead
to the minimisation of the services provided, especially as veterinary drugs necessary for
the farms can be sold to farmers by various veterinarians, even ones that have not provided
clinical services to the animals of a farm.

This study presented another facet of the interactions between people and farm
animals within the food-producing chain. These people–animal interactions can possibly
be considered another approach within the ‘One Health’ concept.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/ani13213371/s1, Table S1: Details of multivariable models
employed for the evaluation of professional relationship with production- or health-related out-
comes in 325 sheep flocks and 119 goat herds in Greece; Table S2: Results of univariable analysis
of parameters evaluated for association, in 325 sheep flocks and 119 goat herds in Greece, with the
outcome ‘professional relationship with a veterinarian’; Table S3: Results of univariable analysis of
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parameters related to management practices and to production- or health-related outcomes evaluated
for association, in 283 sheep flocks and 101 goat herds in Greece, with a ‘professional relationship
with a veterinarian’, in accord with the gender of the veterinarian; Table S4: Results of univariable
analysis of parameters related to management practices and to production- or health-related out-
comes evaluated for association, in 283 sheep flocks and 101 goat herds in Greece, with a ‘professional
relationship with a veterinarian’, in accord with the age of the veterinarian; Table S5: Results of
univariable analysis of parameters evaluated for association, in 283 sheep flocks and 101 goat herds
in Greece, with a ‘professional relationship with a veterinarian’, in accord with the annual frequency
of veterinary visits to the farm.
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Appendix A

Table A1. Variables (n = 106) evaluated for potential association with professional relationship with a
veterinarian in a cross-sectional study in 444 small ruminant farms in Greece.

General Management Applied in the Farm

Management system applied in farms (description according to EFSA classification:
intensive/semi-intensive/semi-extensive/extensive)
Seasonal transfer of animals to other sites (yes/no)

Infrastructure

Availability of milking parlour (yes/no)
Availability of isolation facilities for animals (yes/no)

Availability of milk replacer facilities and equipment for administration of milk replacer (yes/no)

Animals

No. of female animals in the farm (no.)
Average age of culling females (years: up to 6 years of age/over 6 years of age)

Health Management

Preventive use of laboratory diagnostic examinations in samples of milk (yes/no)
Preventive use of laboratory diagnostic examinations in samples of blood (yes/no)
Preventive use of laboratory diagnostic examinations in samples of faeces (yes/no)

Number of occasions of administration of anthelmintic drugs annually (no.)
Families of anthelmintics administered (description)

Pharmaceutical form of anthelmintics administered (description)
Administration of ectoparasiticides (yes/no)

Vaccination against Chlamydia infection (yes/no)
Vaccination against clostridial infections (yes/no)
Vaccination against contagious agalactia (yes/no)

Vaccination against foot rot (yes/no)
Vaccination against contagious ecthyma (yes/no)

Vaccination against paratuberculosis (yes/no)
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Table A1. Cont.

General Management Applied in the Farm

Vaccination against bacterial pneumonia (yes/no)
Vaccination against staphylococcal mastitis (yes/no)

Total number of optional vaccines administered annually (no.)
Administration of ‘dry-ewe’ treatment at the end of the lactation period (yes/no)

Duration of the dry period (months)
Record keeping (yes/no)

Pharmaceutical Treatment

Routine administration of antimicrobials to newborns (yes/no)
Maintenance of prescribed withdrawal periods after administration of pharmaceuticals (yes/no)

Means of calculating live bodyweight for the administration of pharmaceutical products
(weighing/estimation)

Routine overdosing (compared to dose prescribed) of pharmaceuticals (yes/no)
Number of antibiotics used for treatment of clinical mastitis (number)

Route for administration of antibiotics (systemic/intramammary)
Administration of flunixin in cases of clinical mastitis (yes/no)

Biosecurity Management

Quarantine of new animals arriving at the farm (yes/no)
Isolation of sick animals at the farm (yes/no)

Means for disposal of carcasses of animals that died in the farm (incineration, burial or removal
by specialised agent/given to dogs, left unburied, or left in water streams)

Presence of a ditch at the entrance of the farm (yes/no)
Presence of a fence or a wall around the farm (yes/no)

Carrying out disinfections in the farm (yes/no)
Practicing sharing of equipment with other farms (yes/no)

Administration of rodenticides (yes/no)
Presence of spots suitable for reproduction of vectors within 500 m (yes/no)

Reproductive Management

Beginning of the mating period for ewes/does (month)
Application of reproductive control (yes/no)

Changes of rams/bucks into ewes/does during the mating period (yes/no)
Use of artificial insemination (yes/no)

Use of embryo transfer (yes/no)
Use of ultrasound for pregnancy diagnosis (yes/no)

Nutritional modifications before the lambing/kidding period (yes/no)
Grouping of pregnant females during the final stage of pregnancy (yes/no)

Administration of oxytetracycline to the pregnant animals (yes/no)
Administration of selenium to pregnant animals (yes/no)

Induction of lambing/kidding (yes/no)
Recording of births—maintenance of a lambing/kidding book (yes/no)

Newborn care and specific monitoring (yes/no)
Month of the start of the lambing/kidding season (description)

Administration of selenium to newborn animals (yes/no)
Disinfection of navel stump in newborns (yes/no)

Maintenance of a colostrum bank (yes/no)
Tail docking in newborns (yes/no)

Newborn fostering to female animals other than their dams (yes/no)
Age of lamb/kid removal from their dams (days)

Management in the Milking Parlour

Daily number of milking sessions (no.)
System pulsation rate (p. min−1)

System pressure (kPa.)
Use of teat disinfection after milking (yes/no)

Temperature of cleaning water after the milking sessions (◦C)
Frequency of changing teatcups (description)
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Table A1. Cont.

General Management Applied in the Farm

Nutritional Management

Provision of hay as fodder to animals (yes/no)
Average quantity of hay provided daily to animals during the preceding season (kg)

Provision of straw to animals (yes/no)
Provision of silage to adult animals (yes/no)

Provision of finished feed (concentrate) to adult animals (yes/no)
Provision of finished feed (concentrate) to adult animals throughout the year (yes/no)

Type of finished feed (concentrate) provided to adult animals (description)
Average quantity of finished feed (concentrate) provided daily to animals during the preceding

season (kg)
Person responsible for nutritional management (description)

Production- or Health-related Outcomes

Average milk production per ewe/doe during the preceding milking period (litres)
Average number of lambs/kids born per ewe/doe (no.)

Incidence of clinical mastitis during the preceding season (%)
Incidence of abortion during the preceding season (%)
Incidence of lameness during the preceding season (%)

Incidence of mange during the preceding season (%)
Incidence of obstetrical problems during the preceding season (%)

Incidence of deaths, of any cause, in adult animals during the preceding season (%)
Incidence of pneumonia in lambs/kids during the preceding season (%)
Incidence of diarrhoea in lambs/kids during the preceding season (%)

Epg counts in faecal samples (epg)
Body condition score (score on scale 0–5, including half-scores)

Somatic cell counts in bulk-tank milk (cells mL−1)
Total bacterial counts in bulk-tank milk (cfu mL−1)

Isolation of staphylococci from bulk-tank milk (yes/no)
Isolation of antibiotic-resistant staphylococci from bulk-tank milk (yes/no)

Isolation of Listeria spp. from bulk-tank milk (yes/no)
Fat content in bulk-tank milk (%)

Protein content in bulk-tank milk (%)
Added water in bulk-tank milk (%)

Characteristics of Human Resources

Age of farmer (years)
Length of previous animal farming experience (years)

Farmer’s general education (description: primary = European Qualifications Framework Levels 1
or 2/secondary or post-secondary = European Qualifications Framework Levels 3, 4 or 5/tertiary

= European Qualifications Framework Level 6, 7 or 8)
Farmer’s professional involvement in farming (full-time/part-time)

Daily period spent by farmer at the farm (hours)
Family tradition in farming (yes/no)

Presence of working staff in the farm (yes/no)
Occurrence of brucellosis in farmer (yes/no)

Appendix B

Table A2. Variables (n = 37) found with a significant association with professional relationship with a
veterinarian in a cross-sectional study in 444 small ruminant farms in Greece.

Farms in Which There Was a Professional
Relationship with a Veterinarian (n = 384)

Farms in Which There Was No
Professional Relationship with a

Veterinarian (n = 60)
p-Value

Management system applied in farms
Intensive: 12.5%, Semi-intensive: 40.4%,
Semi-extensive: 40.9%, Extensive: 6.3%

Intensive: 8.3%, Semi-intensive: 23.3%,
Semi-extensive: 33.3%, Extensive: 35.0% <0.0001
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Table A2. Cont.

Farms in Which There Was a Professional
Relationship with a Veterinarian (n = 384)

Farms in Which There Was No
Professional Relationship with a

Veterinarian (n = 60)
p-Value

Seasonal transfer of animals to other sites
Yes: 15.9%, No: 84.1% Yes: 28.3%, No: 81.7% 0.018

Availability of milking parlour
Yes: 76.0%, No: 24.0% Yes: 48.3%, No: 51.7% <0.0001

Availability of isolation facilities for animals
Yes: 77.1%, No: 22.9% Yes: 55.0%, No: 45.0% 0.0003

Average age of culling females
≤6 years: 62.2%, >6 years: 37.8% ≤6 years: 50.0%, >6 years: 50.0% 0.007

Preventive use of laboratory diagnostic examinations in samples of milk
Yes: 23.7%, No: 76.3% Yes: 6.7%, No: 93.3% 0.0003

Preventive use of laboratory diagnostic examinations in samples of faeces
Yes: 13.3%, No: 86.7% Yes: 0.0%, No: 100.0% 0.003

Number of occasions of administration of anthelmintic drugs annually
2 (1) 1.5 (1) 0.009

Pharmaceutical form of anthelmintics administered
Injectable solution: 60.7% Injectable solution: 38.3% 0.001

Vaccination against contagious agalactia
Yes: 61.2%, No: 38.8% Yes: 26.7%, No: 73.3% <0.0001

Vaccination against staphylococcal mastitis
Yes: 39.1%, No: 60.9% Yes: 16.7%, No: 83.3% 0.0007

Total number of optional vaccines administered annually
3 (2) 2 (2) <0.0001

Record keeping
Yes: 66.7%, No; 33.3% Yes: 51.7%, No: 48.3% 0.024

Routine administration of antimicrobials to newborns
Yes: 24.5%, No: 75.5% Yes: 10.0%, No: 90.0% 0.013

Means of calculating live bodyweight for the administration of pharmaceutical products
Weighing: 20.6%, Estimation: 79.4% Weighing: 33.3%, Estimation: 66.7% 0.027

Administration of flunixin in cases of clinical mastitis

Yes: 9.9%, No: 90.1% Yes: 1.7%, No: 98.3% 0.036

Quarantine of new animals arriving at the farm
Yes: 63.8%, No: 36.2% Yes: 45.0%, No: 55.0% 0.005

Presence of a fence or a wall around the farm
Yes: 52.3%, No: 47.7% Yes: 35.0%, No: 65.0% 0.012

Changes of rams/bucks into ewes/does during the mating period
Yes: 28.6%, No: 71.4% Yes:11.7%, No: 88.3% 0.005

Use of ultrasound for pregnancy diagnosis
Yes: 33.9%, No: 66.1% Yes: 15.0%, No: 85.0% 0.003

Grouping of pregnant females during the final stage of pregnancy
Yes: 65.9%, No: 34.1% Yes: 50.0%, No: 50.0% 0.017

Month of the start of the lambing/kidding season
October November 0.023

Administration of selenium to newborn animals
Yes: 69.3%, No: 30.7% Yes: 48.3%, No: 51.7% 0.001

Use of teat disinfection after milking
Yes: 16.4%, No: 83.6% Yes: 1.7%, No: 98.3% 0.003

Average quantity of hay provided daily to animals during the preceding season
0.97 (1.18) kg 0.61 (1.00) kg 0.004

Provision of finished feed (concentrate) to adult animals throughout the year
Yes: 31.9%, No: 68.1% Yes: 53.4%, No: 46.6% 0.001

Type of finished feed (concentrate) provided to adult animals
Pellets: 28.8%, Small pellets: 31.9% Pellets: 51.7%, Small pellets: 15.5% <0.01
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Table A2. Cont.

Farms in Which There Was a Professional
Relationship with a Veterinarian (n = 384)

Farms in Which There Was No
Professional Relationship with a

Veterinarian (n = 60)
p-Value

Average quantity of finished feed (concentrate) provided daily to animals during the
preceding season

0.74 (0.62) kg 0.53 (0.48) kg <0.0001

Person responsible for nutritional management
Veterinarian: 30.5% Veterinarian: 14.0% 0.003

Average milk production per ewe/doe during the preceding milking period
199.5 (127.5) L 129.0 (114.0) L <0.0001

Average number of lambs/kids born per ewe/doe
1.28 (0.20) newborns 1.20 (0.16) newborns 0.003

Incidence of clinical mastitis during the preceding season
2.0% (4.5%) 3.0% (4.1%) 0.021

Epg counts in faecal samples
228 ± 11 epg 320 ± 42 epg 0.011

Body condition score
2.40 (0.22) 2.26 (0.61) 0.16

Somatic cell counts
0.543 × 106 (0.504 × 106–0.583 × 106) cells

mL−1
0.680 × 106 (0.567 × 106–0.814 × 106) cells

mL−1 0.026

Length of previous animal farming experience
25 (25) 30 (10) 0.010

Daily period spent by farmer at the farm
15 (7) h 10 (7) h 0.035
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Simple Summary: The veterinarian’s primary responsibility is to safeguard animal health and public
health, guided by the motto “Sanitas animalium pro salute homini” (the health of animals for the
well-being of humans). However, there exists a distinct realm that operates separately from the
core duties of veterinarians: the oversight of in vivo research. While animal studies are crucial for
scientific advancement, they unfortunately involve the suffering and demise of numerous individuals.
Veterinarians strive to heal animals, prevent diseases, and alleviate their pain, but in the case of animal
experiments, these objectives are often unattainable. Instead of providing care, veterinarians witness
the deliberate induction of various diseases, suffering, and death in animals. This situation raises
ethical concerns and prompts the question of whether a veterinarian’s involvement in in vivo research
conflicts with their professional deontology. This article, drawing on the definitions of ethics and
deontology, examining human–animal relationships across historical periods, analyzing veterinarians’
codes of ethics in select European countries, and considering legal obligations concerning in vivo
experiments, aims to provide insights and conclusions on this subject.

Abstract: Animal experiments, despite their controversial nature, play an indispensable role in
scientific advancement and led to numerous significant discoveries. The supervision of veterinarians
in the realm of in vivo research holds immense importance. However, this particular aspect of
veterinary medicine, distinct from their other activities, can pose ethical challenges. Veterinarians are
entrusted with the prevention of diseases, healing, and pain elimination, yet in the case of animal
experiments, they witness intentional suffering and death. This article evaluates the ethical and
professional deontological aspects of this issue. It explores the historical evolution of human–animal
(including experimental) relationships and discusses how deontology stems from the definition of
ethics. The article also examines codes of ethics for veterinarians, providing illustrative examples. It
highlights that the actions of veterinarians in this domain align with their deontology and emphasises
the role of veterinarians in in vivo research as viewed within current legal frameworks. In conclusion,
the veterinarian’s participation in animal research is both ethically and deontologically justified, and
it is also a legal requirement.

Keywords: veterinarian; ethics; deontology; experimental animal; in vivo studies

1. Introduction

In vivo animal testing is undoubtely an extremely important aspect of life sciences. It
is difficult to imagine the progress of biological sciences without this domain. Mankind
owes many important discoveries to animal research, not the least of which we benefit
from on a daily basis. For instance, smallpox was eradicated thanks to a vaccine created in
research using animals [1]. One of the first in vivo studies involved penicillin. Although
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Ian Flemming discovered penicillin in vitro, he, along with Florey and Chain, won the
Nobel Prize for research conducted on mice showing how penicillin could be used to fight
infections [2]. In vivo research helped create modern vaccines against serious, often fatal,
or incurable diseases, such as against polio, tuberculosis, meningococcus, and human
papilloma virus, which causes cervical cancer [3]. In general, survival rates in cancer
are increasing due to the in vivo studies conducted mainly in mice. An example is the
discovery of herceptin, a humanised human protein that helped increase the survival
rate of breast cancer patients [4]. Another example is the animal studies conducted on
Tamoxifen, which resulted in a 30% decrease in mortality in breast cancer patients in the
1990s [5]. Today, many diseases, against which medicine was once helpless, are being
successfully treated. An example is AIDS; through the use of highly effective antiretroviral
therapy (HAART) developed with the use of animals, it is possible to almost completely
eliminate the symptoms of the disease, although the carrier of the virus remains [6]. Social
unawareness that therapies for common disease entities, such as asthma and type one
diabetes, are possible through animal research, can be observed.

It is worth noting that the development of novel diagnostic methods and new surgical
techniques is dependent on animals. Important discoveries in transplantation, regenerative
medicine, or immunology are also derived from animals. Every drug, vaccine, or diagnostic
substance has to go through a phase of preclinical testing before it enters the phases of
clinical trials and is registered. It is safe to say that, to a greater or lesser extent, almost
everyone benefits from animal research, taking advantage of the scientific achievements
we owe to them.

In vivo testing, despite the tremendous benefits it gives, is considered controversial,
as evidenced by protest actions conducted in various regions of the world, or the activity
of ”animal rights” organisations aimed at limiting, or even stopping, in vivo research.

The problem of using animals in experiments raises considerable emotions. It is
subject to legal regulations, including administrative rules and norms of professional ethics,
scientific discourse, and a lively social debate. It is argued that the suffering of the animals
involved makes animal research unethical. Therefore, it should not take place.

In recent decades, there was a growing interest among animal rights organisations
and the broader community in the moral and ethical issues surrounding the use of animals
in scientific research. Many express their opposition to such practices, arguing that the
use of animals in experiments, especially primates, is ethically wrong and violates animal
rights [7].

The main ethical argument put forward by animal rights organisations is the belief
that animals have a right to dignity and protection from suffering. Scientists often subject
animals to stressful conditions during experiments, which can cause pain and suffering.
Some claim that there are other research methods that are just as effective and do not
require the use of animals. According to their claims, in vitro tests, computer models,
and experiments on human tissues are some of the many alternatives that provide results
comparable to those obtained in animal studies [8].

Some also raise the issue of scientific efficacy. The results of animal studies do not
always directly translate to humans, raising questions about the reliability and applicability
of such experiments in biomedical research [9]. False or incomplete conclusions can not
only lead to delays in scientific progress and generate economic costs, but also potentially
affect human health [10].

Opponents of animal research also highlight the growing public disapproval of the
practice. As society evolves, more and more people view the use of animals in experiments
as morally unacceptable. Therefore, animal rights organisations are calling on scientists
and research institutions to take a more ethical approach to conducting research [11].

However, it should be noted that the issue of animal research is not simple. There are
scientists and experts who believe that in some cases animal research is necessary, provided
that strict ethical standards are met and there are no alternative research methods.
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This study discusses ethical issues in animal research. Research is focused on the
ethical problems of those whose participation is a common element and a prerequisite for
any in vivo experiment: the veterinarian. In particular, the authors intend to indicate ethical
and legal factors facilitating the making of morally charged decisions by veterinarians in
the case of laboratory animals [12].

This work constitutes a new scientific approach to the researched issue, as it tries
to move away from the emotions that usually accompany the issue of animal testing.
Moreover, the analysis is directed to veterinary surgeons, with the possibility of practical
use of the research results. It would also be desirable to use the current study in veterinary
education. Therefore, this article contains certain propaedeutic elements.

It is argued that the suffering of the animals involved makes animal research unethical.
Therefore, it should not take place. This study will discuss ethical issues in animal research,
focusing on the ethical problems of those whose participation is a common element and a
prerequisite for any in vivo experiment: the veterinarian. In particular, the authors intend
to indicate ethical and legal factors facilitating the making of morally charged decisions by
veterinarians in the case of laboratory animals [12].

The authors decided to limit the area of the problem analysis to the European Union,
as a representative example of the Western legal tradition and the Western cultural circle.

In the Western cultural circle, uniform concepts of science and ethics in science are
observed, an element of which is the work ethics of veterinarians in animal testing. In the
opinion of the authors, the results obtained, conclusions drawn, and observations made
are of a general nature and can be applied on a global scale.

2. Ethics

In order to reliably assess the ethical aspect in the in vivo research, it is necessary
to define the concept of ethics. Ethics, or moral philosophy, is a branch of philosophy
concerned with moral duty: moral right vs. moral wrong. Ethics determines its detailed
content: the rightness, and seeks ultimate explanations of norms, the genesis of evil, as
well as the way to overcome it. In other words, ethics can be defined as an individual’s
personal beliefs regarding what is right and wrong or good or bad [13].

The concept of deontology is closely related to the notion of ethics. It is one of its
branches. The word deontology comes from the Greek word for duty (deon) and the word
for science (logos). In the modern moral philosophy, deontology is a type of normative
theory regarding which choices are morally required, prohibited, or permitted [14]. The
above definitions can be merged and paraphrased: deontology is the science of the ethical
means to achieve the goal. The issue of deontology particularly often refers to the proper
implementation of activities related to the profession—the professional ethics. According
to deontology, including veterinary professional deontology, the end should not justify the
means since the ethical, moral aspect of reaching the designated goal is more important,
which distinguishes this concept from consequentialism.

Deontological rules in professional ethics are formulated with special attention to
the moral aspect, but have legal norms as their basis. This also applies to veterinarians,
who base the rules of deontology in their professional work on the veterinary codes of
professional ethics.

Thus, the code of ethics enables the veterinarian to choose the right, moral, and good
means to achieve the goal set [15]. Even though it is difficult to define the concepts of good
and evil, since they depend on the adopted value system, the code of ethics determines the
fulfilment of professional activities in a good, and therefore, ethical way. Nevertheless, it is
impossible to say unequivocally which actions are unambiguously good and which are
evil, and the authors postpone such a categorical statement.

Each state introduced its own code of ethics for veterinarians, hence, professional
deontology can vary depending on which country one practices the profession in. Some
codes of ethics of veterinarians describe the issue of animal testing. In spite of local minor
differences in veterinary professional ethics, the work ethics of veterinarians in animal
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testing was found to be uniform in the Western culture. Nevertheless, those codes express
common general principles, and can be regarded as the unified voice of the veterinarian
community on a global scale.

Undoubtedly, all of them were formed based on the view of the currently prevailing
human–animal relationship [14–19].

Therefore, it is important to demonstrate how the human–animal relationship changed
throughout history in order to understand how current ethical standards for veterinarians
practicing in laboratory animal medicine formed.

2.1. Human-Animal Relations throughout History as Viewed by Various Philosophical Schools

The earliest historical rationale for the relation–animal view is at least as early as
Pythagoras in 4th–5th century BC [20–22]. His belief in the metempsychosis, inspired by
Orphism, resulted in the promotion of vegetarianism. It is believed that he claimed that as
long as men would kill animals, they would kill each other. This view can be still found
today in several Far Eastern cultures and religions.

Aristotle indicated that a hierarchy of entities exists: inanimate things, plants, animals,
and humans at the top. Thus, according to Aristotle, animals have a lower ontic status
than humans, and help mankind achieve their own goals. He claimed that animals do not
behave morally and rationally, but are capable of feeling. He justified killing animals only
when it served to achieve higher goals [20,22–24].

Aristotle inspired Thomas Aquinas, who argued that less-perfect entities should serve
those, who are more perfect, referring to the human–animal relationship. This view still
prevails in Christian countries, and thus, Western legal tradition today. On the other hand,
Francis of Assisi promoted the view that animals are perfect as an act of His creation. He
encouraged the affirmation of nature; this view, however, was marginal, and did not leave
much of a mark on the human–animal relationship [7,22,25].

Descartes promoted the concept of “machine” [22,26]. According to him, animals
do not have vitam sensumque, which makes them incapable of feeling, including feeling
pain. Animals do not suffer, while their reactions to pain are simply reflexes to damaging
agents. Nevertheless, this period of such an approach to animals led to a flourishing of
the animal research, most of which was conducted inhumanely and caused great suffering
(e.g., vivisection).

