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Training in Laboratory Animal Science:  

New perspectives on practical competence achievement with rodents   
 

 

ABSTRACT 

Researchers and all staff using animals to perform experiments must undergo training in 

order to develop the appropriate skills and competence. This appears not only as a legal 

European and national requirement, but also as a way to guarantee the 3Rs application in 

practice. Directive 2010/63/EU establishes in article 23 that “the staff shall be adequately 

educated and trained” and “supervised in the performance of their tasks until they have 

demonstrated the requisite competence”. Despite this need, there is a lack of research 

dedicated to teaching and assessment in Laboratory Animal Science (LAS).  

In this context, the present thesis aims to study two of the most relevant topics that 

laboratory animal science education faces presently: on the one hand, the use of e-learning 

and, on the other hand, assessment and competence evaluation.  

 The use of e-learning has grown and it now plays an unquestionable role as a 

teaching tool, particularly in higher education.  By providing flexible learning, it is seen as 

an adequate solution to help its users in terms of time, place and pace of learning. This 

advantage can be particularly useful in LAS training with intensive and demanding courses 

usually with a short duration (3-10 days). Also, e-learning allows that biomedical institutions 

with a regular need of new researchers’ training, implement strategies with a constant offer 

of standardized quality training contents. Nevertheless, the acceptance of e-learning by 

trainees and how they perceive its introduction in teaching is still unexplored. Also, no 

specific and valid instruments adjusted to the LAS context exists to measure the users’ 

acceptance. For this purpose, the Questionnaire of E-learning Acceptance (QELA), a 32-

item accordance Likert-type scale comprising five subscales was developed to explore the 

following dimensions: participants’ perception of e-learning, satisfaction with organization 

and contents, perception of e-learning relevance for the time management, and its influence 

for practical training. The questionnaires were administrated to participants of Introductory 

courses (former FELASA category B) with all the theoretical contents online, and to the 

Advanced courses (former FELASA category C) with a combined and complementary 

theoretical approach of e-learning and classroom lectures. 229 respondents of 15 courses 

participated in this study: 90 participants of 9 introductory courses and 139 participants of 

6 advanced courses.  

Assessment is part of all the educational process, including in LAS. Here, the lack of 

researchers’ practical competence may result an unacceptably low standard of professional 

performance when using animals. We addressed the topic of competence assessment in 



 IX 

two sequential studies: first, we proposed a methodology to develop a Global Rating Scale 

(GRS) to assess practical competence; second, we implemented an Objective Structured 

Laboratory Animal Science Examination (OSLASE). To analyse the implementation of 

OSLASE as a practical assessment strategy, the interrater reliability (IRR) was investigated 

and focus group interviews were also conducted to access trainees' acceptability. 

The findings of these studies evidenced that e-learning is well accepted by researchers 

when integrated in LAS courses to deliver theoretical training. High levels of acceptance 

were shown, for both the introductory and the advanced training. Participants considered 

e-learning enjoyable, useful, and effective in this specific context, and sociodemographic, 

academic, and professional factors did not affect trainees’ e-learning acceptance.  

Regarding LAS assessment we have set out a 3 steps method, that can be used to create 

the instruments to assess proficiency in laboratory animal procedures. We propose the 

following sequential phases: (A) Item Development; (B) Scale Development; and (C) 

Piloting of the Scale. The process was coordinated by a core team with expertise in teaching 

LAS and in biomedical teaching methods, which are crucial topics to consider when 

developing an assessment instrument. Thus, this team input and dynamic is essential for 

the success of the methodology proposed.   

Interrater agreement analysis of the OSLASE implementation revealed moderate to good 

values of weighted kappa and acceptable percentages of agreement. Trainees recognized 

that OSLASE promoted and guided their learning, increased their engagement and 

motivation during practical sessions, as well as served as a confirmation that relevant skills 

had been learned. 

The studies presented in this thesis aimed to clarify current practical issues related with the 

implementation of strategies to deliver training and assess competence, thus, their findings 

are directly applicable to the LAS educational context. These studies bring insights with 

special focus on the delivery of knowledge and on assessment methods to support training, 

tutors and institutions, as well as in promoting training and ensuring competence in the work 

with laboratory animals. 

 

 

KEYWORDS 

Education and Training in Laboratory Animal Science, E-learning, Performance 

Assessment, Competence and Proficiency, Objective Structured Laboratory Animal 

Science Examination (OSLASE) 
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Treino em Ciências de Animais de Laboratório: 

Novas perspetivas no desenvolvimento de competências práticas com roedores 
 

 

RESUMO 

Investigadores e todo o staff que usa animais para realizar experimentação, deve receber 

formação para desenvolver as capacidades adequadas e competência. Esta necessidade 

surge não só como um requisito legal europeu e nacional, mas também como forma de 

garantir a aplicação dos 3Rs na prática. A Diretiva 2010/63/UE estabelece no artigo 23.º 

que “o staff deve ser adequadamente formado e treinado” e “supervisionado no 

desempenho das suas funções até que demonstre a competência exigida”. Apesar deste 

requisito, os estudos dedicados ao ensino e avaliação em Ciências de Animais de 

Laboratório (CAL) são escassos. Neste contexto, a presente tese visa estudar dois dos 

mais relevantes tópicos que o ensino de Ciências de Animais de Laboratório enfrenta 

atualmente: por um lado, o uso de e-learning e, por outro, a avaliação e verificação de 

competências. 

A utilização do e-learning tem vindo a crescer, e hoje desempenha um papel inquestionável 

como ferramenta de ensino, nomeadamente, no ensino superior. Ao permitir uma 

aprendizagem flexível, é visto como uma solução adequada para ajudar os seus 

utilizadores no que respeita à gestão do tempo, local e ritmo da aprendizagem. Esta 

vantagem pode ser particularmente útil no treino em CAL, caracterizado por cursos 

intensivos e exigentes, geralmente de curta duração (3-10 dias). Além disso, o e-learning 

permite que instituições biomédicas com necessidade regular de formação de novos 

investigadores, implementem estratégias com uma oferta constante de conteúdos 

formativos de qualidade uniformizados. No entanto, a aceitação do e-learning pelos 

formandos e a forma como estes percecionam a sua utilização no ensino não foi ainda 

explorada. Além disso, não existem instrumentos específicos e válidos ajustados ao 

contexto de CAL para medir a aceitação dos utilizadores. Para este fim, foi desenvolvido o 

Questionário de Aceitação do E-learning (QAEL), de 32 itens, com uma escala  de resposta 

de tipo Likert de concordância, composta por cinco subescalas com o objetivo de explorar 

as seguintes dimensões: perceção dos participantes sobre o e-learning, satisfação com 

organização e conteúdos, perceção da relevância do e-learning para a gestão do tempo, e 

a influência do e-learning para a formação prática. Os questionários foram aplicados aos 

participantes dos cursos Introdutórios (antigo FELASA categoria B), com todos os 

conteúdos teóricos online, e aos cursos Avançados (antigo FELASA categoria C) com uma 

abordagem teórica combinada e complementar de e-learning e aulas presenciais. Neste 
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estudo participaram 229 formandos de 15 cursos: 90 participantes de 9 cursos introdutórios 

e 139 participantes de 6 cursos avançados. 

A avaliação é parte relevante em todos os processos educativos, incluindo em CAL. Em 

particular, a falta de competência prática dos investigadores pode resultar num padrão de 

desempenho profissional inaceitavelmente baixo no uso de animais. Segundo esta linha, 

abordamos o tema da avaliação de competência em dois estudos sequenciais: primeiro, 

propusemos uma metodologia para desenvolver uma Escala Avaliação Global (EAG) para 

avaliar a competência prática; em segundo lugar, implementamos um Exame em Ciência 

de Animais de Laboratório Objetivo Estruturado (ECALOE). Para analisar a implementação 

do ECALOE como uma estratégia de avaliação prática, a confiabilidade interobservador 

(CIO) foi investigada e entrevistas com grupos focais foram realizadas para avaliar a 

aceitação dos formandos em relação da ECALOE.  

Os resultados destes estudos evidenciaram que o e-learning é bem aceite pelos 

investigadores quando integrado nos cursos CAL para administrar formação teórica. 

Verificaram-se níveis elevados de aceitação, tanto para formações introdutórias como para 

as avançadas. Os participantes consideraram o e-learning agradável, útil e eficaz neste 

contexto específico, sendo que fatores sociodemográficos, académicos e profissionais não 

afetaram a sua aceitação do e-learning. Em relação à avaliação em CAL, estabelecemos 

um método com 3 etapas, que pode ser usado para criar instrumentos para avaliar a 

proficiência em procedimentos em animais de laboratório. Assim, propomos as seguintes 

fases sequenciais: (A) Desenvolvimento de Itens; (B) Desenvolvimento de Escala; e (C) 

Estudo Piloto da Escala. O processo foi coordenado por uma equipa com experiência no 

ensino de CAL e em métodos de ensino biomédico, que são tópicos cruciais a ser 

considerados no desenvolvimento de um instrumento de avaliação. Assim, a dinâmica e 

participação desta equipa é essencial para o sucesso da metodologia proposta. 

A análise de concordância entre avaliadores da implementação do ECALOE revelou 

valores de kappa ponderado de moderados a bons e percentagens de concordância 

aceitáveis. Os formandos reconheceram que o ECALOE promoveu e orientou a sua 

aprendizagem, aumentou o seu envolvimento e motivação durante as sessões práticas, 

bem como, permitiu a confirmação de que as competências relevantes foram aprendidas. 

Os estudos apresentados nesta tese visaram esclarecer questões práticas atuais, 

relacionadas com a implementação de estratégias para administrar formação e avaliar 

competência, sendo os seus resultados diretamente aplicáveis ao contexto de ensino em 

CAL. Estes estudos trazem novas perspetivas com especial foco na transmissão de 

conhecimento teórico e nos métodos de avaliação, e os seus resultados visam apoiar a 

formação, tutores e instituições, bem como, promover o treino e assegurar competência no 

trabalho com animais de laboratório. 
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BACKGROUND AND AIMS 

 

Adequate education in Laboratory Animal Science (LAS) and species-specific training are 

compulsory for those who conduct research and perform experimental procedures with 

laboratory animals, being a prerequisite for good animal welfare.  

 

New and challenging requirements for education and training in the field of LAS were 

introduced in the recent decades, particularly promoted by the revised European legislation, 

together with the growing LAS research and consequent development of the field.  

 

Despite these changes, our understanding on how education and training in LAS should be 

promoted, delivered and verified is still limited. Moreover, the interest in the design and 

implementation of innovative assessment methods is increasing noticeably. Besides that, 

the evaluation of competencies is legally required however    

the lack of research in competence assessment topic in Laboratory Animals is recognized 

by the scientific community.  

 

The overall objective of this thesis is to contribute: to improve delivery by exploring the 

impact of e-learning in the courses and develop assessment strategies in LAS education. 

 

Two major aims were established for the work presented in this thesis: 

 

1. To understand and clarify the trainees’ perception and acceptance of using e-learning to 

deliver theoretical knowledge in LAS courses (Chapter 4). 

 

2. To develop assessment instruments that enable measuring researchers’ competence 

(Chapter 5). 

 

3. To analyze the implementation of OSLASE – Objective Structured Laboratory Animal 

Science Exam in a training context (Chapter 6).  
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INTRODUCTION 

 

2.1 | EDUCATION AND TRAINING IN LABORATORY ANIMAL SCIENCE: 

BACKGROUND AND HISTORY 

 

2.1.1 | OVERVIEW: EDUCATION AND TRAINING & LEGAL AND REGULATORY 

FRAMEWORK  

The use of animals for teaching and research purposes began many hundred years 

ago. Scientific experiments involving animals are reported since Aristotle, Galen, and 

Vesalius (1, 2). The assumption that conducting experiments with living animals requires 

training to guarantee the welfare of the animals involved, emerged with the first efforts to 

regulate the animal experimentation.  

The United Kingdom pioneered the issuing of legislation protecting animals used for 

scientific purposes. The Cruelty to Animals Act was enacted in 1876, following debate 

between researchers using animals and animal’ protectionists. This legislation led to the 

creation of a central governing body dedicated to the review and approval of experiments 

using animals (3). United Kingdom example was followed decades later by several 

European countries. Since the Cruelty to Animals Act publication, movements emerged 

worldwide lead by antivivisection animal societies, and governmental and non-

governmental animal welfare organizations, which influenced the actual societal vision on 

this matter. These movements also influenced the development of laws and regulations, as 

well as the establishment of standards. This fact shaped the development of the regulatory 

panorama and society posture on how animals in biomedical research can be used to 

pursue knowledge, and therefore our demands in terms of the education of personnel 

working with animals in science (2).  

The directors of the Laboratory Animal Bureau formed in the UK (1947), R. E. 

Gloverand and W. Lane-Petter, reported concerns with the quality of animal care and with 

the scientific outputs using animals, together with the lack of a standardized education 

system in the field. Consequently, the laboratory promoted in April of 1948, the first of 

several conferences for animal care personnel held at the Royal Veterinary College in 

London. The first organizational meeting for the new Animal Technician Association (ATA), 

renamed several years later as Institute of Animal Technology [IAT],  ran in the UK in August 

1949 (2).  

In the USA, the first events related with laboratory animals occurred in 1965, when 

researchers and veterinarians organized the American Association for Accreditation of 

Laboratory Animal Care (AAALAC), as a private and nonprofit organization. AAALAC 

started accrediting organizations across the country and issuing the majority of the 
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standards to use animals in research, including guidelines for teaching (2, 4). Twenty years 

later, in 1985, the main federal law in USA, regarding the laboratory animal protection – the 

Animal Welfare Act (AWA), was considerably revised, after the report of numerous 

documented violations to the legislation. The Improved Standards for Laboratory Animals 

Act (ISLAA) was amended to the AWA, intended to minimize the pain and distress of 

animals in laboratory (5).  The amendments provided major changes in the regulation 

regarding key aspects in the field, namely the training of personnel working with animals 

and the responsibility of the committees to guarantee that institutions were properly training 

their researchers and staff working with animals (3, 5).  

In Europe, the first transnational regulation of animal experimentation was agreed 

in 1986. On March 18th, 26 countries agreed and signed in Strasbourg the European 

Convention for the Protection of Vertebrate Animals used for Experimental and Other 

Scientific Purposes (ETS 123) (Council of Europe 1986). The convention legally bound the 

signatory member states and entered into force in 1st January 1991. 

 ETS 123 covered several areas of laboratory animal experimentation, including education 

and training, citing the term “competent” for personnel working with laboratory animals (6). 

The convention included two technical Appendices that were examined and revised in the 

subsequent years.  

In November 1986, a more concise and objective document regarding the laboratory 

animal requirements - The Directive on the approximation of Laws, Regulations and 

Administrative Provisions of the Member States Regarding the Protection of Vertebrate 

Animals used for Experimental and other Scientific Purposes (86/609/EEC), emerged 

based on the previous convection. This was approved by the Council of Ministers of the 

European Community, and consequently compelled all members’ states to transpose the 

established rules to their national legislation, with the extra adjustments considered 

necessary (7). The directive, similarly to the previous regulatory documents, refers to the 

need of appropriate education and training for persons who carry out experiments with 

animals, to ensure their scientific competence. The directive’s article 7 establishes that only 

a competent person (or a person under direct responsibility of this person) should perform 

animal experimentation. Article 14, completes the provision by stating that “persons carrying 

out or supervising the conduct of experiments shall have received instruction in a scientific 

discipline relevant to the experimental work being undertaken and be capable of handling 

and taking care of laboratory animals; they shall also have satisfied the authority that they 

have attained a level of training sufficient for carrying out their tasks” (7).   

 The most relevant milestones with impact on Laboratory Animal Science training 

and education are represented on figure 1
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Figure 1 | Timeline summarizes the chronology indicating the relevant milestones with impact on Laboratory Animal Science training and 

education. Upper in the timeline is represented the main dates regarding the introduction of legislation and below the timeline are represented the 

emergence of recommendations and working documents relevant for the educational context.  
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The first laboratory animal science training course in Europe was reported in 1986. 

The origins of European training system started in Netherlands, which established that all 

graduate students planning to work with animals were required to participate in a course 

developed by scientists at Utrecht University (8). This course emerged with the legal 

requirement that made compulsory training for “new” researchers engaged in the design or 

performance of procedures with living animals. According to Rudacille, citing one of the 

course’ responsible, Professor L.F.M van Zutphen “the three-week course was developed 

in 1985 and organized for the first time in September 1986.” Course curriculum focused in 

ethical issues surrounding animal experimentation, the 3Rs – Replacement, Reduction and 

Refinement - putting emphasis on students’ attitude towards animals used in 

experimentation. The course was developed in strict collaboration between members of the 

department of veterinary faculty, with contributions from representatives of the government, 

scientific community, and animal welfare organizations. All the following courses had the 

same format and were coordinated centrally by the chair of laboratory animal science in 

Utrecht. In 1993, this course became international (8). The requirement of education in the 

laboratory animal science field would, during the following decades, give origin to the 

establishment of different courses and training programs at numerous European institutions 

and worldwide.  

 

“My personal feeling is that the course has a great impact on the scientist’ attitude towards animals. 
They are more sensitive to the issue of animal welfare and more willing to see possibilities to replace 
or reduce animal use, to seek methods and procedures that reduce suffering or to contribute to the 
welfare of animals” 

 
Professor L.F.M van Zutphen in The Scalpel and the Butterfly  

by Deborah Rudacille (2000) 
 

 

Meanwhile, the European convention, signed in 1986, provided multilateral 

consultations after the introduction of ETS 123, necessary due to the progress of scientific 

knowledge and technical development (9). It is also relevant to refer that the Animal 

Procedures Committee, which advised the Home Office in the UK, published reports 

detailing recommendations for the education and training of persons involved in animal 

experiments (10). Also, the European Science Foundation (ESF) has claimed in 2001 that 

“Investigators and other personnel involved in the design and performance of animal-based 

experiments should be adequately educated and trained” (11). 
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2.1.2 | FELASA CONTRIBUTION FOR LABORATORY ANIMAL SCIENCE EDUCATION  
FELASA - Federation of European Laboratory Animal Science Associations, was the 

first entity to establish guidelines for education and training in Europe (12, 13). This 

organization, established in 1978, is open to laboratory animal science organizations of 

Europe and beyond and currently includes at least 21 national or regional laboratory animal 

science associations, representing in at least 28 European countries (12, 13). Being the 

major association of laboratory animal science in Europe, FELASA has held observer status 

at the Council of Europe and at the European Union during the revision process of Appendix 

A (Guidelines for Accommodation and Care of Animals) to the European Convention (ETS 

123) (6) in 1986 and followed in the development of the European Directives on the 

protection of animals used for scientific purposes (12). The association was also involved 

in the transposition and implementation of the new Directive with the establishment of expert 

working groups by the European Commission.  

Based on the provisions established by the 86/609/EEC directive, FELASA started 

issuing, a couple of years later, recommendations for the education and training of the 

different categories of professionals, recognizing the need for a common and quality 

scheme of education and training that could frame and standardize these activities among 

all European members and professionals (12).   

The relevance of a common training scheme had two main purposes, firstly to promote 

qualified education and training for professionals based on both minimum requirements and 

competence, and secondly, to allow the recognition of professionals’ competence and 

facilitate the movement of personnel across different European members states (12, 14).  

 

Between 1995 and 2000, FELASA issued recommendations for different categories of 

training for professionals working with laboratory animals:  

× Category A (including progressive sublevels A0 to A2) for caretakers, persons taking 

care of animals (15, 16),  

× Category B, for technicians, persons carrying out animal experiments (14),  

× Category C for researchers, persons responsible for directing animal experiments 

(15) and, 

× Category D for veterinaries, specialists in laboratory animal science (17).  

 

With the introduction of the directive 2010/63/EU, the above FELASA categories 

became outdated and are being replaced. Nevertheless, the first FELASA 

recommendations and guidelines on education and training for A and C categories issued 

in 1995, were adopted and constituted the basis for the creation of LAS courses around 

Europe (18). Regarding former Category C, the recommendations were that candidates 
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should hold a full university degree in a biomedical discipline and also underlined that the 

candidate competence should be assessed by examination or other form of competence 

verification (15). Former D category recommendations  defined the competence of a 

specialist in laboratory animal science based on proper qualifications (according to 

proposed curricula) and experience acquired (17). In this particular document, for D 

category, the authors recognized that “the term competence, as it first appeared in the 

European guidelines, was rather poorly defined and hence resulted in some confusion”, 

denoting already the existing difficulties in defining competence and how to achieve it with 

training programs (17). Similarly, the recommendations for former B category also referred 

the concept of acquired competence, highlighting that it should not be defined considering 

the duration of training and education, but the ability to carry out a task. Still, the working 

group suggested that 40 hours of planned training would normally be sufficient to establish 

a basic level of competence in a new candidate. More, this document clearly states the 

need of assessment by stating that “no award recognizing competence should be granted 

without a thorough evaluation of the candidate” (14). 

The role of FELASA in the promotion of the high standards on education in 

laboratory animal science further includes a quality accreditation scheme of the LAS 

courses in Europe. The accreditation was introduced on 1st of January 2003, within the 

accreditation of the first courses, being this accreditation scheme recognised as the premier 

in Europe for LAS courses (19). 

Indeed, in all previous recommendations FELASA endeavored to address the 

Competence issues on the context of training and clarify the designation of competent 

person made in Directive 86/609/EEC.  

The Council of Europe addressed in 1993 in the resolution on Education and training 

adopted by the Multilateral Consultation parties to the convention ETS 123 

the competencies required for personnel working with animals. The four categories 

proposed by FELASA were recognized in this resolution and published two years later (2, 

15). Also, the term “competence” cited in FELASA recommendations, would be largely cited 

and recognized on official documents and in the revised Directive 63/EU on 2010. During 

the process of transposition and legal adoption of the requirements of European directive 

2010/63 by different members states, FELASA continued to support and promote the 

application of new directive demands, to ensure courses quality and training harmonization 

(20).   
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2.1.3 | TRAINING AND COMPETENCE OF PERSONNEL ACCORDING 2010/63/EU 
DIRECTIVE FUNCTIONS   

In 2002, the European Parliament called on the European Commission to revise the 

1986 Directive for the protection of laboratory animals. This long process was concluded 

on 8th September 2010 and the new European Directive 2010/63 took effect on 1st January 

2013 (21, 22). This directive introduces new aspects, particularly regarding training and 

education, in its Article 23 and 24, clarifying the guidelines to attain “competence” and be 

adequately educated and trained before performing animal procedures. The document 

identifies four categories of personnel and places clear responsibilities on different persons’ 

roles, functions A to D (4 different functions which did not match with the former FELASA 

categories): 

(A) carrying out procedures on animals; 

(B) designing procedures and projects; 

(C) taking care of animals; or 

(D) killing animals (22). 

 

Thus, to support the requirements of the directive, in terms of training and education 

and competence assessment, all Member States and main stakeholder organisations were 

invited to nominate experts to develop an EU Education and Training Framework. In 2012, 

the Commission established an Expert Working Group (EWG) to prepare a document on 

the development of a common education and training framework to fulfil the requirements 

under the Directive. The aim was the development of common guidelines to standardize 

the transposition of the directive articles 23 and 24 and its requirements, facilitate the 

accomplishment of the requirements for competence of all those involved in use and care 

of animals for scientific purposes and free movement of personnel. Therefore, the 

expectations were that training programs should be flexible, available and accessible, 

affordable and of standardized quality. The generated guidelines complement the directive, 

by identifying output-driven quality standards for contents. They clarify and discuss topics 

such as supervision and competence assessment, as well as continuing professional 

development (CPD). Moreover, this document also refers general principles for the use of 

live animals in education and training. Learning should be continuous and lifelong, and 

persons working with animals are expected to be aware of new developments, techniques, 

and advances in the three Rs. This working document on the development of a common 

education and training framework is not compulsory and each Member State can decide 

whether and how it should be implemented. Guidance also indicates that institutions should 

have training programs, competence assessment, supervised training (divided in 5 

sequential stages) and oversight of the delivery of training, as well as identify needs of 
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additional training to ensure that staff are continuously trained and properly educated (23, 

24). 

Training is organized into modules: core modules which are key and essential 

modules, common to all (four) functions and additional modules, required only for specific 

functions. There are species-specific modules with contents adjusted to the species aim of 

the module.  Each module has specific learning outcomes and lists knowledge and practical 

skills that trainee must acquire. Training is focused in competence development, which 

should be verified only after a period of direct supervision following initial task learning. 