It is known today how wrong the Cartesian theory of the time was. The Cambridge
Declaration on Consciousness, for example, signed by a group of leading scientists attend-
ing the Francis Crick Memorial Conference at the University of Cambridge in the UK in
July 2012, recognises that animals, including mammals, birds, and some other vertebrates,
are conscious beings capable of experiencing emotions, cognitive abilities, and awareness.
The declaration highlights the neuroanatomical similarities between the brains of these
animals and humans, supporting the idea of consciousness. It emphasises the ethical
importance of considering the welfare and treatment of animals in scientific research and
human activities [27]. Moreover, there are scientists who associate still other attributes
with animals. Prominent primatologist and ethologist, Frans de Waal proved through
his numerous behavioural studies that mammals even demonstrate dissociate emotional
and cognitive empathy [28], whereas according to famous biologist and behavioural ecol-
ogist Marc Bekoff, animals other than humans are able to exhibit moral and emotional
intelligence [29].

In opposition to Descartes’ claims stood John Locke. According to him, cruelty to
animals negatively affects human morality. He promoted a view that animals can be used
for human purposes, provided that respect is given and proper treatment guaranted [20].

Rousseau argued that all organisms (humans and animals alike) fight for their survival.
In his view, animals do not behave rationally, but they are undoubtedly conscious, and
similar to humans, are subject to the laws of nature. He emphasised the superiority of men
over other creatures, but commanded to give them respect.
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Kant created the concept of the categorical imperative, which was intended to be a
set of universal ethical norms and laws applicable to every human being. Human actions
should serve the general public and have no selfish motives, but only in relation to thinking
beings, which, according to Kant, include only humans. He argued that man is an end in
itself, and the animal is the way to an end [20,30].

Schopenhauer was of the opinion that animals have the ability to feel and behave
rationally, but to a narrower degree than humans, which was close to current views [20].

The present human–animal relationship, including in the context of the in vivo re-
search, is most likely due to Bentham’s concept of utilitarianism, according to which,
every action taken should be evaluated in terms of its consequences. What is useful
is good. It does not mean, however, that unethical behaviour in relation to animals is
acceptable [20,22,31].

According to Bentham, the determinant is not thinking, but feeling, and animals
are undoubtedly capable of feeling. Thus, they can be used, provided that it serves a
good purpose, and keeping in mind their ability to feel and suffer. This view shaped the
modern human–animal relationship (concerning also animal testing), and still prevails
today [20,24,32–34].

Contemporary philosophical, sociological, and anthropological concepts can also
be mentioned [30,35,36]. Nevertheless, the authors do not intent to provide a complete
anthropological or sociological theory, nor a philosophical system. Current analysis is not
an anthropology of science, nor is it a sociology of science, of the in vivo research, or of the
veterinary profession.

The discussed views influenced the content of the codes of professional ethics of
veterinary surgeons, which directly determine the deontology of veterinarians. The actions
of veterinarians, including those related to the in vivo research, must firstly comply with
the applicable law, and secondly, must be ethical. Legal norms are derived from current
legislation, while ethical norms are acquired from the code of ethics. Thus, the concept of
ethics depends on the norms contained in the code, and its axiological basis. It is a system
of connected vessels.

The following chapter will discuss ethical standards for veterinarians who deal with
animal testing, according to the representative examples of the veterinary codes of ethics
enforced by the European Union.

2.2. Ethical Standards for Animal Testing According to Codes of Ethics in Force in Various States

As was revealed, the performance of experiments by veterinarians is influenced by
philosophical trends shaping the relationship between man and laboratory animals [31,37],
as well as various types of legislation. Nevertheless, the veterinarian remains a physiscian,
and a member of the profession of public trust. Therefore, he/she is obliged to observe
not only their own particular system of ethics, resulting from their own philosophical or
religious beliefs. Every veterinarian must comply with professional ethics and deontology,
as defined in codes of professional ethics. Failure to comply with it is subject to professional
liability. One may lose his/her license to practice veterinary medicine in the case of breaches
of the law regarding animal experiments, the rules of the medical art, or moral standards.

In various countries and states, veterinary professional corporations and veterinary
social organisations, or other representatives of the veterinary profession [14,38–40] have
different approaches to the regulation of the discussed issue. Conducted analysis, however,
revealed that all these differences are of secondary importance. General principles of
practicing the veterinary profession, and of conducting the in vivo animal research, were
found to be universal in the Western society.

Selected representative regulations of states of the European Union, and thus, Western
cultural circle, were examined. These are states at a comparable level of civilisation,
common ethical, and legal sources (common history, religion, and philosophy). These
states are characterised by recognition of the same rules for conducting scientific research
and scientific discourse [41,42].
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2.2.1. Types of Regulation

A comparative ethical and legal analysis was carried out. It should be noted that
the standards of professional ethics included in the form of codes are legal standards, for
non-observance, of which there is a risk of liability.

The conducted research allowed us to indicate that there are three possible forms
of regulation of the professional ethics of veterinarians in the scope of laboratory animal
veterinary medicine:

• Tacit form;
• Mention;
• Special regulation.

In the type designated as “tacit regulation”, the issues of professional ethics in animal
research are not regulated separately in the code of ethics. They are rather subject to
general principles, such as lege artis performance, accordance with the law, and scientific
knowledge. An example of such a type is France [43–46].

In the type defined as “mention”, the issues of professional ethics in animal research
are regulated in the code of ethics only to a meager extent. Typical is one short provision of
this scope of professional activity. An example is the German code of veterinary professional
ethics [20,40,47,48], according to which veterinary surgeon must support scientific progress
in all fields of medicine and life sciences. Every veterinarian ought to support the research,
development, and use of alternatives to animal experimentation, an care for animal welfare.

In the type described as the “special regulation”, the issues of professional ethics
in animal research are regulated separately in the code of ethics, which devotes a lot of
attention to them.

In the further part of the current study selected, representative regulations in this
regard will be analysed.

2.2.2. Example of the Specific Regulation: Poland

The Polish code of veterinary ethics and deontology devotes Chapter IV, Articles 31–33,
to the issue of laboratory activity [49]. The premises, which allow for the participation
of a veterinarian in scientific animal research and in the implementation of scientific
achievements, are specified. Veterinarians’ activity in animal tests is acceptable only if there
are reasonable grounds that it will not be harmful to humans, animals, and the environment;
if experimentation using live animals is necessary for diagnostics, teaching, or for scientific
research, that is expected to be of benefit to human or animal health; and if the applicable
legal provisions are observed [50], there are cumulative conditions. It should be, therefore,
interpreted that any activity that does not meet all of these conditions is unlawful, illegal,
and most of all, unethical.

In addition, the veterinarian is burdened with an ethical obligation to watch over the
entire course of the experment. He/she has, therefore, a moral and professional responsi-
bility for all researchers [14] and for everything that happens during the experiment. The
veterinarian participating in experiments on animals, or supervising their course, is obliged
to ensure that unnecessary pain, suffering, and injuries are not caused to animals [32].

2.2.3. Example of the Specific Regulation: Italy

Article 39 of the Italian code of veterinary ethics is devoted to the discussed
problem [51]. Veterinarians should strive for the progress of medicine and science. It is
recognised as the highest goal. Other goals, such as the welfare of mankind or animal
welfare, are of intermediate importance.

To ensure this, the Italian laboratory veterinarian must rely on four criteria. These are
the top criteria for ensuring the quality of research and their moral justification. They are
important both from the point of view of the society, veterinary profession, science, and the
veterinarian him/herself.

The first criterion refers to the earlier scientific research, improvement of knowledge,
and activities taken up to protect the health and welfare of animals and humans. The
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second criterion is the obligation to comply with legal norms. The third is the welfare
of laboratory animals (the 3R principle, the development of alternative methods, and
appropriate means to avoid unnecessary suffering) [52]. Finally, the fourth criterion is the
possibility of using the conscientious objection.

2.2.4. Example of the Specific Regulation: Spain

Professional deontology of Spanish veterinarians in relation to the use of laboratory
animals is described in Chapter XII, Article 29, of the local code of ethics [53,54].

Spanish veterinarians cannot conduct experiments on live animals without an autho-
rising consent of the competent state authority. All animal experiments must be based
on generally recognised scientific standards. Among these scientific principles, the 3R
principle is directly mentioned. Minimizing the number of animals used in the experiment
is also emphasised. Further regulations (Article 29, sections 5–6) concern not as much
laboratory animals as experiments in the clinical phase.

2.2.5. Other Factors

The detailed examples analysed, discussed, and presented above allow us to draw
conclusions of a general nature. Although these are local regulations from the area of
given European states, they can be considered as an exemplification of general global
rules of professional ethics that apply to all veterinarians around the world, regardless
of jurisdiction.

It should be noted that in most states, the ethical standards applicable to veterinarians
can be derived indirectly from the provisions of the acts on animal experimentation. There
are also international regulations, such as those of the European Union, the analysis, and
legal interpretation, of which will be presented in the further part of the current paper.

It should also be noted that in addition to the above sources of legal standards, a given
laboratory veterinarian can be also obliged to observe scientific ethics as an employee of
laboratories operating within research institutes or universities [15].

In connection with all of the above, a gap, or conflict, between the need for evidence-
based medicine and ethics may occur [55]. This may give rise to serious ideological dilem-
mas and may practically affect the quality of the work in the laboratory or animal facility.

Moreover, a discrepancy between the morality (philosophical, religious, etc.) of a
given person, a given veterinarian, or a given society and veterinary professional ethics
may be observed. Discrepancy between what the law allows and what ethics indicates may
be revealed.

A significant problem is the “detachment” or “abruption” from laboratory animals by
the veterinary surgeon. It is difficult for him/her, and psychologically destructive, but at the
same time, it serves the objectivity of research. Each veterinarian, therefore, must balance
his/hers responsibilities rising from different value systems, and choose the solution that is
most compliant with the law and with the ethical standards. The instrument of this choice
may be the scientific knowledge acquired in the course of studies, specialisation, or courses
devoted to laboratory issues.

3. European Law Regulating In Vivo Animal Testing

Professional deontology, including that of a veterinarian, is not only conditioned
by ethics prevailing in a given society, but also by its religion, history, and law. The
veterinary code of professional ethics cannot be in conflict with the law in force. Standards
of professional ethics for veterinarians, as well as legal regulations, must be consistent in
democratic countries. This is the standard of the Western cultural circle.

In addition to the regulations of individual states, more general legal provisions with
an international scope exist. They firlmy affect state laws. In this paper, the authors decided
not to examine the laws of individual states. Instead, the European Union regulations will
be analysed as a meaningful, and as a representative example of universal significance.
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Currently, the overriding legal act in the European Union member states is the Direc-
tive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on
the protection of animals used for scientific purposes [56–58].

As a result of its entry into force, member states had to introduce national regulations
implementing all aspects of the directive within five years. Thus, legal regulations in
individual member states regarding the issue of animal testing are conditioned by various
legal acts, the common element of which is the realisation of the same crucial elements
arising from the directive [40].

Therefore, the provisions of the legal acts in force in individual member states
are uniform because their assumptions and axiological foundations are convergent.
There is no point in analysing separately the legal acts of each member state, since their
assumptions coincide.

Instead of the analysis of particularities, the authors will focus on the legal role of
the veterinarian in scientific research according to Directive 2010/63. This legislative act
consists of 56 points that make up the preamble, 66 articles grouped into 6 chapters, and
8 annexes.

Article 25 stipulates that member states shall ensure that each breeder, supplier, and
user has a designated veterinary surgeon with expertise in laboratory animal medicine, or,
if it would be more appropriate, an ”expert” with appropriate qualifications performing
advisory duties on animal welfare and treatment.

Thus, establishment, regardless of its form of operation, must employ a veterinar-
ian with relevant expertise in laboratory animal medicine or an ”expert with relevant
qualifications”. It is not clear what specific qualifications, skills, knowledge, or education
this ”expert” should have. Nevertheless, this position is treated as an alternative to a
veterinarian to perform veterinary supervision at the establishment.

The authors hereby postulate that the ambiguous position of the ”expert” should be
removed from the normative acts. Moreover, in states where there is an official title of a vet-
erinary surgeon (specialist in laboratory animal medicine), this function ought to be limited
to only veterinarians who can demonstrate such a national or European specialisation.

Another reference to the role of the veterinarian in the in vivo research can be indicated
in Article 9 on obtaining wild animals for research. The norm states that wild animals
may be obtained for research only under the condition of scientific justification, confirming
that the purpose of the procedure cannot be obtained using an animal bred for use in
procedures [59].

In addition, the acquisition of wild animals shall be carried out by competent persons
using methods that do not cause the animals avoidable pain, suffering, distress, or perma-
nent damage. All animals found to be injured or in poor health during or after the capture
shall be examined by a veterinarian. They should then be subject to appropriate procedures
to minimise suffering. Thus, the presence of a veterinarian is indispensable when acquiring
wild animals for research, because if an animal is injured, it must be properly examined
and treated [60]. This requirement can be derived not only from the statutory regulations,
but also from the scientific veterinary knowledge, and the veterinary professional ethics.

Another role of the veterinarian is mentioned in Article 16, concerning the use of
animals in an experiment once they are subjected to procedures. This is only possible if
four conditions are met:

• If the severity of the previous procedures was mild or, at most, moderate (the severity
classification of the procedures is referred to in Annex VIII);

• If it is shown that the animals fully recovered their general health and welfare;
• If the subsequent procedure is classified as mild, moderate, or terminal without

recovery, and;
• It is in accordance with veterinary advice, taking into account the animals’ life experience.

It is possible to deviate from the first condition; after the examination performed by a
veterinarian, the animal can also be reused if it was subjected to a severe procedure, but
not more than once. Thus, it is for the veterinarian to make the final decision whether
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the animal can be reused in procedures. Such a decision cannot be made without his
participation. In the authors’ opinion, this is a reasonable normative solution. Only a
veterinary surgeon has sufficient competence, knowledge, and skills to adjudicate on the
health of the animal. Not only is the knowledge of laymen (outside observer) not enough,
they also perceive science differently than researchers and veterinary professionals [36].

Article 17 considers the role of the veterinarian. It regulates the fate of animals after the
procedures performed on them are completed. According to paragraph 2, the veterinarian,
or another competent person, makes the decision to either kill, or keep the animal alive.
It is, however, not clear what competence the “other competent person” must have to
perform a function equivalent to the veterinarian in this case. Such a regulation is assessed
by the authors definitely negatively. This is a potential gateway to abuse.

An animal is killed if there is a probability that it will continue to feel moderate or
severe pain, suffering, or distress, or that it will experience permanent damage. This
means that the veterinarian, having examined the health of the animal after the procedures,
decides whether the animal can be left alive or should be killed due to the suffering it
is experiencing.

Article 26 describes the connection between the veterinarian and the functioning of the
animal welfare advisory body. According to the statutory provisions, each establishment
must set up a welfare advisory body, which must include (at least) a person or persons
responsible for the animal welfare and animal care, and in the case of a user, an academician.

The animal welfare advisory body receives information from the designated veterinar-
ian, or expert referred to in Article 25. Thus, it can be stated that the veterinarian (or the
aforementioned “expert”) cooperates with the welfare body without being a member of it
by him/herself. His/her role is providing information on animal welfare, emphasizing the
assessment of animal health.

Each establishment must employ a “designated veterinarian” with relevant expertise
in laboratory animal medicine, where he or she provides extensive veterinary services.

In light of the discussed directive, the role of the veterinarian in the in vivo research
concerns: deciding whether to reuse animals in procedures, determining whether to
keep animals alive or kill them after procedures are completed, and cooperating with the
welfare body in implementing animal welfare. These activities, for which there is a legal
requirement that they are carried out specifically by a veterinarian, are hereby considered
as “direct” participation of a veterinarian in the in vivo research.

An “indirect” participation can also be distinguished: when specific functions are
performed by a veterinarian, even though legally they do not have to be performed by
him/her. Examples include the so-called animal facility famanager and personnel of
the establishment.

As for personnel of the establishment, Article 23 of the discussed European Directive
distinguishes between those who perform the functions of:

• Performing procedures on animals;
• Planning procedures and projects;
• Taking care of animals; and
• Killing animals.

Persons performing these functions must be trained in the scientific discipline relevant
to the work being undertaken, and should have knowledge of the species in question. The
scope of mandatory training for these individuals is detailed in the Appendix V.

The animal facility manager is an informal term, not appearing in the normative text.
The animal facility manager performs the functions set forth in Article 24.1, and thus is
responsible for supervising the welfare and care of the animals; as well as ensures that the
personnel handling the animals have access to information on the specific species housed
in the facility. Moreover, he/she is responsible for ensuring that the personnel is properly
educated, competent, and continuously trained, as well as supervised till the required
skills are demonstrated. The establishment may have one or more persons performing
this function.
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Although there is no legal requirement that any of the staff or manager positions
be held by a veterinarian, they are often held precisely by veterinarians because of their
knowledge experience in working with animals.

There is another legal aspect tying the veterinarian to in vivo experimentation. This
is alluded to in Article 34, which deals with the obligation of member states to inspect
breeders, suppliers, and users.

This article provides rules for determining the frequency of such inspections. In
most of the European Union member states, the veterinary inspection is involved, and
the persons directly inspecting the centers are veterinary officers (and thus, veterinarians).
They inspect the legality of the conduct of in vivo experiments; that is, whether they are
carried out in accordance with the law currently in force (resulting from the directive), and
prepare the relevant inspection documentation, which must be kept for at least five years.

The significant role of ethical committees in the process of conducting animal tests
should be indicated. Such committees decide on admission to experiments, on the number
of animals, or on the end of the procedure. It was found that often, but not always, a
veterinary surgeon is a member of such a committee. As already indicated, according to
general legal principles (including logic and axiology of the veterinary law), veterinarians
are the only people who have the right to make judgments about, and to assess the health of
animals. The authors hereby propose that in each ethical committee, at least one veterinary
professional should be included; preferably, veterinarians experienced in animal testing
and specialised in laboratory animals’ health and pathology [61].

The legal provisions, however, only seem to constitute directives of conduct. The
regulations themselves do not indicate to the veterinarian what ethical decisions or what
choices to make [12]. Nevertheless, if, when interpreting a legal provision, he/she takes
into account the ethical background and axiological grounds on which these norms are
based, then making the right decision will be easier.

Furthermore, in the opinion of the authors, ethical obligations should not be created in
abstracto, or metaphorically “in vitro”, in isolation from the real users of ethics (veterinari-
ans), from their limitations, or the possibility of meeting the requirements. In the authors’
opinion, professional ethics and veterinary law are not ideal or idealistic theoretical con-
cepts, but tools for practical application. Therefore, law and professional deontology must
take into account the practical eventualities and limitations of the users.

4. Conclusions

In vivo animal research undeniably has a huge impact on the development of science,
and these scientific achievements are of great value to humans. However, it is important
to note that not all experiments involve equal animal suffering. We have four categories
of the severity of procedures: non-recovery, mild, moderate, and severe [56]. At the
planning stage of an experiment, we have an obligation to implement the 3Rs principle,
one component of which is ”refinement”, according to which we must strive for the least
possible animal suffering. However, there are some experiments in which, due to the type
of research, we cannot avoid causing severe pain to animals, and this raises more ethical
questions: does the desire to gain new knowledge and discoveries morally justify harming
animals? This is still a controversial point. According to the principle of refinement,
in in vivo research, we should also strive to use animals from the lower rungs of the
evolutionary ladder. Nevertheless, many experiments are being conducted on primates,
which are evolutionarily closest to humans. There are still conditions with unknown
pathogenesis and effective treatment, such as Alzheimer’s or Parkinson’s disease, and
mouse or rat models of these diseases do not advance our knowledge; in order to finally
discover effective methods of preventing these diseases, should we conduct research on
primates, which is the most sentient group of animals? This is an ethical dilemma.

The role of the veterinarian in in vivo animal research is crucial. As demonstrated, a
veterinarian is the only person who has enough knowledge, skills, and legal authorisation
to assess the health of laboratory animals.
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Moreover, a veterinary surgeon must be involved in the scientific research because,
as the legal norms state, he/she must be employed at each animal facility, must decide
whether animals are to be left alive after procedures, must have a welfare advisory body
cooperating with him/her, must approve the reuse of animals in procedures, and must
oversee the acquisition of wild animals for research.

It is not precluded for a veterinarian to participate in the scientific research as a
so-called animal facility manager (Directive 2010/63, Article 24.1), or a staff member
directly involved in the conduct of an experiment. Performing any of these functions is
not unethical, as it does not contradict a veterinary code of ethics. Most of such codes
explicitly state that veterinarians should strive for the proper conduct in any field (including
animal experiments), and ensure humane treatment of all animals (including experimental
animals). Killing animals at the end of an experiment (which is at the discretion of the
veterinarian) may raise moral questions, but leaving an animal suffering alive would be far
less morally correct than euthanasia, and is therefore ethically correct.

The participation of veterinarians in the discussed kind of research is legal, necessary,
and should not pose major ethical problems, as it does not contradict the codes of ethics of a
veterinarian. Direct participation in the in vivo experiment should also not raise questions
about the ethicality of such conduct, since this issue is overseen by Ethics Commissions
operating in each member country [61].

Such commissions authorise only experiments in which the suffering of animals is as
low as possible and morally justified; tests that may entail the acquisition of knowledge
useful to humans. These provisions, therefore, justify the use of animals in scientific
research according to utilitarianism.

Ethics committees do not approve badly planned or unethical experiments. Thus,
taking part in a legitimate experiment, one is assured that it does not contradict ethics,
nor deontology. Whether or not it is morally correct depends on the value system one
adopted, and how it will balance the different responsibilities that come from different
normative sources. The ethical and axiological background of the law, including the law
of professional ethics, as well as scientific veterinary knowledge in the field of health and
welfare of laboratory animals can be an aid and decisive instrument.

Author Contributions: Conceptualization, A.D. and Ł.K.; methodology, A.D. and Ł.K.; formal
analysis, A.D. and Ł.K.; writing—original draft preparation, A.D. and Ł.K.; writing—review and
editing, A.D. and Ł.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Riedel, S. Edward Jenner and the History of Smallpox and Vaccination. Bayl. Univ. Med. Cent. Proc. 2005, 18, 21–25. [CrossRef]
2. Gaynes, R. The Discovery of Penicillin—New Insights After More Than 75 Years of Clinical Use. Emerg. Infect. Dis. 2017, 23,

849–853. [CrossRef]
3. Koff, W.C.; Rappuoli, R.; Plotkin, S.A. Historical Advances in Structural and Molecular Biology and How They Impacted Vaccine

Development. J. Mol. Biol. 2023, 435, 168113. [CrossRef] [PubMed]
4. Slamon, D. Herceptin®: Increasing survival in metastatic breast cancer. Eur. J. Oncol. Nurs. 2000, 4, 24–29. [CrossRef] [PubMed]
5. Jordan, V.C. Proven value of translational research with appropriate animal models to advance breast cancer treatment and save

lives: The tamoxifen tale. Br. J. Clin. Pharmacol. 2014, 79, 254–267. [CrossRef]
6. Gazzard, B.G. A Decade of HAART: The Development and Global Impact of Highly Active Antiretroviral Therapy. HIV Med.

2009, 10, 458. [CrossRef]
7. Gluck, J.P. Voracious Science and Vulnerable Animals: A Primate Scientist’s Ethical Journey; Animal Lives; University of Chicago Press:

Chicago, IL, USA, 2016; ISBN 978-0-226-37565-6.

124



Animals 2023, 13, 2476

8. Greek, J.S.; Greek, C.R. Replacing the Animal Model in Biomedical Research and Education. In What Will We Do If We Don’t
Experiment on Animals? Medical Research for the Twenty-First Century; Trafford Publishing: Bloomington, IN, USA, 2004; pp. 13–30,
ISBN 978-1-4120-2058-9.

9. Knight, A.; Bailey, J.; Balcombe, J. Animal Carcinogenicity Studies: 2. Obstacles to Extrapolation of Data to Humans. Altern. Lab.
Anim. 2006, 34, 29–38. [CrossRef]

10. Knight, A. Systematic Reviews of Animal Experiments Demonstrate Poor Human Clinical and Toxicological Utility. Altern. Lab.
Anim. 2007, 35, 641–659. [CrossRef]

11. 52% of American Public Opposes the Use of Animals in Scientific Research. Available online: https://speakingofresearch.com/
2018/08/30/52-of-american-public-opposes-the-use-of-animals-in-scientific-research/ (accessed on 20 July 2023).

12. Vettical, B.S. An Overview on Ethics and Ethical Decision-Making Process in Veterinary Practice. J. Agric. Environ. Ethics 2018, 31,
739–749. [CrossRef]

13. Fischer, J. Social Responsibility and Ethics: Clarifying the Concepts. J. Bus. Ethics 2004, 52, 381–390. [CrossRef]
14. Herzog, H. Ethical aspects of relationships between humans and research animals. ILAR J. 2002, 43, 27–32. [CrossRef] [PubMed]
15. Ashall, V.; Hobson-West, P. 45. The Vet in the Lab: Exploring the Position of Animal Professionals in Non-Therapeutic

Roles. In Professionals in Food Chains; Wageningen Academic Publishers: Wageningen, The Netherlands, 2018; pp. 291–295,
ISBN 978-90-8686-321-1.