Figure 2 summarizes the modules with the required topics for different functions (A-D). 
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Figure 2 | The modular structure approach adopted by the Working Group (EWG) on Education and Training and the associated Learning 

Outcomes. The modules are grouped into three main categories: (1) Core represent the basic theoretical training for all personnel performing any 

of the Functions A-D of Article 23; (2) Function Specific (Prerequisite) required, in addition to the core modules to meet the minimum training 

needs for a specific function; (3) Additional and Task Specific.

Function Specific (Prerequisite) Modules - Function A 
3.2   Basic and appropriate biology – species specific (practical)
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Core Modules
1 National legislation

2      Ethics, animal welfare and the Three Rs (level 1)

3.1  Basic and appropriate biology

4 Animal care, health and management– species specific (theory)

5       Recognition of pain, suffering and distress - species specific

6.1   Humane methods of killing (theory)

Function Specific (Prerequisite) Modules - Function B
7 Minimally invasive procedures without anaesthesia – species specific (theory)

9 Ethics, animal welfare and the Three Rs (level 2)

10 Design of procedures and projects (level 1)

11 Design of procedures and projects (level 2)

Function Specific (Prerequisite) Modules - Function C
3.2   Basic and appropriate biology – species specific (practical)

Function Specific (Prerequisite) Modules - Function D
3.2 Basic and appropriate biology – species specific (practical)

6.2 Humane methods of killing (skills) 

Alternatively
6.3 Stand-alone Module for Function D (only)

Additional Task Specific Modules
20  Anaesthesia for minor procedures

21 Advanced anaesthesia for surgical or prolonged procedures

22 Principles of surgery

23 Advanced animal husbandry, care and enrichment practices

24 Designated Veterinarian

25 Project Evaluator

Other Additional Modules
50 Introduction to the local environment (establishment) for persons taking specific roles

under the Directive

51   Information provision and retrieval

+
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In what Portugal is concerned, the Directive 2010/63 was transposed to Portuguese 

legislation by Decreto-lei 113/2013 on 7th August 2013 (25).  

The EU Education and Training Framework recommended the creation of the 

Education and Training online Platform for Laboratory Animal Science (ETPLAS), which 

was established in 2014 to coordinate and develop a central and reliable education and 

training framework. With this information portal, with funding provided by the European 

Parliament in 2008, European Commission aims to provide tools for education of LAS 

community including course providers, assessors, staff or authority tasked with confirming 

validity of competence claims. The platform includes free and open resources such as e-

learning modules based on the learning outcomes referred in the EU framework document; 

instruments to assess and verify competence, among others, some still under development 

(24, 26).  

 

2.1.4 | UK ACCREDITATION TRAINING SYSTEM 

The UK training accreditation system is different from the rest of Europe. 

Authorizations to perform animal experiments are regulated by the Animals in Scientific 

Procedures Act 1986 (ASPA 1986) (27) and associated legislation. Since 1994, Personal 

licenses (PIL: regulating the person), are required to the Home Office after the conclusion 

of modular training courses. Therefore, candidates to PIL need to undertake a mandatory 

training program, accredited by a recognized body according to a syllabus set by the Home 

Office. Currently, three accrediting bodies are recognized as Home Office for this 

accreditation purpose: the Royal Society of Biology Accreditation Board, the Scottish 

Accreditation Board or the Universities’ Accreditation Group (28-31).  

The courses curricula are structured around modules stated by the Home Office 

(Table 1), and the Home Office modular courses are now aligned to EU training modules. 

A PIL is obtained after modules completion and the types of experiments authorized are 

dependent of the modules completed. Candidates applying for a personal licence has to 

pass PIL A & B (EU Modules 1-8 & 20). The training process requires at least, 30 to 40 

hours of study including lectures, practical training and written examinations. Modules are 

defined by the guidance on operation of ASPA 1986 and adapted by different institutions. 

Training certificates are valid for 5 years (32). 
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Table 1 | Brief list of topics explored in each module training required by the Home office 

in UK.  

 
1 

 
LEGISLATION 
Historical background, Ethical aspects of the use of animals, ASPA 1986 

  

2 PRINCIPLES OF ANIMAL CARE 
Recognition of wellbeing, pain, suffering or distress, Euthanasia, Local procedures 

  

3 
PRINCIPLES OF ANIMAL USE 
Biology and husbandry, Diseases, Health monitoring, Anaesthesia and Analgesia, 
Minor procedures 

  
4 PRINCIPLES OF ANIMAL USE 

Surgical Anesthesia and Analgesia, surgery 
  

5 PROJECT MANAGEMENT 
Ethical considerations, Analysis of scientific literature, Alternatives and the 3Rs 

  
 

 

Courses must include participation and lecturing by each institution’ named 

veterinary surgeon’ (NVS) and ‘named animal care and welfare officer’ (NACWO) which is 

normally a senior animal technician, and in the majority of the cases a member of the staff. 

At the end of training, the candidate is assessed and a formal certificate of modular training 

is issued. Feedback of the NVS, NACWO and other parties who have supported the 

candidate training is required to guarantee that the trainee has demonstrated the 

appropriate attitude towards animal use (28-31).  The UK recognises FELASA accredited 

training, in that candidate only need to complete the modules that are relevant to national 

practice (32).  
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2.2 | EDUCATION IN LABORATORY ANIMAL SCIENCE: OVERVIEW AND 

APPROACHES 

 

2.2.1 | OVERVIEW OF LABORATORY ANIMAL SCIENCE TRAINING  

Effective education in laboratory animal science involves the acquisition of relevant 

knowledge and development of a suitable attitude. Training programs must be designed to 

allow: trainee acquisition of critical and technical expertise, development of a wide range of 

competencies according to the individual’s role/category/function, and finally, to promote 

professionalism when working with animals. National and international animal research 

oversight bodies mandate that all persons involved in scientific procedures using animals, 

from the caretaker to the project responsible, must be supervised during the learning and 

training process until they have demonstrated the competence necessary for their functions. 

These competencies include: providing evidence of their knowledge, understanding the 

legal and ethical requirements for their role and being able to perform experiments 

minimizing the amount of trauma to the animals. Therefore, to promote professionalism, 

awareness for animal welfare, good science by the use of proper techniques, adjusted and 

contextualized educational approaches are necessary (2). These are principles aligned with 

the 3Rs (Replacement, Reduction, and Refinement), namely Refinement, since trained 

personnel will be better prepared to cope with animal issues such as welfare, pain, distress, 

housing among others (33).  

Currently, a major part of the European Laboratory Animal Science (LAS) courses 

offer is directed for researchers and technicians, covering current directive functions A, B 

and D (former FELASA category C) and functions A and D (former FELASA category B) 

respectively. With the adoption of the directive (see Introduction 2.1.3), LAS training 

programs and courses contents were required to be species specific and FELASA website 

currently lists more than 30 accredited courses (covering from A to D functions) essentially 

in rodents (rats and mice), rabbits and zebrafish. Fish, cephalopods, dogs and pigs are also 

represented (34). The majority of courses were established under the previous FELASA 

categories system and moved into the functions system with the adoption of new directive 

in 20101 (34). Therefore, they essentially maintained the core structure design according to 

the guidelines FELASA issued between 1995 and 2000.  

                                                
1 Table indicating the total of courses accredited by FELASA under categories system that have moved into 
the Functions system and renewed the accreditation. Courses missing may “not moved” due to extinguishing 

or were merged to comply with the new requirements.  
Data collected from FELASA webpage accessed at 28/12/2021 (https://felasa.eu/education-training/course-listings) 
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Giving the original FELASA recommendations, introductory courses, former 

FELASA category B, directed at technicians (covering essentially actual functions A and D) 

- should have approximately 40 hours duration, where half of the total training should involve 

practical work closely supervised by a competent person (14). Similarly, advanced courses, 

former FELASA category C, directed at researchers responsible for designing experiments 

with animals covering functions A, B and D, should have at least 80 hours or the equivalent, 

whether taken as a block or as modules, or the education and training accumulated by other 

acceptable means (15). 

Laboratory animal science courses are often intensive and condensed in time, 

lasting from three to ten consecutive working days. The program design will be dependent 

on the target audience: researchers, technicians or animal caretakers. (18, 34).Typically, 

courses combine a theoretical component and practical sessions with living animals. The 

theoretical component format includes lectures, oral presentation, problem-solving 

assignments and case discussion while practical sessions include demonstrations and 

hand-on supervised training (35).  

 

2.2.2 | LABORATORY ANIMAL SCIENCE TRAINING APPROACHES & LEARNERS  

With the dissemination of the Laboratory Animal Science courses and the constant 

and emergent need of training to prepare more biomedical researchers for working with 

animals, innovative teaching formats are being adopted, especially to support the 

theoretical course components. Some approaches, as hybrid courses combining e-learning 

with practical sessions, are seen as a potential solution for the intensive and demanding 

LAS courses (36). A number of dimensions concur to the complexity of LAS education. One 

of the most challenging, is the heterogeneity of course participants enrolling the same 

training program, in terms of previous education, and professional experience with animal 

experimentation, posing challenges to the design of training and assessments. Also, in LAS, 

there are a diversity of practical techniques requiring technical ability from the trainee and 

there are several circumstances in which the same procedure can be performed in more 

than one correct way. Other particular feature is that courses aim to prepare trainees to 

work with different species and different strains of living animal models. Additionally, LAS 

                                                
Designation 

Courses accredited under the 

FELASA "Categories system" 
Moved to Functions system 

A + A0 2 0 

B 5 Y 11 8 

C 5 Y 17 11 

D 10 Y 2 1 

N.D. 1 0 
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tutors also face the same teaching challenges as other tutors in higher educational 

environments such as the divergent learning styles (e.g., kinesthetic, auditory, and visual), 

course language (foreign participants, english non-native learners), context (e.g., and 

hazardous environments), competence assessment, and generational experiences, for 

example.  

Although there is an extensive literature on teaching methodologies, formats and 

media channels in higher education applied to biomedical courses, there is a lack of studies 

on how these formats and approaches can be adapted and whether they impact in LAS 

educational contexts. Kennedy and Kim Froeschl (2018) recognized that topics related with 

education in laboratory animal are receiving  increasing attention in laboratory animal 

conferences (37). LAS training courses are being adjusted following the educational 

developments and adapted to the current circumstances, and to the demands and 

requirements worldwide, such as the creation of distance learning modules (36). Courses 

and programs’ design and training adaptations must consider concepts of adult learning 

and strategies to promote their engagement. Learning can be either dependent, teacher 

centered (pedagogy) or independent, based on the learners’ experience and intrinsic 

motivation (andragogy. Educational research has shown that a combination of both would 

be the best approach in higher educational contexts of medical education and veterinary 

(38-40). The same was suggested for laboratory animal training, keeping both approaches, 

leaving to the tutor the decision to adjust the method according to the demands (37). An 

adult learner’s motivation is crucial to develop learning and motivation is strongly influenced 

by the educational environment (40, 41). Even in LAS courses, learner’s motivation should 

be identified by the training coordination. In this context, the motivations can be so diverse 

as the need of license to work or the interest to learn a particular technique, for example.  

The use of that piece of information to structure training and define formats and approaches 

will certainly contribute to the training acceptance by the learners (37, 42). Consequently, 

trainee engagement during LAS training will be a key factor to overcome some of the LAS 

educational challenges (35).  

A variety of educational methods and teaching formats are available and should be 

used and combined in order to match the course content, the trainee needs and the existing 

resources. The committee on educational programs in LAS (1991) cites that adult learners 

appreciate individualized, independent study, which can, for example, include videotapes, 

slides, and print visuals, also refering the use of  audiovisual resources in this type of 

education (35, 43). 
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2.2.3 | THE USE OF ONLINE LEARNING FORMAT IN LAS CONTEXT 

As consequence of the wide and fast development of internet access and multimedia 

technologies, e-learning has grown over the past two decades. It is now considered a real 

alternative to face-to-face classes in diverse situations, opening the range of options to 

deliver knowledge, namely in terms of channels, and timings (44-46). Nevertheless, to 

discuss the concept of online learning and properly contextualize the e-learning use in 

higher education, it is imperative to mention the impact of COVID-19 pandemic. The 

COVID-19 outbreak totally revolutionized the e-learning adoption, pressuring institutions to 

an unprecedented move of most of their services to online platforms. This speeded up the 

implementation of the online learning format, which was growing until 2020 approximately 

15.4% per year in educational institutions around the world (47-51). Some authors even 

reasoned that emergency responses during crisis, such as the case during pandemic, 

should not be designated as online learning, but emergency remote education (ERE). 

Indeed, ERE might include the adaptation of traditional face-to-face classes to distanced 

learning (blended or fully) without making changes to the curriculum or the program. More, 

ERE, according to its definition, is suspended, with return to regular format once the crisis 

or emergency has been controlled (50, 52). Therefore, the type of learning adjustments 

established in response to the COVID-19 pandemic should not be considered proper online 

learning (50, 53). 

The impact of adaptations made in higher education system as consequence of 

unprecedented disruption caused by the pandemic will require probably a few more years 

to be deeply assessed and understood. Nevertheless, a lot of what was previously 

established (pre-pandemic), regarding online learning was used during these months and 

this crisis enlightened the new online teaching opportunities, speeding up the 

implementation of distance approaches(50, 54).   

Before the emergence of COVID-19 outbreak in the beginning of 2020, e-learning 

had already proved to be a useful tool and, when properly designed, capable of meeting 

the established educational goals. It has become part of programs in higher or post 

graduate education in medical, health or veterinary areas (44, 55, 56). A meta-analysis 

aiming to assess the impact of internet based learning in health professions education 

reported in 2008 the evidence of a significant positive effect across a variety of learning 

outcomes (57).  Conceptually, e-learning was typically defined as the process of use of 

telecommunication technology (such as internet, intra- net/extranet, audio, video, satellite 

broadcast, inter- active TV, and CD-ROM) to extend learning or deliver instructional 

materials (58, 59). E-learning is also known as online learning, web-based learning, 

distributed learning, computer-assisted instruction or internet-based learning (44, 59).  
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Indeed, e-learning introduced several undeniable advantages when compared to 

traditional classroom learning. The most relevant are: the ability to be self-paced, flexible 

regarding time and location, providing unlimited access to knowledge to a potentially global 

audience and to be considered cost-effective for learners. The flexibility introduced by e-

learning enabling students to balance their study, work, and social commitments is by far 

the most reported advantage. Nevertheless, e-learning presents specific disadvantages, 

such as lack of prompt feedback namely when asynchronous e-learning is adopted, 

increased tutor investment to prepare online materials and can be potentially frustrating, 

can increase anxiety and confusions for some users (46, 60).  

Within the wide context of e-learning, particular terms and definitions have emerged 

with its growth to designate formats and combinations or designs using e-learning. The 

most used were Blended learning (BL), also known as hybrid learning to refer to a specific 

format which combines e-learning with traditional instructor-led classroom activities, 

resulting in a hybrid/mixed learning approach. Flipped learning (FL) also referred as flipped 

classroom, refers to a format where leaners firstly contact with the online material (outside 

the class), using the class time to prioritize active learning, by developing harder work of 

knowledge assimilation, through problem solving, discussion, debates, etc. (61, 62). It is 

also important to note that these concepts and definitions are also being adjusted, as they 

are being implemented and applied, even more in a “COVID era” (63, 64).  

Yet, there are software applications or web-based technologies used in distance 

learning typically called a learning management system (LMS), course management 

system (CMS) or a virtual learning environment (VLE) allowing the share of educational 

materials and online interaction. Acronym VLE is used in Europe and LMS in North America 

(44). Moodle, Blackboard, WebCT and Totara are examples of popular learning 

management systems. Particularly, Moodle is a free and open-source used in laboratory 

animal science training at i3S. 

Looking particularly at the impact of e-learning in the last decades in veterinary 

sciences – a research area to a large extent comparable to laboratory animal sciences- the 

number of studies published have been growing during the last decade.  A survey 

conducted internationally to veterinary students in 2017 reported that students access a 

wide range of online veterinary resources to support their learning (65).  

Several authors have investigated the acceptance and the students’ feedback 

regarding the use of e-learning in veterinary sciences education. Particular findings 

regarding the learning characteristics and style of veterinary technology students enrolling 

distance-education program were identified, and according to the authors they should be 

considered when planning learning at distance. Results suggested that students enrolling 

in the distance learning program take more control of their own learning progress when 
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compared with on-campus group. Thus, they preferred independent learning, participated 

more and were more motivated to learn, with problem solving and active experimentation 

being preferred by the most successful students. Also, the most independent and motivated 

students participated more and were more satisfied with learning, thus achieving better 

results (66). Although e-learning cannot fully replace particular teaching practices, it can 

help to attain learning outcomes which are difficult to reach with traditional teaching 

methods. An acceptance study with students and professionals of veterinary in German, 

considered e-learning in the example of the CASUS system an efficient teaching method 

(90% of the respondents) (67). Similarly, bachelor veterinary students in Czech Republic, 

positively evaluated (100% of respondents) the use of e-learning in “food safety and quality” 

program and recommended its use in other educational years (68). It was also reported a 

positive perception of online video teaching resources by  Nottingham University veterinary 

students (69). A study comparing the experience of two cohorts of veterinary students 

reported that students under flipped classroom format achieved higher grades and 

satisfaction with learning resources, when compared with the traditional classroom 

students. No differences were described between cohorts regarding satisfaction with other 

aspects of the course (70). Learning outcomes were improved, as well as tutorial support 

efficacy when online tutoring support was introduced, in combination with face-to-face 

method in two basic subjects (cytology and histology; veterinary pharmacology), allowing a 

student-centered approach (71).  

A growing body of research has also been reporting the impact of e-learning in the 

development of knowledge and skills at veterinary disciplines.  Aiming to improve the 

transfer of knowledge, to offer contents that are more attractive and to allow unlimited 

access to the course, the Clinic for Ruminants of Veterinary Medicine at Vienna University 

created a multimedia e-learning course as additional tool to “Endoscopy in Ruminants” 

module. Study outcomes showed that the e-learning course brought several advantages 

particularly in the improvement of the teaching quality, in the promotion of the knowledge 

delivery and its adaptation to different learning types. Despite this e-learning tool being 

considered an ideal addition to clinical ‘hands on’, it was clear that it could not replace 

classical training and that this tool should only be considered as a course complement (72). 

An example which corroborates this fact was the creation of a teaching tool - the animated 

breathing pattern videotape, developed to support veterinary students to get sufficient 

clinical experience to observe all types of respiratory diseases and their resultant abnormal 

breathing patterns (73). To allow students to maximize their learning and preparation for 

Extramural clinical placement, a computer-aided learning (CAL) package titled ‘‘The EMS 

Driving License’’ was developed in the United Kingdom.  Students recognized the e-learning 

training as relevant, able to address their concerns, and all of them recommended the 
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training package (74). A qualitative study reported changes in study behavior and perception 

of learning, when e-learning activities were combined with traditional anatomy lectures. 

Students recognized that the online activities encouraged them towards a first engagement 

with the course, to be more active in class sessions, and eased their study for the 

assessment. They also considered that they would remember the course contents longer 

(75). 

The use of Case-based e-learning (CBEL) as an alternative to traditional Case-

based learning (CBL) applied in veterinary education, is another example of how e-learning 

is used to promote the development of clinical reasoning, critical thinking and problem-

solving competencies. Second year veterinary students recognized that CBEL was effective 

and methodical approach to achieve the learning outcomes. Respondents also perceived 

CBEL as potentially promoting clinical confidence (55). More recently, e-learning was also 

able to mitigate the effects of 2020 lockdown measures due to COVID-19 pandemic, in the 

acquisition of compulsory “Day One Competences” achievement within the course 

“Inspection and control of food of animal origin” during the fourth year of the veterinary 

medicine degree program. Despite the authors identifying that practical training in this 

context could not be substituted by a fully online approach, the benefits of a combined 

strategy were recognized, since the support provided by the online materials was clear in 

the development of professional skills (76).   

Until now, very few studies have explored the use e-learning and its influence in the 

development of practical skills in handling animals. Steinberg et al. (2007) introduced the 

development of a computer assisted learning (CAL), to act as a tool to deliver knowledge, 

through animation and simulation, addressing considerations of animal use to help to 

sensitize young scientists for humane handling of animals in research. The relevance of 

CAL development was supported by the documented need to harmonize specialist 

education and to create new ways of communicating important questions in laboratory 

animal sciences (77). A study to assess the impact of a teaching resource based on online 

videos to enhance knowledge of livestock handling, was conducted with veterinary and 

animal science students. The online audiovisual resource included a series of 68 animal 

handling videos with demonstrations of a variety of procedures, used in the handling of 

sheep, cattle, pigs, horses and poultry. Students acknowledged that the tool was a valuable 

complement for development of proficiency in safe and effective handling of animals. 

Results show that videos impacted students learning, by allowing the familiarization with 

the correct animals handling. The importance of a resource promoting a flexible learning in 

this context was also highlighted. Nevertheless, trainees also reported the need of more 

opportunities to practice animal handling using live animals (78).  
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E-learning is also been reported as a great resource to promote continuing 

professional development (CPD) and deliver knowledge to professionals in veterinary 

context. The need to maintain and stimulate expertise post–qualification is unquestionable, 

particularly in veterinary field, which is a context with quick changes and scientific advances 

concerning techniques and therapies. Traditional CPD programs raise issues such as 

location, time availability, cost, training structure, personal commitments, among others. 

Also, in this framework, the flexibility that e-leaning brings to the educational setting makes 

it a suitable channel to apply to CPD programs. In 2003, the Royal Veterinary College 

offered a series of e-CPD courses, online format exclusively, directed at veterinaries 

surgeons. During one year approximately, participants from 23 different countries reported 

satisfaction with the course format, claiming that e-learning can be an effective alternative 

to traditional CPD training (79).  

Alessandrini et al. (2012) reported the e-learning use to emergency management 

when West Nile virus disease outbreaks were identified in northern Italy. Online training 

allowed the transfer of knowledge, skills and competence to approximately 450 

veterinarians facing the epidemic. Online training was efficient in this scenario, to respond 

to an emergent need of veterinary training and control in emerging and re-emerging 

animals’ diseases and zoonoses (80).  

 
 

2.3 | COMPETENCE ASSESSMENT: HEALTH SCIENCES EDUCATION CONTEXT 

 
2.3.1 | COMPETENCE DEFINITION  

White (1959) reported one of the first definitions for the term “competence” as one’s 

ability or capacity to interact effectively with its environment and carrying out goals (81).  

Looking retrospectively, there were different definitions advanced for the 

competence concept, according authors and research fields. The implementation of this 

term into different contexts, activities and areas of knowledge - considering all the 

necessary term adjustments - revealed the complexity of the construct and reflected the 

nature of all the variables and factors affecting clinical competence (81-84). Research 

identified different competence construct  dimensions (such as attitudes, values, charters 

attributes among others), which are not easily observed and measurable, as initially 

reported by the behavioral definitions advanced for the term (85). 

Violato (2019) stated that competence in medicine and in other health professions, 

is composed of many and different variables, some of them measurable, others latent, and 

also factors relating behavior to environment (86). Fernandez and colleagues, reviewed the 

competence definitions provided for health sciences education and revealed that the 
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construct settles on three principles: “(i) competence is an integration and combination of 

different types of resources that can be deployed into action; (ii) is closely associated with 

a specific set of problems or situations and (iii) its mobilization to solve a problem or execute 

a task within a specific context, is the decisive proof of its existence ” (85). In fact, the 

authors argued that a student deemed to be competent, must show adequate knowledge, 

skills and personal attitudes (85). 

Enhancing the competence of laboratory animal professionals is a critical objective 

of hands-on training. The multiple definitions of the concept across areas of knowledge 

challenge the development of fit for purpose curricula and assessments. In laboratory 

animal science, establishing a consensus definition for competence would benefit the 

harmonization of training goals and certification standards across institutions. This thesis 

advances a working definition for professional competence in laboratory animal science, 

based on the definition advanced by Epstein and Hundert in 2002 for medical doctors. This 

is a consensual definition in medical education, which can be adjusted to laboratory animal 

science, since in both contexts’ standards for competence, delineate key technical, 

cognitive and emotional aspects of practice. Also, in both fields, competence definition must 

consider the existence of non-measurable and highly relevant factors.  