16. Sturma, D. Tierversuche: Eine Ethische Perspektive. In Natur, Ethik und Ästhetik; Sturma, D., Ed.; Brill | Mentis: Leiden, The
Netherlands, 2022; pp. 331–352, ISBN 978-3-96975-247-0.
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Simple Summary: Currently, there are not many opportunities for undergraduate students to learn
about Honey Bee Veterinary Medicine (HBVM) in their regular degree programs. This is a problem
because veterinarians are increasingly responsible for taking care of honey bee health and production.
Additionally, there are not many options for veterinarians to specialize in HBVM after graduation.
This study aimed to monitor the educational opportunities for veterinarians in Italy. The study
looked at both undergraduate and postgraduate programs, including degree programs in Veterinary
Medicine, Masters, and other postgraduate courses. The results show that the training available
for veterinarians in beekeeping in Italy is insufficient, which is a problem in other European and
non-European countries as well. Finally, this study suggests a plan for training veterinarians in
beekeeping that will meet the needs of the profession in the future while also following current and
future public health regulations.

Abstract: Honey bees, like other livestock, may be affected by infectious, parasitic, and abiotic
diseases that need proper sanitary monitoring and control. Currently, there are limited opportunities
for undergraduate students to receive education in Honey Bee Veterinary Medicine (HBVM) as part
of their regular degree program, despite the professional requirements for veterinarians to carry out
the increasing tasks related to honey bee health and production. Additionally, postgraduate training
and specialization in HBVM is also underdeveloped. This study was an observational survey that
evaluated the educational opportunities available in HBVM for current and future veterinarians in
Italy. The survey analyzed both undergraduate and postgraduate programs, including Undergradu-
ate Degree Programs in Veterinary Medicine (UDPVM), “Scuole di Specializzazione”, Masters, and
other postgraduate courses. The results indicate that the current training available for veterinarians
in the field of apiculture, both before and after graduation, is also insufficient in Italy, as already
reported in other EU- and extra-EU countries. Finally, a roadmap for veterinary training in HBVM is
developed here describing objectives and teachings aimed at fulfilling the needs of the profession in
the field of beekeeping, considering the existing rules and regulations governing public health and
possible evolution of this legal framework in the future.

Keywords: honey bee; beekeeping; veterinary medicine; infectious; parasitic and abiotic diseases;
food safety; Italian survey; undergraduate education; postgraduate education; veterinary specializa-
tion; roadmap

1. Introduction

Most pollinating insects are wild, but some species are farmed for their economic value.
Among the farmed species, the most numerous are those pertaining to the genus Apis and
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of which the most common is the honey bee (Apis mellifera L.), the third most important
livestock species in Italy (97,938 farms), after cattle (134,298 farms) and small ruminant
farming (135,591 farms) [1]; 650,000 beekeepers are found throughout the European Union,
managing 17.5 million hives and producing about 280,000 tons of honey annually [2]. In
Italy, 71,104 beekeepers have been counted, of which 51,483 produce for self-consumption
(72% of the total) with about 354,802 hives (24% of the total), and 19,621 are professional
beekeepers who produce for the market (28% of the total), with over 1,127,958 hives (76% of
the total) [1]. Honey bees are mainly farmed for honey production; however, many others
are the hive products, which have been used since ancient times in nutrition and for human
psychophysical well-being [3–5]. The beginning of the human–honey bee relationship can
be dated to at least 10,000 years ago, as documented by the rock paintings discovered in
the Cave of the Spider [6]. Since then, honey bees have accompanied mankind through
the centuries, and signs of the use of honey bee products have been found in all the main
civilizations from Babylonians to Greeks and Romans [7–9].

Honey bees, together with wild species, provide about 70 percent of the pollination of
all plant species on the planet, generating significant induced economic value related to
the spontaneous or controlled service of pollination [10,11]. According to the Third Report
on the State of Natural Capital in Italy [12] the economic value of the pollination service
of Italian agricultural areas is estimated to be around 2 billion euros per year. Bees and
other pollinators, such as bumblebees, represent the core of the One Health Concept, now
more than ever of great interest and sensitivity, helping to maintain the balance between
“Human-Animal-Environmental” Health [13]. In the One Health approach, it is increasingly
evident that the beekeeping sector needs to make use of adequately trained veterinarians,
both at the level of the Public Veterinary Services of Health Authorities (control activities)
and at the level of the Universities (diagnostic and research activities), as well as within
the veterinary freelance profession, to face the challenges represented by the monitoring,
prevention, control, and eradication of notifiable diseases, as well as assuring food safety
of beekeeping products.

To date, it appears that the relationship between veterinarians and beekeepers is
mainly restricted to a controller–controlled relationship aimed at evaluating the compliance
to regulations. On the contrary, veterinarians should support beekeepers in the implemen-
tation of national and international regulations concerning the identification, traceability,
and movement of bees, following the evolution of the regulatory sector where particular
emphasis is placed on the role of veterinarians in assessing the epidemiological risk con-
nected to beekeeping, managing the use of veterinary drugs, and protecting consumers,
i.e., against fraud, managing of information systems [14–17]. Under current regulations,
veterinarians are called to play a key role in guaranteeing the health of honey bee colonies
and of human individuals by securing the food safety of beekeeping products [18]. In
addition, veterinarians should be trained to support the diverse services that beekeeping
can provide, e.g., pollination of plant crops, monitoring of environmental contaminants,
apitherapy, and apitourism. Finally, veterinarians should recognize and support the socio-
cultural value of beekeeping, in relation to the appreciation of the natural environment,
the creation of leisure, and work opportunities [19]. However, in the past decades, this
field has elicited little interest among veterinarians, leading to the impoverishment of their
knowledge. In order to face the new challenges in this sector, veterinarians should acquire
adequate knowledge and skills during the Undergraduate Degree Program in Veterinary
Medicine (UDPVM) to carry out the clinical examination of honey bee colonies and other
veterinary tasks related to Honey Bee Veterinary Medicine (HBVM).

In this context, the interest of various institutions and organizations, both nationally
and internationally, in the topic of veterinarian training in beekeeping is increasing [2,20].
Recent surveys have shown that there is considerable dissimilarity regarding the level and
mode of teaching of HBVM in the different curricula of Veterinary Medicine in Europe and
the rest of the world. HBVM is an area of Veterinary Medicine for which few educational
opportunities are made available to undergraduate students during their regular degree
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program, even though as veterinarians they should have the theoretical and practical
knowledge and skills that have been mentioned above. A recent study of undergraduate
education in Veterinary Medicine conducted at the European Union level showed that
only a portion of the UDPVM provides students with knowledge and skills in HBVM,
usually as elective teaching or part of other subjects [20]. According to this study, the
teaching of HBVM at the undergraduate level in the EU receives less attention in the
curricula compared to other areas that are less widespread and popular, such as Veterinary
Medicine of Laboratory Animals and Aquatic Species. In terms of postgraduate training,
specialization in HBVM is also not particularly developed. In fact, there are only a few
national specialization programs, and there Is no Veterinary College recognized by the
European Board of Veterinary Specialization (EBVS) capable of providing European-wide
recognition for specialists in HBVM, as is the case with other disciplines [20].

The present study was an observational survey on the educational offerings in HBVM
provided by Italian universities to current and future veterinarians. The survey focused on
both undergraduate and postgraduate programs analyzing the UDPVM activity in Italy,
together with University Masters and Postgraduate Courses open to Veterinary Medicine
graduates, and describes an educational proposal, defined y objectives and teachings,
aimed at filling the needs related to the practice of the profession in the field of beekeeping.

2. Materials and Methods

The study analyzed the educational offerings of the thirteen Italian universities with
Veterinary Medicine, namely the following: University of Messina (UNIME), University of
Bari (UNIBA), University of Naples (UNINA), University of Sassari (UNISS), University
of Teramo (UNITE), University of Perugia (UNIPG), University of Camerino (UNICAM),
University of Pisa (UNIPI), University of Bologna (UNIBO), University of Parma (UNIPR),
University of Torino (UNITO), University of Milano (UNIMI), University of Padova (UNIPD).
Initially, the survey activity focused on analyzing the educational programs of the UD-
PVM. Data were evaluated based on the information provided by the “Universitaly” website
(https://www.universitaly.it/ accessed on 15 November 2022). Particularly, for each UDPVM,
the corresponding Scheda Unica Annuale (SUA) was examined, possibly supplemented by
information available on the websites of the respective universities (Supplementary Table
S1). For UDPVM, the source of the study curricula consists of the corresponding Manifesto
Annuale degli Studi for the 2022/23 academic year or the Regolamento Didattico, to which
the SUA files refer. The Manifesto Annuale degli Studi is the document which, in accordance
with the academic teaching regulations, conveys the information relating to the educational
offerings for the following academic year. The Regolamento Didattico, unlike the Academic
Systems, is approved exclusively at the local level and specifies the organizational and func-
tioning aspects of the UDCVM: objectives, entry requirements, subjects and other training
activities, propaedeutics, curriculum, indications relating to the exams and the final exam, any
attendance obligations, and other useful information. SUA is a management tool that is func-
tional for the planning, implementation, self-assessment, and re-planning of the educational
program. The survey identified the courses, which presented in the title a clear referral to
HBVM subjects and in which the relative teaching commitment was quantifiable (European
Credit Transfer and Accumulation System, ECTS, or hours). Teaching activities of HBVM
were then classified as a separate subject incorporated into a curriculum (monographic),
as part of other subjects in a curriculum (integrated), as mandatory or elective. Among
these, the Settore Scientifico Disciplinare (SSD) for the UDPVM and the ECTS have also been
identified and differentiated into lectures and practical lessons. The SSD corresponds to a
specific academic discipline as reported in the Decreto Ministeriale, 4 October 2000 [21], and
following amendments and modifications. The methodological tool consisted of the analysis,
relating to the most recent academic year for which information was found, of the study
curricula, on which programmatic documents are described in the list of courses with an
indication of the reference SSD and any articulation into modules, as well as other training
subjects. Subsequently, the survey focused on the postgraduate programs, namely “Scuole
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di Specializzazione”, University Masters, and “Corsi di Perfezionamento”, and a search was
carried out as for the UDPVM (Table 1).

Table 1. Veterinary Medicine educational programs evaluated.

University UDPVM Scuole di Specializzazione
Masters and

Corsi di
Perfezionamento

Acronym AY Type AY AY

UNIME 2022/2023 Inspection of Food of Animal Origin 2021/2022
2022/2023 2021/2022

UNIBA 2022/2023
Inspection of Food of Animal Origin;

Infectious Diseases, Prophylaxis, and Animal Health
Requirements

2020/2021
2021/2022
2022/2023

2021/2022

UNINA 2022/2023

Inspection of Food of Animal Origin;
Infectious Diseases, Prophylaxis, and Animal Health

Requirements;
Animal Feeding;

Applied Ethology and Animal Welfare

2020/2021
2021/2022
2022/2023

2021/2022

UNISS 2022/2023 Inspection of Food of Animal Origin;
Animal Health, Livestock Husbandry, and Productions.

2020/2021
2021/2022
2022/2023

2021/2022

UNITE 2022/2023 Inspection of Food of Animal Origin;
Animal Health, Livestock Husbandry, and Productions

2020/2021
2021/2022
2022/2023

2021/2022

UNIPG 2022/2023 -
2020/2021
2021/2022
2022/2023

2021/2022

UNICAM 2022/2023 Animal Health, Livestock Husbandry, and Productions
2020/2021
2021/2022
2022/2023

2021/2022

UNIPI 2022/2023 Inspection of Food of Animal Origin;
Animal Health, Livestock Husbandry, and Productions

2020/2021
2021/2022
2022/2023

2021/2022

UNIBO 2022/2023 Animal Health, Livestock Husbandry, and Productions
2020/2021
2021/2022
2022/2023

2021/2022

UNIPR 2022/2023 Inspection of Food of Animal Origin;
Animal Health, Livestock Husbandry, and Productions

2020/2021
2021/2022
2022/2023

2021/2022

UNITO 2022/2023 Inspection of Food of Animal Origin
2020/2021
2021/2022
2022/2023

2021/2022

UNIMI 2022/2023

Animal Health, Livestock Husbandry, and Productions;
Prophylaxis and Animal Health Requirements;

Animal Feeding;
Applied Ethology and Animal Welfare

2020/2021
2021/2022
2022/2023

2021/2022

UNIPD 2022/2023

Inspection of Food of Animal Origin;
Animal Health, Livestock Husbandry, and Productions;
Infectious Diseases, Prophylaxis, and Animal Health

Requirements;
Animal Feeding;

Applied Ethology and Animal Welfare

2020/2021
2021/2022
2022/2023

2021/2022

Acronym of University, the Academic Year (AY) of Undergraduate Degree Program in Veterinary Medicine
(UDPVM), “Scuola di Specializzazione”, Masters and “Corsi di Perfezionamento”, and the type of “Scuola di
Specializzazione” evaluated are presented.
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The “Scuole di Specializzazione” are Italian educational establishments regulated by
the Decreto Ministeriale, 27 January 2006, n. 146 [22]. The” Scuole di Specializzazione”,
which can only be accessed by graduates in Veterinary Medicine, award the title of specialist,
a prerequisite for accessing professional roles in the Italian National Public Health Service.
The “Corsi di Perfezionamento”, regulated by Legge 341/90 [23], are provided through post-
graduate training, which allows for the development and training of high-level skills and
abilities for the improvement of one’s professionalism. They are promoted by universities
in collaboration with other public or private institutions, and unlike masters, do not issue an
academic qualification, but a certificate of participation, which certifies the skills acquired
during the course. Regarding the “Scuole di Specializzazione”, considering that for some
schools the three-year course is not always activated in the same academic year, reference
was made to the last three years, i.e., from 2020/21 to 2022/23. For the Masters and “Corsi
di Perfezionamento”, the reference was made to the academic year 2021/22 (Table 1).

3. Results

The survey on UDPVM revealed that only 5/13 universities present HBVM courses
in the educational curricula (UNIBA, UNINA, UNISS, UNIPI, UNIMI); particularly, 1/13
universities (UNISS) delivers mandatory, though incorporated, teaching in the field of
HBVM, while 2/13 universities (UNIBA and UNINA) provide incorporated monothematic
courses. Moreover, 3/13 universities (UNINA, UNIPI, UNIMI) offer a traineeship in HBVM
as part of the 5th year final traineeship (Table 2).

Table 2. Teaching dedicated to HBVM (5 years) in Italy.

University Year
ECTS Teaching

SSD
Lectures Practical Type Name

UNIBA 4th 1 1 Monographic/
Mandatory

Hygiene and Safety of the Beekeeping
Industry (1) VET/04

UNINA

5th 3 3 Monographic/
Elective

Husbandry, Pathophysiology, and
Pathology of Bees

AGR/20
VET/03

5th - 1 Incorporated/
Elective Traineeship in Animal Husbandry n.a.

UNISS 4th 2 - Incorporated/
Mandatory

Inspection of Meat, Eggs, and Honey
Products (2) VET/04

UNIPI 4th - 1 Incorporated/
Mandatory

Traineeship in Zooculture “Breeding of
Small Species” AGR/20

UNIMI 5th - 4 Incorporated/
Elective

Traineeship in Zootechnics “Breeding of
Major and Minor Species” AGR/17

Acronym of University, Academic Year (AY) of UDPVM in which the teaching is offered, number of the European
Credit Transfer and Accumulation System (ECTS) allocated for lectures and practical teaching, type of course
provided, name of the teaching and Settore Scientifico Disciplinare (SSD) are presented. (1) The module is
incorporated in the course “Food Safety 1”; (2) the subject is incorporated in the course “Food Inspection, Control
and Certification”; n.a.: not available.

The survey on postgraduate teaching revealed that 5/13 universities (UNINA, UNIBA,
UNITE, UNIBO, UNIMI) have HBVM-dedicated teaching in the Scuole di Specializzazione,
mainly as integrated courses and only 1/13 offers practical teaching (UNIMI) (Table 3).

Regarding the offering of the University Masters or “Corsi di Perfezionamento”, the
survey showed that only one Master and one “Corso di Perfezionamento” are available for
graduated veterinarians and are provided by UNITE and UNINA, respectively. The Master
in “Beekeeping: environmental and health management” provides 30 ECTSs corresponding
to 300 h of lectures, 20 ECTSs corresponding to 200 h of practical activities, 5 ECTSs of
elective training activities, and 5 ECTSs for the final exam. The “Corso di Perfezionamento”
in “Hygienic and sanitary management of apiaries for the protection of the environment
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and biodiversity” provides 15 ECTSs corresponding to a total of 375 h, of which 170 h are
lectures and practical activities and 205 h are self-study.

Table 3. Teaching dedicated to “Scuole di Specializzazione” (3 years) in Italy.

University Year
ECTS

Type of Scuola di Specializzazione and Name of Teaching SSD
Lectures Practical

UNIBA

INSPECTION OF FOOD OF ANIMAL ORIGIN
3th 3 - Beehive Products and Sector Legislation VET/04
3th 3 - Chemical Risk Connected to Beehive Products VET/04

UNINA

INSPECTION OF FOOD OF ANIMAL ORIGIN

1st 2 - Inspection Of Honey, Eggs, and Derivatives and Relevant
Legislation VET/04

UNITE
INSPECTION OF FOOD OF ANIMAL ORIGIN

1st n.a. n.a. Sanitary Inspection of Dairy Products, Eggs, and Honey VET/04

UNIBO

ANIMAL HEALTH, LIVESTOCK HUSBANDRY,
AND PRODUCTIONS

n.a n.a. n.a. Livestock Registry Management—Sanitary Control in Beekeeping VET/06
INSPECTION OF FOOD OF ANIMAL ORIGIN

n.a 3 - Beehive Products and Sector Legislation VET/04
n.a 3 - Chemical Risk Connected to Beehive Products VET/04

UNIMI

ANIMAL HEALTH, LIVESTOCK HUSBANDRY,
AND PRODUCTIONS

2 - 1 Parasitology and Parasitic Diseases—Sanitary Management of
the Apiary VET/06

Acronym of University, Academic Year (AY) of “Scuola di Specializzazione” in which the teaching is offered,
number of the European Credit Transfer and Accumulation System (ECTS) allocated for lectures and practical
teaching, type of “Scuola di Specializzazione”, and name of teaching and Settore Scientifico Disciplinare (SSD) are
presented. n.a.: not available.

4. Discussion

Despite Italian beekeeping representing one of the largest beekeeping sectors in Eu-
rope, with a significant number of apiaries and beekeepers involved, and the role that vet-
erinarians are called to play under current regulations, the results of our survey show that
Italian universities are currently unable to provide the education required. Furthermore,
the lack of an appropriate teaching and training program in UDPVM is not compensated by
an adequate postgraduate offering, which could fill the gaps in HBVM knowledge, leaving
the education of veterinarians to personal initiative. In such a context, it appears evident
the necessity to start training future veterinarians in the University by including HBVM
subjects in the Day One Competencies. Day One Competencies represent the minimum
standard skills required for a newly graduated veterinarian to initiate the different roles
of the veterinary profession [24]. They were established by the European Coordination
Committee for Veterinary Training (ECCVT) founded in 2004 by the European Association
of Establishments for Veterinary Education (EAEVE), the European Board of Veterinary
Specialization (EBVS), and the Federation of Veterinarians of Europe (FVE) [24]. The gen-
eral basic veterinary competence is currently established by specific EU provisions [25]. A
recent graduate who has achieved Day One Competencies should be able to independently
perform the entry-level tasks and duties appropriate for veterinary practice and should be
self-confident enough to self-practice veterinary medicine at the primary-care level, while
knowing when it is appropriate to seek guidance from more experienced colleagues. Day
One Competencies in HBVM are lacking in all the Universities analyzed in the present
survey, and these skills should be implemented in the educational programs of UDPVM,
and the educational programs should ensure that the theoretical and practical training is
organized and delivered in the appropriate manner, enabling veterinarians to perform all
of his or her functions soon after graduation, preparing them to face the world of work.

132



Animals 2023, 13, 1795

At this juncture, the European System of Evaluation of Veterinary Training (ESEVT), de-
veloped by the EAEVE in collaboration with the FVE for the European accreditation of
UDPVM, can represent the tool for the standardization of veterinary curricula in the EU
and ensure the correct implementation HBVM teaching. The main tasks and fundamental
skills that a veterinarian should acquire to be qualified to practice in the apiary include the
clinical examination of honey bee colonies with adequate safety precautions; recognition
of disease signs affecting the brood and adult honey bees; sampling with compilation of
formal documentation for delivery to an authorized diagnostic laboratory; basic knowledge
of laboratory tests; prevention, treatment, control, and eradication of honey bee infectious,
parasitic, and abiotic diseases, including those reportable on the basis of the regulatory
framework governing the sector at the national and international level; management of
food safety guarantees for beehive products; and support to the beekeeper in providing
services related to beekeeping and the environmental context. Special attention is required
for training needs in health and food safety considering the current regulatory framework
of public health and future training needs based on the evolution of guidelines and rules.
Currently, the veterinary staff in charge of the official control needs skills in the beekeeping
sector, which are addressed for the prevention and control of health problems; this field
has been governed by consolidated national and/or international legislation based on the
Regolamento di Polizia Veterinaria [26], with regard to Animal health, and on the National
Residues Plan [27,28], with regard to food safety. Based on the progressive implementation
of the recent regulations issued in the field of veterinary public health, the beekeeping sec-
tor is susceptible to growing interactions with the aims of the juridical assets of EU-member
States, including the health and welfare of farmed animals, the quality and safety of the
product, the protection of the natural and man-made environment, and the socio-economic
field. The issuing of EU Regulation 2016/429 [15] provides the possibility of delegating
functions, principally of official control, to self-employed veterinarians who hold the role of
farm veterinarians. This regulatory innovation increases the need to recognize the validity
of the knowledge and skills accumulated during the exercise of the profession, where the
corresponding and recognized training courses are missing. Honey bee health care can
be considered one of these areas, given that, as underlined by our study, the educational
programs available during both the undergraduate and postgraduate period are often
incomplete and fragmented. Consequently, the training of veterinarians in the beekeeping
field is substantially based on the professional experience that can be acquired in the field
while working alongside already expert colleagues and on attending a portfolio of training
and updating events selected on an individual and autonomous basis. This experience may
be susceptible to ex-post recognition and validation through the instrument of professional
certification, which takes into consideration both passive learning and the professional
activity carried out in various capacities. In any case, to date, there are no adequately struc-
tured and time-lined training courses, which can guarantee the acquisition of a satisfactory
level of knowledge and skills in the beekeeping field for the veterinarian. Therefore, there
is the need to establish an organic and suitably designed educational program, in terms
of methods and times, which leads the veterinarian to acquire the knowledge and skills
necessary for the performance of his/her duties in the beekeeping sector. For the purpose
of adapting the professional profile of the veterinarian, it is possible to design a curricu-
lum in HBVM that includes the definition of specific training objectives, the formulation
of the related training commitment in terms of credits with assignment of the relevant
scientific disciplinary fields, represented, e.g., by the SSD required by Italian legislation.
Given the complexity of the knowledge and skills necessary for adequate preparation of
the veterinarian in the beekeeping sector, the training objectives should be divided into
two levels: first-level objectives to be achieved during undergraduate programs, and a
series of second-level objectives to be achieved in the postgraduate courses for deepening
and consolidating professional skills in HBVM. According to an ideal scenario, the for-
mer should be included in the study plan of the UDPVM, as dedicated and compulsory
monothematic/monographic courses, to be formulated as shown in Table 4.
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Table 4. List of monographic courses aimed at achieving the first-level training objectives in HBVM
in the UDPVM.

Teaching ECTS SSD

Honey Bee Biology and Ecology 1 AGR/02-03-11
Honey Bee Breeding and Reproduction 2 AGR/11-17-18-19-20

Pathology, Diagnosis, Therapy, and Prophylaxis of
Infectious, Parasitic, and Abiotic Diseases of Honey Bees 2 VET/03-05-06-07

Commercial and Hygienic Quality of Beehive Products 2 AGR/19-VET/04
Veterinary Law and Legislation, Economics, and

Management of Honey Bee Breeding 1 AGR/01-VET/08

Name of teaching, European Credit Transfer and Accumulation System (ECTS) allocated to teaching, and Settore
Scientifico Disciplinare (SSD) of an ideal scenario are presented.

Given the foreseeable regulatory and practical difficulty of including compulsory
single-subject courses in the current teaching systems, it is possible to hypothesize a
more realistic scenario, according to which the first-level learning objectives can still be
achieved by including the subjects reported in Table 4 into non-single-theme courses;
the teaching load of such courses should, in any case, be adjusted proportionally and
according to the context. The achievement of the first-level learning objectives during
the UDPVM would enable the formulation of more specific second-level objectives and
guarantee adequate in-depth study of the preparation of the veterinarians for the purpose
of carrying out the profession in the beekeeping sector. Second-level objectives should
include the following: honey bee anatomy, physiology, and immunology; feeding and
nutrition; beekeeping techniques and good beekeeping practices; apicultural services,
including pollination, environmental monitoring, apitherapy, and apitourism; current
legislation and administrative fulfilments relating to the beekeeping registry; honey bee
disease epidemiology; honey bee general pathology and anatomo-pathology; recognition,
diagnosis, and treatment of the main infectious and parasitic diseases of honey bees, and
related surveillance and eradication plans; impact of environmental and anthropic risk
factors for the health and well-being of honey bees; honey bee pharmacosurveillance and
pharmacovigilance; qualitative characterization of hive products; quality assurance and
food safety of hive products. These objectives could be achieved during postgraduate
training courses required for the mandatory and continuous updating of skills (Continuing
Medical Education System) and similar initiatives, without necessarily relying on a specific
type of training. Taken together, the above objectives should be placed more clearly among
the fundamental knowledge and skills that a veterinarian should acquire in the training
path. It would be desirable for EAEVE to define criteria and procedures for the inclusion
of apicultural issues among the requirements that the UDPVM should possess for the
purposes of European accreditation; this should also be included in the list of compulsory
subjects and corresponding indicators for EAEVE assessment [24].

5. Conclusions

As the health and sustainability of honey bee populations become more crucial to
global food security and ecosystem health, it is expected that the significance of veterinary
education in beekeeping will continue to increase in the upcoming years. Based on what
has been reported in recent literature and on the results of this study, the training in the
field of apiculture that veterinarians may have at their disposal, both before and after
graduation, cannot yet be considered sufficient. Future veterinarians need to receive
education on several key topics related to beekeeping, including honey bee anatomy and
physiology, behavior, diseases and pests, pesticide use and exposure, nutrition and feeding,
beekeeping management practices, safety of hive-derived products, sustainable beekeeping,
and research skills. The quantity and variety of teaching that should cover these subjects
may vary from a necessary minimum to a more exhaustive and ideal articulation. An
all-encompassing education in these subject matters will equip veterinarians to manage
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honey bee health effectively, prioritize sustainability, and contribute to the development
of innovative solutions for beekeeping challenges. To adequately prepare veterinarians,
comprehensive education in beekeeping should encompass both practical and theoretical
knowledge. Finally, it would be desirable to establish a body for comparison and discussion
at the international level among educational institutions active in the field of veterinary
apiculture, to achieve a broad consensus on the educational objectives to be pursued and
the best tools to achieve them, both in the pre-degree path and in the post-degree path.
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Simple Summary: 3D models are increasingly popular in veterinary teaching. However, students
struggle with transferring 2D textbook images to 3D anatomical structures. Therefore, this study
aimed to compare the learning outcome of 3D scans and 2D images of horse and pig skulls. Further-
more, the relationship between spatial ability and learning outcome was analyzed when using the
different learning materials. Second-year veterinary medicine students participated in a practical
anatomy course using 3D scans or 2D images as learning material and performed a test to determine
their spatial ability. Independently of the learning material, all groups displayed high learning
outcomes with no significant differences between the groups. In addition, it could not be stated
that 3D scans support students with lower spatial ability. Nevertheless, students preferred 3D scans,
finding them more motivating, although they did not necessarily improve learning outcomes.

Abstract: Students often struggle with interpreting traditional textbook images and translating them
to anatomical structures. This study aimed to compare the impact of 3D scans versus 2D images on
students’ learning outcomes when learning anatomical structures on skulls from horses and pigs.
Furthermore, the correlation between spatial ability and learning outcomes using 3D scans or 2D
images was examined. Second-year veterinary medicine students either used 3D scans or 2D images,
annotated with arrows or numbers as learning material. Students’ anatomical knowledge was tested
before and after the learning session, and spatial ability was assessed using the mental rotation
test. All groups improved significantly in the post-test. However, the differences between groups
were not significant, suggesting that 3D scans do not necessarily lead to higher learning outcomes.
The analysis of the correlation between spatial ability and learning outcomes did not prove that
students with weaker spatial ability benefit from 3D scans. Students preferred 3D scans over 2D
images despite similar outcomes, suggesting they are valuable for learning. However, results show
that the introduction of novel learning materials likely amplified the impact of reduced learning
time on the 3D group, as these materials necessitated additional time for effective comprehension
and integration.

Keywords: veterinary didactics; veterinary education; digital 3D models; 3D scans; 2D vs. 3D

1. Introduction

Anatomy represents one of the fundamental subjects encountered by students of vet-
erinary and human medicine at the beginning of their studies. It forms an essential building
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block for further medical disciplines. By gaining knowledge and learning practical skills
about anatomical structures, students acquire a foundation for related subjects, e.g., surgery,
pathology, and radiology [1–3]. Moreover, anatomy holds substantial importance in the
educational journey of medical students, influencing their learning experience both in-
tellectually and emotionally [4]. Furthermore, expertise in anatomy is indispensable for
graduate doctors and veterinarians [5–7]. Veterinarians of small animal practice underlined
the importance of the ongoing process of learning and refreshing veterinary anatomy in
order to competently carry out their profession. They emphasize the importance of teaching
anatomy in the veterinary medicine curriculum. Additionally, the connection between the
application of anatomy in their daily routine, psychomotor abilities, and professional skills
was pointed out [6]. A study that was carried out with horses and farm animals showed
that a solid and fundamental understanding of clinically relevant anatomy in combination
with skills of recognizing complicated anatomical details and exploring unfamiliar areas,
is crucial for the profession of a clinician. Adequate knowledge of veterinary anatomy
seems to be essential for effective communication, enhancing trust and confidence for the
competent performance of clinical tasks [7].

For this reason, the medical and veterinarian curriculum includes practical courses,
which are carried out as cadaveric dissection [8,9]. They provide hands-on experiences
that complement theoretical knowledge. The courses are indispensable for understanding
the three-dimensional body, developing the ability to experience physical contact, under-
standing the topographical position of anatomical structures and organs and ultimately
being able to master and interpret images derived from imaging procedures such as X-rays,
ultrasound, or computer tomography [7,9,10]. The teaching materials used to prepare and
support dissection courses have been predominantly two-dimensional drawings, supple-
mented by photographs and, more recently, videos. Visual materials provide valuable
insights [11,12].

However, it is necessary to comment on the limitations of a two-dimensional sur-
face. In practical anatomy courses, it has been shown that the transfer of information
from two-dimensional (2D) teaching materials to the three-dimensional (3D) body was
considered difficult by students [13,14]. The individual’s spatial ability displays a major
influencing factor. Several studies explored the correlation between spatial ability and
anatomy learning [15–17]. To gain a thorough knowledge of anatomy, one must under-
stand the comprehensive structure of organs both individually and in relation to the entire
body. Anatomical structures have their own functional specificity and are often shaped
asymmetrically and irregularly. Mental processing and retention of 3D configurations and
the understanding of their spatial relationships are essential components for performing
clinical analyses and interpretations [18]. A recent study stated that students with high
spatial ability skills are significantly superior to individuals with low spatial ability skills
when learning with static 2D images instead of 3D animated models. Researchers sug-
gested that people with weaker spatial imagination could learn significantly better with 3D
models [19].

In the present study, the use of 3D scans compared to 2D images as learning material
in anatomy classes was investigated. The following hypotheses were tested:

1. When learning the anatomical structures of the skull, students who use 3D scans as
learning material have a higher learning outcome than students who use 2D images
as learning material.

2. There is an interaction effect between spatial ability and the learning material used,
with students with low spatial ability having a higher learning outcome with the use
of 3D scans than with 2D images.
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2. Participants, Materials and Methods

2.1. Participants

For the current study, data was raised during the practical comparative anatomy
lesson on the skull for second-year veterinary medicine students in October 2022 (study 1)
and October 2023 (study 2).

During the previous anatomy lesson, a week before, the students were informed about
the objectives and procedure of the study verbally and using an information letter. The
students who agreed to take part in the study gave their informed consent for inclusion
before they participated in the study by filling out and signing a data protection declaration.
Students were assured that their involvement was voluntary, with data collection being
anonymous. Participants were given the freedom to withdraw from the study at any time
point without facing consequences. In addition, the participants were requested not to
prepare for the upcoming lesson on the skull. The information letter and data protection
declaration are provided in Supplement S1.

2.2. Learning Materials
2.2.1. Skulls

In both study 1 and study 2, 32 horse skulls and 32 pig skulls were used in total. The
used skulls belong to the anatomical collection of the Institute of Veterinary Anatomy at
Freie Universität Berlin.

2.2.2. 3D Scans

3D scans of the horse and pig skulls, which were employed in this study, were
generated using the handheld 3D scanner Artec Space Spider (Artec 3D, Luxembourg). It
is a high-resolution scanner based on blue light technology. It is capable of capturing the
geometry and texture of an object simultaneously by taking multiple pictures. To assemble
and edit the finalized 3D model, the manufacturer software Artec Studio 16 (Artec 3D,
Luxembourg) was used.

First, the scanned background and interfering objects that do not belong to the model
were removed via the “Erase” function, before scanning was continued. As the scanner was
taking more scans simultaneously, two scans at once can be merged using the “Alignment”
tool. To create one 3D object from the scans, the “Global registration” task was carried out
to convert all-frame surfaces to a single coordinated system. The following “Sharp fusion”
task melted and solidified the frames to create the 3D body. If the 3D body displayed an
incomplete surface after the initial scans, either further scans were made to obtain more
raw data or AI was used to generate a complete surface with the function “Fill holes”. After
the 3D body was satisfactory, surface texture was provided via the “Texture” item. Raw
data can be found in Supplement S5.

Once the 3D scans were finished, they were exported from Artec Studio 16 and
uploaded and annotated on Sketchfab (Figure 1), a 3D modeling platform website where
3D content can be shared, viewed and annotated (www.sketchfab.com; Sketchfab, New
York, NY, USA). The 3D scans can be utilized on most technical devices with internet access.
Within Sketchfab, the 3D objects can be zoomed in, zoomed out, and rotated in all 3D
axes. On the horse skull, 68 anatomical structures and on the pig skull 71 structures were
annotated (Supplement S2). With a mouse click or tap on a specific structure of the 3D scan,
the respective annotations get presented to the users.
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Figure 1. Annotated 3D scans of the horse’s upper skull (a) and mandible (c), as well as the pig’s
upper skull (b) and mandible (d).

2.2.3. 2D Images

2D images of the horse and pig skulls were created using a system camera (Sony,
Alpha NEX 3, Nihombashi, Tokio, Japan) and an iPhone (Apple Inc., 13. Generation,
One Apple Park Way, Cupertino, CA, USA). The pictures were edited and annotated using
PowerPoint (Office PowerPoint 2019, Windows). Identical structures were either portrayed
using numbers (2D numbers) or arrows (2D arrows). The structures shown were exactly
alike the ones annotated in the 3D scans (Figure 2). A close-up depiction of 3D and 2D
annotations of selected structures can be found in Supplement S3.

Figure 2. (a) 2D images of the horse skull, annotated with numbers (left) or with arrows (right),
(b) 2D images of the pig skull, annotated with numbers (left) or with arrows (right).

2.3. Tests
2.3.1. Mental Rotation Test

The mental rotation test was used to assess the students’ spatial ability [20]. The test
had a time limit of 10 min and consisted of 18 exercises showing pictures of diverse tube
figures placed in a transparent cube. Each exercise comprises two pictures of a cube, with
the left one showing the cube in an initial position and the right one showing the cube from
a different viewpoint. The objective of this test is to determine the position from which one
observes the rotated box (right, left, up, down, behind) [20].
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2.3.2. Knowledge Tests

Regarding each knowledge test, which was conducted before (pre-test) and after
(post-test) the learning period, 10 structures were annotated with adhesive arrows. Each
arrow was marked with a certain number and was attached to the horse and pig skulls,
respectively (Figure 3). In each skull, 5 structures were identical in the pre- and post-test,
while the other 5 structures were replaced by others in the post-test. During study 1, one tag
got lost on pig skulls during the changeover process, resulting in one less queried structure
in the post-test in comparison to the horse skull. The students’ tasks in both knowledge
tests consisted of writing down the anatomical terms of the annotated structures behind
the corresponding numbers on the examination sheets (Supplement S4).

Figure 3. Annotated skulls of the horse (a) and of the pig (b) using adhesive arrows.

2.4. Student Evaluation

After performing study 1 and study 2, respectively, all students got access to all
learning materials to prepare for the regular exam. After the exam, participants were
requested to fill out a brief questionnaire regarding their experience of the study process.
The evaluation was carried out with LimeSurvey (LimeSurvey, Version 5.6.31).

For the evaluation of the learning tools, responses for the first five questions were reg-
istered for each statement using a six-point Likert scale (1 = strongly disagree, 6 = strongly
agree). Question six was a ranking, and the last three questions were noted as free-text
responses. Questions and response types are listed in Table 1.

Table 1. Question and response types of the student evaluation.

Question Response Type

1. By learning with the 3D scans, I felt well prepared for a practical exam on an
anatomical specimen. Likert scale

2. By learning with the pictures with arrows, I felt well prepared for a practical exam on
an anatomical specimen. Likert scale

3. By learning the pictures with numbers, I felt well-prepared for a practical exam on an
anatomical specimen. Likert scale

4. The controls (turn, rotate, zoom) of the 3D scans are easy to handle. Likert scale

5. The controls (turn, rotate, zoom) of the 3D scans are intuitive. Likert scale

6. Please indicate the order of your preference for these learning materials (3D scans, 2D
arrows, 2D numbers). Ranking

7. What positive aspects did you notice while using the visual teaching materials (3D
scans, labeled specimen images)? Free text
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Table 1. Cont.

Question Response Type

8. What negative aspects did you notice when using the visual teaching materials (3D
scans, labeled specimen images)? Free text

9. Do you have any feedback for us regarding the course of the study? Free text

2.5. Study Design

Study 1 and study 2 were conducted during regular anatomy lessons on the skull, in
which students were regularly divided into 32 groups, each group being located at one
dissection table and consisting of 5 to 6 students. Before the lesson began, 16 groups were
randomly assigned to the study group 3D scans and the other 16 groups for 2D images. The
study group of 2D images was further divided equally into 2D arrows and 2D numbers.

All tests were conducted by each student individually while learning time was spent
in the respective groups, in which the students were allowed to interact with each other.
The study began with the mental rotation test. The test started for all students at the same
time. After the time had elapsed, all students stopped simultaneously. For the subsequent
pre-test, annotated skulls were covered with blankets. After the students had entered their
personal code and selected whether they belonged to the 3D or 2D group on their test sheet,
all students began the knowledge test at the same time by removing the blankets from the
skulls. At the end of the test period, the students flipped their test sheets upside down on
the table. Subsequently, the students began their learning period on the non-annotated
skulls of horses and pigs. In the 3D scans group, each student received the annotated 3D
scans of the skulls on an iPad from Apple (Apple Inc., One Apple Park Way, Cupertino,
CA, USA), of the 9th generation in study 1 and the 10th generation in study 2. In the 2D
image groups, each student received a set of color-printed annotated images of the skulls.

After the learning time, the post-test proceeded identically to the pre-test, including
filling out the personal code on the examination sheet again and selecting their study group
(3D scans, 2D arrows, or 2D numbers). The schedule of study 1 and study 2 is shown in
Table 2.

Table 2. Schedule of study 1 and study 2.

Mental rotation test 10 min (study 1 and study 2)

Knowledge test (pre-test) 15 min (study 1 and study 2)

Learning period 120 min (study 1), 40 min (study 2)

Knowledge test (post-test) 15 min (study 1 and study 2)

2.6. Statistical Analysis

Statistical and descriptive analyses and charts were carried out with IBM SPSS Statistics
Version 29® (IBM, Armonk, New York, NY, USA). Only the data from people who submitted
all three test forms were regarded for analysis. In order to preserve the anonymity of the
participants, but to merge the three tests (pre-test, post-test, mental rotation test) of the
respective person, an individual code of five letters was used, consisting of the third letter
of the month of birth of their mother, the third letter of their month of birth, the second
letter of their mother’s first name, the second letter of their first name, and the second letter
of their birthplace. In addition, the students indicated in the post-test which study group
they were assigned to. In study 2, four students had to be excluded due to not submitting
the three required forms and one student had to be excluded due to missing indication of
the study group.

The mental rotation test was a single-choice assessment, with one point awarded
for each correct answer. Incorrect or missing answers received no points. A descriptive
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analysis of data was conducted. Based on the random distribution of students to the study
groups, no differences between the study groups were expected.

In the knowledge test, each correct term was awarded one point. No points were
given for incorrect or missing terms. If terms were misspelled or incomplete, an assessment
was made as to whether the term written down indicated that the correct structure had
been recognized. To determine whether an individual’s assessment is sufficient, the pre-
and post-tests were evaluated by two researchers. Due to the minimal deviation (less than
10% in both studies), the assessment from one researcher was considered sufficient for
the analysis.

The learning outcome was measured by calculating the difference of sums between
post-test and pre-test. The mean score difference between the pre-test and post-test was
then calculated for all study groups and compared using a paired t-test, followed by
the analysis of variance (ANOVA) to determine the differences between study groups.
Pearson’s correlation was utilized to assess the correlation between spatial ability and
learning outcomes of each study group of study 1 and study 2 separately.

Analysis of variance was performed to test the influence of the mental rotation test,
the study groups, and study 1 and study 2 including the interaction term on the mean
score difference. Levene’s test revealed that the variances between the study groups in
study 2 were not equal, and thus, robust parameter estimates were assessed. The normality
and homoscedasticity of residuals were inspected visually. Raw data can be found in
Supplement S5.

3. Results

3.1. Number of Participants

A total of 278 second-year veterinary medicine students participated in total in study
1 and study 2. They were distributed as follows: In study 1, 118 students were involved,
among them 59 students joined the study group with 3D scans, 33 students with 2D
numbers, and 26 students with 2D arrows. Study 2 included 160 students, 79 students
joined the study group with 3D scans, 39 students with 2D numbers, and 42 students with
2D arrows.

3.2. Spatial Ability

As displayed in Figure 4, the distribution of the mental rotation test results was similar
in all groups (study 1: p = 0.195, study 2: p = 0.308).

Figure 4. Boxplot of mental rotation test scores in the groups with different learning materials
(annotated 3D scans, 2D images annotated with numbers or arrows) in study 1 and study 2.
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3.3. Learning Outcome

Regarding the post-test, students reached significantly higher score points than in the
pre-test (mean pre-test = 0.86, mean post-test = 8.3, p < 0.001). The post-test values were
higher in study 1 (11.4 ± 4.2) than in study 2 (6.0 ± 3.1).

Analysis of variance revealed that the average learning outcome in study 1 was
5.2 score points higher than in study 2 (p < 0.001) and that there was an interaction between
study 1 and study 2 and the study groups (p = 0.121, Figure 5). In study 1, the highest
learning outcome was achieved by the 3D scan group, and in study 2 by the 2D numbers
group (Figure 5). However, study groups did not differ significantly in their mean learning
outcome (p = 0.500). In study 1, mean learning outcome values were 11.0 ± 3.8 for the
3D scans group and 9.97 ± 4.21 for the 2D images group (p = 0.165). A post hoc power
analysis (conducted with G*Power 3.1.9.2) showed a medium effect (d = 0.57) and a power
of 86%. Under these conditions, a significant difference between the two groups would
have required a sample size of 83 students in each group. Even by comparing 2D arrows
(10.0 ± 4.4) and 2D numbers (9.94 ± 4.1) to the 3D scan group, no significant difference
was shown (p = 0.383). In study 2, mean learning outcomes were 5.0 ± 2.5 for the 3D scans
group and 5.51 ± 3.32 for the 2D images group (p = 0.292). A post hoc power analysis
revealed no effect (d = 0.00) and a power of 5%. However, when comparing 2D numbers
(6.31 ± 3.6) and 2D arrows (4.76 ± 2.9) to the 3D scan group, the 2D numbers group was
significantly higher (p = 0.035).

Figure 5. Estimated means and 95% confidence intervals of learning outcome in the groups with
different learning materials (annotated 3D scans, 2D images annotated with numbers or arrows) in
study 1 and study 2.

3.4. Correlation of Spatial Ability and Learning Outcome

The correlation between learning outcome and spatial ability, measured by the mental
rotation test, was positive (p = 0.160) in study 1 for the study group of 3D scans with only
slight differences in the correlation between study 1 (r = 0.244) and study 2 (r = 0.223). 2D
numbers showed a negative correlation coefficient in study 1 (r = –0.245) (Figure 6) and a
positive correlation coefficient in study 2 (r = 0.309) (Figure 7). A positive correlation was
also found for 2D arrows in both studies (study 1: r = 0.400; study 2: r = 0.128).
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Figure 6. Correlation of learning outcome and results of the mental rotation test in the groups with
different learning materials (annotated 3D scans, 2D images annotated with numbers or arrows) in
study 1.

Figure 7. Correlation of learning outcome and mental rotation test in the groups with different
learning materials (annotated 3D scans, 2D images annotated with numbers or arrows) in study 2.

3.5. Student Evaluation

The questionnaire to evaluate the learning tools was completed by 130 students after
study 1 and 144 students after study 2. Responses were analyzed using a six-point Likert
scale (1 = strongly disagree, 6 = strongly agree). Results in the range of 4 to 6 were summed
up and defined as “agreeing to this statement”, as well as the sums of the answers of 1
to 3 representing “disagreeing with this statement”. In both studies, most of the students
agreed on feeling well prepared for a practical exam by using 3D scans (74.62% in study 1,
71.09% in study 2). 58.46% in study 1 and 57.81% in study 2 agreed on feeling well prepared
for an exam using pictures with arrows. By learning with pictures with numbers, 53.08%
in study 1 and 46.87% in study 2 agreed on feeling well prepared for an exam. 53.84% in
study 1 and 46.83% in study 2 agreed on 3D scan controls (turn, rotate, zoom) being easy
to handle.

Afterward, the students were asked to indicate their order of preference for learning
materials. In study 1, students most frequently chose 3D scans in first place (52.31% 3D
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scans, 20% 2D arrows, 13.08% 2D numbers), 2D arrows in second place (34.62% 2D arrows,
28.46% 2D numbers, 22.31% 3D scans) and 2D numbers in third place (43.08% 2D numbers,
30.77% 2D arrows, 10.77% 3D scans). In study 2, students also most frequently placed 3D
scans in first place (61.06% 3D scans, 24.78% 2D arrows, 14.16% 2D numbers), 2D arrows in
second place (41.44% 2D arrows, 30.63% 2D numbers, 27.93% 3D scans) and 2D numbers
in third place (54.95% 2D numbers, 33.33% 2D arrows, 11.71% 3D scans).

Finally, participants were asked about the negative and positive aspects they noticed
while using the visual teaching materials. A few negative aspects were mentioned, mostly
referring to technical issues and difficulties in handling and orientating while using 3D
scans, e.g., “slight difficulties to rotate and zoom with the 3D scans”; “The computer did
not always keep up. It got hot and the pictures were slow”; and, “When you tap on an
annotation, the image sometimes shifts and you are in a different place than you want to
be”. The mentioned positive aspects referred to a good visualization of structures, learning
benefits, and availability of scans, e.g., “The visualization of the 3D scans worked well. I
could visualize the skull well in my hand”; “With the 3D scans, I can memorize it faster
and my attention span is greater”; and, “It is good to have the anatomical object available
at home, too, which is good for learning and self-monitoring”.

For 2D images, some negative comments were mentioned about the annotation with
arrows being confusing, e.g., “It was not clear which structure was mentioned” and “The
structures are easier to recognize in 3D scans than in 2D images”. However, some positive
aspects of the 2D images were referring to 2D numbers giving a good overview of the
picture’s structures “They were good to quiz yourself”.

4. Discussion

In the presented study, the effectiveness of 3D scans versus 2D images as learning
materials in veterinary anatomy classes was investigated. This research was based on the
hypothesis that students using 3D scans for learning anatomical structures of skulls would
achieve a higher learning outcome compared to those using 2D images. Moreover, the
relation between spatial ability and the type of learning material was examined, based on
the hypothesis that students with low spatial ability achieve greater success using 3D scans
than 2D images.