 

2.3.2 | COMPETENCE DEVELOPMENT AND SKILL ACQUISITION 

A model of skill acquisition, originally described in 1980, by Stuart Dreyfus, a 

mathematician and system analyst and Hubert Dreyfus, a philosopher, based on the study 

of chess players, air force pilots and army tanks drivers and commanders, has illuminated 

different research areas. The Dreyfus model established 5 levels of proficiency, a theoretical 

continuum of skill acquisition, describing learning as a process, in which learners move 

through distinct and sequential stages from novice, advanced beginner, competent, 

proficient and expert (the ultimate skilled stage)(87). Despite the long time elapsed since it 

was first reported, this model remains useful to comprehend individual skill acquisition 

process and define levels of ability.  The Dreyfus model generalized into health education 

(88-90) particularly provided basis to understand the development of clinical nursing skills 

(91). Benner evaluated the Dreyfus model in nursery context with individuals in different 

career stages confirming the evidence reported by this model of skill acquisition (91, 92). 

The difference between the five stages of skill development, reflect essentially changes in 

two general aspects: the transition between abstract principles to the use of past, concrete 

experience, which allow the individual a wider range of responses and the perception of the 

task, previously seen as a sequence of formal operations to a whole task in which only 

certain parts are crucial (87, 91).  The development of a skill requires time and practice, to 
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reach the higher model stages – the most skilled ones, where individuals no longer require 

rules and guidelines to learn but also become prepared to deal with unexpected events 

(87). Indeed, skill acquisition models, emphasize the assumption that to successfully 

complete a task the individual will demand the combination of an integrated and 

undifferentiated whole, composed of external and internal resources, underpinning that the 

learner requires time and practice to acquire a skill and time to maturate the knowledge to 

be capable to act in a specific situation (85). Some authors have additionally proposed a 

model of skill acquisition based on adaptive learning approaches, assuming that individuals 

will learn and innovate in response to practical challenges, providing the best performance 

in highly demanding and inconstant workplaces, as the health care environment, 

overcoming what is called “Knowledge and skills gap” (93). 

 

Competence across scenarios & context specificity 

An individual’s competence is situated within a specific scenario and context. Epstein 

described how “competence is contextual, reflecting the relationship between a person’s 

abilities and the tasks he or she is required to perform in a particular situation in the real 

world” (84). Physicians’ knowledge, skills and attitudes, are not tight or closed and cannot 

be assumed to be long-lasting  to “serve the physician well” in all contexts (84). Indeed, the 

individual ability to perform a task can be affected not only when moving across different 

scenarios, from a simulated environment to an authentic scenario for example, but also vary 

inside the same context/situation due to variation of contextual factors (94, 95). Indeed, 

context specificity affects the performance of the same individual in different situations or 

with different problems, and the observation of a performance is poor predictor of others 

(96).Literature describes different approaches that can be used to comprehend the context 

specificity and how competence is applied from one case, or situation, to the next. 

Particularly in medical education, this is a recognized problem, and there is a significant 

body of literature aiming to clarify how trainees (residents) apply, for instance, basic 

knowledge, concepts and clinical reasoning to a new task or new settings (97-99). Context 

specificity reveals the importance of ‘state’ contrasting to “trait” theories of learning and 

behavior, and research suggesting that the individual “traits” will be context dependent. 

Thus, the situation, i.e. the state is a better predictor of behavior than the individual 

personality (96).  

The literature reports two main strategies to facilitate transfer between contexts, 

often difficult for novices: (i)  to decontextualize conceptual knowledge or basic science 

allowing its application to a new context and (ii) exposing learners to multiple contexts in 

which they can practice and apply the concepts (99). This last strategy is clearly the one 

applied to residency training in medical education and professional training in several other 
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health sciences (100). Indeed, competence is transferable across sites, and increased 

exposure to different settings will contribute to consolidate accumulated competence and 

can effectively help to prepare individuals for independent practice (100-103). Studies have 

also reported that when moving into new contexts residents are challenged not only to 

adjust and optimize the acquired skills, but to develop new ones, sharpening self-regulation 

abilities and resilience development, which will be essential to achieve proficiency in 

professions of health areas (104, 105).  More, transitions between different environments 

during learning (e.g. -transition within medical school from pre-clinical training to clinical 

training; transition from residency to the position of attending physician) are crucial to 

prepare future physicians to achieve autonomy (101, 102). Nevertheless, contextual 

changes may bring stress and negative impact in training (105).   

A recent study, with residents moved under training programs between different 

clinical contexts, recognized the complexity of successful performances in different context. 

The capability of working and learning in a different scenario demands more than applying 

the acquired knowledge and the prior achieved skills to a new situation. A successful 

performance will also be dependent on how trainee will face the challenge of meeting their 

physiological and practical needs, followed by developing a sense of belonging and 

legitimacy. Moreover, trainees also need  to develop the ability to recognize when the task 

is different, as well as integrating how and why those differences matter (100). Teunissen 

and collaborators also highlighted the role of tutors and trainers during training, referring 

the importance of their support in the development of trainee abilities in recognizing the 

contextual changes to promote competent performances in new settings (100).  

 

The relation between competence and performance 

The definition of competence and performance, and their inter-relation has been 

extensively explored, and a review of extensive literature revealed the confusion and 

unclear usage of the two terms (106).  

Particularly in clinical contexts, the distinction between both terms, competence and 

performance, gained increased relevance since the incorrect application of the constructs 

impacts directly the quality of training and the reliability of examination systems, and 

consequently the assessment of professionals’ performance (106, 107).  

A literature review on medical competence showed that a relevant number of  

studies applied the terms, competence and performance, wrongly and reached invalid 

conclusions, highlighting this as a major problem for the quality assessment (107). This 

study, which explored the distinction between terms, raised the question of their 

relationship, suggesting two possible approaches outlined below in Table 2.  
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Table 2 | The relationship between competence and performance, represented the two 

distinct interpretations described in the literature. Table created and adapted from Rethans 

et al. (1990) (107).  

 

 

 

Also, Newble (1992) explores the relation between the term competence and the 

term performance, in order to distinguish them. Competence is seen as the mastery of a 

body of crucial knowledge and the acquisition of relevant skills which includes components 

of 3 main domains; interpersonal, clinical and technical. Knowledge and skills are 

interconnected and useful for problem-solving. It is unquestionable the role of competence 

itself for the performance, but according to this model, illustrated in figure 3, the importance 

of attitudes influencing competence and performance cannot be underestimated (108).  

 

 

 

COMPETENCE vs.  PERFORMANCE

CONCEPTS ARE NOT SEPARATE BUT ARE SEPARATE MEASUREMENT POINTS OF THE SAME CONCEPT
RELATION | Competence considered limit of one's performance;

Performance indicates competence and vice-versa;
Performance can be observed whereas competence can only be inferred.

Reasoning supporting the basis of all existing examination systems.

TWO SEPARATE CONCEPTS
NO RELATION | In authentic scenarios doctors are influenced by motivational and situational

variables.
Authentic context is completely different from the examination situation.

RELATED

NOT RELATED
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Figure 3 | Illustration of the components of clinical competence from Newble (1992) (108). 

 

 A great body of research defines competence in terms of what an individual should 

be able to do at an expected level or achievement, while performance is what someone 

actually does in real context. Therefore, competence would be what a person is capable of 

doing, and performance would be what is actually done in day-to-day practice (108-110).  

Some authors go further in proposing that competence is what a person knows and can do 

under ideal circumstances - that is potential, while performance is what is actually done in 

real life context - the actual contextualized behavior (111).  

It is true that it is difficult to evaluate performance in practice (106, 112) as 

competence is not observable and therefore can only be measured indirectly. If this 

distinction can be less relevant while assessing competence in undergraduate scenarios, 

where the learner is not expected to work without supervisor, it can be critical in 

postgraduate areas in which performance assessment is required (108). Studies have 

evidenced that assessment of competence can be subjective and unreliable. In fact, the 

objectivity of a competence assessment in a high-stake test or in a clinical or similar 

workplace may be questioned, not only due to difficulties inherent to the context (scenario 

dynamism, expert judgement, etc.) but also because competence must meet standards 

CLINICAL COMPETENCE 

RELEVANT KNOWLEDGE RELEVANT SKILLS
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conditioned and dependent on context. Benner (1984) asserted that “measurements can 

be only productive and accurate as the competences selected to be measured” (113-117). 

It is empirically assumed that clinicians will be prepared and competent to work 

independently after finishing their residency or postgraduate training and also would remain 

competent throughout their professional life. Rethans et al. (2002) warn that this assumption 

does not reflect the reality, mainly for two reasons: (i) studies have shown that there are 

effective differences between what doctors do in controlled situations (during  assessment)  

and daily practice (professional routine) and (ii) merely undertaking post-graduation won’t 

be enough to guarantee competence (118, 119). In fact, a growing body of research 

reported differences between the doctors’ competence demonstrated during assessment 

and behavior in daily professional routine (119-121).  

In their review, Rethans and collaborators concluded that from the 18 studies 

analyzed, all, except one, fail to establish competence as a good predictor of performance, 

with researchers arguing that these results are justified with the poor quality of the 

measurement instruments (107). In contrast, a qualitative study that explored the relation 

between performance and competence of general practitioners showed that assessment of 

competence under examination circumstances can have predictive value for performance 

in actual practice if efficiency and consultation time are taken into account, besides that 

performance and competence are distinct constructs (122). Other research reported that 

the more the person’s competencies match the job requests, the more effective the person 

will be performing  (123). 

Kak et al. (2001) asserted that competence in health areas is the major determinant 

of performance; therefore, to measure competence, it is essential to ensure the ability and 

readiness of professionals. Nevertheless, performance will be affected by individual factors 

and external factors, with motivation assumed as a relevant aspect for a successful 

performance (124). 

 

2.3.3 | COMPETENCE AND PERFORMANCE ASSESSMENTS 

Trainee and student are regularly assessed in formal education with a variety of 

purposes (125). Assessments of professionals, particularly in clinical and veterinary areas, 

are also frequent. Competence assessment before entry into practice is considerably 

different from performance assessment in practice/authentic scenario (126). Typically, 

assessments are administered throughout a continuum of training and practice, since lack 

of practical competencies and knowledge may seriously compromise the expected 

performance (126). Looking at the assessments performed at higher education and during 

post-graduate training stages in these fields, they can be generally classified as formative 

or summative according to their purpose (127, 128). Formative assessments provide 
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feedback, for both parties involved in the learning process – tutors and trainees, about the 

stage reached and what should be improved to achieve the expected level. The information 

provided by these assessments is crucial for learners’ progress (127, 128). Summative 

assessments measure competence levels, generally at fixed timepoints (for example at the 

end of training periods) and support decisions about professional preparedness to practice 

or for independent work (127, 128). As an example, from the veterinary field, summative 

assessments are crucial to measure the so-called “day-one competencies”. These describe 

the knowledge, skills and attributes required from veterinary students upon graduation, to 

ensure that they are prepared for their first professional activities, to be performed without 

any supervision (129, 130). However, it is important to highlight that, independently of the 

purpose, summative or formative, tests are hard to design (128).  

Wass and collaborators (2001) stated that “assessment drives learning”. Their main 

argument is that educational and formative assessments are of primary importance to what 

students focus their attention and efforts on (128).  

 

Assessment Validity and Psychometric Properties 

The quality of assessment methods or measurement instruments, depends on critical 

psychometric requirements: reliability, validity, feasibility or usability and credibility (86, 

126). Hecker & Violato (2009) emphasized the importance of veterinary educators 

recognizing and understanding these concepts in order to promote assessment tools with 

evidence of utility, able to inform teaching practices, and able to guide curriculum 

development and revision (131). 

For high-stakes decisions, assessments require strong reliability and validity while 

during training, educational programs tend to select feasible methods (less expensive 

regarding cost and labor) to judge (126). Reliability and validity are the most considered 

and investigated psychometric characteristics and are introduced below.  

 

Reliability 
Reliability is a measure of reproducibility or consistency of an instrument, and 

technically estimates the error measurement for assessment score (132). In other words, is 

the instrument ability to consistently score in different conditions of space and time. 

Reliability refers to how stable, consistent or accurate an instrument is (133, 134). 

The reliability is influenced by factors as diverse as raters, assessment place/ stations used, 

candidate emotional state, sample characteristics and instrument administration conditions. 

Three aspects of reliability have been especially focused by research: the inter-rater 

reliability (consistency between examiners), intra-rater reliability (consistency of the same 
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examiner) and inter-case reliability (consistency of candidates across cases). Reliability is 

not a fixed property; therefore, the same instrument may not be reliable under different 

conditions (128, 134). A highly reliable instrument, of knowledge for example, with a 

standardized format will have a reliability of 0.90 or greater, a good score reproducibility, 

with a very low error rate. The reliability scores are expressed with values ranging between 

0, unreliable and 1, perfectly reliable. In high-stakes decisions, based on performance and 

skills assessments, instruments must present a reliability above 0.85. More, in complex 

assessment contexts, such as simulations, which may combine different instruments, 

different scores of reliability must be estimated (126). A review directed at veterinary 

medical educators and administrators  concluded that reliability supports the interpretation 

of assessment scores, and assessments demonstrating high reliability scores provide 

evidence that the scores are an accurate measurement of performance (135). 

 

Validity  
Validity reveals whether an assessment method is accurately measuring what it intends 

to measure, such as person’s knowledge, skills abilities, etc. (126, 128, 136). 

Validity does not mean that an indicated method is valid per se, but it refers to a specific 

context and sample. It is not an instrument characteristic and must be determined regarding 

a specific matter (133). Also, validity is a not a single statistical calculation but a property 

combining statistics, observations and arguments to support the quality of the validity 

evidence (126).  

Validity is not totally independent from reliability, since some authors sustain that an 

instrument that is not reliable won’t be valid. It may also occur that a reliable instrument 

(high reliable scores) is invalid (137). 

Validity concept integrates main types of validity. Hecker & Violato (2009) consider four 

main levels of analysis when measuring the validity of assessments in Veterinary Education: 

1) face validity, 2) content validity, 3) criterion-related validity (predictive or concurrent), and 

4) construct validity (131).  

Face and content validity can be established without empirical evidence. Face is 

considered the least sophisticated measure of validity, while criterion-related and construct 

validity require data for their demonstration, and therefore are more robust measures (131). 

The four types of validity are briefly described below. 

I. Face validity has to do with appearance; does the instrument appear to measure 

what it is supposed to measure? It refers if the test appears (at face value) to 

measure what it claims to, from the respondent’s view. This type of validity can be 

essential in establishing rapport and motivation, and in determining how seriously 

the assessment will be taken (131, 138). 
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II. Content validity refers to the degree to which the instrument content adequately 

reflects the construct/object that is being measured (126, 133). Hecker & Violato 

(2009) exemplify this validity with the following example: a client questionnaire that 

requesting his/her evaluation of the veterinarian’s clinical skills and cognitive 

knowledge may fail and lack content validity, because these are not areas in which 

a client has sufficient expertise (131). 

III. Criterion validity is applied when a performance on an assessment (or a score 

obtained with an assessment) correlates with a performance on some other external 

criterion. This criterion must be a widely accepted measure, with the same 

characteristics of the primary assessment tool, that is, an instrument or criterion 

considered ‘gold standard’ (131, 133, 134). 

IV. Construct validity is the degree to which a group of variables really represents the 

construct to be measured. Abstract concepts are harder to qualify when establishing 

the construct validity.  Some examples of measurement constructs in educational 

and health sciences are professionalism, communication skills, empathy, 

collegiality, and team participation. This validity requires the integration of 

information collected from several sources (131, 133).  

 

Despite being less explored, feasibility or usability and credibility are also assessment 

psychometric requirements. Briefly, feasibility or usability is related most of the times with 

question budget, expertise, opportunity, resources, and time. Credibility is defined as the 

veracity of assessment, for the those who will use or benefit with the exam outputs (e.g. 

entities or organizations) (126).  

 

Definitely, it is mandatory to guarantee that the quality of assessments that are 

developed and implemented are valid and reflect the examinee level of competence. 

Newble et al. (1994) proposed a set of guidelines for assessing clinical competence,  

highlighting four main sections that should be addressed with this purpose: 

a) Defining what is to be tested. Considered the most important phase. Content validity 

(as well as other test properties) should be ensured at this point. The tasks which 

students are expected to be competent at this point should be identified and design 

the blueprint (the program plan with the skills expected of trainees) 

b) Selecting test methods. Identify the most appropriate method to assess the task as 

well as understand the practical constrains of its administration. 

c) Addressing issues of test administration and scoring 
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d) Setting a standard for performance. At this point the standard desired must be 

determined and consequently  the procedure for result communications should be 

established (139).  

 

Regarding the assessment of clinical competence, generally it can be divided in two 

types of scenarios: a ward or practice setting or an examination setting. Practice-based 

assessment is the most desirable environment to assess a student performance because it 

allows the possibility of registering multiple and direct observations, throughout a period of 

time in different situations. Nevertheless, and despite the advantage of these 

circumstances, in medical education it is rare to observe students as they perform patient 

histories and examinations. Therefore, even presenting high face validity, these 

assessments (with a small number of observations) are likely to be unreliable and unfair, 

and should only be used for formative purposes. In other hand, examination-based 

assessments, which includes a variety of methods of assessment presenting unsatisfactory 

levels of validity and/or reliability, depending on the method, has promoted the search of 

more complete examination alternatives, as the Objective Structured Clinical Examination. 

It is important to highlight that multiformat assessment is crucial in these clinical areas (108).  

 

Assessment Methodology 

 The most common assessment methods used in health sciences and medical 

areas are listed on table 3. These methods can be grouped according to the focus of the 

measurement or to what parameter is intended to be measured with the assessment: 

knowledge, decision-making and judgment, performance and attitudes, skills and tasks.  
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Table 3 | The most common assessment methods used in health sciences and medical 

areas. Table created and adapted from Newble et al. (1992) and Bashook (2005) (108, 

126). 

 

 
METHODS OF ASSESSMENT 
 

 

 
Knowledge  
Assessing recall of facts, concepts, principles and basic application in a standard 
examination format. 

Test formats:  Multiple Choice Questions   
Multiple Essay questions 
EQs 
Short answer questions 
 

 
Decision making  
Assessing the use of knowledge in realistic situations and decisions for critical actions. 

Test formats: Oral Exam (standardized) - e.g. Simulated live patients  
Key features case - e.g. written case focus on decisions 
 

 
Performance and attitudes 
Assessing skills requiring observing behaviour. 

Test formats: Global ratings  
Supervisor’s narrative reports 
Feedback surveys 
Portfolios 
Standardized patient simulations (SPs) 

 
Skills and tasks 
Assessment of competencies involving specific skills (during training or work context) 
 Global ratting scales and Checklists 

Standardized patients’ simulations (SPs) 
Simulations and models 
Role-playing 
 

 

 

Written tests containing items in diverse formats, such as MCQs, short-answers 

questions and essays, were traditionally the most used methods of summative assessment. 

They were considered important in earlier forms of assessment in health sciences (119) 

and are used to assess trainees’ knowledge and problem-solving aspects of competence, 
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by allowing to verify the recall of large amounts of facts (108, 127). MCQs have supplanted 

the use of long essays, due to easiness and objective correction (108). However, these 

methods, the written ones, present several limitations, and despite the fact that they fit the 

purpose to assess trainee knowledge, they revealed to be incomplete and unsuitable to 

assess trainee proficiency and skills progression. Oral examinations, used to assess 

decision making, also present psychometric limitations and were abandoned in the 

assessment of residents, being replaced by evaluation of clinical competence (the essential 

components, including clinical skills) through direct evaluation methods (140).  

Looking retrospectively, in medical education more complex assessments strategies 

were adopted and developed gradually according to the confirmation of the insufficient 

response of the existing ones. Briefly, clinical evaluation exercise (CEX), was developed in 

collaboration between American Board of Internal Medicine (ABIM) and program directors, 

to create efficient and effective evaluation systems to be used in undergraduates and 

graduated medical education, but also revealed problems with reliability (140). An effort to 

combine ‘short case’ and ‘long case’ examinations were also used to assess performance 

and frequently, these methods also included an oral or viva examination (Sood 2001). 

Harden (1975) described the first objective structured clinical examination (OSCE). The 

OSCE emergence in the late 1970s and 1980s was perceived as a major revolution, by 

allowing the measurement of the students’ competence in an artificially created setting, with 

a design capturing more than previous instruments of assessment. OSCEs introduction was 

so relevant in the context and suitable for the purpose of the professional and clinical 

assessment that its introduction was followed by a period with no development of new 

instruments in health care areas (141).  

In the 1990s, the discussion about reliability and validity of assessment instruments and 

their ability to measure competence and performance gained a new impulse. Indeed, 

experts highlighted the emergent need to implement assessment instruments capable of 

measuring not only (clinical) knowledge, but skills and professionalism (142, 143). Along 

these lines, instruments to assess competence, have been transferred in the last two 

decades from the traditional classroom environments to realistic settings such as clinical 

workplaces.  Previous assessment instruments were being administrated to measure a 

trainee’s competence in artificially controlled environments, such the OSCE. Facing the 

need to perform the assessment of integral concepts and competencies at a realistic setting 

such as workplace, new instruments were developed (141, 144).  

Workplace-based assessment refers to a group of assessment strategies which 

evaluate trainees’ performance at/during the clinical/real settings. There are a large number 

of workplace-based assessment instruments currently used in medicine, veterinary 
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medicine and other health and clinical areas (141). The most reported are summed up at 

the table 4. 

 

Table 4 | List of assessment instruments design to be used in the workplace learning 

context and assessment at undergraduate, graduate, post-graduate training levels. 

 

WORKPLACE-BASED ASSESSMENT 

Mini clinical evaluation exercise (miniCEX) 

Direct observation of procedural skills (DOPs) 

Multi-source feedback (MSF) 

Case-based discussion (CBD) 

Clinical encounters cards (CEC) 

Clinical work samples (CWS) 

 

 Portfolios are also a useful tool, able to support assessment and competence 

development, however depending on the purpose are not accepted as assessment 

instruments (141, 145).  

 

In the context of this thesis, and due to its potential applicability in laboratory animal 

science context, the most relevant assessment instruments reported for medical and health 

areas (145) are briefly enumerated below:  

1) Objective structured clinical examination – OSCE,  

2) Clinical evaluation exercise – miniCEX and  

3) Direct observation of procedural skills – DOPS.  

 

Objective Structured Clinical Examination – OSCE 
The Objective Structured Clinical Examination (OSCE) in educational health science 

context measure student’s competence in an artificially created environment with simulated 

scenarios/patients. It is not, therefore, a workplace-based assessment instrument. The 

major advantage of OSCE was the introduction of standardization and the control and 

reduction of the number of variables that could impact the assessment of performance. In 

a well-designed OSCE assessment, the trainees scores would be only affected by their 

performance, with minimal effect of external factors (146). To ensure the OSCE validity, the 

content should always be linked to the curriculum (147). Its structured nature, allowing to 
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test different candidates under similar conditions, make students recognize the OSCE 

fairness (148, 149), being an exam with high face validity (150). 

The OSCE was developed and first described by Harden et al. in 1975 as an objective 

and reliable alternative to the existing methods of assessing performance of medical 

candidates in clinically relevant activities (146, 147). Through its focus on skills rather than 

on knowledge, the OSCE overcomes the major weakness pointed at traditional evaluation 

models used at the time and improved the validity and reliability of assessments (147, 150, 

151).  

OSCE was successfully taken up in a wider range of health sciences including 

veterinary medicine; widely adopted for formative and summative assessments and 

certification purposes in most health professions, at different stages of undergraduate and 

post-graduate studies (150, 152-154).  

In OSCEs, candidates rotate through a set of standardized stations in which they are 

observed while performing a clinical procedure.  At each station, students are tested for a 

single competency, performing a specific task/procedure (147). Stations can eventually be 

inter-related or linked (150). The original format has been largely adapted with the time to 

the context and the requirements of assessments (146, 150, 151, 155). As examples, 

modified OSCEs such as the Royal College of Physicians’ Practical Assessment of Clinical 

Examination Skills (PACES) and the objective structured long case (OSLER) were 

developed (147). 

Stations might require performance supervision by one or more examiners – manned 

station or be stations where the candidate is unobserved - unmanned stations (150). At the 

manned stations, the examiner is equipped with measurement instrument as checklist or a 

global rating scale to rate the candidate performance - the reason of the objective descriptor 

in OSCE acronym (150). All candidates go through the same stations, and the exam is 

finished when candidates have completed all stations. An assessment blueprint ensures 

that stations reflect all aspects of the curriculum and learning outcomes (150).  Generally, 

stations require three components: the “stem” (task) – which must be clearly stated, the 

checklist or the global rating scale, indicating the actions that should be taken by the 

candidate and the training information (147). 