Analysis of the data indicates that there is a significant difference between pre-test and
post-test of the study groups 2D images as well as for 3D scans. This leads to the conclusion
that all study groups in study 1 and study 2 were able to identify more anatomical structures
correctly after the learning period. However, when comparing the study groups, no
significant difference between 2D images and 3D scans was detectable. Similar findings
were observed in other studies conducted to compare the effectiveness of 2D and 3D
methods in anatomy education. One study tested the use of a digital 3D skull model
in anatomy teaching. It was shown that the skull virtual learning resource was equally
efficient as the cadaver skull and 2D atlas in teaching anatomy structures [21]. Moreover, a
study by the University of Bristol evaluated a 3D computer model of the equine paranasal
sinuses as a tool for veterinary anatomy education comparing it to 2D-based visualizations
in a pre-test/post-test design. Also in this research, no statistically significant difference
was found between 3D and 2D groups [22]. In contrast, a previous study pointed out that
dynamic visualizations, including 3D models, can greatly enhance students’ understanding
of complex concepts in subjects such as geology, biology, and chemistry. However, the
impact varied significantly between different groups of students, suggesting that factors
like prior knowledge and learning styles could influence the effectiveness of these tools [23].
Thus, the hypothesis that students who use 3D scans as learning material will achieve
higher learning outcomes compared to those who use 2D images could not be supported.

Moreover, time as a factor plays a crucial role in the study. In study 1, students had
120 min of learning time for both skulls. This amount seemed to be more than necessary,
which was shown by students already leaving the dissection hall before time ran out. This
led to the performance of study 2 which involved a shorter learning time of 40 min for
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learning all structures of both skulls. Since the students in study 2 had a significantly
lower learning outcome, it can be assumed that this learning time was too short. Assuming
that the learning time in study 1 was too long and that the average learning outcome of
study 1 was, therefore, the maximum achievable, a calculated learning time of approx.
75 min would be sufficient, assuming that learning takes place in a linear fashion. In study
1, the study group 3D scans displayed the tendency of being the group with the highest
learning outcome. In contrast, in study 2, which was conducted under time pressure, it was
shown that 2D numbers had a significantly better learning outcome than the other groups.
These findings indicate that having more time to learn a new tool makes a difference in the
learning outcome, especially if it is a completely new tool that has never or occasionally
been used by the participants [24–27] Students are used to learning with 2D images since
school and rarely get in touch with 3D models [28]. Although students are increasingly
using tablet computers as a learning tool in the dissection courses, they still mainly use
them to access 2D-based visualizations, as books or their own scripts and no 3D models. It
takes time to understand how to interact with the software of Sketchfab and get to know
how to use the 3D scans [29]. This was mentioned by some participants as a negative aspect
of the evaluation.

However, the high learning outcome for 2D numbers might be based on the regular
usage of this certain type of annotation. Various veterinary anatomy book images are
annotated with numbers. Therefore, veterinary medicine students are used to learning
with this learning material. A former study stated that annotations, particularly num-
bered ones, significantly helped undergraduate students engage with scientific texts more
deeply [30]. These annotations acted as frameworks, making complex information more
accessible and enhancing students’ comprehension and retention. Positive student feed-
back indicated that these annotations were especially useful for understanding graphs and
interpreting scientific vocabulary, highlighting the effectiveness of numbered annotations
in educational contexts [30]. Another study investigated the role of annotations in the
comprehension of scientific texts, focusing on cognitive load effects. The study found that
well-structured annotations, such as numbered lists, helped reduce cognitive load and
improved comprehension, indicating that numbered annotations can provide clear and
organized information, facilitating better understanding and learning outcomes [31].

Several findings indicate that students with low spatial ability would have a higher
learning outcome using 3D scans than 2D images [16,19]. In study 1, the analysis of the
correlation between learning outcome and mental rotation test showed that students on
the lower scale of mental rotation test results had higher learning outcome values using
3D scans than 2D arrows. However, the same correlation was not reproduced in study 2.
Therefore, the hypothesis that the 3D scans support students with weaker spatial ability
could not be supported.

In the student evaluation, 3D scans were chosen as the preferred learning material, so
they might enhance students’ motivation. Another study showed that using 3D scans im-
proved participants’ motivation levels when compared with 2D learning materials [22,32].
Therefore, even if 3D scans do not directly result in improved learning outcomes, the
element of pleasure remains crucial to the learning process [32]. It plays a significant role in
motivating students, driving them to actively engage with the topic and ultimately achieve
their educational goals [33]. Innovative learning methods can significantly enhance student
motivation and engagement, leading to improved knowledge retention and learning out-
comes [34–36]. Engaging teaching approaches can indirectly boost learning outcomes by
increasing overall motivation, improving attendance, and inspiring students to adopt novel
methods in their self-directed learning [37]. Additionally, the evaluation of the learning
tools revealed some limitations associated with the 3D scans. These addressed issues
primarily involved the use, handling, and certain technical restrictions of the 3D scans.
Among the most significant challenges were the annotations created on Sketchfab. These
annotations were found to be less user-friendly due to their tendency to rotate quickly and
zoom in excessively, which made them difficult to navigate and interact with effectively,
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potentially harming the process of capturing the 3D shape. Furthermore, unlike the 2D
images, Sketchfab does not provide an overview of all the annotations on the respective
skull. Instead, the annotations can only be opened one at a time, which can further lead
to limiting the learning process. Finding the ideal annotations for 3D models can often
prove to be a challenging task [38,39]. Another limitation inherent in using 3D scans is
the requirement for compatible technical devices capable of adequately processing and
displaying the 3D scans. Consequently, the utilization of 3D scans necessitates the avail-
ability of suitable technology to ensure optimal viewing and utilization. The inequality of
access to online technology and devices and the possibly unreliable internet makes the 3D
scans not accessible to everyone anytime [40]. Interestingly, the evaluation showed that
the students favored annotation by arrows over annotation by numbers for 2D images,
although in study 2, under time pressure, the 2D numbers group achieved the best learning
outcome. This finding confirms indications that the learning materials preferred by the
students do not necessarily lead to the highest learning outcome for them [41].

One of the limitations of this study could be that the studies only had one assessment
time-point, taking place during a dissection course. Additionally, these studies faced
technological constraints, as they were unable to test a wide range of devices for displaying
the 3D scans. This limitation has resulted in findings that are specific to the particular
equipment used. Another limitation is that conclusions about the efficacy of 3D scans
cannot be drawn to other anatomical structures based on the exclusive use of 3D scans of
the skull.

Future research could involve conducting a comprehensive comparison among various
3D platforms, focusing particularly on their user-friendliness concerning both annotating
3D models and accessing them technically. This comparative analysis could explore inter-
face design, ease of navigation, annotation tools, and technical requirements, aiming to
provide valuable insights into optimizing the usability and accessibility of 3D platforms
for educational and professional purposes. In order to eradicate the limitation of raising
data solely at one assessment time-point and to analyze long-term retention of anatomical
knowledge by using 3D scans, a reassessment of students’ learning outcomes should be
conducted involving multiple time points. To assess conclusions on other anatomical struc-
tures, similar studies could be conducted using 3D scans of different organs. Ultimately,
conducting a study where students have the opportunity to familiarize themselves with
the 3D surface before being introduced to the skulls would be beneficial, as it allows them
to analyze learning success with the starting conditions being more aligned.

5. Conclusions

This study did not provide significant support for the hypothesis that students who
use 3D scans to learn anatomical structures have a higher learning outcome compared
to students who use 2D images. It was found that 3D scans do not lead to superior
learning outcomes compared to 2D-based learning materials. Similarly, the hypothesis
that students with low spatial ability have a higher learning outcome with the use of 3D
scans than with 2D images is also not confirmed. Students with low spatial ability did
not experience significantly better learning outcomes with the use of 3D scans. However,
the data does provide valuable insights into the role of 3D emerging tools in veterinary
anatomy education. Although practicing the handling of 3D scans appears to be time-
consuming, working with 3D scans seems to enhance student motivation. The reduced
learning time may have had a bigger impact on the 3D group, based on the introduction of
novel learning materials, which required additional time to be understood and effectively
integrated with the learning process. Similarly, the findings of this study highlight the
crucial importance of allowing students adequate time to adapt to new circumstances. This
need is evident not only in the specific context of the 3D skull but also more broadly in the
first semester; it was noted, for example, that, expectations, relationships with professors,
and the nature of examinations are significantly different than the school environment. The
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results of the current study provide evidence that supports the educational effectiveness of
3D scans as a complementary method to understanding anatomical structures.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ani14152171/s1, Supplement S1: Information letter and data protection
declaration, Supplement S2: List of annotated structures, Supplement S3: Close-up depiction of 3D
and 2D annotations, Supplement S4: Examination sheets, Supplement S5: Raw data.

Author Contributions: Conceptualization, R.S., M.B., G.M.C. and J.P.E.; investigation, R.S., M.B.,
G.M.C., M.S., J.P. and C.H.; methodology, R.S., M.B., G.M.C., J.P.E. and R.M.; project administration
and supervision M.B.; visualization, R.S.; writing—original draft preparation, R.S., M.B., G.M.C., C.H.
and R.M.; writing—review and editing, R.S., C.H. and M.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Freie Universität Berlin (ZEA-Nr.
2022-014, 9 June 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are contained within the article or Supplementary Material. The
data presented in this study are available in the Supplementary Material.

Acknowledgments: The authors would like to express their sincere thanks to the students involved
for their brilliant participation in the studies. The authors would also like to thank Janet Weigner,
Florian Grabitzky, and Harriet Wendel for their technical support during the studies as well as Martin
Werner and Karsten Prühl for the photographic support.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. McLachlan, J.C.; Patten, D. Anatomy teaching: Ghosts of the past, present and future. Med. Educ. 2006, 40, 243–253. [CrossRef]
[PubMed]

2. Older, J. Anatomy: Amust for teaching the next generation. Surgeon 2004, 2, 79–90. [CrossRef]
3. Sugand, K.; Abrahams, P.; Khurana, A. The anatomy of anatomy: A review for its modernization. Anat. Sci. Educ. 2010, 3, 83–93.

[CrossRef] [PubMed]
4. Netterstrøm, I.; Kayser, L. Learning to be a doctor while learning anatomy! Anat. Sci. Educ. 2008, 1, 154–158. [CrossRef]
5. Cottam, W.W. Adequacy of medical school gross anatomy education as perceived by certain postgraduate residency programs

and anatomy course directors. Clin. Anat. 1999, 12, 55–65. [CrossRef]
6. Wheble, R.; Channon, S.B. What Use is Anatomy in First Opinion Small Animal Veterinary Practice? A Qualitative Study. Anat.

Sci. Educ. 2021, 14, 440–451. [CrossRef] [PubMed]
7. Homfray, B.; Attwood, A.; Channon, S.B. Anatomy in Practice: How Do Equine and Production Animal Veterinarians Apply

Anatomy in Primary Care Settings? J. Vet. Med. Educ. 2022, 50, 643–653. [CrossRef]
8. Gummery, E.; Cobb, K.A.; Mossop, L.H.; Cobb, M.A. Student Perceptions of Veterinary Anatomy Practical Classes: A Longitudinal

Study. J. Vet. Med. Educ. 2018, 45, 163–176. [CrossRef] [PubMed]
9. Böckers, A.; Jerg-Bretzke, L.; Lamp, C.; Brinkmann, A.; Traue, H.C.; Böckers, T.M. The gross anatomy course: An analysis of its

importance. Anat. Sci. Educ. 2010, 3, 3–11. [CrossRef]
10. Aziz, M.A.; McKenzie, J.C.; Wilson, J.S.; Cowie, R.J.; Ayeni, S.A.; Dunn, B.K. The human cadaver in the age of biomedical

informatics. Anat. Rec. 2002, 269, 20–32. [CrossRef]
11. Al-Khalili, S.M.; Coppoc, G.L. 2D and 3D stereoscopic videos used as pre-anatomy lab tools improve students’ examination

performance in a veterinary gross anatomy course. J. Vet. Med. Educ. 2014, 41, 68–76. [CrossRef] [PubMed]
12. Khalil, M.K.; Johnson, T.E.; Lamar, C.H. Comparison of computer-based and paper-based imagery strategies in learning anatomy.

Clin. Anat. 2005, 18, 457–464. [CrossRef] [PubMed]
13. Preece, D.; Williams, S.B.; Lam, R.; Weller, R. “Let’s get physical”: Advantages of a physical model over 3D computer models and

textbooks in learning imaging anatomy. Anat. Sci. Educ. 2013, 6, 216–224. [CrossRef] [PubMed]
14. Wainman, B.; Wolak, L.; Pukas, G.; Zheng, E.; Norman, G.R. The superiority of three-dimensional physical models to two-

dimensional computer presentations in anatomy learning. Med. Educ. 2018, 52, 1138–1146. [CrossRef] [PubMed]
15. Nguyen, N.; Nelson, A.J.; Wilson, T.D. Computer visualizations: Factors that influence spatial anatomy comprehension. Anat. Sci.

Educ. 2012, 5, 98–108. [CrossRef] [PubMed]

149



Animals 2024, 14, 2171

16. Berney, S.; Bétrancourt, M.; Molinari, G.; Hoyek, N. How spatial abilities and dynamic visualizations interplay when learning
functional anatomy with 3D anatomical models. Anat. Sci. Educ. 2015, 8, 452–462. [CrossRef] [PubMed]

17. Garg, A.; Norman, G.; Spero, L.; Taylor, I. Learning anatomy: Do new computer models improve spatial understanding? Med.
Teach. 1999, 21, 519–522. [CrossRef]

18. Dickson, J.; Gardiner, A.; Rhind, S. Veterinary Anatomy Education and Spatial Ability: Where Now and Where Next? J. Vet. Med.
Educ. 2022, 49, 297–305. [CrossRef] [PubMed]

19. Höffler, T.N. Spatial Ability: Its Influence on Learning with Visualizations—A Meta-Analytic Review. Educ. Psychol. Rev. 2010, 22,
245–269. [CrossRef]

20. Mediseminar. Trainingsbuch EMS NC Simulation “Testlauf 2”; Band 11; Uniseminar Education AG: Trogen, Switzerland, 2023.
21. Chen, S.; Zhu, J.; Cheng, C.; Pan, Z.; Liu, L.; Du, J.; Shen, X.; Shen, Z.; Zhu, H.; Liu, J.; et al. Can virtual reality improve traditional

anatomy education programmes? A mixed-methods study on the use of a 3D skull model. BMC Med. Educ. 2020, 20, 395.
[CrossRef]

22. Canright, A.; Bescoby, S.; Dickson, J. Evaluation of a 3D Computer Model of the Equine Paranasal Sinuses as a Tool for Veterinary
Anatomy Education. J. Vet. Med. Educ. 2023, 50, 234–242. [CrossRef] [PubMed]

23. Teplá, M.; Teplý, P.; Šmejkal, P. Influence of 3D models and animations on students in natural subjects. Int. J. STEM Educ. 2022, 9,
1–20. [CrossRef]

24. Bloom, B.S. Time and learning. Am. Psychol. 1974, 29, 682–688. [CrossRef]
25. Time to Learn; Program on Teaching and Learning; U.S. Department of Education, National Institute of Education: Washington,

DC, USA, 1980.
26. Stoll, L. It’s About Learning (and It’s About Time): What’s in It for Schools? RoutledgeFalmer: Hoboken, NJ, USA, 2002;

ISBN 9780203994795.
27. Gettinger, M.; White, M.A. Which is the stronger correlate of school learning? Time to learn or measured intelligence? J. Educ.

Psychol. 1979, 71, 405–412. [CrossRef]
28. Raiyn, J. The Role of Visual Learning in Improving Students’ High-Order Thinking Skills. J. Educ. Pract. 2016, 7, 115–121.
29. Jacobs, H.L. SketchUp and Sketchfab: Tools for Teaching with 3D. J. Soc. Archit. Hist. 2022, 81, 256–259. [CrossRef]
30. Kararo, M.; McCartney, M. Annotated primary scientific literature: A pedagogical tool for undergraduate courses. PLoS Biol.

2019, 17, e3000103. [CrossRef] [PubMed]
31. Wallen, E.; Plass, J.L.; Brünken, R. The function of annotations in the comprehension of scientific texts: Cognitive load effects and

the impact of verbal ability. Educ. Technol. Res. Dev. 2005, 53, 59–71. [CrossRef]
32. Pintrich, P.R.; Marx, R.W.; Boyle, R.A. Beyond Cold Conceptual Change: The Role of Motivational Beliefs and Classroom

Contextual Factors in the Process of Conceptual Change. Rev. Educ. Res. 1993, 63, 167–199. [CrossRef]
33. Chan, L.K.; Cheng, M.M.W. An analysis of the educational value of low-fidelity anatomy models as external representations.

Anat. Sci. Educ. 2011, 4, 256–263. [CrossRef]
34. Battulga, B.; Konishi, T.; Tamura, Y.; Moriguchi, H. The Effectiveness of an Interactive 3-Dimensional Computer Graphics Model

for Medical Education. Interact. J. Med. Res. 2012, 1, e2. [CrossRef] [PubMed]
35. Huang, H.-M.; Rauch, U.; Liaw, S.-S. Investigating learners’ attitudes toward virtual reality learning environments: Based on a

constructivist approach. Comput. Educ. 2010, 55, 1171–1182. [CrossRef]
36. Shim, K.-C.; Park, J.-S.; Kim, H.-S.; Kim, J.-H.; Park, Y.-C.; Ryu, H.-I. Application of virtual reality technology in biology education.

J. Biol. Educ. 2003, 37, 71–74. [CrossRef]
37. Kockro, R.A.; Amaxopoulou, C.; Killeen, T.; Wagner, W.; Reisch, R.; Schwandt, E.; Gutenberg, A.; Giese, A.; Stofft, E.; Stadie, A.T.

Stereoscopic neuroanatomy lectures using a three-dimensional virtual reality environment. Ann. Anat. Anat. Anz. 2015, 201,
91–98. [CrossRef] [PubMed]

38. Ponchio, F.; Callieri, M.; Dellepiane, M.; Scopigno, R. Effective Annotations Over 3D Models. Comput. Graph. Forum 2020, 39,
89–105. [CrossRef]

39. Ohkawa, T.; Furuta, R.; Sato, Y. Efficient Annotation and Learning for 3D Hand Pose Estimation: A Survey. Int. J. Comput. Vis.
2023, 131, 3193–3206. [CrossRef]

40. Patra, A.; Asghar, A.; Chaudhary, P.; Ravi, K.S. Integration of innovative educational technologies in anatomy teaching: New
normal in anatomy education. Surg. Radiol. Anat. 2022, 44, 25–32. [CrossRef] [PubMed]

41. Peterson, D.C.; Mlynarczyk, G.S.A. Analysis of traditional versus three-dimensional augmented curriculum on anatomical
learning outcome measures. Anat. Sci. Educ. 2016, 9, 529–536. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

150



Article

The Impact of Low-Fidelity Three-Dimensional-Printed Models
of the Equine Distal Limb and the Canine Forelimb in Teaching
Veterinary Anatomy in Practical Classes

Rebecca Schirone 1,*, Maximiliane Schmedding 2, Janet Weigner 1, Martin Werner 1, Giuliano Mario Corte 3,

Jan Peter Ehlers 4, Luise Grace Klass 1 and Mahtab Bahramsoltani 1

1 Institute of Veterinary Anatomy, School of Veterinary Medicine, Freie Universität Berlin, Koserstraße 20,
14195 Berlin, Germany; janet.weigner@fu-berlin.de (J.W.); ma.werner@fu-berlin.de (M.W.);
mahtab.bahramsoltani@fu-berlin.de (M.B.)

2 ISME Bern and Avenches, Vetsuisse Faculty, University of Bern, Hochschulstrasse 6, 3012 Bern, Switzerland
3 Institute of Veterinary Anatomy, Vetsuisse Faculty, University of Zurich (UZH), Winterthurerstrasse 260,

8057 Zurich, Switzerland; giuliano.corte@uzh.ch
4 Didactics and Educational Research in Health Science, Faculty of Health, Witten/Herdecke University,

Alfred-Herrhausen-Straße 50, 58455 Witten, Germany; jan.ehlers@uni-wh.de
* Correspondence: rebecca.schirone@fu-berlin.de

Simple Summary: Due to limited access to animal cadavers and health concerns associated
with cadavers that have been treated with formaldehyde, alternatives are needed for
teaching veterinary anatomy. This study tested whether 3D-printed models with simplified
representations of anatomical structures help students learn as effectively as with real
specimens. In two studies, veterinary students’ knowledge was tested after studying an
unfamiliar anatomy topic, using either real specimens, 3D models, or a combination of
both, starting with 3D models or real specimens, followed by the other. In both studies,
students who used real specimens performed better on knowledge assessments. However,
in the subsequent evaluation, many students stated that they prefer to start learning with
3D models followed by the real specimens, although this method had the lowest learning
outcomes in the knowledge assessments. Moreover, students found 3D models helpful for
learning anatomy regardless of location. They also expressed interest in having additional
3D models of other anatomical specimens. The results suggest that while 3D models cannot
fully replace real specimens, they can be a useful addition to veterinary education.

Abstract: Limited cadaver availability and health risks from formaldehyde-treated ca-
davers have increased the need for alternative learning materials in veterinary anatomy
education. Two studies were conducted to investigate whether low-fidelity 3D-printed
models provide comparable learning outcomes to real specimens. In study 1, veterinary
students were assigned to two groups to study the equine distal limb on a real specimen (n
= 67) or a 3D model (n = 68). In study 2, students were divided into four groups to study
the canine forelimb on a real specimen (n = 44), a 3D model (n = 45), a 3D model followed
by a real specimen (n = 47), or the reverse combination (n = 47). Learning outcomes were
measured through a knowledge assessment. Afterwards, learning materials were evaluated
by students. Both studies showed significantly higher learning outcomes in the groups
learning with real specimens compared to other test groups. While students preferred
to start learning with 3D models before switching to real specimens, this method had
the lowest learning outcomes. However, students emphasized the value of 3D models
for independent learning outside the dissection hall and desired further 3D models of
other anatomical specimens. Findings indicated that low-fidelity 3D-printed models can-
not replace real specimens but are a useful complementary tool in veterinary anatomy
education.

Animals 2025, 15, 1380 https://doi.org/10.3390/ani15101380
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1. Introduction

Anatomy is one of the most important foundational subjects in veterinary medical
education and provides an essential basis for clinical training [1]. Practical training in vet-
erinary anatomy is usually carried out on cadavers, which creates a number of challenges.
A major challenge is the limited availability of anatomical specimens for dissection [2].
These specimens are exclusively obtained from deceased or euthanized animals, which
are voluntarily donated by their owners to veterinary anatomy institutes for educational
purposes [1]. To extend their usability as teaching materials, formaldehyde in various
concentrations is used for different fixation purposes [3]. Although the concentrations
are relatively low, formaldehyde was reclassified by the European Union as a “potential
carcinogen” in June 2014 [4]. Consequently, strict handling protocols are necessary to
minimize potential health and environmental risks associated with formaldehyde expo-
sure [3]. Despite preservation efforts, anatomical specimens remain subject to gradual
deterioration over time, leading to structural degradation, loss of key anatomical features,
and diminished educational value [5]. Therefore, there is a growing need for alternative
approaches to the use of cadavers in veterinary anatomy [1].

An alternative, increasingly applied in clinical teaching, is the use of models on which
clinical skills can be simulated. These models provide students with repeated opportunities
to practice routine veterinary procedures in a low-pressure setting, reducing the need to use
live animals [6–9]. Students who used the models reported higher confidence in procedure
preparation and hand-ties compared to those who did not use them [10]. A distinction is
made between low-fidelity models, which offer a simple and reduced representation of an
animal’s body or part of a body, and high-fidelity models, which mimic appearance, haptics,
and functionality as realistically as possible. Studies show that similar learning outcomes,
measured by observing students performing clinical tasks using a standardized checklist,
can be achieved with low-fidelity models as with high-fidelity models when learning
clinical skills [7,11]. Several 3D-printed, low-fidelity canine models for veterinary clinical
skills training were used in a study, focusing on intravenous catheterization, bandaging,
and anesthesia practice. Student satisfaction was assessed through a survey, revealing
a positive attitude towards the use of these models as clinical simulators [9]. Therefore,
low-fidelity models have become a valuable tool in human and veterinary medicine clinical
training [9–16].

Low-fidelity models are also used in human anatomical teaching, albeit to a lesser
extent than in clinical training [17–26]. Chan et al. described the use of various low-fidelity
models from different human anatomists [17]. Among these, there was a low-fidelity model
for learning midgut rotation [23], a model of the digital extensor mechanism designed
to illustrate the anatomy and function of the intrinsic muscles [24], a paper model of the
muscles [25], and the pipe-cleaner brachial plexus model [26]. Hindmarch et al. evaluated
a low-fidelity inguinal canal model [18], while Dixit et al. developed a neuroanatomy
low-fidelity model [19]. Only a few studies report the use of low-fidelity models in veteri-
nary anatomical training [2,27,28]. A study from Kinnison et al. tested the use of a haptic
simulator to teach bovine abdominal anatomy. Based on a satisfaction survey, the results
demonstrate that the haptic simulator provides an effective and engaging approach for
teaching bovine abdominal anatomy to large groups of students, reducing the reliance on
cadavers and addressing several existing challenges in anatomy education [2]. In another
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study, 3D-printed models were developed for various structures, including bones, internal
organs, and vascular systems, from a range of domestic and exotic animal species. These
models were evaluated by comparing them to traditional teaching materials, such as fixed
and plastinated specimens, through a student satisfaction survey administered after train-
ing sessions. Additionally, a general survey was conducted to gather students’ opinions
on traditional teaching methods. Overall, the 3D-printed models were well received by
students, although acceptance varied depending on the specific model assessed [27]. The
use of 3D-printed canine skulls from three different breeds was evaluated for educational
purposes. Both animal science and veterinary students participated by completing a ques-
tionnaire regarding their learning experience with the 3D models. The results showed that
students from both groups successfully recognized and understood the morphological
differences between the skulls, suggesting that 3D-printed models are effective tools for
teaching about rare skeletal specimens [28]. Very little is known about learning outcomes
when using low-fidelity models in anatomy education. One study in human anatomy
assessed learning outcomes using a multiple-choice test. In this study, the intervention
group performed better than the control group. However, students in the intervention
group received the low-fidelity model in addition to the learning materials that were also
available to the control group [18]. Another study evaluated the effectiveness of an otoscopy
simulator as a teaching tool to enhance knowledge of middle-ear anatomy and pathol-
ogy, using a knowledge assessment questionnaire. The questionnaire was administered
either at the beginning (control group) or after completion of the simulation (simulation
group). Results showed that the simulation group achieved higher scores compared to
the control group [21]. Moreover, another study assessed learning outcomes using a pre-
and post-test design to compare virtual high-fidelity and low-fidelity liver models, and
found no significant differences between the groups [22]. Given the limited research on the
use of low-fidelity models in veterinary anatomy education, especially with 3D-printed
models, the question arises whether such models could also be beneficial for teaching
veterinary anatomy.

This study investigated the use of low-fidelity 3D-printed models compared to real
anatomical specimens as learning material in veterinary anatomy classes on the muscu-
loskeletal system. Two hypotheses regarding the effectiveness of 3D-printed low-fidelity
models in anatomical education were tested. The first hypothesis proposed that students
learning the anatomical structures of the equine distal limb using 3D-printed models
would achieve the same learning outcomes as those using real specimens. The second
hypothesis suggested that students studying the anatomical structures of the canine fore-
limb with 3D-printed models would achieve the same learning outcomes as those using
real specimens.

2. Participants, Materials and Methods

2.1. Participants

Data for this study were collected at the Institute of Veterinary Anatomy, School of
Veterinary Medicine, Freie Universität Berlin, during practical anatomy lessons on the
equine distal limb for second-year veterinary students in June 2024 (study 1) and on the
canine forelimb for first-year veterinary students in December 2024 (study 2). The veterinary
medicine degree program consists of a total of 11 semesters, of which anatomy is taught in
the first four semesters. According to the German Veterinary Licensing Regulations [29],
a total of 224 teaching hours of anatomy are required. Each teaching session in anatomy
consists of three teaching units, each lasting 45 min. Both present studies were conducted
within the framework of one teaching session each and were integrated into the regular
teaching schedule. In study 1, the topic of the teaching session was the equine distal limb,
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including vessels, nerves, tendons, and ligaments. In study 2, the topic of the teaching
session was the canine forelimb, including muscles and nerves. One week prior to the
study, students were informed about the objectives and the schedule of the study, both
verbally and through an information letter. Participation was voluntary, and students
provided informed consent by completing and signing a data protection declaration before
taking part. They were assured that data collection was anonymous, and they could
withdraw from participation at any time without consequences. Additionally, students
were instructed not to prepare in advance for the lessons on the equine distal limb (study 1)
and the canine forelimb (study 2). The information letter and data protection declaration
are provided in Supplement S1.

2.2. Learning Materials

In accordance with ethical approval and to prevent increasing students’ workload,
anatomical specimens of the musculoskeletal system that are integrated into regular prac-
tical anatomy classes were selected for the studies. For study 1, which served as a pilot
study, the equine distal limb was selected as a specimen with relatively few anatomical
structures to be identified by students. For study 2, the canine forelimb was selected as a
specimen with a larger number and complexity of anatomical structures.

2.2.1. Real Anatomical Specimens

In study 1, a total of 32 real anatomical specimens (real specimens) of the equine
distal limb were used, consisting of 16 thoracic limbs and 16 pelvic limbs obtained from
eight adult horses. The mean length of the equine distal limbs was 48.2 cm (±6.48), with
measurements taken from the proximal point of the cannon bone to the distal aspect of the
hoof wall.

Frozen equine distal limbs were defrosted cautiously at +4 ◦C in a cold storage room
and then cleaned with a soap solution. Next, the skin was resected, and the remaining limb
was fixed in a 30% ethanol–water solution (ethanol dehydrated, denatured with methyl
ethyl ketone 1%) (Berkel AHK, Berlin, Germany) using immersion in boxes to preserve
the natural mobility and color of the ligaments, as well as clear delineation of ligaments,
vessels, and bones. Throughout the preparation, the limbs were repeatedly transferred
to a new 30% ethanol solution to preserve the tissue structure and achieve gentle fixation
and coloring. Between dissections, the equine distal limbs fixed in ethanol were stored in
closed boxes at +4 ◦C. For the study, 16 distal limbs were dissected to preserve superficial
structures, including the annular ligaments, superficial nerves, and vessels (superficial
view). In the remaining 16 distal limbs, the palmar/plantar annular ligament and the
proximal digital annular ligament were cut laterally to the flexor tendons to allow an
unobstructed view of the underlying structures (deep view).

In study 2, a total of 32 real specimens of the canine forelimb were used, consisting
of 16 right forelimbs and 16 left forelimbs obtained from 16 adult dogs. The mean length
of the canine forelimbs was 50.4 cm (±8.27), with measurements taken from the dorsal
margin of the scapula to the coronary border of the third claw.

Frozen canine forelimbs were gently thawed in a cold storage room (+4 ◦C) and then
cleaned using a soap solution. Next, perfusion fixation of the individual limbs was per-
formed manually via the axillary artery using a tied-in button cannula. In some cases,
the fixation solution did not reach all muscle groups completely. In such cases, a targeted
post-injection was necessary to ensure even and sufficient fixation of the tissue and muscle
groups. The fixative solution consisted of 2% formaldehyde (Th. Geyer, Renningen, Ger-
many), 30% ethanol, and 20% polyethylene glycol 400 (Th. Geyer, Renningen, Germany).
Subsequently, the fixed limbs were stored overnight at +4 ◦C and then placed in a preser-
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vation bath consisting of a 2% formaldehyde solution for 8 weeks. Prior to preparation,
the preserved forelimbs were soaked with preparation care solution (30% ethanol and 20%
polyethylene glycol 400) and repeatedly moistened as needed during dissection. Between
dissections, forelimbs were covered using cloths soaked in preparation care solution and
stored in boxes at +4 ◦C. Dissections started by deskinning the canine forelimbs. Subse-
quently, muscles and nerves were dissected. To make underlying structures visible, the
lateral head of the triceps brachii muscle and the superficial digital flexor muscle were cut
at mid-length, angled approximately 90◦ to the muscle fiber orientation.

All specimens originated from animal cadavers that were obtained through the dona-
tion program of the Institute of Veterinary Anatomy of Freie Universität Berlin.

2.2.2. Low-Fidelity 3D-Printed Models

Low-fidelity 3D-printed models (3D models) of the equine distal limb and canine fore-
limb used in this study were modeled in the open-access software Blender 4.2.2 (Blender
Foundation, Amsterdam, The Netherlands). Basic preset 3D models available within
Blender were modified to represent the anatomical structures. In the sense of a low-fidelity
model, the anatomical structures were displayed in a reduced form by minimizing the over-
all geometry of the structures, such as bones, muscles, and ligaments, while maintaining
the correct positions of the structures as well as the correct origins and insertions of the
muscles. Figure 1a shows an example of how the shape of the ligaments and tendons of the
equine distal limb was simplified in the 3D model compared to the real specimen. Figure 1b
shows a comparison of the lateral view of the canine forelimb of the real specimen and the
3D model. As part of the reduction of structures, the width and thickness of the muscles
were reduced. As a result, for example, even without cutting the lateral head of the triceps
brachii muscle, the other heads of this muscle, as well as other structures located below
the lateral head of the triceps brachii muscle in the real specimen, are visible in the 3D
model. Analogous to the real specimens, two models were made for the equine distal limb:
a model representing the superficial structures (superficial view) and a model representing
the deep structures (deep view). The anatomical structures of the canine forelimb were
represented in one model. After the models were finalized in Blender, they were uploaded
into the software GrabCAD Print 1.78 (Stratasys Ltd., Rehovot, Israel) to be prepared for
3D printing. After uploading, the software performed an automatic analysis and repaired
detected issues where necessary. The models were subsequently positioned on the printing
plate automatically. In GrabCAD Print, various model settings were selected for different
anatomical structures, including color, shore value (degree of hardness), and surface finish
(matt or glossy). Colors were defined using the RGBA (Red, Green, Blue, Alpha) color
model, where values for red, green, and blue ranged from 0 to 255, and the alpha channel
(A) controlled transparency on a scale from 0 (fully transparent) to 1 (fully opaque). The
detailed main model settings can be found in Table 1. After selecting these model settings,
the print time was automatically calculated and displayed.

For the equine distal limb, eight 3D models of the superficial view and eight 3D models
of the deep view were printed. The length of the equine distal limb 3D models was 22 cm,
with measurements taken from the proximal point of the cannon bone to the distal aspect
of the hoof wall. Furthermore, 16 3D models of the canine forelimb were printed. The
length of the 3D model of the canine forelimb was 31 cm, with measurements taken from
the dorsal margin of the scapula to the coronary border of the third claw.

All models were printed using the Stratasys J55 multi-material 3D printer (Stratasys
Ltd., Rehovot, Israel), which allows simultaneous printing of hard and soft materials using
photopolymers. This capability enabled the production of certain parts of the model with
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mobility and flexibility; for example, the flexor tendons in the deep view model of the
equine distal limb and the muscles in the canine forelimb model.

After printing, due to the liquid-based materials, the 3D models were completely
encased in a water-soluble support material. The support material was removed by placing
the printed 3D models in a water bath on a laboratory shaker (neoLab Multi Shaker Platt M,
neoLab, Berlin, Germany) to facilitate the dissolution of the support material. Water was
replaced periodically when it became cloudy. This process was carried out over several
hours until most of the support material had dissolved. Any remaining residue of the
support material was removed using a high-pressure water jet (Stratasys Ltd., Rehovot,
Israel). Subsequently, the 3D models were dried and, if necessary, treated with baby or
talcum powder to ensure that the material was free of any stickiness.

  
(a) (b) 

Figure 1. (a) Example for reduction of the equine distal limb ligaments and tendons in the low-fidelity
3D model (below) compared to the real specimen (above) by simplifying the shape of these structures,
shown in palmar/plantar view. (b) Example of the reduction of the muscles in the low-fidelity 3D
model of the canine forelimb (below) compared to the real specimen (above) by reducing the width
and thickness of the muscles, shown in lateral view. In the real specimen, the tweezers lift part of the
sectioned lateral head of the triceps brachii muscle. In the 3D model, the tweezers are placed under
the lateral head of the triceps brachii muscle.

Table 1. Main model settings in the GrabCAD Print software, including color using the RGBA
color model (range 0 to 255), hardness using Shore-A (range 45 to 100) and the characteristic of the
superficial surface using Surface Finish (matt/shiny).

Anatomical Structures Color Shore-A Surface Finish

Bones 255(R) 253(G) 230(B) 1(A) off matt
Muscles 252(R) 200(G) 209(B) 0.18(A) 50 matt
Tendons 255(R) 253(G) 230(B) 0.18(A) 50 matt
Nerves 242(R) 235(G) 190(B) 0.56(A) 70 matt
Arteries 242(R) 235(G) 190(B) 0.56(A) 70 matt

Veins 108(R) 185(G) 207(B) 0.41(A) 70 matt
Hoof 107(R) 62(G) 3(B) 1 (A) off matt
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2.2.3. Annotated Images of Real Specimens and 3D Models

Images of the real specimens and the 3D models of the equine distal limb and the ca-
nine forelimb were created using a system camera (Sony, Alpha NEX-3, Nihonbashi, Tokyo,
Japan). The images were edited using Adobe Photoshop (Version 22.0) and annotated
in PowerPoint (Office PowerPoint 2019, Windows) using arrows. A total of 28 structures
were annotated in the images of the equine distal limb. No distinction was made between
thoracic and pelvic limbs, as only structures that are morphologically similar in the thoracic
and pelvic limbs were labeled. For anatomical structures that differ in their nomenclature
regarding palmar/plantar, palmar was used consistently in the annotation of the images.
In the images of the canine forelimb, 45 structures were annotated. To aid in the identi-
fication of different parts of muscles, unique colors were used to mark different parts of
the same muscle in the images of the canine forelimb. Structures that were not visible
were not labeled. The annotated images of real specimens and 3D models are shown in
Figures 2 and 3.

 
(a) (b) 

Figure 2. (a) Annotated images of a real specimen and a 3D model of the equine distal limb, shown
in dorsal and palmar/plantar views. (b) Annotated images of a real specimen and a 3D model of the
equine distal limb, shown in lateral view.

 
(a) (b) 

Figure 3. (a) Annotated images of real specimens and 3D models of the canine forelimb in lateral
view. (b) Annotated images of real specimens and 3D models of the canine forelimb in medial view.

2.3. Knowledge Assessment

At the end of each study, the learning outcomes were measured through a knowledge
assessment in which students had to identify 20 anatomical structures on real specimens
(equine distal limb in study 1, canine forelimb in study 2) and write down the corresponding
anatomical terms on an examination sheet (Supplement S2). The knowledge assessment
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scores were defined as the learning outcomes. For the equine distal limb, both palmar and
plantar were scored as correct in the knowledge assessment. In the specimens used in the
knowledge assessment, anatomical structures were annotated using sewn-on beads labeled
with numbers or a waterproof marker (Figure 4).

  
(a) (b) 

Figure 4. Real specimens of the equine distal limb (a) and canine forelimb (b) used for students’
knowledge assessment. Left, right, thoracic, and pelvic limbs were used as equine distal limb
specimens. Both left and right forelimbs were used as canine forelimb specimens. Anatomical
structures used in the knowledge assessment were labeled with numbers using sewn-on beads or a
waterproof marker and are listed in Supplement S2.

2.4. Study Design

Both studies were carried out during regular anatomy lessons in the dissection hall,
which holds 32 tables for students to study in groups. To conduct the respective knowledge
assessments immediately after the learning phase, the studies were carried out in two
consecutive time slots, with half of the students present in each. This way, separate tables
for the learning phase and the knowledge assessment could be prepared ahead of time.
Study 1 focused on the equine distal limb, while study 2 focused on the canine forelimb.

2.4.1. Study 1

All students were randomly assigned to one of two groups. One group received real
specimens of the equine distal limb and the associated color-printed annotated images,
while the other group learned with the 3D models of the equine distal limb and the
associated color-printed annotated images. During the 10-min learning phase, students
were divided into groups of 5–6 students per table and allowed to interact with each
other. This phase was followed immediately by the test phase, in which students were
asked to complete a knowledge assessment within 10 min. Each student completed the
test individually. Before beginning the knowledge assessment, students indicated their
assigned group (real specimen or 3D model) on their examination sheet. Prior to starting the
knowledge assessment, the real specimens were covered with blankets. At the designated
start time, all students simultaneously removed the blankets to access the annotated real
specimens for the knowledge assessment. Students were asked to place their examination
sheets face down on the table upon completion.

2.4.2. Study 2

For study 2, students were randomly assigned to one of four groups. The real specimen
group used real specimens of the canine forelimb, while the 3D model group worked
with the 3D models of the canine forelimb. Additionally, two alternating groups were
introduced: the 3D model/real specimen group, which first studied with the 3D models
before switching to the real specimens, and the real specimen/3D model group, which
started with the real specimens and then switched to the 3D models. As in study 1, students
completed the learning phase at tables of 5–6 students each and were allowed to interact
with each other during this time. In this study, the learning phase lasted 30 min for each
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group, with the two groups that worked with both learning materials in different orders
switching materials after 15 min. During the learning phase, students were provided
with color-printed annotated images matching their assigned learning materials. After
the learning phase, all students completed the knowledge assessment individually. The
knowledge assessment was carried out in the same way as in study 1. However, in this
study, students were given 15 min for the knowledge assessment, to allow extra time to
find all labeled structures, since some were partially hidden by other structures.

2.5. Student Evaluation

After each of the two studies, students were given access to the entire respective learn-
ing materials, i.e., real specimens and 3D models with the corresponding annotated images,
to prepare for the regular exam, which was a practical exam on real specimens. Following
the exam, participants were asked to complete a brief questionnaire about their learning
experiences. The evaluation was conducted via LimeSurvey (Version 5.6.31). To assess the
learning materials, either a six-point Likert scale (1 = strongly disagree, 6 = strongly agree)
was used, or an open-ended question was answered. A detailed overview of the questions
and response types is provided in Tables 2 and 3.

Table 2. Questions and response types of the student evaluation in study 1.

Question Response Type

1. By learning with the real specimen, I felt well prepared for a practical exam on an anatomical specimen. Likert scale

2. By learning with the low-fidelity 3D-printed model, I felt well prepared for a practical exam on an
anatomical specimen. Likert scale

3. Do you have any feedback for us regarding the low-fidelity 3D-printed models? Free text

Table 3. Questions and response types of the student evaluation in study 2.

Question Response Type

1. By learning with the real specimen, I felt well prepared for a practical exam on an anatomical specimen. Likert scale

2. By learning with the low-fidelity 3D-printed model, I felt well prepared for a practical exam on an
anatomical specimen. Likert scale

3. I think it makes sense to first learn with the low-fidelity 3D-printed model and then with the real specimen
for a practical examination on an anatomical specimen. Likert scale

4. I think it makes sense to first learn with the real specimen and then with the low-fidelity 3D-printed model
for a practical examination on an anatomical specimen. Likert scale

5. Do you have any feedback for us regarding the low-fidelity 3D-printed models? Free text

2.6. Statistical Analysis

Statistical and descriptive analyses were performed using IBM SPSS Statistics Version
29® (IBM, Armonk, NY, USA). Graphical representations were created using BioRender
(©2025 BioRender, Toronto, ON, Canada). Each correct term in the knowledge assessment
was awarded one point, while no points were given for incorrect or missing responses.
Misspelled or incomplete terms were evaluated to determine whether they demonstrated
recognition of the correct structure. To ensure reliability, two researchers independently
assessed the test results. However, due to minimal deviations (<10% in both studies;
κ = 0.94), the assessment by a single researcher was deemed sufficient for analysis. Prior to
further analysis, data from both studies were visually inspected for normal distribution.
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Additionally, Levene’s test was used to test for homogeneity of variance. The significance
level was set at 5%.

In study 1, the mean knowledge assessment score was calculated for the two study
groups and compared using an unpaired t-test. Effect sizes were calculated using Cohen’s
d. A d-value of 0.2 indicates a small effect, a d-value of 0.5 indicates a medium effect, and
a d-value of 0.8 indicates a large effect [30]. In study 2, the mean knowledge assessment
score was calculated for the four study groups and compared using a one-way analysis of
variance (ANOVA). Bonferroni-corrected post-hoc analysis was used to verify significant
differences between the study groups. Effect sizes were calculated using Cohen’s f, whereby
an f-value of 0.1 indicates a small effect, an f-value of 0.25 indicates a medium effect, and
an f-value of 0.84 indicates a large effect [30]. To assess the studies’ power, post-hoc power
analyses were performed using G*Power 3.1.9.2.

The analysis of the Likert scale-based answers of the student evaluation was carried
out for study 1 using an unpaired t-test (2 questions) and for study 2 using an ANOVA
(4 questions). Raw data are provided in Supplement S3. A qualitative content analysis was
carried out to assess the students’ responses to the open-ended questions in study 1 and
study 2. For this purpose, the statements were paraphrased, then abstracted in the course
of generalization, and finally pooled as codes in terms of reduction [31]. Coding categories
can be found in Supplement S4. To ensure reliability, the codes generated were assigned to
the students’ statements by a second researcher. However, given the minimal deviations
(<10% in both evaluations; study 1: κ = 0.9; study 2: κ = 0.95), the assessment by a single
researcher was considered adequate for the analysis.

3. Results

3.1. Number of Participants

In study 1, a total of 135 second-year veterinary students (71% of the enrolled students)
participated, of whom 67 students were randomly assigned to the real specimen group and
68 were assigned to the 3D model group. In study 2, a total of 183 first-year veterinary
students (88% of the enrolled students) participated. Of these, 44 students were randomly
assigned to the real specimen group, 45 students to the 3D model group, 47 students to the
3D model/real specimen group, and 47 students to the real specimen/3D model group.

3.2. Learning Outcomes
Learning Outcomes in Study 1

In study 1, the unpaired t-test revealed a significantly higher mean knowledge as-
sessment score in the real specimen group (8.04 ± 3.14) compared to the 3D model group
(6.91 ± 2.89) (p = 0.031) (Figure 5). Cohen’s d indicated a small to medium effect (d = 0.38).
The post-hoc power analysis showed a statistical power of 0.99 (1-β err prob), which
indicates sufficient power to detect the observed effect with a high degree of probability.

The structure that scored best in the knowledge assessment was the Nervus digitalis pal-
maris proprius II/III in the real specimen group (0.79 ± 0.41), while the best-scoring structure
in the 3D model group was the Musculus flexor digitorum superficialis (0.78 ± 0.42). In both
groups, the structure that scored lowest was the Ligamentum metacarpointersesamoideum
(real specimen group: 0.13 ± 0.34; 3D model group: 0 ± 0). Raw data are provided in
Supplement S3.
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Figure 5. Study 1: Comparison of students’ knowledge assessment scores between study groups after
learning anatomical structures of the equine distal limb for 10 min on either a real specimen (n = 67) or
a 3D model (n = 68). The knowledge assessment was based on recognition of 20 anatomical structures
labeled on a real specimen of the equine distal limb. Whiskers show 10th and 90th percentiles;
* p < 0.05.

3.3. Learning Outcomes in Study 2

The real specimen group achieved the highest mean score (6.11 ± 2.90), followed
by the real specimen/3D model group (4.70 ± 2.43), the 3D model group (4.16 ± 2.90),
and the 3D model/real specimen group (3.85 ± 1.93) (Figure 6). The study group had a
significant influence on learning outcomes (F(6.87), p < 0.001, ηp2 = 0.1, n = 183). The effect
size indicates a medium effect (f = 0.33). The post-hoc power analysis showed a statistical
power of 0.97 (1-β err prob), which indicates sufficient power to detect the observed effect
with a high degree of probability. Post-hoc tests with Bonferroni correction revealed that
not all study groups differed significantly. However, the mean knowledge assessment score
in the real specimen group was significantly higher than the scores in the 3D model group
(p = 0.002) and the 3D model/real specimen group (p < 0.001).