The concept of OSCEs for veterinary education is not new. According to Davis et al., 

one of the first studies that recommended it as an alternative to traditional examinations 

dates from 1993 (150, 154). It has been adopted in veterinary education at different stages 

and renamed as Objective Structured Practical Exam (OSPRE/OSPE), Objective 

Structured Practical Veterinary Exam (OSPVE) or Objective Structured Assessment of 

Technical Skills (OSATS) (89).  
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In the early years of training, veterinary OSCEs typically includes stations of animal 

handling skills, with different species. In the clinical years, other skills can be assessed such 

as placement of catheter, suturing, communication skills, etc. (89). Studies reported the 

introduction of the OSCE as a final-year assessment component in small animal internal 

medicine and surgery at the School of Veterinary Medicine (156, 157). In this approach, 

and after two successive experiences, this format proved to have acceptable reliability when 

compared with the previously used oral examination. Hence it was preferred, compared 

with an oral examination, by tutors and students (157). Hecker et al. (2010) developed an 

OSCE to assess first-year students’ performance on procedural skills. Their preliminary 

results suggested that the OSCEs demonstrate face and content validity, and certain 

stations demonstrated adequate reliability, despite the fact that reliability issues were 

reported, related with first-time exam delivery, which might be improved (152). OSCE has 

been used in the summative assessment  of the clinical competencies in ruminant health 

management of final-year DVM student at the Ontario Veterinary College (158). An OSCE 

to assess transrectal palpation skills for bovine pregnancy diagnosis, revealed to predict 

students' future pregnancy diagnosis accuracy (159). Also, the validated bovine transrectal 

palpation OSCE, supported an educational strategy to improve students’ skills with the 

potential to reduce training time and animal use at teaching institutions (160). Previously, 

Lumbis et al. used OSCE to assess third-year veterinary students and compare the 

outcomes of two different learning approaches for periodontal treatment (161). Similarly, 

OSCE was used to assess proficiency of veterinary students, trained with an additional 

model developed to teach jugular vein technique injection in horses (162).  

Nonetheless, a great part of these studies reported using OSCEs in veterinary focuses 

in the exam properties, namely the reliability, the validity and feasibility of this OSCE test 

format in the different veterinary contexts (127, 163-165), instead of exploring the 

advantages of this type of exam to the different veterinary areas and contexts. The OSCE 

exam reliability, tends to be related to the exam length and with the number of stations. 

Using many short stations, lasting approximately 1,5 to 2,5 hours generate scores that are 

sufficiently reliable for making pass-fail decisions than with fewer but longer exam stations 

(147, 150). Indeed, the high validity and reliability scores, of this type of exam, make it 

suitable for high-stakes summative examinations (150, 166). OSCE has also a positive 

educational impact (150).  

 Literature summarize the three main limitations pointed to this format. Firstly, the 

performance assessment of isolated aspects, due to the limited time per station. Secondly, 

OSCEs rely on task specific measurement instruments (checklists or Global Rating Scales), 

which may not be fully adapted to capture all performance. For example, a checklist might 

tend to emphasize thoroughness devaluing aspects of clinical experience. Also, there are 
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limits to what can be simulated and it does not make it possible to assess performance in 

unpredictable scenarios (147). 

 

[Mini] Clinical Evaluation Exercise - miniCEX  

MiniCEX was originally developed in 1962, to assess clinical skills in medical training. 

The traditional CEX lasts about 2 hours and is conducted by a qualified physician who 

observes the trainee performance, assessing several aspects, such as the ability to collect 

a complete history and physical examination, in a pre-selected hospital patient. Trainees 

present their findings, regarding the diagnostic and therapeutic conclusions, in a written 

report, and receive directed feedback of the tutor afterwards (140, 167).  

CEX presents three main limitations as instrument, which is independent of a resident's 

clinical competence. Firstly, trainee is observed by just one assessor which can bias the 

evaluation (168). Secondly, trainee observes only one clinical case, which may vary 

significantly and it is certainly one of the most relevant reasons for assessed performance 

not predicting further performances. The third argument lays on the fact that most of the 

physician-patient encounters are short and focused, while CEX, with its emphasis on all 

process could be a less relevant measure of clinical skill (167).  

The reliability of the CEX is highly questioned in the literature, mainly due to its format 

in which each trainee performs a low number of CEXs – estimated one per year and is 

supervised by a single staff member (140). This limitations led ABIM to recommend the use 

of mini clinical evaluation exercise (miniCEX) (169).  

The miniCEX is an adaptation of traditional CEX, contextualized with educational 

interactions and teaching rounds. The mini exercise is similar to the traditional one, however 

in the miniCEX the encounter is focused and lasts approximately 15 minutes. Several 

encounters are included in the overall assessment of a trainee, allowing assessment of 

performance with different patients and different contexts (i.e. ambulatory/out-patient, 

primary care). This design also allows the participation of multiple tutors in the assessment 

of the same trainee (167). 

MiniCEX is very well accepted and has a positive educational impact reported by 

trainees and tutors (170, 171).  Norcini et al. suggested that to produce a minimally reliable 

overall score, four to six Mini-CEX assessments were required (140). Other studies reported 

that acceptable reliability can be achieved with 10 encounters (172). Nevertheless, miniCEX 

is reported as a feasible and reliable evaluation tool (170, 173, 174). Particularly, it was 

identified a small component of variance due to trainee ability and a large component due 

to assessor variability – commonly pointed as the major limitation of this method. (170, 175, 

176). Although miniCEX provides a global view of overall performance, the information 
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regarding the measurement of single aspects are insufficient, to assess the overall 

candidate performance (177). This limitation turns miniCEX unfeasible for high-stakes 

/summative assessments (141).  However, miniCEX has been adapted with success to the 

veterinary context (178).  

 

Direct Observation of Procedural Skills - DOPS 
The principle of direct observation of procedural skills (DOPS) is similar to miniCEX. It 

was developed in 2002 by the Royal College of Physicians in UK for workplace 

assessments of practical skills at graduate education (141, 179, 180). DOPS can be used 

to assess a wide variety of procedures. Typically, candidates have a determined time to 

perform the procedure under assessment on a real patient, directly observed by the rater, 

which gives feedback after performance. Effectively raters’ timely feedback is seen as an 

advantage of these assessments by identifying the items that the candidate should improve. 

This prompt feedback can be a relevant education tool (181).  

Instruments used to register DOPS may vary. Some institutions apply generic scores 

sheets (focusing in overall procedure aspects) while others design instruments to be 

specific for the procedure(179). Regarding psychometrics characteristics, research has 

shown that DOPS have reasonable reliability but require several observations to be a 

reliable measure of performance. Yet, fewer observations per year are necessary when 

compared with miniCEX, to obtain the same reliability (175). 

Nevertheless, DOPS present some limitations, mostly related to implementation. 

Assessments require resources and time which might not be easy in clinical contexts. 

Observation time will vary according to the procedure assessed, but on average feedback 

time may take an additional third of the procedure observation time (179).The stress 

perceived by the candidate during assessment might be considered other limiting aspect 

(181). Regarding candidate's perception, DOPS are considered as a fair method of skills 

assessment, being practical and feasible (175). Currently, DOPS are widely used as 

assessment instrument in clinical and veterinary education for the assessment of 

competency in real-life situations (182). They are also implemented in undergraduate 

curricula of medicine (183) and veterinary (175) allowing the establishment of milestones 

for competence acquisition during training. 

There are a few studies in veterinary context, exploring the use of DOPS. As example, 

a series of DOPS was used to assess a wide range of skills and attributes, including general 

clinical examination ability of 5th year veterinary students at the University of Bristol. Results 

show that students perceived DOPS assessments to be beneficial to their learning (184). A 

qualitative study comparing the educational impact of DOPS and MCQs revealed that final 

year students of Veterinary Medicine and Science School at the University of Nottingham 
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recognize that DOPS format has a positive influence on approaches to learning. Yet, 

students identify a conflict between preparing for final examinations and preparing for 

clinical practice (185). The majority of assessors which used DOPS to assess veterinary 

students’ practical skills in final year clearly recognized the educational value of DOPS and 

would recommend it to another veterinary school. However, some have argued about the 

educational impact of DOPS and their ability to identify poor performances (182). 

In Laboratory Animal Science, DOPS are being disseminated as a workplace-based 

assessment. LASA, the UK Laboratory Animal Science Association provides a list of DOPS 

in its website, intended to reflect current good practice. The association provides DOPS for 

laboratory animal science techniques, procedures and practical skills, and instructions to 

administer workplace-based assessments. The first tranche of these DOPS were created 

and shared with the association, by the Royal Veterinary College (186). DOPS for injection 

into mouse tail vein are also disseminated in its guide as a Competence Assessment 

Template, highlighting the importance of promoting objective and transparent ways of 

assessing performance in a practical task (187). 

 

Miller's Pyramid Model of Assessment 

George E. Miller proposed in 1990 a model for the assessment of clinical competence 

(188).The model known as the ‘Miller pyramid’ distinguished different hierarchical layers of 

competence therefore stating different conditions/contexts within which assessment should 

occur (188). With this new framework, Miller moved away from the traditional Flexnerian 

medical education model that was largely dominated by theoretical knowledge-based 

assessments, towards examinations based on clinical performance. The different layers of 

the Miller’s model organize sequentially the stages of clinical competence and a distinction 

is made between de 4 different stages: Knows (knowledge), Knows How (competence), 

Shows How (performance) and Does (action) as shown in figure 4.   
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Figure 4 | Miller's Pyramid of Professional Competence with examples of assessment 

methods used in medical education, Miller’s pyramid of clinical competence, modified from 

Miller (1990) (188). 

 

According to Miller, it is reasonable to assume that either action or performance implies 

achievement of the more basic elements, knowledge and competence. The middle layers, 

competence and performance, are often used interchangeably. However, competence 

means that one can apply the knowledge to specific scenarios while performance is the 

ability to transfer the acquired knowledge and apply it to concrete actions. The top stages, 

show how and does, are therefore considered behavioral stages while the two initial stages 

are cognitive (179, 188).  

Providing this assessment framework, Miller illustrates how skills can be measured, 

acknowledging, however, that no single assessment method is effective. Indeed, a fair 

judgement of so complex levels and behaviors as the one expected from physicians should 

not be supported by an assessment method only (188). The assessment of Knows recall 

the (factual) knowledge while Knows how demands the application of knowledge to 

problem-solving and decision making. These two first levels are assessed commonly by 

multiple choice questions, essays and oral evaluations. Therefore, in clinical areas in which 

trainees are expected to acquire proficiency, they would be appropriate mainly for early 

stages (128). The measurement of complex skills, at Shows How and does levels requires 

planned assessment formats to be informative (188). This framework, introducing the 

progress throughout the different stages and assessments methods must be largely 

transposed for veterinary medicine and therefore for laboratory animal science education.  

Shows How and Does, the top stages of Millers pyramid, are the most challenging to 

measure and capture through assessments. Shows How stage can be assessed at 
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controlled and simulated sets mainly through OSCEs, standardized patient-based tests and 

laboratory practices. The Does capture the ability in action and assessments at this stage 

will require performances in in vivo/authentic scenarios as direct observation, portfolios and 

workplace-based assessments (141, 189).  

 
 
Standard Setting  

“Livingston & Zieky (1982) define the standard setting as the process of deciding ‘what 

is good enough?’, ‘how much is enough?” to set the standards which candidates must 

achieve during assessment (190, 191). The standard, also known as the minimum pass 

level, separates the competent trainees from those who are not. Standard setting is the 

process of determining this cut-score and is a fundamental step in assessment process 

(191-193). A standard setting should not be established arbitrarily and its main purpose is 

to remove the subjective factor (always present in case-by-case decisions making), 

standardizing the procedure to avoid that different decision-makers can attain different 

decisions considering the same basic information. The definition of the passing score 

implies prior definition of the standard for performance on the assessment, the minimum 

required for approval in that specific station (194). 

Briefly, a large number of methods have been developed and used to set standards for 

both written and practical examinations (192, 193, 195). For example, Cusimano (1996) 

reported in his review more than 30 different criterion-reference standard setting methods, 

which he organized in 5 groups of methods: judgments of item characteristics, methods 

based on examinee performance, holistic impression of the examination, empirical 

statistical methods of adjusting standards and comprising methods (192).  

Indeed, the process of defining a passing score (either using an absolute or relative 

standard) will, at some point, involve someone´s judgement. In order to guarantee that the 

decision is the most “correct” and the error is minor, these judgments must be: (1) made by 

persons with expertise, (2) meaningful to the evaluators and (3) made to guarantee that the 

purpose of the test is taken into account (196). So, in this sense, standard setting methods 

are dependent on the purpose of the test, and can be either norm-referenced (rank 

performances in relation to one another) or criterion-referenced (rank based on the number 

of correct answers provided by the student). Each of the methods serves a particular 

purpose and none is agreed upon as the best method or gold standard for all settings (194).   
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MATERIAL AND METHODS 
 

The papers presented in this thesis comprise different studies and this section 

presents an overview of the distinct material and methods used in the different studies. 

 

In paper I (chapter 3), the acceptance of e-learning approaches by Laboratory 

Animal Science students was explored using a questionnaire administered to a total of 229 

course participants.  E-learning acceptance was assessed during 3 consecutive years (from 

2012 to 2015) in a total of 15 Introductory courses (Directive Functions A and D *) and 6 

Advanced courses (Directive Functions A, B and D*)2.  

In paper II (chapter 4) and paper III (chapter 5), the development and 

implementation, respectively, of a practical assessment for LAS context is presented.  

Paper II reports the development of a structured assessment rubrics to support the marking 

of participants, with the support of a core team constituted by professionals with expertise 

in teaching LAS and in biomedical teaching methods. In paper III (chapter 5), reports the 

implementation of an Objective Structured Laboratory Animal Science Exam (OSLASE) to 

assess researchers from different training courses. This study investigated particularly the 

exam reliability and trainees’ OSLASE acceptability during approximately 3-year. 

 

COURSES  

The training courses in which the work presented in this thesis was situated, were 

held and organized at i3S-Institute for Research & Innovation in Health /IBMC- Institute of 

Molecular and Cell Biology, a biomedical research institution with a strong tradition of 

training, including a dedicated Advanced Training Unit. IBMC organizes training in 

laboratory animal science since 2005, with two course formats characterized as 

Introductory and Advanced. Introductory courses are directed at early stage researchers 

and were originally planned following the recommendations of former FELASA Category B 

(persons carrying out animal experiments) and later adapted to EU Directive 2010/63 

Functions A and D. These courses are held 3 to 4 times per year and each course is spaced 

over time, with two to three months duration. Advanced courses target researchers who 

design and coordinate experiments with animals. Traditionally one course edition is 

organized per semester with an intensive program, 10 working days. In 2008 this course 

                                                
(* )  Article 23 of EU Directive 2010/63 established that staff working with animals shall be adequately 

educated according following functions: 
 (A) Carrying out procedures on animals 
 (B) Designing procedures and projects 
 (C) Taking care of animals 
 (D) Killing animals 
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was accredited by FELASA for category C (persons responsible for directing animal 

experiments), being this accreditation renewed in 2017 for the EU Directive 2010/63 

Functions A, B and D, species-specific for Mouse, Rat, Fish and Zebrafish (FELASA course 

reference F020/08). Both training formats include a theoretical component, with classroom 

and online learning, practical sessions and evaluation. The Introductory course involves a 

period of tutor-led training, while the Advanced course also integrates group-assignment 

approaches. Paper I (Chapter 3) integrates a comparative table with description of the 

different programs of LAS training Courses in Materials and Methods section.   

 

PARTICIPANTS 

The participants enrolled in Laboratory Animal Science training between 2012 and 

2021, in Introductory and in Advanced courses. When applicable, sample characterization 

is presented in each paper, separately.  

 

METHODS 

Paper I (chapter 3) | Students’ acceptance of e-learning approaches in Laboratory Animal 

Science Training 

Paper I explores the acceptance and perception of the use of e-learning in laboratory 

animal science training. For this study three questionnaires were specifically developed; (1) 

a Sociodemographic and Professional Questionnaire (SDPQ), (2) a Students’ Expectations 

of E-learning in Laboratory Animal Science (SEELAS), and (3) a Questionnaire of E-

learning Acceptance (QELA) as indicated in table 1. 

General acceptance score was calculated using the sum of the five subscales items. 

The questionnaires described above are provided in Appendix I. 

 

Paper II and III (chapter 4 and 5) | The methodology to develop a global rating scale for the 

assessment of researchers' competence and the implementation of OSLASE. 

These two papers focused on the researchers’ practical competence assessment. 

In the first study (paper II) the methodology to develop an assessment scale is presented 

with description of the different phases throughout the process until the final scale version. 

The final Global Rating Scales (GRSs) are provided in Appendix II. 

The second study (III) addressed the implementation of the practical assessment - 

OSLASE. The exam was conducted in the context of introductory and advanced training 

during 3 consecutive years (2018 -2021). This study focused particularly on the analysis of 

interrater reliability and trainees OSLASE acceptability. Briefly, assessors’ agreement was 

assessed through Weighted Kappa (Kw) and percentage of absolute agreement (% of 
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agreement) after assessors conduct the exam, using the previously developed GRSs, to a 

minimum of 82 performances. This study analysed trainees experience using focus groups.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

DATA ANALYSIS 

The statistical analyses performed for Paper I and Paper III were distinct, as detailed 

separately in each paper. The data analyses of students’ acceptance (paper I) and inter-

rater agreement (paper III) were conducted using IBM SPSS (25.0 version). Trainees’ 

acceptability of the exam (paper III) was analysed using content analysis, with the software 

NVivo (QSR International 2022) version 12. 

 
 
ETHICAL APPROVAL  

Data collection with human participants (instrument application in the courses context and 

group interviews) were performed under approvals from the Joint Ethics Committee 

CHUP/ICBAS with the reference 2019/CE/P014(292/CETI/ICBAS) and 

2021/CE/P013(P353/CETI/ICBAS).  

 

  

                                                
3 Regarding QELA questionnaire a 28-item version was administered to students in the introductory course, 
excluding four items related to the flipped classroom approach and thus not adjusted to that course format. 

Table 1 | Questionnaire developed for Students’ acceptance of e-learning 
approaches in Laboratory Animal Science Training (paper I) 
 
 Characteristics Information collected 

SDPQ 5-item closed question  respondents’ demographic information (gender, age, 
highest level of education completed, area of 
specialization, and current position/occupation. 

SEELAS 7-item closed question respondents’ expectations of the use of e-learning at 
the start of the LAS course (e.g., difficulty, efficacy) and 
their previous experience with e-learning platforms. 

QELA 
 
32-item closed 
questions3 
likert-type scale 
comprises five 
subscales 

 
Personal perception of the e-learning use Satisfaction 
with the e-learning contents  
Satisfaction with the e-learning organization  
Time management 
E-learning practical influence  
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Students’ acceptance of e-learning
approaches in Laboratory Animal
Science Training

Andreia Costa1,2,3 , Ana Costa4 and I. Anna S. Olsson1,2

Abstract
Different online courses and training programs in Laboratory Animal Science (LAS) have emerged across
Europe in recent years. E-learning appears to be a promising solution to achieve flexibility in training while
meeting the quality criteria of demanding programs in short training periods. However, little is known about
how students perceive e-learning in this context, and there is also a lack of specific and valid instruments to
measure this perception. Within an exploratory study framework, the e-learning perception of 229 partici-
pants in 15 courses in Portugal using two different online training formats, flipped classroom and full online
theoretical training, was assessed. For this purpose, the Questionnaire of E-learning Acceptance (QELA), a
32-item accordance Likert-type scale comprising five subscales was developed to explore the following: how
participant perceive e-learning, satisfaction with organization and contents, perception of e-learning rele-
vance for the time management, and its influence for practical training. In general, e-learning was well
accepted and perceived to work well and be useful by the majority of courses participants, independently
of the course level and e-learning format approach. These results indeed suggest that integration of e-
learning is useful in LAS training. We also propose the QELA as a starting point for development and imple-
mentation of specific instruments to assess e-learning acceptance in LAS across a wider range of geograph-
ical and training contexts.

Keywords
teaching and training, e-learning, blended learning, flipped classroom, laboratory animal science training

Date received: 12 March 2019; accepted: 4 September 2019

Introduction

The traditional learning model based on classroom
lectures has changed radically with the emergence
of technology-supported learning approaches. Online
education has expanded dramatically over the past
decade,1 and, as a consequence of the wide and fast
development of internet access and multimedia technol-
ogies, e-learning is already considered a real alternative
to face-to-face classes in many situations, redesigning
through which channels, and at what time, knowledge
is delivered.2–4

Conceptually, e-learning is the process of extending
learning or delivering instructional materials by using
telecommunication technology (such as internet, intra-
net/extranet, audio, video, satellite broadcast, inter-
active TV, and CD-ROM).5 In the last 20 years,

progress in the web and multimedia areas has fostered
the growth of different teaching formats employing
technology.3,6 Within the wide concept of e-learning,
more specific terms have emerged. Blended learning
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refers to a specific format that combines elements
from e-learning and traditional lectures, resulting in a
hybrid/mixed learning system.7 Flipped learning, or
flipped classroom, refers to a format where students
have the first contact with the didactic material outside
the class, usually via reading or online presentations,
and then use class time to do the harder work of know-
ledge assimilation, through problem solving, discus-
sion, debates, etc.8

The term e-learning suggests a radically different
type of learning. This is not the case: technology
supported training relies on the same educational prin-
ciples as more traditional formats.9 E-learning is, how-
ever, particularly well suited to overcome some of the
presently limiting issues of the traditional lecturing for-
mats, such as time management difficulties originating
in extensive and inflexible curricula where teachers and
students face time constraints and schedule overlap.
Unlike traditional lecture-centred models, where
teachers and students need to be at the same place at
the same time, e-learning makes it possible to train
people anywhere and anytime, ‘‘on the go’’, while
assuring that knowledge delivery is consistent.4,10,11

The inclusion of an online component also promotes
the active role of educators and learners, allowing tea-
chers to be more than the content distributors, enhan-
cing students’ attitude, and promoting a dynamic and
interactive learning.12,13

Against this background, the integration of
e-learning seems to hold the potential to overcome
many of the specific challenges of training in laboratory
animal science (LAS). Specialized training in how to use
animals in research is a legal obligation across Europe
and inmany countries worldwide.14 In combinationwith
increasing researcher mobility and decreasing availabil-
ity of research support personnel, this presents chal-
lenges for both institutions and students. Research
institutions have to make such training available fre-
quently in order to enable new researchers to get started
with theirwork.15 Students on the other handwill have to
make time for training in busy professional schedules.
Indeed, e-learning is already considered the key to meet
training requirements in a related situation, training of
veterinary professionals, allowing users to manage their
learning through the optimization of time availability
and overcoming spatial constraints.16,17 At our institu-
tion, we run two different training courses, each with its
own particular instructional design challenges. The
introductory course is for researchers and technicians
about to start their work with animals. It is based on
former (FELASA Category B) and present (Directive
2010/63/EU Functions A and D) recommendations for
training for carrying out procedures on animals, and
focuses on animal biology and experimental procedures.
The advanced course has a wider coverage (based on

former FELASACategoryC recommendations and pre-
sent Directive 2010/63/EU Functions A, B and D), tar-
gets more experienced researchers, and, in addition to
biology and procedures, includes a large component on
how to design and plan experiments with animals.18–20

Taking into account the training content and the
educational level of students and teachers, LAS train-
ing seems particularly well suited for the variations on
the flipped classroom format. Training is typically given
in the context of second (MSc) and third (PhD) cycles
of higher education, where students expect advanced-
level training content and the possibility of interacting
with teachers who are recognized experts in the respect-
ive discipline.21 However, the nature of the course
means that some rather basic content must also
be learned.

Around 2010, we faced two distinct challenges for
these two courses, both of which seemed possible to
address by incorporating e-learning. For the introduc-
tory course, the challenge was to make the course avail-
able frequently enough that training could be made a
requirement for access to the animal facility. For the
advanced course, both students and teachers had diffi-
culties making time for the 80 or more hours of training
within the 2 weeks of the concentrated course. Of the
many teaching methodologies using online approaches,
the blended learning format seemed most appropriate.
The combination of online teaching with classroom ses-
sions, allows the delivery of more basic concepts before
students have the opportunity to discuss and engage in
face-to-face interactive activities to consolidate know-
ledge.22–24 Successful results have been reported after
e-learning implementation in veterinary education,25,26

such as its use to complement ruminant endoscopy
training,22 farm animal clinical rotation,23 or anatom-
ical learning.27 Moreover, research has highlighted the
relationship between the flipped classroom format
implementation and the use of online materials with
better learning and performance.28,29 This also includes
practical skills, as demonstrated in a study where online
learning resources were introduced to support the
development of veterinary and animal science students’
proficiency in safe and effective handling of livestock.30

An important aspect when evaluating teaching meth-
ods is to explore how they are perceived by students.
A study investigating student perceptions of online lec-
tures reported that the more satisfied the students are
with online classes, the more the positive learning
experience,31 and a positive relation has also been
found between the student satisfaction with e-learning,
particularly the flipped learning format, and examin-
ation scores and performance.32–34

Globally, the present study investigated e-learning
acceptance among participants in introductory and
advanced training courses in LAS, using a cross-

488 Laboratory Animals 54(5)



sectional approach focusing on students after introdu-
cing the blended learning model. For this purpose, a
questionnaire was developed on basis of existing instru-
ments for e-learning evaluation.2,35 In particular, the
following different aspects of e-learning acceptance
were studied: personal perception of the use; satisfaction
with e-learning content, particularly with the online
classes; satisfaction with e-learning organization and
how the platform is organized concerning e-lectures,
supplementary literature and other platform features;
and the perception of time management and influence
of the e-learning method on practical sessions.

Materials and methods

Type of courses

E-learning was implemented in both LAS training
courses, as explained in detail in Table 1. For add-
itional detail including distribution of content over
e-learning versus classroom (see also Supplementary
material Table S1).

E-learning platform

We implemented our learning environment based on
the open source Moodle Learning Management
System (LMS) version 2.6.11. Two separated e-learning
course pages were developed at Moodle, one for the
introductory and one for the advanced course.
E-lessons were self-explanatory, including shorter

videos, images, graphs and clinical cases and discus-
sion/reflective slides (Figure 1). Formative and inter-
active quizzes were also included in order to facilitate
the theory consolidation. The platform was further
used as support throughout the courses for supplemen-
tary literature and students’ forum.

The pedagogical approach integrating e-learning
method was explained and clarified to the students
before starting the course, by email and reinforced in
the first lectures, and their e-learning participation was
monitored over the training period. The students were
free to work on e-learning when it suited them but had
to comply with deadlines for completing it. In the intro-
ductory course category modules/e-lessons had to be
completed by a certain deadline, at which time there
was a final quiz. In the advanced course, deadlines
were established to guarantee that students had com-
pleted the online content prior to the classroom session.

Instruments

Data collection comprised three questionnaires specif-
ically developed for this study: a Sociodemographic and
Professional Questionnaire (SDPQ), a Students’
Expectations of E-learning in Laboratory Animal
Science (SEELAS), and a Questionnaire of E-learning
Acceptance (QELA):

(i) SDPQ is a 5-item closed question questionnaire
that explores relevant data on the respondents’
demographic information such as gender, age,

Table 1. Comparative description of the program of LAS training courses – Advanced and Introductory.

Advanced Training Introductory Training

Course Workload Full-time use
10 full days

Part-time use
2 months

Organization Theoretical component
alternates with practical
sessions

All theoretical component
completed first, followed
by practical sessions

E-learning theoretical
approach

Flipped learning All theoretical contents online

Theoretical program* !40 h !20 h

% of theoretical component
delivered through e-learning*

30% 100%

Total course program !80 h !40 h

Course curricula j FELASA
categories**

Category C – persons
responsible for directing
animal experiment

Category B – persons
carrying out animal
experiments

*Course duration are estimated values since online lessons have no strict time.
** The study covers a period before the functions based definition of training. Category C corresponds roughly to Functions A, B and D and
Category B to Functions A and D identified in Directive 2010/63/EU.
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highest level of education completed, area of spe-
cialization, and current position/occupation.

(ii) SEELAS is a 7-item closed question questionnaire
that provides information about respondents’
expectations of the use of e-learning at the start of
the LAS course (e.g., difficulty, efficacy) and their
previous experience with e-learning platforms.

(iii) QELA is a 32-item self-report measure that
assesses students’ acceptance of e-learning on the
Moodle platform. QELA comprises five subscales:
Personal perception of the e-learning use (PP;
10 items; ‘‘The e-learning platform is user-friendly’’;
‘‘The e-learning platform works well’’), Satisfaction
with the e-learning contents (SC; 7 items; ‘‘Online
quizzes helped me to learn effectively’’; ‘‘The
e-lesson quizzes are easy to understand’’),
Satisfaction with the e-learning organization (SO;
5 items; ‘‘When I needed help to use the e-learning
platform I knew where to find it’’; ‘‘The e-lessons are
well structured and are easy to follow’’), Time man-
agement (TM; 5 items; ‘‘The e-learning system
enables me to invest more time in topics that interest
me more’’; ‘‘The e-learning system enables me to
control my learning progress, and invest more time
in topics I find more difficult’’), E-learning practical
influence (PI; 5 items; ‘‘The videos shown in the e-
learning helped me to prepare for practical classes of
animal handling’’; ‘‘The videos shown in e-learning
lectures helped me to deal with my possible animal
fears’’), answered according to a 5-point Likert
scale. General acceptance score was calculated
using the items of the five subscales. In this
study, this instrument showed positive correlations
between the dimensions (between 0.28 and 0.49)
and proved to have high internal consistency
(!¼ 0.94). The exploratory factorial analysis
(EFA) extracted five factors consistent with the

theoretical dimensions and explained 53.4% of
variance. Globally, all the items presented good
communalities and factor loading values.

A 28-item QELA version was administered to students
in the introductory course, excluding four items related
to the flipped classroom approach (one item of Personal
perception of the e-learning use, and three of Time man-
agement dimension) and thus not applicable. Therefore,
for any statistical analysis including this group of stu-
dents only these 28 items were included.

Participants and procedure

The developed instruments were administrated to 229
LAS course participants in a total of 15 courses run
between 2012 and 2015: 9 introductory (B) course edi-
tions, with a total of 90 participants mainly from our
institution, and 6 advanced (C) course editions, with a
total of 139 participants, with half of course partici-
pants originally from our institution and the other
half from national and European research institutions.

Respondents were invited to participate in this study
and completed the questionnaires in collective admin-
istrations on the last course day (after examination) in
the presence of the researcher. Prior to each adminis-
tration, the objectives of the study were explained to the
participants, as well as the guarantee of anonymity and
confidentiality, and that participation was voluntary.
On average, it took 10min to fill in the questionnaires.

Data analysis

To determine frequencies of e-learning users’ satisfaction
the global acceptance scale score and the subscales score
were codified into three categories of satisfaction/useful-
ness (unsatisfactory, satisfactory, and very satisfactory).

Figure 1. Example of e-lessons slides, with illustrative images and explanatory videos.
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The distribution of the total scale variable had a negative-
skewness (left-skewed), with almost no respondents clas-
sifying e-learning acceptance as unsatisfactory/unhelpful;
therefore, the percentile method to define groups was not
applied. Considering the minimum and maximum pos-
sible total scores based in the 5 points answering items
scale (1¼ ‘‘Strongly disagree’’; 2¼ ‘‘disagree’’; 3¼ ‘‘neu-
tral’’; 4¼ ‘‘agree’’; and 5¼ ‘‘Strongly agree’’), the mean
cutoff point dividing the negative and positive experience
of userswas established for the total scale and eachdimen-
sion: Total acceptance scale (min:28; max:140; Mean:84),
Personal perception (min:9; max:45; Mean:27),
Satisfaction with contents (min:7; max:35; Mean:21),
Satisfaction with organization (min:5; max.:25; Mean:15),
Time management (min:5; max:25; Mean:15), and
Practical influence (min:5; max:25; Mean:15). As the
majority of the sample considered e-learning as satisfied/
useful, the positive pole was also divided into satisfied/
useful or very satisfied/very useful.

Inferential statistics were used to explore the overall
acceptance of the e-learning use for different groups
(course B and C). One-way ANOVA was the main
statistical procedure to examine the effect of different
sociodemographic, professional, and previous experi-
ence variables on acceptance issues: total acceptance
score, personal perception, satisfaction with contents,
satisfaction with e-learning, time management, and
practical influence. Post hoc analyses with Bonferroni
corrections were conducted to explore the differences
between the subgroups. In all the statistical procedures,
a p-level of 0.05 or below was considered to be signifi-
cant. The data analyses were conducted using IBM
SPSS (25.0 version).

Results

Sample characterization

Of the 229 respondents, 39.3% participated in the
introductory (B) and 60.7% in the advanced (C)
course. Respondent age ranged from 21 to 41 years
old (mean (M)¼ 26.31; SD¼ 4.67) for the B course,
and from 22 to 50 years old (M¼ 30.1; SD¼ 6.32) for
the C course. In both courses, there was a female
majority (B: 76.7%; C: 76.3%). Background training
was primarily in biology (B: 50.0%; C:37.7%) and bio-
chemistry (B:18.6%, C:23.2%). Highest level of educa-
tion was, for the majority of B course participants, a
master degree (58.4%) followed by a bachelor degree
(24.7%), whereas among C course participants a master
degree was most common (47.1%) followed by a PhD
(37.0%). Professionally, the B course participants were
PhD students (27.3%), undergraduate students
(25.0%), or technicians (19.3%). C course participants
were, as expected, at a different stage of career

development and comprised PhD students (39.6%),
post-doctoral fellows (34.3%) and principle investiga-
tors (PIs) (6.0%).

More than half of the total responders indicated no
previous experience with e-learning resources (60.7%),
with very similar distribution in the two training cate-
gories (B, 58.9%; C, 61.9%).

Concerning experience with laboratory animals, the
majority of B participants indicated no experience
(40.4%), while the majority of C participants indicated
having more than 1 year of experience (47.8%). It was
found that more respondents from the C course
acknowledged a fear of laboratory animals (20.3%)
than from the B course (11.1%) (Supplementary mater-
ial Table S2).

Descriptive analysis

To assess students’ e-learning global acceptance
(QELA) and satisfaction with the different dimensions
(personal perception of e-learning, satisfaction with
contents, satisfaction with organization, time manage-
ment, and practical influence), descriptive statistics
were performed for all the participants and for each
course group.

Globally, the general acceptance of the e-learning
resources by LAS courses participants was very positive
(62.1% classified as satisfactory and 30.4% as very sat-
isfactory, with C course participants showing higher
levels of satisfaction (94.2%) when compared with B
participants (89.9%) (Figure 2).

Analyses of participants’ personal perception of
e-learning use showed high percentages of acceptance
(CþB, 96.5%; C, 97.1%; B, 95.5%). Globally, and
concerning satisfaction with the e-learning con-
tents, course participants were satisfied (31,1%) and
very satisfied (67.4%). Similar results were verified
for e-learning organization, with courses participants
considering it satisfactory (38.2%) and very satisfactory
(60.1%).

The e-learning approach was considered useful
(28.2%) and very useful (66.1%) concerning time con-
trol during the courses. Independently, B and C partici-
pants classified e-learning as useful (29.2% and 27.5%,
respectively) for time management, while the majority
of B and C participants considered it very useful
(62.9% and 68.1%, respectively).

The results also showed that, globally, only a small
percentage of both courses participants (4.4%) con-
sidered that e-learning was unhelpful and had no influ-
ence in practical sessions (B, 7.9% and C, 2.2%). The
majority of participants (56.4%) classified the influence
of the e-learning approach on practical sessions as help-
ful (B, 35.9% and C, 41.3%) or very helpful (B, 56.2%
and C, 56.5%) (Figure 3).
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Differential analyses

General acceptance. Results showed that previous
experience with laboratory animals affected general
acceptance. Results indicated that advanced course
participants with 1 year or more of previous experience
with laboratory animals showed less acceptance of
e-learning than students with no experience (Mnone¼
129.05, SD¼ 11.84; M!1year¼ 118.43, SD¼ 18.03;
F¼ 5.37, p< 0.01). The same was verified for introduc-
tory course participants (Mnone¼ 108.50, SD¼ 12.07;
M!1year¼ 95.75, SD¼ 28.69; F¼ 3.12, p¼ 0.05).
Gender, age, level of education, professional position,
previous e-learning experience, and fear of laboratory
animals did not influence the general acceptance of
e-learning approach.

Personal perception of e-learning use. Previous
experience with laboratory animals affected the C
course participants’ perception of e-learning use, with
participants with no previous experience showing
a more positive perception of e-learning when com-
pared with participants with 1 year or more of experi-
ence (Mnone¼ 40.00, SD¼ 5.14; M!1year¼ 36.38,
SD¼ 7.01; F¼ 3,97, p¼ 0.02). Sociodemographic and
academic variables did not affect participants’ percep-
tion of e-learning use.

Satisfaction with e-learning content. For C course
participants, satisfaction with the e-learning contents
was affected by their position: PIs were more satisfied
with content than technicians (MPI¼ 29.86, SD¼ 2.67;
MTech¼ 24.00, SD¼ 4.57; F¼ 3.17, p¼ 0.02). Also,

Figure 3. Analysis of participant acceptance of different e-learning features: personal perception of e-learning use,
satisfaction with e-learning contents; satisfaction with organization; e-learning time management influence and e-
learning practical training sessions influence. Bars represent answers from both course participants (CþB), advanced
course participants (C), and introductory course participants (B), categorized from very satisfactory to unsatisfactory or
very helpful to unhelpful, and plotted as a diverging stacked bar chart.

Figure 2. Acceptance of e-learning in LAS training courses by the participants of both courses (CþB). Participants of
advanced (C) and introductory (B) courses categorized from very satisfactory to unsatisfactory and plotted as a diverging
stacked bar chart.
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specifically for C group students, previous experience
with laboratory animals affected the satisfaction with
e-learning content, revealing that participants with no
experience were globally more satisfied than participants
with 1 year or more of experience (Mnone¼ 28.79,
SD¼ 2.75; M!1year¼ 26.18, SD¼ 3.97; F¼ 6.48,
p< 0.01).

Satisfaction with e-learning organization. Advanced
course participants with more experience with labora-
tory animals were less satisfied with organization of
e-learning. (Mnone¼ 19.92, SD¼ 2.85; M!1year¼ 18.02
SD¼ 3.25; F¼ 4.37, p¼ 0.01).

Time management. None of the evaluated factors
affected the different groups’ satisfaction levels with
time management.

E-learning practical classes’ influence. Among C
course participants, educational background affected
how useful participants considered e-learning to be
for practical training sessions. Participants coming
from a biomedical sciences field consistently recognized
a more positive influence of e-learning on practical
classes than participants from biology (MBiomed¼
20.81, SD¼ 2.77; MBiology¼ 18.19, SD¼ 3.50;
F¼ 4.48, p¼ 0.01) and veterinary backgrounds
(MBiomed¼ 20.81, SD¼ 2.77; MVet¼ 16.67, SD¼ 3.20;
F¼ 4.48, p¼ 0.01) (Supplementary material Table S3).

Discussion

The present study explored the general acceptance and
satisfaction with the implementation of e-learning
among participants in LAS training courses. In general,
the results showed high levels of acceptance, both for
the flipped classroom approach in the advanced train-
ing, and for the approach with all theoretical contents
online that was used in the introductory training.
Particularly, the results of the domains personal percep-
tion of e-learning use, satisfaction with content, and
satisfaction with platform organization presented satis-
faction percentages over 95.5% in the different courses.
Our findings are consistent with several studies in other
related fields reporting students’ positive perception of
e-learning resources.24,25,36

Time management is considered one of the most
valuable aspects that e-leaning brings to educational
context, allowing students to control their study time
and content progression, and this was also recognized
by the students in the present study, with 94.3% of the
respondents classifying e-learning as useful for time
management.

Another relevant aspect explored was the influence
of e-learning in practical sessions, since e-lessons

included didactic figures, schemes/graphics, videos of
rodent behaviour, handling, and practical procedures.
An overwhelming majority considered e-learning to be
helpful/very helpful as a preparation for the practical
classes. Indeed, the e-learning platform seems to have
been perceived by students not only as a way to deliver
theoretical content, but also as an instrument that influ-
enced their practical learning positively. This fact may
be related with the opportunity that online learning
provides to learn and review the execution of practical
procedures as many times as needed. Advanced course
participants with a background in biomedical sciences
had a more positive perception of e-learning as useful
for practical classes as compared with participants with
a veterinary or biology background, who, due to their
previous academic training, are possibly more comfort-
able with the manipulation of living animals. Among
the respondents, 32.6% had no previous experience and
16.7% indicated fear of working with laboratory ani-
mals; however, previous experience and fear did not
affect how useful the e-learning was perceived to be
for practical classes.

Indeed, acceptance of the e-learning approach seems
to be highly influenced by whether students have pre-
vious experience with laboratory animals. Participants
from the introductory (B) and the advanced (C) train-
ing showed the same consistent difference – participants
with more experience (1 year or more) showed less
acceptance of the e-learning approach than participants
with no previous experience with laboratory animals.
Similarly, and particularly in the C course students,
previous experience affected personal perception of
e-learning, and satisfaction with e-learning organiza-
tion and e-learning content, with inexperienced
students showing a more positive perception and
higher levels of satisfaction. It is possible that this
reflects an overall more positive attitude to laboratory
animal science teaching among students who have less
experience and hence may feel that they have more to
gain from the course. Several factors may have contrib-
uted to this difference; factors such as motivation, age,
and maturity have been reported to affect the learners’
satisfactions with e-learning.37,38 Additionally, it is
possible that experienced participants also have less
e-learning expectations, which can lead to low levels
of satisfaction.39,40

Background also influenced the acceptance of the
e-learning, with students with a biomedical sciences
background showing greater e-learning acceptance
than participants with a biology background. This is
likely to be because students from biomedical areas
are not entirely familiar with the contents addressed
in the field of laboratory animal training, whereas par-
ticipants from biology background are. The expect-
ation and the novelty of the content may positively
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influence e-learning acceptance of this particular sub-
group of participants, which have never studied similar
subjects. This hypothesis is corroborated by the differ-
ences found in the satisfaction with e-learning content
(higher in biomedical sciences than in students with
biology background) and also the differences found in
the positive e-learning influence on the practical com-
ponents (higher in biomedical sciences than in students
with a biology or veterinary background). The hypoth-
esis that participants from a biomedical sciences back-
ground could be more experienced in e-learning was
also explored but the results found did not corroborate
this possibility.

Generally, our results show that acceptance of
e-learning was not dependent of sociodemographic or
academic variables such as gender, age, education, pro-
fessional position, or previous e-learning experience.

This study explored the use of e-learning in two cate-
gories of training with different designs of e-learning
use. Our results show that both e-learning formats,
flipped and e-learning as the only vehicle for the theor-
etical component, are accepted in LAS courses.
However, the results are limited, and more studies
will be required to explore whether there is a preferable
course design to include e-learning. Also, the fact that
no group underwent classroom sessions only is a study
limitation, because it limited the possible comparison
between e-learning and classroom learning.

Measurement of psychometric properties such as
perception and satisfaction requires appropriate instru-
ments that are developed and adapted to the specific
context of analysis and meet standard psychometric
validity. Although exploratory, this study addresses
the lack of measurement in the field and constitutes a
precursory effort to develop a measure (QELA) to
explore and assess student perceptions of the e-learning
approach in a LAS context. The fact that the results
distribution of the total acceptance variable presented a
negative skewness, suggests that the instrument needs
further adjustments in order to better reflect the less
helpful or useful aspects of the e-learning approach,
leading to the scale yielding overall very positive satis-
faction outcomes. Further research should continue to
develop, explore, and refine suitable measures to con-
firm the instruments’ psychometric properties in differ-
ent academic, professional, and cultural contexts in
order to evaluate different e-learning strategies and
their implementation in LAS training worldwide.

Conclusion

E-learning has been suggested as a useful resource to
train people that carry out procedures or design experi-
ments with laboratory animals. In this study we found
e-learning to be well accepted by students in LAS

courses at different training levels, who considered it
enjoyable, useful, and effective in this specific context.
Together with the finding that e-learning was accepted
independently of sociodemographic, academic, and
professional features, this suggests that incorporating
e-learning into training programs is beneficial.
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for the implementation and development of e-learning plat-
form on open source Moodle Learning Management System
and all course participants who collaborated in this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: This work is a result of the project funded by Norte-
01-0145-FEDER-000008 – Porto Neurosciences and
Neurologic Disease Research Initiative at I3S, supported by
Norte Portugal Regional Operational Programme (NORTE
2020), under the PORTUGAL 2020 Partnership Agreement,
through the European Regional Development Fund
(FEDER).

ORCID iDs

Andreia Costa https://orcid.org/0000-0001-8285-0065
I. Anna S. Olsson https://orcid.org/0000-0002-4369-8723

Supplemental Material

Supplemental material for this article is available online.

References

1. Kenzig MJ. Lost in Translation: Adapting a Face-to-Face
Course Into an Online Learning Experience. Health
Promot Pract 2015; 16: 625–628.

2. Wang YS, Wang HY and Shee DY. Measuring e-learning
systems success in an organizational context: Scale devel-
opment and validation. Comput Hum Behav 2007; 23:
1792–1808.

3. Zhang D, et al. Can e-learning replace classroom learning?
Commun ACM 2004; 47: 75–79.

4. Ellaway R and Masters K. AMEE Guide 32: e-Learning in
medical education Part 1: Learning, teaching and assess-
ment. Med Teach 2008; 30(5): 455–473.

5. Holsapple CW and Lee-Post A. Defining, assessing, and
promoting e-learning success: an information systems per-
spective. Decision Sci J Innovative Educ 2006; 4: 67–85.

6. Dalipi, F., et al., Rethinking the conventional learning
paradigm towards MOOC based flipped classroom learn-
ing. 2017; DOI: 10.1109/ITHET.2017.8067791.

494 Laboratory Animals 54(5)

https://orcid.org/0000-0001-8285-0065
https://orcid.org/0000-0002-4369-8723


7. Graham CR. Blended learning systems: Definition, cur-
rent trends, and future directions. In: Bonk CJ, and
Graham CR (eds) The Handbook of Blended Learning:
Global Perspectives, Local Designs. New York: Wiley,
2012.

8. Berrett D. How ‘flipping’ the classroom can improve the
traditional lecture. Chron Higher Educ 2012; 31: A16–18.

9. Cook DA and McDonald FS. E-learning: is there any-
thing special about the ‘‘E’’? Perspect Biol Med 2008; 51:
5–21.

10. Govindasamy T. Successful implementation of
e-Learning: Pedagogical considerations. Internet Higher
Educ 2001; 4: 287–299.

11. Messaoudi T, et al. Evaluation of a new eLearning plat-
form for distance teaching of microsurgery. Chirurgie
Main 2015; 34: 109–112.

12. Ruiz JG, Mintzer MJ and Leipzig RM. The impact of
E-learning in medical education. Acad Med 2006; 81:
207–212.

13. Lochner L, et al. Combining traditional anatomy lectures
with e-learning activities: how do students perceive their
learning experience? Int J Med Educ 2016; 7: 69–74.

14. European Commission, Directive 2010/63/EU of the
European Parliament and of the Council of 22
September 2010 on the protection of animals used for
scientific purposes. Official Journal of the European
Union: Brussels, 2010, p 33–79.

15. Crettaz von Roten F. Laboratory animal science course
in Switzerland: participants’ points of view and implica-
tions for organizers. Lab Anim 2018; 52: 69–78.

16. Alessandrini B, et al. Emergency management: e-learning
as an immediate response to veterinary training needs.
Vet Ital 2012; 48: 219–225.

17. Clausen PH, et al. Established and novel approaches for
teaching and learning of veterinary parasitology in Berlin.
Vet Parasitol 2018; 252: 58–61.

18. Wilson MS, Berge E, Maess J, et al., FELASA recom-
mendations on the education and training of persons
working with laboratory animals: categories A and C.
Reports of the Federation of European Laboratory
Animal Science Associations Working Group on
Education accepted by the FELASA Board of
Management. Lab Anim 1995; 29: 121–131.

19. Nevalainen T, et al., FELASA recommendations for the
education and training of persons carrying out animal
experiments (Category B). Report of the Federation of
European Laboratory Animal Science Associations
Working Group on Education of Persons Carrying out
Animal Experiments (Category B) accepted by the
FELASA Board of Management. Lab Anim 2000; 34:
229–235.

20. National Competent Authorities for the implementation
of Directive 2010/63/EU on the protection of animals
used for scientific purposes. A working document on
the development of a common education and training
framework to fulfil the requirements under the
Directive. Brussels, 2019.
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Résumé

Différents cours et programmes de formation en ligne ont émergé partout en Europe ces dernières années en
ce qui concerne les sciences des animaux de laboratoire (LAS). La formation en ligne semble constituer une
solution prometteuse pour développer la flexibilité des programmes de formation tout en répondant aux
critères de qualité exigeants de programmes de formation courts. On ne sait toutefois que peu de choses
sur la façon dont les étudiants perçoivent l’apprentissage en ligne dans ce contexte, et il existe peu d’instru-
ments valables et spécifiques pour mesurer cette perception.