Figure 6. Study 2: Comparison of students’ knowledge assessment scores between study groups
after learning anatomical structures of the canine forelimb for 30 min on a real specimen (n = 44), a 3D
model (n = 45), a 3D model followed by a real specimen (3D model/real specimen, n = 47), or a real
specimen followed by a 3D model (real specimen/3D model, n = 47). The knowledge assessment was
based on recognition of 20 anatomical structures labeled on a real specimen of the canine forelimb.
Whiskers show 10th and 90th percentiles; ** p < 0.01, *** p < 0.001.
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The structure that scored best in the knowledge assessment for the real specimen
group (0.66 ± 0.48), the 3D model group (0.58 ± 0.50), and real specimen/3D model
group (0.62 ± 0.49) was the Musculus biceps brachii. For the 3D model/real specimen group
(0.57 ± 0.50), it was the Musculus serratus ventralis. Structures with the lowest scores in the
knowledge assessment were the Musculus pronator teres in the real specimen group (0 ± 0)
and the Musculus flexor carpi radialis in the 3D model group (0 ± 0). In the 3D model/real
specimen group, the Musculus pronator teres (0 ± 0) and the Musculus coracobrachialis (0 ± 0)
scored equally low. In the real specimen/3D model group, the lowest scores were observed
for the Musculus pronator teres and the Musculus brachialis (both 0.02 ± 0.15). Raw data are
provided in Supplement S3.

3.4. Student Evaluation
3.4.1. Student Evaluation in Study 1

Since all students had been given access to both the real specimens and the 3D models
for exam preparation after study 1, 159 students took part in the evaluation of the learning
materials after the exam (84% of the enrolled students). When asked which of the two
learning materials students would prefer for exam preparation (assessment on a six-point
Likert scale), the unpaired t-test revealed that students felt significantly better prepared for
the practical exam by learning with the real specimens (5.17 ± 0.85) compared to the 3D
models (4.76 ± 0.93) (p < 0.001) (Figure 7). Cohen’s d showed a medium effect (d = 0.47). The
post-hoc power analysis showed a statistical power of 0.99 (1-β err prob), which indicates
sufficient power to detect the observed effect with a high degree of probability. Raw data
are provided in Supplement S3.

The qualitative content analysis of the answers to the open-ended question revealed
that a high number of students (19 out of 57 statements; 33.3%) preferred the 3D model
when starting to learn and then moved on to the real specimen. Other statements that
were made more frequently indicated that the 3D models are better suited for gaining a
general basic understanding of anatomical structures (eight out of 57 statements; 14.0%)
and that it is a particular advantage that the 3D models can be used for learning outside the
dissection hall (eight out of 57 statements; 14.0%). In addition, several students (seven of
the 57 statements; 12.3%) expressed the wish to have further 3D models of other anatomical
specimens available. The list of codes is provided in Supplement S4.

Figure 7. Study 1: Mean values and standard deviations of students’ evaluations (n = 159) of the
learning materials. Based on a six-point Likert scale, students were asked to indicate whether they
felt well prepared for a practical exam on a real anatomical specimen of an equine distal limb using
the respective learning materials, i.e., real specimen or 3D model; *** p < 0.001.
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3.4.2. Student Evaluation in Study 2

The evaluation after the regular exam, after all students had been given access to
real specimens and 3D models for exam preparation, included 180 students in study 2
(87% of the enrolled students). Most of the students preferred the learning method 3D
model/real specimen (5.17 ± 1.24), followed by the real specimen (4.57 ± 1.03), the 3D
model (4.15 ± 1.12), and real specimen/3D model (2.92 ± 1.32) (Figure 8). The results of
the student evaluation revealed that the preferred learning methods differed significantly
(F(88.94), p < 0.0001, ηp2 = 0.33, n = 180). The effect size indicates a strong effect (f = 0.7). The
post-hoc power analysis showed a statistical power of 1.0 (1-β err prob), which indicates
sufficient power to detect the observed effect with a high degree of probability. Post-hoc
tests with Bonferroni correction showed that students felt significantly better prepared for
the exam when using the learning materials in the order 3D model/real specimen compared
to learning only with the real specimen (p < 0.001), only the 3D model (p < 0.0001), or when
using the learning materials in the order real specimen/3D model (p < 0.0001). The
differences in learning preference were also significant between real specimen and 3D
model (p = 0.021), real specimen and real specimen/3D model (p < 0.0001), and 3D model
and real specimen/3D model (p < 0.0001). The results of the evaluation show that students
preferred the learning method that achieved the lowest learning outcomes in the knowledge
assessment. Raw data are provided in Supplement S3.

The qualitative content analysis of students’ responses to the open-ended question
revealed that almost half of the statements (17 out of 40 statements; 42.5%) indicated a
preference for students to start learning with the 3D model and then continue with the real
specimen. Furthermore, several statements indicated that students perceived learning with
the 3D models as very helpful (six out of 40 statements; 15.0%). Some students indicated
that they would prefer to learn with the 3D model and real specimen simultaneously (four
out of 40 statements; 10.0%). The list of codes is provided in Supplement S4.

Figure 8. Study 2: Mean values and standard deviations of students’ evaluations (n = 180) of the
learning materials. Based on a six-point Likert scale, students were asked to indicate whether they
felt well prepared for a practical exam on a real anatomical specimen of a canine forelimb using the
respective learning materials, i.e., real specimen, 3D model, 3D model followed by real specimen (3D
model/real specimen), or real specimen followed by 3D model (real specimen/3D model); * p < 0.05,
*** p < 0.001, **** p < 0.0001.
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4. Discussion

The presented work investigated the impact of low-fidelity 3D-printed models as
learning materials in veterinary anatomy classes. The research was guided by the hypothe-
sis that students learning the anatomical structures of the equine distal limb or the canine
forelimb using low-fidelity 3D-printed models would achieve similar learning outcomes as
those using the corresponding real specimens.

When students learned with either the real specimen or the 3D model, as in study 1,
students who learned with the real specimen achieved significantly higher learning out-
comes than students who learned with the 3D model. In addition, the evaluation of the
learning materials by students after the regular anatomy exam showed that students’ pref-
erence for using real specimens to prepare for the exam was significantly higher than for
using the 3D model. To date, two studies on the use of 3D models as learning materials for
veterinary anatomy have been published, both reporting similar findings as the present
study [27,28]. A study from Japan demonstrated that 3D-printed skulls are effective as an
introduction before working with real specimens [28]. Additionally, a study from Spain
in the field of veterinary anatomy, which involved the creation of 3D models of various
structures from various domestic and exotic species, including bone, viscera, and vascular
structures, concluded that 3D-printed models are not a replacement for real specimens.
Furthermore, the authors emphasized the need to improve 3D-printed models in terms of
color, size, texture, and flexibility to enhance the anatomical accuracy and their potential ap-
plication in surgical training [27]. It is possible that learning outcomes for 3D models differ
depending on the structures and species used in the respective investigation. Since neither
of those studies included the equine distal limb or the canine forelimb, comparability
is limited.

Comparable results have been reported in studies on students of human medicine [32–36].
In a study carried out in human anatomy, students’ preferences for anatomy learning re-
sources and their perceived effectiveness in achieving learning outcomes were investigated.
Data collection took place at the end of the spring semester, during the abdominal gross
anatomy course, after medical students had completed the upper and lower limb sections,
as well as the cardiovascular and respiratory system modules. The results showed that real
specimens combined with clinical tutorials were rated as the preferred and most effective
resource for learning anatomy, followed by dissection videos, other electronic resources,
and printed materials. In contrast, the perceived usefulness of plastinated specimens and
plastic models was rated lower by students [32]. Other studies in the field of human
anatomy also confirm that both students and teachers rate the impact of real specimens as
learning materials higher than that of 3D models [33,34]. Moreover, there is no substantial
evidence that 3D models are significantly more effective in enhancing learning outcomes
compared to real specimens [33,34]. In studies in which students were asked about their
learning experience with 3D-printed models of human anatomical specimens compared to
plastinates, students found plastinates superior to 3D models due to their more realistic
nature. However, students emphasized that they would prefer 3D-printed models for
learning basic anatomy [35,36]. Overall, students perceived the usefulness of 3D-printed
models, particularly in gaining a general, basic understanding of anatomical structures,
while real specimens or plastinates might be more likely to be used to deepen knowledge
and understanding in a practical context [34,35]. In the study of Mogali et al., 3D-printed
models of the thoracic limb were evaluated [35], while cardiac, head, and neck 3D-printed
models were tested by Radzi et al. [36]. The student evaluations of learning materials in
those studies showed similar results to the student evaluation in the present study [35,36].
Thus, in study 1, many students stated that the 3D models might be better suited than the
real specimens for initially gaining a general, basic understanding of anatomical structures.
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Therefore, in addition to the two test groups that used the real specimens or the 3D models
for learning, two further test groups were set up in study 2, which used both learning
materials, real specimens and 3D models, in different orders. However, results from study
2 show that the group that had learned with the real specimens had the highest learning
outcomes, followed by the real specimen/3D model group and then the 3D model group.
The group with the lowest learning outcomes was the 3D model/real specimen group,
which was the group that had used the learning materials in the order that, according to
the students’ evaluation, should have been the most suitable. As in study 1, many students
who participated in study 2 also stated in the open-ended question that they would con-
sider it the best learning method to start with the 3D-printed models and then transition
to the real specimens. The analysis of quantitative data from students’ evaluations also
showed that students regarded learning in the order 3D model/real specimen as most
suitable, followed by learning with only the real specimen and then the 3D model only.
Learning in the order real specimen/3D model was found to be least suitable by students.
Students’ preference for starting anatomy learning with a 3D model before transitioning to
the real specimen can be explained on the basis that students often experience considerable
apprehension, stress, and anxiety when encountering cadavers [37–39]. In this context,
3D models may serve as an effective introductory tool, helping students become familiar
with anatomical structures, easing their discomfort, and reducing psychological barriers to
working with cadavers, which remain a vital component of the anatomy curriculum [40].
In clinical training, 3D models can ease the transition to working with live animals by
reducing student stress and fostering greater interest in clinical practice, for example, when
they learn clinical skills such as intravenous catheterization, bandaging, or anesthesia on
canine 3D-printed models [9]. The results show that students’ perception of which learning
method would lead to the highest learning outcomes did not match the learning method
that ultimately led to the highest learning outcomes. This finding is consistent with the
results of several studies that have identified a discrepancy between the learning outcomes
perceived by students and the learning outcomes they actually achieved [41–43]. This could
be the case because students might be more likely to perceive an increase in self-efficacy
rather than measuring the actual acquisition of skills [41]. However, the lower learning
outcomes when learning in the order 3D model/real specimen observed in the presented
study could also arise due to students requiring more time to become familiar with the
3D models, as they were using a new and therefore unfamiliar learning tool, necessitating
additional time to adapt [2,18]. In a study that evaluated a low-fidelity inguinal canal
model, students explicitly expressed a desire for more hands-on time with the model [18].
Similarly, the findings of a previous study on the use of 3D scans as learning materials
emphasized the vital importance of giving students sufficient time to adjust to new learning
circumstances [44]. Thus, students who started learning with the 3D models may struggle
to adapt and apply their knowledge effectively when switching to the real specimens. This
aspect could have been underestimated by students in their evaluation. Overall, it must be
considered that students’ preferences are not necessarily a reliable indicator of learning
efficacy, as shown in the studies presented, as well as in previous studies [32–36].

In the learning material evaluation, some students indicated that they would prefer to
learn with the real specimens and the 3D models simultaneously. This way, the advantages
and disadvantages of both learning materials could possibly counterbalance each other.
Since dissection alone cannot meet all educational needs, combining it with innovative
teaching methods offers a comprehensive approach to anatomy education, ensuring both
tradition and technology work together to enhance learning [45].

An advantage of the 3D models highlighted by students’ evaluations is that they
can effectively support learning beyond the dissection hall. Thus, the use of 3D-printed
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models expands access to anatomical specimens, helping to mitigate the challenges posed
by limited cadaver availability [2,28,46,47].

Not least, students expressed enthusiasm for the 3D-printed models as they perceived
the 3D-printed models as highly beneficial for learning. This aligns with previous re-
search, which has similarly reported that students find 3D-printed models to be valuable
educational tools [2,9,12–14,18,19,48]. Accordingly, several students indicated that they
wish to have further 3D-printed models of other anatomical specimens available. This
positive commitment should be preserved, as it enhances students’ motivation to engage
in anatomy learning. At this point, it is important to emphasize that 3D models are tools
that can be useful but are not replacements in anatomy education [27,28,35,36].

Some limitations may affect the interpretation and transferability of the results. First,
the studies had only one assessment point. Further research could examine whether the
same results would be obtained if there were a second assessment point with a longer time
interval after the study. Second, both anatomical specimens addressed in the studies were
from the musculoskeletal system. Further studies could clarify the extent to which low-
fidelity 3D-printed models of specimens from other organ systems can lead to comparable
learning outcomes to those of the corresponding real specimens. Third, the tests in the
studies focused only on the recognition of anatomical structures on the specimen. The
fact that students frequently stated that they found the 3D models helpful for initial
learning could also indicate that the 3D models may be more suitable for understanding
functional aspects and relationships, for example, in the muscles and ligaments. In further
studies, these aspects should be considered in the tests to verify this assumption. Fourth,
it is assumed that if more time were available, transitioning between different learning
resources might be beneficial [45]. To examine whether a period to familiarize with the 3D
model or the real specimen could reduce the differences in the learning outcomes in those
groups that change the learning material during the learning period, such a period should
be introduced for those test groups in subsequent studies. Lastly, this study explored the
use of low-fidelity models in veterinary anatomy, and it may be possible that better learning
outcomes could be achieved with high-fidelity models.

5. Conclusions

The studies did not confirm the hypothesis that the same learning outcomes can
be achieved with low-fidelity 3D-printed models of the equine distal limb or the canine
forelimb as with the corresponding real specimens. For both the canine forelimb and the
equine distal limb, participants who studied using real specimens achieved significantly
higher learning outcomes compared to those who used 3D models. In contrast, students
stated in the evaluation that they would prefer to start learning with the 3D models and
then switch to the real specimens. However, in the study, students achieved the lowest
learning outcomes with this learning method. This discrepancy in the students’ evaluation
of learning materials could be, on the one hand, because the students might be more likely
to measure the increase in self-efficacy than the increase in knowledge. On the other hand,
it could be because familiarizing oneself with a new learning material takes some time, an
aspect that was neglected in the study, which used the same learning time for all test groups,
resulting in a potential disadvantage for the groups that used both learning materials in
alternating order. In conclusion, equine distal limb and canine forelimb 3D models appear
to be less effective for knowledge acquisition. While they may serve as useful preparatory
tools, they should not be considered substitutes.

Beyond that, students were enthusiastic about the 3D models of the equine distal
limb and the canine forelimb and expressed the wish to have more 3D models of further
anatomical specimens, which showed that the 3D models could increase students’ learning
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motivation. In addition, the 3D models expand opportunities for students to learn anatomy
from specimens, since they can also be used outside of the dissection hall.
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Simple Summary: Scientometrics refer to studies that quantify aspects of scholarly literature. The
methodology can be a useful tool for understanding scientific trends and for mapping large relevant
data. The present work has focused on the application of scientometric analysis in published research
papers in the field of veterinary and animal sciences. The findings have indicated the emergence of
using this analysis in works in the primary fields of scientific interest of researchers; moreover, they
have provided a guide for future relevant studies.

Abstract: The present study is an evaluation of published papers in the field of scientometrics–
bibliometrics in veterinary or animal studies. The objective was the quantitative evaluation of the
scientific content and the bibliometric details of papers that had used scientometrics as a methodolog-
ical approach to assess various topics within the broad field of veterinary or animal studies. For the
search of published papers, the Web of Science database was used; the search string {ALL FIELDS =
[scientometric* OR bibliometric*]} AND {ALL FIELDS = [veterinary OR animal*]} was employed.
In all, 163 papers were evaluated individually. There was a progressive increase in the number of
papers published annually (slope 0.314 ± 0.063) which originated from 58 countries, mostly from the
United States of America (n = 24) and 306 organizations. The databases employed most frequently for
record search were the Web of Science, Scopus and PubMed (in 105, 60 and 21 papers, respectively);
the median timespan of the searches was 25 years (interquartile range (IQR): 31) and the median
number of records was 1082.5 (IQR: 4708) (min.: 14, max.: 207,894). The papers were published in
106 journals (Animals (n = 21), Scientometrics (n = 8)), classified into 56 Web of Science categories
(‘veterinary sciences’ (n = 26 journals)). Searches related to 88 different topics. There were 517 unique
keywords in the papers, among which ‘bibliometric(s)’ (n = 45) occurred most often. The median
number of co-authors per paper was 4 (IQR: 3) (min.: 1, max.: 17), with a total of 689 individual
authors. Most papers (n = 110 (67.5%)) were published under open access. The median number
of citations received per paper was 4 (IQR: 9) (max.: 68) and the h-index was 21. In multivariable
analysis, the higher number of cited references in papers and the inclusion of specific animal species
in the record search emerged as significant for the number of citations received per paper yearly.

Keywords: animal science; bibliometric; bibliometric analysis; health sciences; life sciences;
meta-analysis; One Health; review; scientometric; veterinary science

1. Introduction

Scientometric evaluations (which include bibliometric analyses) can be useful in
understanding scientific trends, in highlighting emerging topics and in mapping large
amounts of relevant data [1]. That way, they can provide support to comprehend the
constituents of research, the performance of journals and topics, the collaborations between
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researchers and thus, consequently, the further exploration of scientific research [1,2]. These
studies are important parts of the development of research, as well as in its evaluation [3].

Such analyses are based on the identification of the existing scientific literature within
the subject area under assessment and involve, primarily, quantitative assessment on
the documents retrieved; however, analysis of qualitative traits in the content can also
take place as well [3]. An advantage of scientometric analyses refers to the use of large
amounts of data, which had been produced by other researchers (e.g., author groups,
journals where papers were published, citations of papers), unrelated to the researchers
performing the scientometric analyses [4], which leads to reliable and unbiased findings.
Further, the increase in scientific output can also contribute to a risk of the traditional-style
narrative reviews being potentially incomplete [5]; in this respect, it is hence notable that
the availability of scientometric analyses can help people working on such reviews to
provide guidance on the trends and significance of research in the topic under study.

A recent (August 2024) search into the Web of Science database by using the string [sci-
entometric* OR bibliometric*] revealed that only 0.21% of retrieved papers were classified
into the category ‘veterinary sciences’ and 0.17% into the category ‘agriculture, dairy and
animal science’. There were, however, another 33 categories in the database which included
≥1% of total papers retrieved in the search: these included categories in the health sciences
(e.g., medicine general internal, surgery) and the life sciences (e.g., environmental sciences).
The findings point out that scientometric analyses have not been used extensively in works
related to veterinary and animal studies. There is, therefore, interest in further developing
the approach in those areas.

The present study is an evaluation of published papers in the field of scientometrics–
bibliometrics in veterinary or animal studies. The objective of the study was the quantitative
evaluation of the scientific content and the bibliometric details of papers that had used
scientometrics as a methodological approach to assess various topics within the broad field
of veterinary or animal studies.

2. Materials and Methods

2.1. Search Procedure

The Web of Science platform (www.webofknowledge.com (accessed on 18 August
2024 and 12 September 2024); Clarivate Analytics, London, UK) was used for the search
of relevant publications. For the search, we used the Web of Science Core Collection, in
a search that spanned across multiple disciplines, through the inclusion of the Science
Citation Index Expanded, the Emerging Sources Citation Index, the Social Sciences Citation
Index, the Arts and Humanities Citation Index, the Conference Proceedings Citation Index
and the Book Citation Index.

A search using the following string was performed: {ALL FIELDS = [scientometric*
OR bibliometric*]} AND {ALL FIELDS = [veterinary OR animal*]} (the asterisk served as a
truncation symbol to include variations of the respective terms). The search was performed
on 18 August 2024 (‘freeze date’) and was repeated on 12 September 2024 to confirm that no
additional records (i.e., delayed entries) had been added thereafter. Only records published
up to 30 June 2024 were included in this study.

Thereafter, an initial document type analysis of the records obtained was performed,
during which only the following types of documents were included: ‘article’ and ‘review
article’. Thus, 759 papers were retained for further assessment individually (Table S1).

2.2. Paper Evaluation

Evaluation of characteristics in the papers was performed by two persons. The evalua-
tors worked separately and independently and compared their results after completion of
their work. In case of disagreement between the two persons, the paper was evaluated by
a senior author (G.C.F.) and the results returned by two of the three assessors were taken
into account; this occurred with four papers in total.
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During evaluation, papers not including (a) work related to veterinary or animal
studies or (b) work related to scientometric or bibliometric assessment were excluded from
further evaluation.

Thus, after the above, 163 papers remained and were included in the final scientometric
evaluation (Table S1). In each of these papers, the following details were recorded:

1. Year of publication of paper;
2. Country and organization (university or other institution) of origin of the paper (as

indicated in the affiliation(s) of the author(s));
3. Database used, timespan set and language employed for the search of records;
4. No. of records assessed in the study;
5. Journal in which the paper was published and Web of Science category(ies) into which

each journal was classified;
6. Scientific topic of the scientometric assessment and keywords in the paper;
7. Number of cited references included in the relevant list;
8. Number and names of all co-authors in the paper;
9. Accessibility of paper, i.e., whether it was open access or subscription only;
10. Total number of citations received by the paper until the end of June 2024.

2.3. Data Management and Analysis

The number of papers published by 30 June 2024 on [scientometric* OR bibliometric*]
only was obtained using the same procedure, in order to compare with the number of
papers published on the topic of the current study.

Papers with authors affiliated with organizations of two different countries were
deemed as with an international collaboration.

To assess the impact of the papers evaluated in the current study, the total number
of citations received by the papers was considered. The number of citations received by
the papers was normalized by calculating the average citations per year since the year of
publication of each paper.

All data were systematically recorded and organized using Microsoft Excel (versions
2406-2408). Descriptive analysis was performed initially. The frequency of the various
outcomes was evaluated in tables of cross-categorized frequency data using the Pearson chi-
square test or the Fisher exact test, as appropriate. Comparisons between continuous data
were performed using the Mann–Whitney test or the Kruskal–Wallis test. Linear regression
analysis was used to establish associations with the year of publication of each paper.
Spearman’s rank correlation analysis was performed as indicated, and the significance of
the result was evaluated according to the critical values for r.

The outcome ‘citations received by a published paper yearly’ was evaluated. Initially,
univariable analysis was performed to assess potential associations with relevant parame-
ters. Then, a multivariable model was developed for the above outcome, and parameters
found with p < 0.20 in the univariable analyses previously carried out were included into
this model. Progressively, parameters were removed from the model by using backward
elimination. The likelihood ratio test was performed to assess the p-value of each parameter;
among those found with p > 0.20, the one with the largest p was removed from the model.
The procedure was repeated until no variable with p > 0.20 could be removed from the
model. The parameters included in the final multivariable assessment are in Table S2.
Subsequently, associations of the number of citations received by a published paper yearly
and the parameters into that final multivariable assessment were evaluated by principal
component analysis.

Statistical significance was defined at p < 0.05.

3. Results

All 163 individually assessed papers have been indexed in the Web of Science, fulfilled
the search criteria and presented scientometric analysis work on veterinary or animal
studies (Table S3).
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3.1. Year of Publication

There was a clear progressive increase in the number of papers published (slope
0.314 ± 0.063; p < 0.0001) (Figure 1). The first relevant paper was published in 1988; how-
ever, most papers (66.3%) were published during the current decade (2021–today). A similar
trend was observed in the entirety of published papers on scientometrics–bibliometrics
internationally, where also the majority of papers was published subsequently to 2020
(60.6% of 30,702 papers) (p = 0.14) (Figure S1).

Figure 1. The number of published papers on veterinary or animal studies scientometrics according
to the year of publication (the dashed line is trendline).

3.2. Origin of Published Papers
3.2.1. Countries

The papers originated from 58 countries in total. The median number of published
papers per country that contributed publications was 2 (interquartile range (IQR): 4). Most
papers originated from the United States of America (n = 24), Brazil (n = 22) or China
(n = 20) (Figure 2, Table S4). Papers published up to the end of 2020 originated from
23 countries, whilst those published afterwards originated from 53 countries (p < 0.0002).

There were 16 countries, from which at least five published papers originated. There
was a significant difference in the median year of publication of papers among these
countries; France had the oldest median year of publication (2016 (IQR: 1)), whilst Egypt
and Turkey had the most recent median year of publication (2023 (IQR: 1)) of relevant
papers (p = 0.020) (Figure 3).

In 57 papers (35.0%) there was international collaboration (i.e., with affiliations from at
least two countries). International collaborations were seen in 52 countries, and, in contrast,
6 countries published papers on their own only. The most frequent combination in joint
papers was between Spain and the United States of America (n = 4) (Table S5).
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Figure 2. The countries of the world from which published papers on veterinary or animal stud-
ies scientometrics originated (blue color palette in accord with the number of papers published
per country).

Figure 3. The median year of publication of papers on veterinary or animal studies scientometrics
from the 16 countries with most papers (≥5) (the country name abbreviations are set according to
International Naming Convention ISO 3166 [6]).

3.2.2. Organizations

The papers originated from 306 organizations in total. These included 240 universities
and 66 organizations of other type (e.g., research institutes, government agents). The
median number of published papers per organization was 1 (IQR: 0).

Most papers originated from the North Carolina State University and the São Paulo
State University (n = 5) (with reference to universities), and from the Indian Council of
Agricultural Research (n = 7) (Table S6). China and the United States of America were the
two countries with the most organizations from which relevant papers originated (n = 28
for both). There was a clear correlation between the number of organizations in a country
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from which papers originated, and the number of published papers from that country
(rsp = 0.882, p < 0.0001) (Figure 4).

Figure 4. The number of organizations in a country, from which published papers on veterinary or
animal studies scientometrics originated, and the number of published papers from that country (the
dashed line is trendline).

3.3. Search Methodologies
3.3.1. Databases Used for Search of Records

In total, 40 different databases were employed for search of records in the studies
reported in the papers (Table S7). The databases employed most frequently were the Web
of Science (in 105 papers), Scopus (in 60 papers) and PubMed (in 21 papers) (Figure 5). In
most papers (n = 121; 74.2%), use of only one database was reported for search of records,
whilst in 42 papers (25.8%) use of at least two databases was reported.

Figure 5. The databases used most frequently for record search in published papers on veterinary or
animal studies scientometrics, with the number of published papers in which their use was reported
(full details in Table S7).
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There was no difference in the median year of publication of papers in accord with
the database employed (Table S8) (p = 0.70). However, there was a clear difference among
databases in the countries that used them (p = 0.003) (Table S9). Specifically, the Web of
Science was employed more frequently in studies from Australia, Iran, Portugal (100%)
and China (90.0%); Scopus was employed more frequently in studies from India (76.9%)
and Brazil (68.2%); and PubMed in studies from India (53.8%) and USA (25.0%).

3.3.2. Timespan Set in Searches

The median timespan of searches performed in the studies reported in the various
papers was 25 years (interquartile range: 31 years; minimum: 1, maximum: 223 years).
There was no significant difference in the timespan of searches in accord with the database
employed in the respective study (p = 0.89) (Figure S2).

3.3.3. Languages Employed for Search of Records

Only 15 papers reported searches performed with language limitations. Of these, in
12 papers, the language specified in the search was English only; in one paper, the language
specified in the search was Spanish only; in one paper, two languages were specified in the
search (English and Russian); and in another one, eight languages were specified in the
search (Czech, English, Japanese, Norwegian, Polish, Russian, Slovak and Swedish).

3.3.4. Number of Records Found

The median number of records found in the various studies was 1082.5 (interquartile
range: 4708; minimum: 14, maximum: 207,894). There was evidence that in studies which
used the Web of Science database, significantly more records were found for use than in
studies which used other databases (p = 0.0001) (Figure 6, Table S10). In contrast, there
was no association between the number of records found in the studies and the timespan
covered in these searches (rsp = 0.086, p = 0.09) or the language in which searches were
performed (p = 0.22). Finally, there was a clear inverse correlation between the number
of records found in the studies and the year of publication of the paper (rsp = –0.334,
p < 0.0001).

Figure 6. The number of records obtained by the most frequently used databases reported in papers
on veterinary or animal studies scientometrics (bars show interquartile range).
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3.4. Journals in Which Papers Were Published

The papers were published in a total of 106 journals, most frequently in Animals
(n = 21 papers), Scientometrics (n = 8), Frontiers in Veterinary Science (n = 7) and Pathogens
(n = 4) (Table S11). In total, 24.5% of all papers were published in these four journals, whilst
49.1% of all papers were published in the 23 journals with two or more papers in the
study topic (n = 80 papers). Cumulatively, 65 of these papers (81.3%) originated from the
16 countries with the most papers published. There were, however, differences among
these countries in the journals in which these papers were published (p < 0.0001) (Figure 7,
Table S12).

Figure 7. The number of published papers on veterinary or animal studies scientometrics, in accord
with the country of origin and the journal of publication (abbreviations of country names according
to International Naming Convention ISO 3166 [6]; abbreviations of journals from left to right: Animals,
Frontiers in Veterinary Science, Pathogens, Poultry Science, Scientometrics, Veterinary Sciences).

These 106 journals were classified into 56 Web of Science categories, most frequently in
‘veterinary sciences’ (n = 26 journals, with 61 papers published in these journals), ‘environ-
mental sciences’ (n = 13, with 16 papers published in these journals) and ‘agriculture, dairy
and animal science’ (n = 11, with 36 papers published in these journals) (Table S13). The
largest density of published papers per journal within a category was seen in the category
‘computer science, interdisciplinary applications’, with 8 papers in one journal (namely
Scientometrics), followed by ‘agriculture, dairy & animal science’ (3.3 papers per journal)
and ‘microbiology’ (2.5 papers per journal) (Table S13).

Among the categories with the most published papers in journals therein, ‘parasitol-
ogy’ (2023 (IQR: 2)); ‘environmental sciences’ (2022 (IQR: 2)); and ‘agriculture, dairy and
animal science’, ‘biodiversity conservation’, ‘ecology’ and ‘veterinary sciences’ (2022 (IQR:
3)) included the most recently published papers, whilst the categories ‘computer science,
interdisciplinary applications’ (2001.5 (IQR: 23)) and ‘information science and library sci-
ence’ (2010 (IQR: 18)) included the oldest published papers. The difference between the
categories was significant (p < 0.0001) (Figure 8).
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Figure 8. Median year of publication of papers on veterinary or animal studies scientometrics,
in accord with Web of Science categories with the most published papers therein (bars indicate
interquartile range).

3.5. Content of Papers
3.5.1. Topics of Scientometric Assessment

Searches were found to be related to 88 different topics of scientometric assessment in
total. The most frequent search topics referred to country-related research (n = 16); the other
frequent topics were specific journal-related research, or animal species-related research, or
animal welfare (n = 10 for each). Details are in Tables 1 and S14.

Table 1. The most frequently assessed topics (n = 18) in published papers on veterinary or animal
studies scientometrics and the respective number of published papers (full details in Table S14).

Topic of Assessment Papers (n)

Country-related scientometrics 1 16
Specific journal-related scientometrics 2 10
Animal species-related scientometrics 3 10

Animal welfare 10
Genetic improvement 6

Animal ethology 5
Mastitis 5

Conservation plan 4
Antibiotic resistance 3

Gastrointestinal parasitism 3
Heat stress 3

Human–animal interactions 3
Veterinary education 3

Epilepsy 2
Infections 2

Precision livestock farming 2
Tuberculosis 2

Zoo archaeology—palaeontology 2
1 Full details in Table S15; 2 full details in Table S16; 3 full details in Table S17.
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There was a significant difference in the year of publication of papers in accord with
the topic of assessment (rsp = 0.438, p = 0.0004). Papers on scientometrics of genetic
improvement or animal ethology were the most recent (median year of publication: 2023);
papers on journal-related (median year: 2011) or country-related scientometrics (median
year: 2018) were the oldest (Figure 9, Table S18).

Figure 9. Box and whisker plot of the year of publication in papers on veterinary or animal studies
scientometrics in accord with the topic of study and scientometric assessment (only most frequently
assessed topics shown).

In contrast, no association was found between the topic of assessment and the country
of origin of papers (p = 0.16). Notably, most papers on scientometrics of animal welfare
originated from Australia (40.0%), on scientometrics of genetic improvement from Brazil
(50.0%) and on scientometrics of mastitis from Greece (40.0%) and the United States of
America (40.0%).

Also, no pattern emerged regarding the journals in which the various topics were
published. It is, however, noted that most papers on scientometrics of mastitis were
published in Pathogens (42.9%) and most papers on scientometrics of animal welfare were
published in Animals (40.0%).

There was an association between the number of records obtained and the topic of
scientometric assessment: the median number of records obtained for studies reported in
papers on country-related scientometrics (6465 (IQR: 12,954)) or on animal species-related
scientometrics (6362 (IQR: 5176)) were the highest, whilst the median number of records
for papers on mastitis (250 (IQR: 336)) were the lowest (rsp = 0.319, p = 0.015) (Figure 10,
Table S19).
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Figure 10. Box and whisker plot of the number of obtained records in papers on veterinary or animal
studies scientometrics in accord with the topic of study and scientometric assessment (only most
frequently assessed topics shown).

3.5.2. Animal Species Referred to in Scientometric Assessments

In total, 92 papers reported studies with reference to specific animal species in the
respective searches. Animal species most frequently studied were cattle (n = 14 papers);
poultry (n = 12 papers); and pigs, sheep and wildlife (n = 9 papers each) (Table S20).

Among these papers, there was no association between the animal species referred
to and the number of records obtained (p = 0.29 when all animal species were taken into
account, p = 0.09 when only the 10 animal species in most papers were taken into account)
(Figure S3).

3.5.3. Keywords in Papers

In total, there were 790 keywords in the 163 papers, i.e., a median number of 5
(IQR: 2) keywords per paper. These corresponded to 517 unique keywords, among which
‘bibliometric(s)’ (n = 45), ‘bibliometric analysis(es)’ (n = 32) and ‘scientometric(s)’ (n = 17)
occurred the most frequently (Figure 11, Table S21).

 

Figure 11. Word cloud of the most frequently occurring keywords in published papers on veterinary
or animal studies scientometrics (full details in Table S21).
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Notably, there was a clear increase in the number of keywords in a published paper
in accord with the year of publication (rsp = 0.275, p = 0.0004). Further, there was also a
tendency for inverse correlation between the number of keywords in the published papers
and the number of records obtained in the search (rsp = −0.156, p = 0.051).

3.5.4. Cited References in Papers

The median number of cited references in the papers was 47 (interquartile range: 44).
There was a clear positive correlation between the number of cited references therein and
the year of publication of the paper (rsp = 0.462, p < 0.0001), as well as an inverse correlation
between the number of cited references therein and the numbers of retrieved records in the
paper (rsp = −0.169, p = 0.034).

3.6. Authors

Cumulatively, there were 770 co-authors; the median number of co-authors per paper
was 4 (IQR: 3) (min.: 1, max.: 17). In total, there were 689 individual authors. Among them,
11 (1.6%) had published at least three papers (max.: 5). In 11 papers, there was only one
author. There was a clear progressive increase in the number of co-authors per published
paper throughout the years (slope: 0.117 ± 0.08) (p = 0.0002) (Figures 12 and S4).

Figure 12. The number of authors per published paper in accord with the year of publication of the
paper (the dashed line is trendline).

Further, there were 286 individual authors (41.5% of all), who were first or last authors
in the papers. Among these, one author was first or last in four papers and 26 authors in
two papers. The 11 authors with at least three papers, were, on average, first or last authors
in 66.7% (25.0%) of their papers (min.: 0.0%, max.: 100.0%), whilst the 52 authors with two
papers, were, on average, first or last authors in 50.0% (100.0%) of their papers.

Of the 11 authors with at least three papers as first or last, 9 were affiliated with
scientific organizations in the 16 countries from which originated most published papers.
Among these 11 authors, there were three clearly distinct groups of co-authors identified
with joint papers, who were affiliated with the same organization in each of three different
countries, specifically in India (n = 5 co-authors), France (n = 2 co-authors) and Greece
(n = 2 co-authors).

There were no significant differences between the 16 countries with most published
papers in the median number of authors per paper: papers from Canada had the smallest
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median number of authors, 3 (IQR: 4.5), whilst papers from Pakistan and Egypt had the
highest number, 7 (IQR: 0) and 8 (IQR: 2), respectively (p = 0.24) (Figure S5).

The Web of Science categories of the journals of papers published by the above
11 authors, were as follows: (a) agriculture, dairy and animal science, (b) agronomy,
(c) computer science, interdisciplinary applications, (d) ecology, (e) infectious diseases,
(f) information science and library science, (g) microbiology, (h) parasitology, (i) public
environmental and occupational health, (j) veterinary sciences and (k) zoology.

3.7. Accessibility of Papers

Most papers (n = 110 (67.5%)) were published under open access. The median year of
publication of open access papers was significantly more recent than that of subscription
access papers: 2022 (IQR: 3) versus 2021 (IQR: 12) (p = 0.021) (Figure 13). No differences
were seen among countries in the proportion of papers published under open access
(p = 0.22) (Figure S6).

Figure 13. Frequency of published papers on veterinary or animal studies scientometrics, in accord
with year of publication and accessibility of papers (red: subscription access, green: open access).

3.8. Impact of Papers

The median number of citations received per paper was 4 (IQR: 9) (max.: 68) and
the h-index for this set of published papers was 21. The median value of yearly citations
received per paper was 1.3 (IQR: 2.8) (max.: 21) and the m-index was 0.5.

The univariable analyses indicated the following parameters with significant associa-
tion with the number of citations received per paper yearly: (a) the timespan covered in
the search for records (p = 0.002), (b) the inclusion of specific animal species in searches
(p = 0.037), (c) the number of cited references in papers (p = 0.0003) and (d) publication
under open access (p = 0.011) (Figure 14) (Table S22). There were also differences in the
number of citations received by published papers yearly among the countries with most
published papers; papers from Portugal, Pakistan and China had the highest median yearly
number of citations: 5.7 (IQR: 6.3), 4.7 (IQR: 1.2) and 3.5 (IQR: 3.5), respectively, whilst
papers from Chile, France and India had the lowest: 0.0 (IQR: 0.7), 0.2 (IQR: 1.0) and
0.5 (IQR: 2.0) (p = 0.018) (Figure 15) (Table S23). In contrast, there was no difference in
the number of citations received per paper yearly, in accord with the topic of assessment
(p = 0.44 when all topics were considered, p = 0.35 when only the seven topics with most
published papers were taken into account (Figure S7)).
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Figure 14. Box and whisker plot of the yearly citations per published paper on veterinary or animal
studies scientometrics, in accord with accessibility of papers.

Figure 15. Violin plot of the yearly citations per published paper on veterinary or animal studies
scientometrics, among the 16 countries with most relevant published papers (abbreviations of country
names according to the International Naming Convention ISO 3166 [6]; pink violins: three countries
with papers with lowest median citations yearly, blue-shaded violins: three countries with papers
with highest median citations yearly).

In the multivariable analysis, the following parameters emerged as significant: (a) the
higher number of cited references in papers (p = 0.030) and (b) the inclusion of specific
animal species in the searches for records (p = 0.045) (Figure 16, Table 2). There was also
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a tendency for significance for the larger number of keywords included in the published
paper (p = 0.07).

Figure 16. Number of citations per paper yearly, in papers on veterinary or animal studies sciento-
metrics, in accord with the inclusion of specific animal species in the searches.

Table 2. Results of multivariable analysis for parameters with significant association with yearly
citations of published papers on veterinary or animal studies scientometrics.

Parameters Odds Risk (±se) 1 p

Cited references in papers 0.030
Per unit increase 1.021 ± 1.007 0.003

Inclusion of specific animal species in searches 0.045
No (1.0 (2.0) 2) Reference -
Yes (1.8 (4.3)) 3.738 ± 1.721 0.016

1 se: standard error; 2 median (interquartile range) number of yearly citations.

Principal component analysis for the citations received by the published papers yearly
and the four parameters included in the final multivariable assessment, revealed that the
two principal components accounted for 59.9% of the variation (Figures 17 and S8, Table 3).

Table 3. Eigenvalues for principal component analysis for the citations received by the published
papers yearly.

Parameter PC1 PC2 PC3 PC4

Eigenvalue 1.34 1.06 0.84 0.76
% of Variance 33.5 26.4 21.1 19.0

Cumulative variance (%) 33.5 59.9 81.0 100.0
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Figure 17. Bi-plot of results of principal component analysis for the yearly citations received by the
published papers on veterinary or animal studies scientometrics.

4. Discussion

The idea of scientometric analyses was initiated in the 1950s and 1960s [7]. In the
field of scientometrics of veterinary and animal studies, the first papers appeared in
the 1980s and 1990s and were followed by sporadic publications until 2020. At that
time, a massive increase in relevant publications occurred and was followed by further
expansion of papers in the topic [8]. First, this increase reflects the general trend for an
increased number of published papers seen across the scientific fields and the countries
worldwide [9]. Moreover, we also postulate that this increase in 2020 and thereafter was
triggered during the COVID-19 quarantine period, when scientists could not carry out
extensive experimental or field work [10] and thus directed their interest (and energy)
towards performing computational studies [11,12], as part of the general development of
the information science at that period [13]. In this context, they developed and performed
scientometric studies, which also answered questions pertinent to their field of research.
As scientists fully appreciated the usefulness and the potential of these studies, they
continued these even after all measures were lifted, leading to the continued growth of
published papers.

The wide geographic expansion of the origin of published papers (the increase in
author affiliations from 23 to 53 countries), the diversity of scientific organization of origin
of the papers (universities, research institutes, etc.) and the proportion of papers with
international collaboration lend support to our argument. Also, they point to the wide
international expansion of scientometric studies.

The findings indicate that the Web of Science was the most popular database for record
search, in line with the findings of Liu and He [9], who also reported that the platform
was the most popular database for literature search. The Web of Science platform is a
bibliometric platform unaffiliated to any publishing house, unlike other similar platforms;
moreover, it applies strict quality control measures for the inclusion of journals in the
database. The findings of the study have also confirmed that use of the Web of Science
platform provided the largest number of records during the search. The authors of the
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present paper also used this database for record search in previous studies [14–17], as well
as in the present one, and have found it easy to navigate and use, as well as equipped with
various tools that facilitate record search and assessment.

Recently, Fassin and Rousseau [8] have reported that using the term scientometr*
in an ‘ALL FIELDS’ search might yield unnecessary papers, in comparison to a ‘TOPIC’
search, due to the existence of the journal Scientometrics. In the present study, an ‘ALL
FIELDS’ search wide approach was used. This contributed to eliminating the possibility
of missing relevant records. Subsequent to using this search approach, all the records
retrieved from the search were individually assessed to confirm that they were within the
remit of our study. That way, superfluous papers returned from the search (‘false positives’)
were eliminated during the individual assessment.

When taking into account the Web of Science categories in which journals were
included, it becomes evident that there has been a shift in where papers were published.
Earlier, journals related to information science were preferred for publication of relevant
papers; however, in recent years, papers were published in journals concurring with the
topic under assessment. This corroborates, at least to some extent, the hypothesis that
scientists started included scientometric studies in the methodological approaches used in
the study of their primary field of interest.

A variety of topics have been studied by means of scientometric methodologies. Most
of them are directly related to veterinary science (e.g., mastitis, gastrointestinal parasitism,
veterinary education); several include studies within the One Health approach (e.g., an-
tibiotic resistance, heat stress), which is also a topic of significant veterinary involvement;
and others deal with the use of animals as models for human disorders (e.g., epilepsy,
tuberculosis) and also fields of veterinary work [18]. Although others have focused more
on animal science (e.g., genetic improvement, precision livestock farming), it was deemed
useful to include them, in order to encompass the full literature on animal-related sciento-
metric studies.

Such, more specific, studies were found to proliferate in more recent years, in distinc-
tion to more generalized topics which had been addressed in earlier scientometric studies
(country-related, specific journal-related and animal species-related studies), potentially
indicating that researchers have started to include scientometric methodologies in the study
of their particular fields of interest. The decrease in the number of retrieved records in
correlation with the year of publication is in accord with the performance of more specific
and focused scientometric studies in recent years, in more narrow topics. Consequently,
the number of keywords in the published papers increased, as researchers had to include
more terms of reference to describe better the topic of assessment.

In this context, the progressive increase in the number of authors in recent papers may
possibly reflect the situation hypothesized above, i.e., larger groups working in various
scientific topics have started scientometric analyses in their primary fields of scientific
interest. Moreover, the weak connections seen between author groups confirm that the
authors of the papers have focused on topics of different disciplines, which reduces the
possibilities for cross-disciplinary studies on scientometrics.

The recent increase in papers published as open access papers is in line with the
international trend for open science, transparency in research and availability to the public
of scientific results, particularly when derived from public funds [19]. This also reflects
the public requirements for expansion of open access publishing, which further promotes
dissemination of scientific findings and knowledge to the academic community and the
general public [20].

An increased number of citations indicates a useful study (‘reference paper’) or,
alternatively, an article that has attracted attention and reference to it (in a good or bad
context) [21]. Thus, high citation numbers reflect impact, but not necessarily quality [22,23].
In the same way, low citations numbers do not automatically indicate a low-quality paper,
but may possibly mirror a more narrow field of study [21].
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The increased number of citations found to be associated with a high number of cited
references within a paper likely reflects a variety of issues dealt with in the paper and
a diversity of ideas presented therein, which make it citable more easily, as the result of
including more information and more hypotheses. Similar results have been reported
previously by other researchers [24–28], as well as by our group [16]. Further, it has
been suggested that such papers may become more ‘visible’ in online searches [28]. This
aligns with the increased number of keywords, which reflects the diversity of ideas in
the manuscript, and has been found with a tendency for association with the number of
citations. Furthermore, the association of increased citations with the inclusion of specific
animal species (Table S20) in the search for records aligns with a focused approach in the
paper, thus making the paper visible in searches which include species-related strings.

5. Conclusions

The work refers to a study of ‘scientometrics of scientometrics’ focusing on the field of
veterinary and animal studies. The Web of Science database was found to be the database
employed most often, and also the one through which the highest number of records for
analysis was obtained. The findings confirmed a clear increase in relevant papers during
recent years. It is suggested that the results show a trend of including scientometrics
analysis as part of the work in the primary fields of scientific interest of researchers.

There are advantages in the use of this methodological approach in veterinary and
animal scientific research. Through this approach, researchers can assess large amounts of
data, which have been produced independently (i.e., by other researchers) and which can
provide insights in the development of a scientific field of work or a topic of research; they
can also identify potential collaborators for future joint work. Thus, in all, scientometrics
would be a useful tool or practice for understanding the situation in a specific research field
or topic.
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mdpi.com/article/10.3390/ani14213132/s1, Table S1: PRISMA flow diagram for the identification
and exclusion of records from Web of Science database; Table S2: Details of a multivariable model
employed for evaluation of predictors for yearly citations of papers on veterinary or animal studies
scientometrics; Table S3: Details of 163 papers published until 30 June 2024 on veterinary or animal
studies scientometrics and listed in the Web of Science platform; Figure S1: Proportions of published
papers (a) up to 2020 and (b) from 2021 up to July 2024 among all published papers on scientometrics
and among published papers on veterinary or animal studies scientometrics; Table S4: The countries
of origin of published papers on veterinary or animal studies scientometrics and the respective
number of published papers; Table S5: The combinations of countries of origin of published papers on
veterinary or animal studies scientometrics and the respective number of published papers; Table S6:
The organization of origin of published papers on veterinary or animal studies scientometrics and the
respective number of published papers; Table S7: The databases used for record search in published
papers on veterinary or animal studies scientometrics and the respective number of published papers,
in which their use was reported; Table S8: The databases used most frequently for record search
in published papers on veterinary or animal studies scientometrics and the year of publication of
respective papers that reported use of database; Table S9: Frequency of published papers on veterinary
or animal studies scientometrics, in accord with the country of origin of the papers and the database
used for record search; Figure S2: The databases used most frequently for record search for published
papers on veterinary or animal studies scientometrics and the timespan of searches in respective
published papers; Table S10: The databases used most frequently for record search in published
papers on veterinary or animal studies scientometrics and the number of records in respective
studies; Table S11: The journals in which papers on veterinary or animal studies scientometrics
were published, and the respective number of published papers; Table S12: Frequency of published
papers on veterinary or animal studies scientometrics, in accord with the country of origin of the
papers and the journal in which they were published; Table S13: The Web of Science categories in
which journals with published papers on veterinary or animal studies scientometrics were classified,
and the respective number of journals and of published papers in these journals; Table S14: The
topics assessed in published papers on veterinary or animal studies scientometrics and the respective
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number of published papers; Table S15: The countries referred to in work reported in published
papers on veterinary or animal studies scientometrics in the topic of assessment of country-related
scientometrics and the respective number of published papers; Table S16: The journals referred to
in work reported in published papers on veterinary or animal studies scientometrics in the topic of
assessment of specific journal-related scientometrics and the respective number of published papers;
Table S17: The animal species referred to in work reported in published papers on veterinary or animal
studies scientometrics in the topic of assessment of specific animal species-related scientometrics
and the respective number of published papers; Table S18: The topics assessed most frequently
in published papers on veterinary or animal studies scientometrics and the year of publication of
respective papers; Table S19: The topics assessed most frequently in published papers on veterinary or
animal studies scientometrics and the number of records in respective papers; Table S20: The specific
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