Dans un cadre d’étude exploratoire, la perception de l’apprentissage en ligne de 229 participants à 15 cours
se déroulant au Portugal en utilisant deux différents formats de formation en ligne, à savoir en classe
inversée et en formation théorique en ligne complète, a été évaluée. À cette fin, le questionnaire d’acceptation
de l’apprentissage en ligne (QELA), qui comprend 32 éléments de type Likert et 5 sous-échelles, a été
développé afin d’explorer la perception de la formation en ligne par les participants, la satisfaction vis-à-
vis de l’organisation et du contenu, la perception de la pertinence de la formation en ligne en ce qui concerne
la gestion du temps et son influence sur la formation pratique.

En général, l’apprentissage en ligne était bien accepté et perçu comme fonctionnant bien, et comme étant
utile par la majorité des participants aux cours, indépendamment du niveau du cours et de l’approche adoptée
quant à la formation en ligne. Ces résultats suggèrent en effet que l’intégration de l’apprentissage en ligne
s’avère utile en ce qui concerne la formation aux LAS. Nous proposons également le QELA comme point de
départ pour le développement et la mise en œuvre d’instruments spécifiques permettant d’évaluer l’accep-
tation de l’apprentissage en ligne en ce qui concerne les LAS à travers un large éventail de régions géo-
graphiques et de contextes de formation.

Abstract

In den vergangenen Jahren sind überall in Europa Online-Kurse und Ausbildungsprogramme für
Versuchstierkunde (LAS) erarbeitet worden. E-Learning scheint eine vielversprechende Lösung zu sein, um
Flexibilität in den Trainingsprogrammen zu erreichen und gleichzeitig die Qualitätskriterien anspruchsvoller
Programme in kurzen Ausbildungszeiten zu erfüllen. Es ist jedoch wenig darüber bekannt, wie die
Studierenden E-Learning in diesem Zusammenhang wahrnehmen, und es fehlt zudem an konkreten und
validen Instrumenten zur Messung dieser Wahrnehmung.

Im Rahmen einer explorativen Studie wurde die E-Learning-Wahrnehmung von 229 Teilnehmern in 15
Kursen in Portugal unter Einsatz von zwei verschiedenen Online-Trainingsformaten, dem Umgedrehten
Unterricht und dem kompletten theoretischen Online-Training, bewertet. Zu diesem Zweck wurde der
Fragebogen zur Akzeptanz von E-Learning (QELA), eine 32 Punkte umfassende Likert-artige Skala mit 5
Subskalen, entwickelt, um Folgendes zu untersuchen: wie die Teilnehmer E-Learning wahrnehmen, die
Zufriedenheit mit Durchführung und Inhalt, die Wahrnehmung der E-Learning-Relevanz für das
Zeitmanagement und ihr Einfluss auf die praktische Ausbildung.

Grundsätzlich wurde E-Learning von der Mehrheit der Kursteilnehmer gut angenommen und als gut
funktionierend und nützlich empfunden, unabhängig von der Kursstufe und dem Konzept des E-Learning-
Formats. Diese Ergebnisse legen durchaus nahe, dass die Integration von E-Learning in die LAS-Schulung
sinnvoll ist. Wir empfehlen den QELA auch als Grundlage für Entwicklung und Umsetzung konkreter
Instrumente zur Bewertung der Akzeptanz von E-Learning in LAS in einem breiteren Spektrum von geogra-
fischen und Ausbildungskontexten.

Resumen

En los últimos años, han surgido distintos cursos en lı́nea y programas de formación sobre ciencias de
animales de laboratorio (LAS) en Europa. El aprendizaje en lı́nea parece ser una solución prometedora
para conseguir flexibilidad en los programas de formación cumpliendo a su vez los criterios de calidad de
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distintos programas exigentes en periodos de formación breves. Sin embargo, no hay mucha información
sobre cómo los estudiantes perciben la formación en lı́nea en este contexto y también existe una falta de
instrumentos válidos y especı́ficos para evaluar esta percepción.

Dentro de un marco de estudio exploratorio, se evaluó la percepción de la formación en lı́nea de 229
participantes en 15 cursos en Portugal que utilizaron dos formatos de formación en lı́nea diferentes, aula
invertida y formación teórica en lı́nea total. Para este fin, el Cuestionario de Aceptación de Formación en Lı́nea
(QELA), una escala de tipo Likert de 32 elementos de conformidad que comprendı́a 5 subescalas, fue creado
para explorar: cómo los participantes perciben el aprendizaje en lı́nea, la satisfacción con la organización y
contenido, la percepción de la relevancia del aprendizaje en lı́nea para la gestión de tiempo y su influencia
para la formación práctica.

En general, el aprendizaje en lı́nea fue bien aceptado y se consideraba satisfactorio y útil por la mayorı́a de
los participantes de cursos, independientemente del nivel del curso y del método del formato del aprendizaje
en lı́nea. Estos resultados, en efecto, sugieren que la integración de la formación en lı́nea es de gran utilidad
para la formación LAS. También proponemos el QELA como punto de partida para desarrollar e implementar
instrumentos especı́ficos para evaluar la aceptación del aprendizaje en lı́nea en LAS en una amplia gama de
contextos geográficos y de formación.
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The assessment of researchers’
competence in experimental procedures
with laboratory animals: A three-step
methodology to develop a global
rating scale

Andreia Costa1,2,3 , Sofia Lamas1,2 , Manuel J Costa4 and
I Anna S Olsson1,2

Abstract
To conduct animal experiments, researchers must be competent to handle and perform interventions on
living animals in compliance with regulations. Laboratory animal science training programmes and licensing
bodies therefore need to be able to reliably ensure and certify the professional competence of researchers
and technicians. This requires access to assessment strategies which can verify knowledge as well as cap-
turing performative and behavioural dimensions of assessment. In this paper, we describe the process of
developing different global rating scales measuring candidates’ competence in a performative assessment.
We set out the following sequence, with three crucial phases, in the process of scale development: (a) Item
Development, (b) Scale Development and (c) Piloting of the Scale. We note each phase’s different sub-steps.
Despite the emergent need to ensure the competence of researchers using animals in scientific procedures,
to our best knowledge there are very few species and procedure/skill specific assessment tools for this
purpose, and the assessment methodology literature in the field is very limited. This paper provides guidance
for those who need to develop and assess proficiency in laboratory animal procedures by setting out a
method that can be used to create the required tools and illustrating how competence assessment strategies
can be implemented.

Keywords
Assessment of competence, professional competence, global rating scales and checklists, laboratory animal
science proficiency, laboratory animal training supervision
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Introduction

Researchers and technicians conducting animal experi-
ments must be professionally competent to handle and
perform interventions on living animals in compliance
with regulations and the 3Rs principle.1 Laboratory
animal science (LAS) training programmes, licensing
bodies and research institutions are therefore expected
to reliably ensure and certify the professional compe-
tence of researchers for such purposes.1,2 Building
upon the definition provided by Epstein and Hundert
(2002) for medical doctors,3 we define professional
competence as the habitual use of knowledge, technical
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skills, emotions, values and reflection in daily practice,
by researchers handling animals for the sake of animal
welfare and scientific validity. Any demonstration of
professional competence will involve a complex assess-
ment with cognitive, psychomotor and emotional
dimensions. This calls for the development of fit-for-
purpose assessment tools capable of differentiating
competent animal scientists from their less well pre-
pared, insufficiently competent fellow professionals.
In this endeavour, it is helpful to examine research
that has solved contextually identical challenges in
other fields, in particular human medicine, in which
there is a longer tradition of developing assessment
tools for interventions involving living beings.

The level of credibility of an assessment instrument
at the performative and behavioural levels will show
how accurately it captures the various dimensions of
competence of those being assessed. The term validity is
used to refer to this accuracy of measurement. The
development of new instruments, with the ultimate
aim of achieving reliable and valid evaluations,
involves a series of steps. The demonstration of an
instrument’s validity requires evidence-based argument
that the instrument captures what it was intended to.4,5

Professional competence to perform experiments
with animals is a multidimensional construct. Three
dimensions can be separated: (1) theoretical and tech-
nical knowledge (e.g. of maximum volumes of solution
per administration, the selection of an appropriate
route and/or site); (2) technical ability (e.g. in animal
restraint or needle/syringe manipulation); and (3) atti-
tudinal ability (including motivation, professionalism,
values, attitude and empathy when handling an
animal). Systematic assessment of professional compe-
tence therefore needs to go beyond tests in the knowl-
edge dimension. It must use tools to assess skills and
behaviours, whether in controlled or in real, profes-
sional settings. In designing these complex assessments
it is useful to consider a simple framework developed
for medical education. ‘Miller’s pyramid’6 classifies
competence at four levels: first, there is (a) knows
and (b) knows how (both cognition). Then there is (c)
shows how and (d) does (performative and behaviou-
ral). At cognition levels (a) and (b) competence is usu-
ally assessed through essays or written tests designed
with close-ended or selected response questions (see
Khan and Aljarallah7 and Hawkins and Swanson8).
At higher levels (c) and (d), behaviour is assessed
through observation of performance in professional
tasks and simulated or authentic settings.
Performance is generally marked on checklists or
global rating scales.9,10 Simulation-based assessments
in controlled settings are easier to implement than
workplace-based assessments and also less influenced
by assessor bias.11,12 An example of a widely

established simulation method in health sciences and
veterinary education is the Objective Structured
Clinical Examination (OSCE).13,14 This versatile,15

valid, reliable and feasible16 approach to the assess-
ment of clinical skills at the third level of Miller’s pyr-
amid has been widely adopted across distinct
educational areas in many countries.14 OSCEs involve
a circuit of short steps, or stations, at each of which the
candidate is required to perform a specific task, gener-
ally under examiner supervision (so-called manned sta-
tions). Candidates rotate through a specific circuit,
completing all the stations.17,18

The creation of an assessment in LAS inspired in the
OSCE model – for example, an Objective Structured
Laboratory Animal Science Exam (OSLASE) – judging
the actual technical performance of trainees would
make an important contribution to the evaluation of
professional competence in animal science. A represen-
tative OSLASE will ideally include a variety of stations
so that it covers the full range of learning outcomes for
the training. If we are to develop a complete OSCE we
will need to determine which stations to include. It will
also be necessary to develop scales to capture candidate
performance at each station. Although there should be
specific scales for each station, all of the scales can be
designed and evaluated following the same
methodology.

In this paper, we set out a method for developing
global rating scales. We illustrate the process of instru-
ment development, focusing on a tool for the assess-
ment of applicants’ proficiency in the execution of key
procedures with laboratory rodents. Whereas we pre-
sent this approach for an OSLASE, the methodology
we present is not limited to this specific context. It is
relevant for the development of a variety of instru-
ments for assessing professional competence in han-
dling and performing procedures with live animals (or
even in dummies, when restrictions exist) – whether the
assessment is part of an examination after a period of
training or workplace-based and designed for new
researchers arriving at animal facilities with previous
experience and training who are required to demon-
strate their competence.

Compared with related fields such as medicine and
veterinary medicine, the literature on assessment meth-
odology for LAS is limited. The importance of assess-
ment strategies to verify competence has been
highlighted in several papers and reports,2,19–22 but to
our knowledge the only publicly available assessment
tool is the set of competence assessment templates pub-
lished by The Laboratory Animal Science
Association.21 The Education and Training Platform
for Laboratory Animal Science have been working
through their working groups aiming to develop
Directly Observed Practical Skills for objective
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competence assessment.22 The work presented in this
paper, the first in the field, outlines a methodology
integrating the initial and basic steps needed to gener-
ate a global rating scale for the assessment of profes-
sional competence in frequently used procedures with
live animals. Our work is guided by recommendations
made by Boateng and colleagues for the systematic and
sequential process of developing a scale through Item
Development, Scale Development and Piloting of the
Scale.23

The development of a scale to assess
competence in handling and procedures
involving living animals

A. Item Development

The Item Development phase (A in Figure 1) includes
procedure selection and content validity analysis. In
other words, it involves selection of the task(s) for the
candidates to perform and of the aspects of perfor-
mance to be assessed. Procedures were selected meeting
the following criteria: (a) an essential procedure related
to work with living rodents which authorized research-
ers must perform without supervision; (b) to some
extent applicable across the most common laboratory
rodents, implying the same basic principles for both
rats and mice (e.g. subcutaneous administration is per-
formed in a similar manner); and (c) pervasive in train-
ing and certification programmes across countries.
These criteria can be adjusted according to the trainer’s
and institution’s needs, and their establishment prior to
item development is relevant for instrument validity.

Items were generated using a deductive method,
starting with the revision of reference materials23,24

and breaking the procedure down into key, indepen-
dent sub-steps. This technique was repeated for each
procedure separately, resulting in one scale for each of
the four selected procedures.

The focus of the next step was on content validity,25

the ability of the instrument to measure the competence
of researchers in handling and performing procedures
in rodents. Work here was led by a core team contain-
ing professionals with expertise in LAS (teaching as
well as the performance of procedures) and experts
with know-how in biomedical teaching methods. The
team comprised the four co-authors of this paper, all of
whom participated in, or oversaw, all steps of the meth-
od’s development. The team worked together to define
descriptor words, to ensure specificity, and to select
appropriate vocabulary to represent a specific move-
ment. As a component of content validity, we also con-
sidered face validity (i.e. the degree to which assessors
judge that the scale items are appropriate to the

targeted assessment objectives24) by discussing the
scales with two independent experts with experience
in performing and teaching the selected procedures.
The output of this phase was a first version of the
scale consisting of a list of aspects of performance to
be assessed and descriptors of performance at different
levels of competence.

B. Scale Development

The second phase, Scale Development (B in Figure 1),
consisted in scale pre-testing and administration, and
item reduction. During pre-testing, scale descriptors
were refined by the team to ensure that they were
meaningful to the assessors (our target population).
This is crucial to guarantee that the descriptors under-
pinning the object of judgement – the sub-step of the
skill, such as ‘depth of puncture/angle’ during the intra-
peritoneal administration – make sense for the asses-
sors that are going apply the instrument.
Misinterpretations and errors were corrected before
the scales were administered with the desired effect.
During the administration phase, the scales were
tested under both simulated (i.e. with volunteers per-
forming on mannequins) and authentic conditions (i.e.
competent staff executing the procedures at the facili-
ty). Pretesting and administration were carried out in
different phases by two of the panel members, AC and
SL (the assessors, both LAS tutors), and with a panel
of professionals, all with expertise in the procedures
under assessment with the global rating scale (GRS).

The focus at this stage was on establishing consensus
on the approval criteria and the standard for the pro-
cedure (i.e. a description of what performing the pro-
cedure correctly involves).

Setting the expected performances for each rating
category of the procedure helped, at this stage, to clar-
ify which items were essential (sometimes referred to as
‘killing items’ because they were items in which poor
performance would always lead to the failing of a can-
didate). This reduced the scale so that it included only
critical items for performance assessment (item reduc-
tion). Item descriptors were also condensed where it
was suitable to do so, and open-ended items were
completely removed from the instrument, since they
turned out to be too time-consuming to fit into the
assessment of a short procedure. Team discussion
during standard setting was also important in establish-
ing the score categories for performance rating. One of
the main refinements introduced in this phase was the
reduction of the number of rating categories used to
score the instrument items. We concluded that three
categories were adequate given the procedure’s dura-
tion (short procedures< 90 seconds), so that this reduc-
tion could be made without compromising the
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assessment process. We recommend that the time can-
didates are allowed to attempt the procedure is limited
to 90 seconds in order not to compromise animal wel-
fare. A trainee who is proficient to work without super-
vision needs around 30 seconds to execute the task.

This stage involved a highly iterative process, with
sequential feedback from the assessors to the other
team members (after each administration) and vice-
versa (restoring the main adjustments), and with rota-
tion between the three stage-steps whenever necessary,
until the stage had been completed. This resulted in a
complete version of the scale, which, as soon as it was
working acceptably well, was applied individually by
two assessors who had participated in the development
(AC and SL). After establishing that the assessments
were concordant and gave similar GRS outputs when
applied to the same demonstrations, we moved to the
third and final step in the development of the scale.

C. Piloting of the Scale

Piloting of the Scale (C in Figure 1) was the last stage
and served to ensure the scale’s applicability with a
wider range of assessors. Before introducing the scale
into assessments involving living animals, the first pilot

trial used video recordings of comparable procedures
on mannequins, performed at distinct levels of profi-
ciency. Videos of excellent, satisfactory and poor per-
formances were captured at our institute animal
facilities, or obtained from free online Internet resour-
ces, to mimic different types of possible candidate
performance.

When the scale had been trialled, and after assessors
had been appropriately trained using video recordings
in performance rating, the scale was finally introduced
in a real evaluation scenario with course participants.
All participants involved gave prior consent to the
inclusion of their rating performances in this study.
The scale was administered several times, in different
contexts, with feedback from assessors to the team and
subsequent amendments of the scale where necessary.
For details of these scale adjustments, see Figure 2.

Discussion and conclusion

EU directive 2010/63/EU and its corresponding imple-
mentation guidance documents2 require the competen-
cy of members of the animal users community to be
assessed. This study explores the methodology behind
the development of a GRS to assess competence, as

Figure 1. Scheme illustrating the operationalization of Miller’s pyramid of assessment to evaluate professional competence
in laboratory rodent experimentation at the performative and behavioural levels. The figure highlights the most represen-
tative stages of scale development: A. Item Development, B. Scale Development and C. Piloting of the Scale.
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current literature provides minimal guidance on how
these instruments should be developed. Although
there is currently very little research into education
methods, competency assessment and proficiency veri-
fication in the LAS field, much can be learned from the
field of medical education. In this paper, we have
described the development of a rating instrument for
assessing competence in conducting procedures with
live animals (or in dummies). Our aim was to

illustrate a general method of scale development that
can be used to respond to the challenges presented by
the EU directive. The method was adopted from estab-
lished procedures for the development of OSCE sta-
tions employed in medical education,26 drawing also
on Boateng and colleagues’ systematic process for
instrument development,23 and is applicable to several
contexts where assessment of professional competence
is required.

Figure 2. Steps in the adjustment of the instrument mainly resulting from phase C. Piloting of the Scale. The definitions
of educational terms are provided by the National Council on Measurement in Education: https://www.ncme.org/resour
ces/glossary.
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In the present work, we used simulations for scale
development and assessor training. In our approach, in
its final implementation the scale will be used in the real
context of procedures on living animals. This is in line
with the guidance on competency assessment given
under Directive 2010/63/EU, which states that ‘The
assessor should observe and evaluate the trainee
performing the procedures to assess practical compe-
tence’.2 The final GRSs applying the methodology
described in this paper are available for review
and use.27

The methodology we have reported ensures validity
in the development process. Validity, that is, how accu-
rately a measurement or result corresponds to what it is
intended to measure,7 is key in the development of
assessment instruments. Downing has highlighted that
‘validity is the sine qua non of assessment, as without
evidence of validity, assessments in medical education
have little or no intrinsic meaning’.8 The overall valid-
ity of an exam for assessment of competence, whether
an OSCE or other type of practical assessment, is
directly influenced by the validity and reliability of
the tools and process of scoring examinees. The scoring
tools can be checklists or GRSs. Checklists are easy to
apply and show higher inter-rater reliability, while
GRSs are capable of differentiated levels of proficiency
and expertise.30–32 We opted for the GRS in our
approach, as this best fitted our aim to develop an
instrument that will be applicable in training scenarios,
where capturing increasing levels of proficiency while
limiting the number of performance assessments with
live animals is important. GRSs were fit for purpose
assessment tools for summative – ‘assessment of learn-
ing’ – and for formative – ‘assessment for learning’ –
purposes. We have primarily used the GRSs in exams
to infer whether candidates had developed competence
to a level suitable for being ‘signed off’ to work unsu-
pervised. The instruments are equally useful to provide
objective and directed feedback and orientate the train-
ee process of skills acquisition. For example, the assess-
ment records of individual candidates identify the
specific aspects that candidates need to develop further.
The process described in this paper is applicable in the
development of a checklist as well as a GRS.

Professional competence to perform experiments
with animals is a multidimensional construct, encom-
passing theoretical and technical knowledge, technical
ability and attitudinal competence. Our focus was on
the dimensions of technical and attitudinal ability.
However, the systematic verification of the scales’ con-
tent validity also indicated that the instruments we
developed were suitable for the procedure under
analysis and adequate to measure the candidate’s pro-
ficiency in those dimensions – technical and attitudinal
– through evaluation of the proposed task.

Taking all scale developmental adjustments into
account, we found that reducing the number of items
and condensing the descriptors to bring the amount of
text down to a minimum were absolutely key to
guaranteeing that the scale is feasible, as assessors
struggled to read lengthier definitions while supervising
and scoring simultaneously. In practice, the procedure
described here took place over a period of several
months. However, the timeframe needed will be
highly dependent of the resources available at the insti-
tution, particularly the availability of persons with
expertise (on the targeted competencies/procedure or
skill to be assessed) and the opportunities for testing
the scales in assessment situations. Based on this expe-
rience, in the present paper we address how this process
can be simplified by following the systematic and stan-
dard approach we propose here. Particular attention
should be paid to the choice of items and descriptors.
The number of items should be limited (< 10 per scale),
preference should be given to ‘killing items’ and redun-
dant items avoided. Descriptors should be short and
objective, and the items and descriptors listed chrono-
logically according to the procedure. Although time
will be required to prepare the assessors for the scale
administration, by following this approach the scale
development will be less time consuming.

The present paper focuses on the scale development
process. After finalizing and validating the scale, and
before implementing it as an assessment tool in an
institutional setting, the assessors must be trained. As
in every observational examination, the reliability of
assessors will condition the reliability of summative
assessments of experimental procedures with laborato-
ry animals with the GRS. Indeed, under the same con-
ditions for the observed competence in examinations,
all assessors should interpret the evidence collected
with the GRSs and reach the same decision on the
competence of a candidate. Therefore, the assessors
need training to ensure reliability and minimize errors
likely caused by dissimilar scale use.33,34 Training
should ensure that assessors reliably use the instru-
ments to identify correct and incorrect performances.
Assessors need clear instructions on how to apply the
scale and they need to be aware of pass/fail criteria. In
the present context, where living animals are used, it is
also crucial for assessors to know how, and when, to
interrupt demonstrations to avoid unnecessary animal
distress. The training could consist of iteration cycles of
performance ratings of video recordings of perfor-
mance at several levels of competency, followed by
debriefing, until the necessary level of accuracy is
attained. There is a lack of guidance and research on
methodology to develop assessment tools for use in the
LAS context with established validity, despite the emer-
gent need to ensure the competence of researchers who
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use animals in scientific procedures. In the present
paper, we have outlined, and illustrated, a method
that we hope will provide guidance for those involved
in the development of further assessment tools.
Our aim has been to support the specific scientific com-
munity of LAS researchers in their efforts to implement
valid assessment strategies centring on the verification
of professional competence during initial training
stages or later.
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L’!evaluation de la comp!etence des chercheurs en proc!edures exp!erimentales avec des animaux de labo-
ratoire: m!ethodologie en trois !etapes pour d!evelopper une !echelle de notation globale.

R!esum!e
Afin de mener des exp!eriences sur des animaux, les chercheurs doivent être comp!etents pour manipuler et
effectuer des interventions sur des animaux vivants, conform!ement à la r!eglementation. Les programmes de
formation en sciences animales de laboratoire et les organismes de d!elivrance de licences doivent donc être
en mesure d’assurer et de certifier de mani"ere fiable la comp!etence professionnelle des chercheurs et des
techniciens. Cela n!ecessite l’acc"es à des strat!egies d’!evaluation à même de v!erifier les connaissances et de
saisir les dimensions performatives et comportementales de l’!evaluation. Dans cet article, nous d!ecrivons le
processus d’!elaboration de diff!erentes !echelles de notation mondiales mesurant la comp!etence des candi-
dats dans une !evaluation performative. Nous avons d!efini la s!equence suivante, avec trois phases cruciales,
dans le processus de d!eveloppement de l’!echelle: (A) D!eveloppement de point, (B) D!eveloppement de
l’!echelle et (C) Utilisation de l’!echelle. Nous notons les diff!erentes sous-!etapes de chaque phase. Malgr!e
le besoin !emergent d’assurer la comp!etence des chercheurs utilisant les animaux dans les proc!edures
scientifiques, à notre connaissance il existe tr"es peu d’outils d’!evaluation sp!ecifiques aux esp"eces et aux
proc!edures/comp!etences à cette fin, et la litt!erature sur la m!ethodologie d’!evaluation dans ce domaine est
tr"es limit!ee. Cet article fournit des conseils à ceux qui ont besoin de d!evelopper et d’!evaluer la comp!etence
dans les proc!edures relatives aux animaux de laboratoire en d!efinissant une m!ethode qui peut être utilis!ee
pour cr!eer les outils requis et en illustrant comment les strat!egies d’!evaluation des comp!etences peuvent
être mises en œuvre.

Die Bewertung der Kompetenz von Forschern bei experimentellen Verfahren mit Labortieren – dreistu-
fige Methodik zur Entwicklung einer umfassenden Bewertungsskala
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Abstract
Forscher müssen über entsprechende Kompetenz verfügen, wenn sie Tierversuche durchführen, das heißt,
sie müssen wissen, wie mit lebenden Tieren umzugehen ist und wie Eingriffe unter Einhaltung der
Vorschriften erfolgen müssen. Ausbildungsprogramme für Versuchstierkunde und Zulassungsstellen
müssen daher in der Lage sein, die fachliche Kompetenz von Forschern und Technikern zuverl€assig zu
gew€ahrleisten und zu zertifizieren. Dies erfordert den Zugang zu Beurteilungs-Strategien, die sowohl
Wissen verifizieren als auch leistungs- und verhaltensbezogene Dimensionen der Beurteilung erfassen
k€onnen. Im vorliegenden Beitrag beschreiben wir den Prozess der Entwicklung verschiedener umfassender
Bewertungsskalen, die die Kompetenz der Kandidaten in einer leistungsbezogenen Beurteilung messen. Wir
stellen den folgenden Ablauf mit drei entscheidenden Phasen im Prozess der Skalenentwicklung dar: (A)
Itementwicklung, (B) Skalenentwicklung und (C) Pilotierung der Skala. Wir vermerken die einzelnen
Teilschritte jeder Phase. Trotz der sich abzeichnenden Notwendigkeit, die Kompetenz von Forschern sicher-
zustellen, die Tiere in wissenschaftlichen Verfahren einsetzen, gibt es unseres Wissens nur sehr wenige
arten- und verfahrens- bzw. f€ahigkeitsspezifische Beurteilungsinstrumente für diesen Zweck, und die
Literatur zur Beurteilungsmethodik auf diesem Gebiet ist sehr beschr€ankt. Dieser Artikel bietet eine
Anleitung für jene, die Kompetenz in Verfahren mit Labortieren entwickeln und beurteilen müssen, indem
er eine Methode aufzeigt, die zur Erstellung der erforderlichen Instrumente verwendet werden kann, und
veranschaulicht, wie Kompetenzbeurteilungsstrategien implementiert werden k€onnen.

Evaluaci!on de la competencia de investigadores de procesos experimentales con animales de laboratorio:
Un modelo de tres pasos para crear una escala de calificaci!on global

Resumen
Para realizar experimentos con animales, los investigadores deben ser lo suficientemente competentes para
manipular y llevar a cabo intervenciones con animales vivos en cumplimiento de las normativas vigentes. Por
tanto los programas de formaci!on cient!ıfica con animales de laboratorio as!ı como los organismos de licen-
cias deben ser capaces de garantizar y certificar razonablemente la competencia profesional de los inves-
tigadores y t!ecnicos. Esto requiere acceso a estrategias de evaluaci!on para poder verificar el conocimiento
del que estos disponen as!ı como registrar las dimensiones de comportamiento y ejecuci!on de las evalua-
ciones. En este estudio, describimos el proceso de creaci!on de distintas escalas de calificaci!on global para
medir la competencia de los candidatos mediante una evaluaci!on de carácter performativo. Establecemos la
siguiente secuencia, con tres fases cruciales, en el proceso de creaci!on de la escala:(A) Desarrollo del
elemento, (B) Creaci!on de la escala y (C) Pilotaje de la Escala. Registramos los distintos subpasos de
cada fase. A pesar de la necesidad emergente de garantizar la competencia de los investigadores que utilizan
animales para procesos cient!ıficos, seg!un nuestro leal saber y entender, existen pocas herramientas de
evaluaci!on concretas de procesos/pericia y de pocos tipos para este fin, y el n!umero de documentos sobre
metodolog!ıas de evaluaci!on en este sector es muy limitado. Este estudio ofrece unas directrices para
aquellos que necesitan desarrollar y evaluar la eficacia de los procesos con animales de laboratorio esta-
bleciendo un m!etodo que puede utilizarse para crear las herramientas adecuadas y para ilustrar c!omo
pueden implementarse estrategias de evaluaci!on de la competencia.
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Abstract 

Evaluating the competence of personnel working with laboratory animals is currently a 

challenge. Directive 2010/63/EU establishes that staff must have demonstrated 

competence before they perform unsupervised work with living animals. Nevertheless, 

there is a lack of research into education and training in Laboratory Animal Science (LAS) 

and the establishment of assessment strategies to confirm researchers’ competence 

remains largely unexplored.  

In this study we analyze the implementation of a practical assessment strategy, 

using the Objective Structured Laboratory Animal Science Exam (OSLASE) developed by 

us in previous work to assess professional competence. The interrater reliability (IRR) was 

determined based on the assessors rating of candidates’ performance at different OSLASE 

stations using Weighed Kappa (Kw) and percentage of agreement. Focus group interviews 

were also conducted to access trainees' acceptability regarding the OSLASE. 

There was a moderate to good Kw for the majority of the scales’ items (0.79 ± 0.20 

≤ Kw ≥ 0.45 ± 0.13). Percentages of agreement also revealed acceptable values (≥ 75%) 

for all scales’ items, excluding one. Trainees reported the OSLASE to have a positive impact 

on engagement during practical training, and that it clarified the standards established for 

the performance and the skills a trainee would need to improve. These preliminary results 

illustrate how assessment strategies, such as OSLASE, can be implemented in a way that 

is useful for both assessors and trainees. 
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Introduction 

Driven by an increased awareness of the importance of ensuring researchers’ professional 

competence in animal experimentation to safeguard animal welfare, the interest in the 

design and implementation of innovative assessment methods is increasing notoriously. 

This appears not only as an imposition of the revised European legislation  (1, 2), but also 

as a way to guarantee the 3Rs application in practice (3).  

The Directive 2010/63/EU establishes that staff  working with living animals must be 

“adequately educated and trained” and “supervised in the performance of their tasks until 

they have demonstrated the requisite competence” (2). The related working document for 

a common education and training framework further clarifies that assessment of practical 

competence should rely on observations of trainees performing the procedures (1). Such 

regulations call out for more attention of education and training supervisors to competence 

and assessment constructs in the Laboratory Animal Science (LAS) context (4). Ensuring 

professional competence in LAS through observational assessments is critical at different 

stages of learning. For example, as a final examination at the conclusion of LAS training 

before the beginning of autonomous work, or as a formative work-integrated assessment 

as part of Continuing Professional Development (CPD).  

The field of laboratory animal science can draw on the extensive knowledge on the 

assessment of professional competence developed in medical and health professions 

education. In these fields, driven by specific professional regulations and the agenda of 

patient safety, concepts as competence, performance and assessment methods validity 

and reliability have been largely explored (5-7). Assessments are crucial elements in the 

educational process and have a role to play in every phase of professional development 

(8).  Assessment plays a key role in the process of learning, having a positive impact and 

influencing learners in how they plan and carry out their studies (6-9). 

Regardless of when the practical assessment takes place, choosing an adequate 

format is a key element of ensuring that an assessment is capable of measuring what is 

intended. In LAS, there is a need for the observational measurement of professional 

competence, by capturing dimensions of performance other than cognitive knowledge, 

which is suitably assessed by traditional written tests. In this sense, the format and the 

design of assessments must be planned to be able to capture psychomotor (technical 

ability) and if possible emotional/attitudinal aspects (such as professionalism or empathy 

with animals (10). Although LAS training programs are increasingly focusing on professional 

competence in practice, assessments focused on abilities in this domain are still lacking. 

As part of an ongoing project at our institution aimed at developing an Objective Structured 

Laboratory Animal Science Exam (OSLASE) of researchers’ competence, we have 

previously developed instruments to capture the performance of researchers in handling 
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and performing substance administrations in laboratory rodents (10, 11).  In this study we 

continue the development process evaluating the Interrater Reliability of assessors and the 

acceptability of the OSLASE for those who have taken the examination. These are two 

important elements to better understand the relevance and the assessment impact. 

Interrater reliability is critical for the reliability of any assessment. As the OSLASE is quite 

different from existing examinations, understanding how participants experience the 

examination should reveal the impact on their motivation and engagement, exam 

preparation and development of competence.  

 

Materials and methods 

 
Study design and setting 
This study included participants who completed Advanced (Directive Functions A, B and D) 

and Introductory (Directive Functions A and D) LAS training for rodent species.  The 

Objective Structured Laboratory Animal Science Exam (OSLASE) practical assessment is 

an examination designed to test LAS skills performance and competence inspired in the 

widely used model of the OSCE (Objective Structured Clinical Examination) in health 

professions education (10, 12). The exam consisted of four manned stations in which 

participants were observed performing essential and routine procedures with laboratory 

rodents: mouse restraint (MR), rat restraint (RR), mouse intraperitoneal administration 

(MIA) and rat subcutaneous administrations (RSA). All stations were timed and consisted 

on handling and restraint of a live rodent (MR; RR) and execution of procedure with 

mannequins (MIA; RSA). In both contexts (Introductory and Advanced courses), 

performances were assessed by trained examiners supported by a global rating scale 

(GRS) specifically developed for these procedures (11).  

In our institution, achieving passing mark in the OSLASE (practical assessment) is 

necessary to successfully conclude the LAS course and those who fail need to retake the 

practical training. In the introductory course, trainees take the OSLASE and a written 

assessment at the end of training. These are completed with a period of tutor-supervised 

training at the animal facility. A choice of dates for the OSLASE is offered between two 

options spaced approximately by one-month. In the advanced course, OSLASE was 

integrated as a performance evaluation in the rodent handling practical module, which has 

two sessions and the trainee gets to choose in which session he/she wants to do the 

assessment.  In this case, OSLASE consists in a demonstration of mouse and rat restraint. 

In both training levels, trainees are assessed individually in a standardized scenario by a 

trained assessor. Table 1 summarizes the main aspects of each of the training courses.  
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Table 1 | Training courses assessment aspects.  

 
 

OSLASE set up 
In each station, assessors used a specific global rating composed of 7 to 9 items with 

descriptors, listed sequentially. The final item for each scale is the “Global Impression” item. 

All scales’ items present 3 score categories for performance rating: fail, pass, clear pass.  

In introductory LAS courses, candidates were assessed individually, by the first and second 

author of this study, at the end of the training period. The two assessors assessed each 

candidate (N=92) independently, at the same time, by direct observation of performances. 

Not all candidates included in the sample performed the complete exam, including the 4 

stations. Some candidates fail at the first item of the scales which leads to failing the 

performance (ex: fail to pick animal from the cage). In these circumstances, the exam is 

ended.  Also, a few candidates only received training for one of the species and therefore 

performed only stations related with that species (e. g. when training for work with mouse, 

performed MR and IPM). 

 

Evaluation of Interrater agreement 
The evaluation of the OSLASE for the purpose of this paper included assessing the 

agreement between the ratings of the two assessors - the interrater reliability (IRR) - in two 

ways: the percentage of absolute agreement (% of agreement) and weighted kappa (Kw) 

statistic. These are recommended methods to determine assessors agreement, due to the 

recognition of the importance of decisions in healthcare and clinical research supported by 

interrater reliability results (13). Percent of absolute agreement between the two assessors 

was the number of concordant scores divided by the total number of scores. A range from 

75% to 90% of absolute agreement is considered to be at an acceptable level (13, 14). The 

INTRODUCTORY course ADVANCED course

ASSESSMENT TIMING Final 
[At the end of practical training]

During training process
[Between practical course modules, 
end of handling module]

OSLASE STATIONS mouse restraint 
rat restraint
mouse intraperitoneal administration 
rat subcutaneous administration

mouse restraint
rat restraint

DATA COLLECTED interrater agreement 
trainees exam acceptability 

trainees exam acceptability 
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weighted kappa (Kw), with linear weighting, was calculated for all scale items of the four 

global rating scales and for the global impression item (the last item of each scale). Kw 

allows to weight disagreements differently, which is especially useful in studies applying 

scales with ordered rating categories, so that it confers greater emphasis to large 

differences between ratings than to small differences (15-17). Kappa values representing 

the agreement between raters were interpreted according to the following: <0.20 poor ; 

0.21− 0.40 fair; 0.41 − 0.60 moderate; 0.61 − 0.80 good and 0.81 − 1.00 very good (18) . 

The analyses were performed using the statistical software package SPSS 21, SPSS Inc. 

Chicago, USA.  

 

Evaluation of acceptability 
To capture a variety of perceptions in both course levels concerning the acceptability of 

OSLASE, 13 laboratory animal science course trainees (7 participants from the advanced 

course (2 different editions) and the remaining from the introductory (3 different courses)) 

participated in focus group interviews. Eligible trainees had successfully completed the 

course in either level (Introductory and Advanced) in the preceding 24 months and had 

received the certificate. Participants were invited by email. All the respondents which 

accepted the invitation were integrated in the interviews. They were previously informed 

about the study aim and conditions and gave their consent to participate. The choice to 

conduct focus groups had the vision of delving more deeply into students' views. The 

interview guide was developed by the study authors and adapted to the different courses 

(see table 1). Because of Covid-19 restrictions, interviews were carried out online (Zoom).  

There were a total of 4 focus group interviews conducted during a 7 months period. Trainees 

were allocated to focus groups according to course type (two focus groups per type) and 

availability. The interviews lasted approximately 90 minutes, with an initial introduction 

followed by a moderator (last author) facilitated discussion, whereas an assistant moderator 

(third author) took notes during interviews. Neither the moderator nor the assistant 

moderator were related with the OSLASE administration. Participants were first provided 

an introduction about the purpose of the study, and then script questions followed. 

Participants freely discussed their own experiences, in combination with prompts when 

necessary. With the participants’ permission, all sessions were audio and video recorded 

and the content was transcribed verbatim. Participants identification was pseudonymized. 

The verbatim transcripts were coded using the software NVivo (QSR International 2022) 

version 12 for qualitative analysis. The first and the last author decided on a first set of 

codes and coded each transcription separately, before meeting to confirm the coding and 

revise the citations. At the end, 5 categories were identified (Choice of timing to perform the 

exam; Effect on trainee practical preparation before perform OSLASE, Experience and 
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perception, OSLASE impact on trainee learning process and OSLASE relevance and 

importance).  

 

 

Results  

 

Determining agreement between raters 
The mouse restraint scale items related to “tail grasp attempts”, “tail hold” and 

“suspension duration” showed high percentages of agreement between raters (≥ 85%) but 

weighted kappa (Kw) revealed poor agreement, lower than 0.40. The remaining items of 

this scale showed moderate to good values of Kw (0.45 ±0.13 ≤ Kw ≥ 0.61±0.08). The 

lowest percentage of agreement for all the items of this scale was displayed for the “global 

impression” item (71%) although it presented a moderate value of Kw (0.51 ±0.07) (Table 

2 – A).  

 Regarding the rat restraint scale, the Kw for interrater agreement for the items “hold 

the animal” (0.32±0.24) and “return to the cage” (0.27±0.24) were low, despite the fact that 

the same items presented higher percentages of agreement (> 95 %). For the remaining 

scale items, including the “global impression” item, there was moderate interrater 

agreement (0.48 ±0.11 ≤ Kw ≥ 0.56 ±0.12) with percentages ranging from 76 to 88%. The 

first scale item “remove the animal from cage” showed good coefficient (Kw = 0.75±0.12) 

and percentages of agreement (97%) (Table 2 – B). 

Regarding the mouse intraperitoneal administration scale, it was not statistically 

possible to calculate kappa values for restraint and injection speed items. The percentages 

of agreement were acceptable (≥ 97%). One item in this scale, “body part quadrant”, 

revealed low interrater agreement (Kw= 0.33±0.15) and high percentage of agreement 

(90%). The remaining scale items presented moderate (“depth of puncture/angle” and 

“global impression”), good (“animal position” and “reflux/syringe holding”) and excellent 

(“animal position” and “time after restraint”) kappa values and the percentages of agreement 

ranged between 75 and 100 (Table 2 – C).  

For some items of the rat subcutaneous administration scale (“body part/quadrant”, 

“injection speed”, “time after restraint” and “procedure repetitions”), similarly to 

intraperitoneal administration, it was not possible to calculate Kappa due to statistical 

assumptions behind Kw calculation. Nevertheless, those same items showed acceptable 

percentages of agreement (96 to 100). The kappa of the remaining items was moderate 

(“depth of puncture/angle” and “global impression”) and good (“restraint/animal position” 

and “reflux/syringe holding”). Percentages of agreement for these scale items ranged 

between 83 and 95 (Table 2 – D).  
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The “global impression” (GI) item of each scale presented moderate values of kappa 

and acceptable level of percentage of agreement: GI for mouse restraint scale 

Kw=0.51±0.07 and 71%, GI for rat restraint scale Kw=0.49±0.10 and 76%, GI for mouse 

intraperitoneal scale Kw=0.57±0.09 and 75% and GI for rat subcutaneous administration 

scale Kw=0.59±0.11 and 83% (Table 2).   
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Table 2 | Calculation of Weighted kappa (Kw) and percentage of agreement (% agreement) between raters for all items of the four different GRSs 

for the total of performances (n performances); (*) One of the variables is constant therefore Kw cannot be computed (a) Each variable in each 

pair has less than two valid categories therefore Kw cannot be computed.  

 
 

Scale item
n 

performances
% 

agreement
Kw SD Scale item

n 
performances

% 
agreement

Kw SD

tail grasp attempts 92 96 -.02 .01 restraint 88 97 * *

tail hold 92 85 0.18 0.12 animal position 88 92 0.90 0.04

suspension duration 89 96 0.31 0.25 body part (quadrant) 88 90 0.33 0.15

neck scruff attempts 89 78 0.54 0.09 depth of puncture /angle 87 75 0.54 0.08

scruffing 92 76 0.51 0.09 reflux /syringe holding 88 80 0.74 0.09

tail holding/restraint 92 85 0.45 0.13 injection speed 88 99 * *

after restraint procedure repetition 92 75 0.61 0.08 time after restraint 88 100 1 0

92 71 0.51 0.07 procedure repetition 88 99 0.79 0.20

88 75 0.57 0.09

Scale item
n 

performances
% 

agreement
Kw SD Scale item

n 
performances

% 
agreement

Kw SD

remove the cage 88 97 0.75 0.12
restraint/animal 
position

84 95 0.82 0.9

hold the animal 88 95 0.32 0.24 body part - quadrant 84 98 * *

cranial/anterior 
restraint 

88 82 0.48 0.11
depth of 
puncture/angle

84 89 0.59 0.13

caudal/posterior 
restraint 

88 88 0.56 0.12 reflux/syringe holding 84 89 0.71 0.10

return  to the cage 88 97 0.27 0.24 injection speed 82 100 * *

procedure repetition 88 78 0.55 0.10 time after restraint 83 96 * *

87 76 0.49 0.10 after admin procedures repetitions 84 100 error

84 83 0.59 0.11global impression

C

pick from the cage before admin.

restraint & scruffing

administration

after restraint

global impression

after admin
global impression

global impression

B D
RAT RESTRAINT RAT SUBCUTENEOUS ADMINISTRATION

A
 MOUSE RESTRAINT  MOUSE INTRAPERITONEAL ADMINISTRATION

pick from the cage
before admin.

administration
restraint & scruffing
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The OSLASE acceptability for trainees 
From the focus group interviews performed with former trainees, five topic categories 

emerged related with the practical exam as illustrated in Figure 1.  Verbatim quotes are 

given as examples to clarify and confirm results. Respondent pseudonym and course format 

are indicated at the end of each quote.  

 

 
Figure 1 | Illustration of focus group categories and their relation with the competence 

assessment timepoint at the course. Five categories emerged: during the course (1) Choice 

of timing to perform the exam (2) and Effect on trainee practical preparation before the 

OSLASE, and after the assessment (3) Experience and perception, (4) OSLASE Impact on 

trainee learning process and (5) OSLASE relevance and importance  
 

(1) Choice of timing  

Course participants were asked about the time chosen to perform the OSLASE. For 

interviewees from the advanced course, feeling confident and making the best use of the 

available time to practice before the exam were key considerations in the choice of when to 

do the demonstration of practical skills in rodent handling.  

Only one of the interviewees reported that they chose to do the demonstration at the first 

possible opportunity: 

I asked to [do the demonstration] during the first [class] because as I said, I was 

already more at ease with handling animals (…) I had done the other, more basic, 

course and it had the same practical component, therefore I felt comfortable to do it 

in the first class. (SB, advanced) 

DURING AFTER

TIME

TRAINING COURSE

ASSESSMENT

EFFECT ON TRAINEE 
PRACTICAL PREPARATION 

CHOICE OF TIMING EXPERIENCE AND PERCEPTION

OSLASE IMPACT ON TRAINEE 
LEARNING PROCESS

OSLASE RELEVANCE AND 
IMPORTANCE 
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The remaining interviewees had chosen the second animal handling class (end of handling 

module) for their practical demonstration, for reasons that were all variations on the need 

to practice more before they felt confident:  

I, who had no experience in handling animals, felt that in the end of the first class 

was too early. It might even go well, let’s say, but I don’t know if I would have 

performed in the best possible way. Therefore, I thought it would be safer, I would 

feel safer doing it in the next class, given that this was a possibility. And then at the 

end of the second class I was more comfortable, I was more used to the technique 

and I think then it was easier too. (RCP, advanced) 

Without exception, interviewees from the introductory course reported having chosen to do 

the practical exam after they had concluded the training period with their tutor, rather than 

directly after the end of the practical classes. These students, whose practical training had 

been impacted by restrictions during the Covid-19 pandemic, also highlighted the balance 

between avoiding a too long gap but still having enough time to practise: “a month for me 

would be a little too much between the practical classes and the exam” (CP, introductory). 

 

(2) Effect on trainee practical preparation before performing OSLASE 

Several of the interviewees from the advanced course expressed that the existence of a 

formal practical exam enhanced their engagement in the practical class of animal handling:  

It makes things more formal as regards the learning. I think we engage more in 

wanting to do it and to do it well because we know we will have to demonstrate later 

on this same knowledge that we learned (JA, advanced) 

Others, however, argued that they were not approaching the learning any differently as a 

consequence of knowing they would have to pass an exam: 

I don’t think it had any effect at all, in any case I was there to learn and certify that I 

had learned to work with mice, and therefore the demonstration was a validation in 

addition to my own, only that (CA, advanced) 

Among interviewees from the introductory course, there was also a widespread view that 

knowing there would be a formal practical exam had little influence on how students 

prepared and practised. One student explained that this was because they were “expecting 

there to be a practical exam because this makes sense for this course and therefore I didn’t 

prepare differently, I prepared according to what I was expecting”. (MN, introductory) 

Other students referred that because they were preparing for real life work with live animals, 

their preparation was not dependent on there being an exam: 

For me no [it didn’t affect how I prepared] because even some of the procedures 

were simulated in toys, not in live animals, I knew afterwards I will need to do them 

in live animals. So for me, I knew I had to do the procedures well because then I 
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was going to do them in live animals anyway, so for me it didn’t make a difference. 

(LM, introductory) 

 

(3) Experience and perception 

Some respondents reported that they unavoidably felt anxious at having to make a practical 

demonstration that implied “going into another room and saying it is an assessment, even 

if one’s a pro in that, it’s always a moment of some nervousness” (SB, advanced). 

Respondents reporting that they did not feel much pressure referred to “the preparation we 

had before allowed this demonstration to be made in a tranquil way” (RPC, advanced) and 

the course having “few students [and] in turn the relation to the instructors was easy” (IL, 

introductory).   

 
(4) OSLASE Impact on trainee learning process  

Among interviewees from the advanced course, where the formal evaluation of handling 

skills takes place during rather than at the end of the course, it was perceived to have a 

positive impact on subsequent course moments by providing “an injection of confidence in 

animal handling”, perceived to be “very important (…)  before the more advanced 

procedures (PA, advanced). External evaluation was found to provide “more confidence in 

ourselves and we have that internal dialogue that a competent person determined us as 

evaluated and that we perform handling well, and therefore we can proceed with our work” 

(JC, advanced), and contributing to “completing the rest of the course with greater 

commitment” (CA, advanced).  

An evaluation between the first and the subsequent classes may also contribute to levelling 

the standard between students: 

Perhaps if this evaluation would not be there, the first classes would be habituation 

but probably in the next classes there may be members who would not feel so at 

ease with the activities, feel some difficulty, hence these two classes with evaluation 

ensure that we are more prepared for the subsequent classes which are more 

difficult in terms of procedures. (CA, advanced) 

Regarding whether the exam changed students’ perception, some thought “that the 

practical assessment in itself made no difference (…) it was really the theoretical 

assessment” (CP, advanced), whereas others reported that “in terms of experience and 

really dealing with the animals, handling them and doing the necessary protocols is really 

different with a theoretical assessment and a practical assessment” (MN, introductory).  
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(5) OSLASE relevance and importance  

Interviewees considered the OSLASE was an essential component of the course because 

“if this is a course [that aims] to prepare us much for practising with laboratory animals the 

practical assessment cannot be missing” (MN, introductory), whereas others expressed a 

mixed view: “if there were no evaluation would people learn? Yes. because I think all the 

people who were there were diligent, but taking into account the course it makes sense to 

have a [practical] exam” (SB, advanced)  

One of the participants highlighted the relevance from the perspective of responsibility for 

overseeing work with animals in that not having a practical exam would place a much 

greater responsibility on the supervisor of the practical procedures right after the exam (IL, 

introductory). 

Trainees in the introductory course considered the format was adequate, as they “were 

assessed in the most basic, but also in the most common, animal manipulation and 

restraint, and the most common injections” (ILG Intro), whereas for the advanced course “it 

was at the right moment and represented what we had learned before (CA Advanced) and  

“without knowing [how to handle animals well] it would be difficult to proceed to the rest” 

(JC Advanced).  

Regarding the specific relevance for the respondent in question, one found that “only after 

the assessment did I effectively understand that there were some specific points that need 

improvement” (MN), whereas several respondents said that it was not so much the exam 

itself but the training that helped them see where they needed to improve.  

Interestingly, one of the respondents discussed the relevance of a practical exam in the 

context of having “another tool for talking with people about the topic and be able to talk 

about one’s own experience regarding the level of preparation and the level of training”. 

This allows them to respond to colleagues from other fields claiming that ethics of animal 

experimentation are empty words that do not translate into practice, by saying “look it’s not 

quite that way; to do all this, we passed through training, we passed through verification” 

(IL Intro). 

 
Discussion 

The aim of this study was to explore the implementation of OSLASE in laboratory 

animal science training, evaluating the interrater agreement in the practical assessment and 

the trainees´ acceptance of the exam.  

The consistency, or the agreement among raters provides valuable information 

regarding the quality of assessment and its reliability. Particularly, it reflects if raters agree 

on how to apply the instrument as a support for deciding on a candidate’s performance. 

Two statistical methods that have been used in health sciences (13, 19) were used to 
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calculate Interrater reliability (IRR): percentage of agreement and weighted Kappa (Kw). 

Both statistical measures of agreement present advantages and limitations: percentage of 

agreement is easily calculated and directly interpretable, but does not take into account 

whether the raters are scoring randomly. Kw formula corrects this limitation but is based on 

assumptions regarding rater independence and other factors which are rarely met in real 

life data, which may result in extreme underestimation of the level of agreement (13). For 

this study results, the majority of the items of all the four scales revealed moderate to good 

values of Kappa as well as acceptable percentages of agreement for all items, except one. 

The Kw and agreement percentage showed similar results, confirming a tendency on 

agreement, although some scales items are not fully concordant on the magnitude of 

accordance. Previous studies have reported moderate kappa values and excellent percent 

agreement between human and automated raters (20).  

Based on these results, there is room to enhance IRR in the application of the 

OSLASE. One way of doing so is by training the assessors further in how to apply the scale. 

Continuous rater training is challenging to implement into busy teaching schedules, but it 

has been shown to considerably minimize disagreement, particularly when scale items are 

measuring fine and very technical discriminations with several rating categories (as the 

scales used in this study) (21, 22). The performances included in this study were assessed 

over a 3-year period, and despite being administered by assessors that are very familiar 

with the GRSs, the quality of the data collected was not monitored over time to find potential 

disagreements and this fact may have contributed to the limited IRR scores. Also, scales 

were applied to a restrict number of performances in a controlled scenario (of training). 

Diversifying the contexts in which the instrument is applied, such as by including workplace 

assessments (of researchers performing procedures as part of their work with animals) as 

a part of a continuing professional development strategy could enhance IRR (23, 24).  

Going beyond the question of agreement, it is also relevant to consider the value of 

the OSLASE as a way to implement an assessment strategy able to evaluate the practical 

competence acquired by researchers during training (for advanced course format) or at the 

training end (for introductory format). This adapted OSCE type exam introduced 

standardization and uniformization of the assessments for all trainees (independently of the 

course type). The existence of standardized instruments introduces predictability for the 

trainees, who know that and how they will be evaluated, and can get systematic feedback 

on their performance. Instruments applied at the stations, the GRSs, are promoting 

consistency which guarantees that how the candidates’ performance is evaluated is not 

dependent on who is performing the assessment. 

Regarding OSLASE acceptability by students, findings reflect that trainees accept 

and recognize the validity of this type of structured practical assessment on the context of 
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LAS training course. Trainees took into consideration their confidence in their own capacity 

to decide on the timing to take the OSLASE and this seems to be the key factor affecting 

the decision of when to perform the exam. It is noteworthy that trainees also highlighted 

another time issue: the time that is needed to develop and reach a level of proficiency to 

succeed in the assessment. Trainees who were forced to postpone the OSLASE due to the 

pandemic restrictions reported frustration with the delay of the assessment, recognizing that 

the exam should be adjusted to the training timeline, as an excessive time interval between 

the end of classes and the exam was perceived as problematic by trainees. The integration 

of OSLASE in the course program affected trainees’ preparation: some respondents 

recognized that they felt more engaged and stimulated to invest on practical training. 

Furthermore, trainees pointed out that assessment ensures that apprentices reach the 

expected practical learning outcomes. These findings are in line with research on the topic 

that supports that assessment not only drives but also has a positive impact on learning (6, 

8). Whereas the OSLASE is a relatively recent introduction in this training, a few 

respondents stated that for them a formal practical assessment was assumed and expected 

in these courses. Assessment was not a stressful experience for the majority of the 

respondents, and this fact may be justified by the way the experienced tutors, also in the 

role of assessors, drove the experience. Indeed, the assessor role being assumed by the 

tutors can be faced as a limitation of the study which can bias the way candidates faced the 

OSLASE. However, the LAS tutors with expertise to teach, supervise and assess are limited 

in number. Interviewees also identified the positive impact of the exam on the learning 

process, as previously reported in the literature (9). The topic of how OSLASE helps the 

trainee to confirm the skills acquired emerged several times during interviews, confirming 

the perception that assessment is an essential step to consolidate and promote future 

practical learning (25, 26). Trainees also reported that OSLASE establishes a standard and 

defines which skills students are expected to develop in the next sessions. They also felt 

that demonstrations contributed: to identify skills that should be improved and to support 

the role of those overseeing workplace training, which are crucial features that assessment 

introduces in the context of these courses.   

 

Conclusion 
To the best of our knowledge, this is the first study reporting the impact of 

implementing a practical assessment strategy in a laboratory animal science training 

context. In particular, this study addressed the feasibility of OSLASE by exploring 

interrater agreement and investigating trainees’ acceptance of the practical exam. The 

results show that there is room for improvement in interrater agreement, but overall raters 

agreed on the decisions regarding trainees’ competence. The trainees recognized that 
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OSLASE promoted and guided their learning, increased their engagement and motivation 

during practical sessions, as well as served as a confirmation that relevant skills had been 

learned. Overall, the introduction of OSLASE allows the measurement of practical 

competence besides the cognitive knowledge assessed with traditional evaluation 

methods.  
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GENERAL DISCUSSION 
 

Providing an adequate training in Laboratory Animal Science (LAS) and ensuring 

that the knowledge and practical skills have been acquired by the researchers are crucial 

to guarantee the welfare of laboratory animals used in experiments. In Europe, educational 

standards to conduct experiments with animals have been established by governmental 

and non-governmental organizations (1-3).  

To the best of our knowledge, there has been no systematic research into the impact 

and acceptance of different training approaches and the e-learning use in LAS field and the 

work published regarding the use of e-learning in LAS was limited to a few congress 

presentations (4, 5). Preliminary research on the topic of proficiency assessment has been 

reported by Clifford et al. (2013). Their work highlighted the relevance of competence 

assessment in training programs and in standards improvement, ensuring consistent 

training, while minimizing errors and guaranteeing animal welfare. The authors highlighted 

the important role of score sheets to guide training and to assess competency, in a standard 

and objective way (6).Other authors have reported strategies for the assessment of 

competence in LAS courses, describing their experiences based on the administration of 

different types of assessments (7).The Directive 2010/63/EU adoption, requiring staff 

assessment and competence demonstration, together with the implementation of 

Continuing Professional Development programs, lead to the dissemination and adoption of 

the first instruments to assess researchers’ techniques, procedures and practical skills. 

These evaluation instruments are in the format of Direct Observation of Practical/Procedural 

Skills (DOPS). Laboratory Animal Science Association (LASA) website shared the first 

tranche of DOPS developed for Royal Veterinary College(8). Also, recently, in 2022, the 

Education and Training Platform for Laboratory Animal Science (ETPLAS) published on its 

website the first set of DOPS, to be used as examples, for rodents and zebrafish. This work 

was developed by a working group chaired by Lucy Whitfield and five members including 

the thesis author, Eirini Fragiadaki, Rafael Frias, Brian Mphande and Paul West, as part of 

the ETPLAS Pilot Project “Promoting alternatives to animal testing through accessible and 

harmonised education & training” intended to create a database of common practical tasks 

assessment (9). Despite the dissemination of these first assessment instruments and the 

efforts to standardize assessments in LAS, there is still a lack of research on the topic. This 

is in contrast with medical and to some extent veterinary education, where research has 

provided essential understanding of how to develop instruments, implement strategies, and 

assess their impact.  
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This thesis focus were the two probably most prominent topics on the training and 

education in Laboratory Animal Science: delivery of content and assessment of 

competence.  

 
7.1 | TRAINEES’ PERCEPTION OF E-LEARNING  

The first study presented in this thesis (chapter 4) reported the general acceptance 

and satisfaction of LAS trainees after the adoption of e-learning using the Moodle platform 

implementation for the theoretical component delivery (as a combined or full approach).  

The assessment of satisfaction and acceptance requires appropriate instruments, 

which should meet standards for psychometric validity and be adjusted to the context of 

administration when developed (10). Nevertheless, in the LAS educational field, there is a 

lack of instruments to measure e-learning perception, and the existing were not adjusted to 

this particular context (11-13): intensive postgraduate training providing biomedical 

researchers the knowledge and skills to perform experimental procedures with laboratory 

animals. Therefore, this first study initiated a precursory effort to develop a measurement 

instrument, the Questionnaire of E-learning Acceptance (QELA), adjusted to LAS context, 

able to explore and measure the trainees’ perceptions regarding e-learning approach. The 

questionnaire was created considering the existing instruments for e-learning evaluation 

and acceptance developed in other research fields. The instrument design aimed to explore 

LAS trainees’ perception in several domains, previously identified to cover relevant and 

crucial features of e-learning approach (11-13).Thus, QELA comprises five subscales: a) 

Personal perception of the e-learning use; b) Satisfaction with the e-learning content; c) 

Satisfaction with the e-learning organization; d) Time management and e) E-learning 

practical influence. This last scale was developed in order to clarify the potential impact and 

influence of e-learning use in the LAS practical sessions.  

Independently of the strategy used to combine e-learning approach with classroom 

lectures, which was different in introductory and advanced training courses, high levels of 

acceptance of e-learning were reported. Particularly, this was found in the domains of 

Personal perception of e-learning use, Satisfaction with content, and Satisfaction with 

platform organization.  These results were in line with findings in the veterinary field, with 

students reporting positive perception of e-learning (13-15). Our results also confirmed that 

LAS trainees recognize the time management efficacy and time control that e-learning 

allows and the advantage introduced by this approach in these intensive course formats. 

Previous research in veterinary sciences assessing the use and acceptance of e-learning 

and its impact on distance learning, particularly regarding time control, corroborates these 

results (16).  
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Another aspect that emerged in this study was the perception by the overwhelming 

majority of respondents about the positive influence that e-learning may have when trainees 

prepare for practical training. For many trainees, their first contact with rodents was in the 

practical sessions, which could be a stressful experience for students coping with several 

new aspects for the first time. It is noteworthy that in this study 32.6% of the total 

respondents indicated that they had no previous experience with rodents, and that 16.7% 

indicated fear of working with laboratory animals. Nevertheless, QELA administration 

revealed that e-learning use in LAS theoretical training seems to have beneficial effects on 

the promotion of the practical learning, as well as in levelling this experience of first contact 

with rodents. One possible explanation for these results might be that the online availability 

of lectures allowed trainees the opportunity to revise animal handling and practical 

techniques, as many times as they feel necessary and at their own pace. Despite these 

assumptions of potential impact of e-learning on the promotion of trainees first contact with 

rodents, when directly questioned, study respondents did not recognize that “previous 

experience” and “fear” has affected their perception of e-learning use regarding practical 

classes.  

Indeed, acceptance of the e-learning seems to be highly influenced by previous 

experience with laboratory animals, with inexperienced students from both groups 

(advanced and introductory) showing higher levels of platform acceptance. The advanced 

sample, with a heterogeneous background regarding respondents’ previous experience 

with laboratory animals, showed that more experienced trainees were less satisfied with e-

learning organization and content, with lower perceived acceptability of e-learning. 

Educational background was identified as a factor also affecting e-learning acceptance. The 

influence of demographic factors in e-learning acceptance and use has been reported in 

other studies (17, 18). Also, the health sciences educational literature  suggests students’ 

levels of motivation (internal and external) and expectations impacted levels of e-learning 

acceptance (19).   

There are limitations to this study. Despite the large sample size (229 respondents) 

for a preliminary study in this context, findings’ interpretations and generalization require 

some caution, particularly due to limited number of participants for some categories (such 

as background education), which may not be representative. LAS courses tend to have very 

heterogeneous participants regarding background and previous experience with animals, 

which in terms of design would demand a larger sample size in each group. Therefore, 

several other factors may be influenced by the respondents’ perception, such as the 

research context and the need of animal use, the training urgency or even other factors 

such as prior online learning experiences. The impact of those factors should be explored 

in future studies, and a larger study would be desirable to confirm these preliminary results. 
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The distribution of total acceptance variable shows a negative skewness effect (also 

known as left-skewed) created because respondents tend to answered positively to the 

scale items. This may suggest that QELA, the instrument used, may need further 

refinements to better reflect and discriminate the less accepted features of e-learning 

approach. 

In spite of these limitations, this work provides the first detailed analysis on LAS 

trainees’ views, satisfaction and acceptance with e-learning reporting relevant clues, 

namely regarding features affecting its acceptance, which might be considered to structure 

and design courses using e-leaning. Our results are supported by previous studies in 

veterinary educational context, where e-learning could not fully replace particular teaching 

approaches, but promoted the learning outcomes attained, which are difficult to reach with 

traditional teaching methods (14, 15).  

The introduction of e-learning in our LAS courses was motivated by the organizers´ 

increasing concerns regarding the extensive classroom program and curricula. The course 

intensity and the lack of program flexibility had often been reported as negative aspects by 

the course participants in the feedback forms. Particularly in the introductory courses, there 

was also an institutional interest in developing a training solution for frequent delivery of 

high-quality training for new staff needing training to work with animals. We started to 

integrate e-learning in the courses to complement theoretical sessions around 2010.The 

questionnaires to explore trainees’ acceptance were administrated between 2012 to 2015, 

and we submitted this work (chapter 4) for publication in 2019. The emergence of COVID-

19, in 2020, and the need to rapidly provide alternatives to classroom teaching brought 

other perspective and relevance to the findings published in this study. With the outbreak 

of COVID-19, teachers in LAS as well as in other educational areas, were forced to 

implement adjustments in mandatory training, and the interest in e-learning grew 

dramatically. Our study provided important insights into e-learning as a complementary 

approach to support theoretical LAS training, as the results confirm that e-learning is 

accepted by trainees in this context. This work is being cited in studies exploring the impact 

on health education during pandemic (20-22). At our institution, during this period, 

theoretical LAS training was maintained with minor adjustments. Students were invited to 

complete online modules according a pre-established program combined with synchronous 

online classes, during the COVID-19 lockdown. 

 
7.2 | ASSESSEMENT OF COMPETENCE  

Assessment of knowledge and skills is an essential part of the education and training 

process. Nevertheless, much can be assimilated and integrated from education areas with 
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contextually similar challenges, such is the case of human medicine, where there has been 

much more research.  

In the scope of this thesis and under this topic, we started by proposing a 

methodology to develop an assessment instrument (chapter 5) able to capture the higher 

levels of Miller's pyramid of assessment (23). An instrument applicable to performative and 

behavioural dimensions of performance, whether in controlled/simulated or in real/ 

professional settings.  We considered four crucial and representative stations, assessing 

basic skills to perform with rodents.  

The marking of candidates’ performances in observational assessments can be 

supported by instruments of different types, the most usual being Global Rating Scales 

(GRSs) and Checklists (CLs). We decided to develop GRSs, which enable the distinction 

between different levels of proficiency and expertise, and dimensions not represented in 

CLs (such as time, efficacy perception and safety). According to existing iterates from other 

educational fields, GRSs allow for greater discrimination between performances, while CLs 

have lower sensibility and the same item executed with different proficiencies can be scored 

with “yes” (24-26). Consequently, GRSs provide more detailed information for trainees and 

assessors. Therefore, in LAS, GRSs seemed to be the most appropriate instrument to 

support formative (assessment for learning) and summative assessments (assessment of 

learning) in different scenarios. 

The methodology to develop GRSs proposed in this work is not limited to GRSs and 

can guide the development of others scale’s types, CLs or DOPs, for different species and 

procedures.  

The establishment of a core team that supervised and integrated the feedback 

received during different steps of the instrument development was essential to ensure a 

dynamic iterative process and the successful conclusion of the scales’ development. The 

expertise of the different core team members was decisive for the process, namely in the 

definition of skills to be assessed and in the development of instruments. The core team 

members with experience in LAS training understand the most critical aspects of the 

procedures that can compromise animals’ welfare and interfere with the performance’ 

success. On the other hand, they also have the knowledge to decide which aspects of 

raters’ feedback should be integrated in the scale items and how. Members with expertise 

in implementation of performance assessment instruments provide crucial knowledge 

regarding psychometric properties, essential to initiate and to guide the creation of a scale.  

In this work, the two assessors which administrated and tested the scales’ 

applicability were also integrated in the core team. This circumstance can be considered as 

an advantage regarding the feedback input, but can also be regarded as a limitation, since 

a bias approach may condition the potential identification of the scale aspects that should 
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be improved or amended. To overcome this possible bias, we limited the number of 

assessors integrating the core team to two persons. 

We have used videos in several stages of the scale development. The possibility to 

support the scales development and the raters training with dedicated videos is particularly 

advantageous in this area. Despite the potential limitation of the camera angles or image 

quality, which may limit the performance observation, this resource can effectively bring 

great improvements to the scales and the raters’ objectivism training. They allow 

representing different types of performances and can be used repeatedly, without using 

living animals. In the workshop organized at FELASA (appendix IV) videos performed in 

mannequins, were used at the beginning of the session, to promote a first approach of the 

group to the procedure and initiate the creation of scales. At this stage, simple videos were 

useful to trigger the discussion of which skill items descriptors should be integrated in the 

scale. In a process of scale refinement or implementation, videos collected from several 

sources (YouTube, educational websites, etc) revealed to be useful to establish correct and 

adjusted descriptors and to train assessors to apply the instrument. Based in our 

experience, the use of videos allows to identify and bring into discussion potential problems 

and ambiguous situations that may occur in authentic scenarios. In fact, for scale refinement 

and assessors training purposes, videos should as diverse as possible.  

After conclusion of scales’ development, to be used to assess performance at 

manned/observed stations, we move on to the next step, the implementation of the 

OSLASE - Objective Structured Laboratory Animal Science examination, based on the 

original OSCE – Objective Structured Clinical Examination described by Harden (27).The 

OSLASE’s impact, particularly the exam reliability and its acceptance by the trainees, was 

explored during the researchers’ training (chapter 6). In the context of our studies, the 

OSLASE, comprising four exam stations, was integrated at the end of introductory training 

as a final assessment, with the objective of complementing the candidate’s score obtained 

with the traditional written assessment. In the advanced courses, the exam was adjusted to 

focus only in the handling and restraint competencies, therefore including only two stations 

for both species (mouse and rat). The OSLASE was implemented at the end of the handling 

module, which is the first of the practical modules integrated on the advanced course 

program. Candidates may choose the day to perform the OSLASE in the two course 

formats.  

The trainees’ acceptability regarding the OSLASE, in both course editions, was 

explored using focus group interviews, a qualitative approach method. The interviews 

findings revealed that trainees proposed themselves for OSLASE based on their feeling of 

confidence in being able to perform the procedure and, therefore, the “time” for exam 

preparation was highly valued by them. Reflections by students who had experienced the 
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impact of Covid-19 restrictions which lead to suspension of introductory training, highlighted 

that LAS assessment should be synchronized with training, and giving more time than 

necessary for practice was not appreciated by trainees. Similarly to what has been reported 

in the literature for other contexts, LAS trainees recognized that the existence of a practical 

assessment increased their motivation and engagement in the training (28, 29) and had a 

positive impact on their learning (30). According to trainees, assessment is helpful to identify 

procedures’ aspects that they need to improve in future training sessions/period of 

supervised work. Also, passing the exam confirms to the candidate that the skills expected 

were acquired, something that was important to consolidate their confidence. The finding 

that assessment consolidate and promote future practical learning is in line with previous 

research (31, 32) 

To explore interrater reliability (IRR), weighted kappa and percentages of agreement 

were calculated for two assessors which applied the developed scales (chapter 5 – 

Appendices II) within 92 performances.  Weighted kappa (Kw) revealed a moderate to good 

IRR for the majority of the scales’ items as well as acceptable percentages of agreement. 

Information collected by assessors with scales are producing acceptable judgements of 

trainees’ performance. Nevertheless, agreement must be improved with training. This 

training should be faced as a continuum requirement, it is essential not only before the 

scale’s administrations but also at different timepoints if scales are being administered 

systematically.  

Regarding scales applicability, for the two study’ assessors they revealed to be 

clear, of easy rating and, effectively, able of identify performance’ items and categorize the 

observed skills during trainee evaluation. Indeed, when scales are used in formative training 

contexts independently by assessors’ observing the same performance, the feedback 

produced tend to focus and identify the same aspects that should be improved by the 

trainee.  

The global impression item, the final item of all scales, reflects the assessor’s overall 

impression of a candidate’s performance. Indeed, it captures aspects that were not directly 

measured at the scale (such as professionalism, empathy with animals, etc.) which provides 

crucial information for the assessor final decision.  

In both courses, candidates had to achieve the standard defined for the OSLASE to 

be approved, and in case of failure (performance did not reach the minimum established for 

the station) the candidates had to retake training. 

The standard established for the OSLASE was adjusted to the training context and adapted 

to the tutors’ expectations for those skills that newly trained researchers must have. When 

setting the standard for an assessment it is important to consider the purpose of the 

assessment and the motive to establish the cut score (33-35). Briefly, key aspects that must 
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be taken in account include knowing the assessment content and the candidates’ 

characteristics; establishing what is expected from candidates when authorized to perform 

unsupervised work and/or candidate future responsibilities and/or functions that training 

must ensure. All of these should be considered prior to practical assessment, independent 

of the type of assessment.   

From the courses organizational point of view, the OSLASE implementation, 

particularly in the advanced course introduced a great advantage in the dynamic of practical 

handling sessions. The OSLASE strategy in these sessions, where students showing that 

they have acquired the necessary competence are signed off, allowed that only trainees 

which need to develop practical skills stayed in the class. The tutors were able to dedicate 

more time to each trainee who effectively needs support. A calmer environment with fewer 

student positively impacts students’ learning, and is highly recommended when handling 

living animals.  

The assessment studies presented in this thesis report findings limited to a particular 

institution and context, with a sample size of both trainees and assessors that may be 

considered small. Undoubtedly, it is essential that further research explores the 

implementation of OSLASE and other types of practical assessment in different LAS 

environments and with a more heterogeneous group of trainees. This will be a crucial step 

to gather knowledge and understanding that will allow establishing and ensuring standards 

around different institutions in training and working with lab animals.  

It is important to highlight that research on education clarifies that in order to infer 

the candidate proficiency based on valid and reliable information, the performance 

evaluation requires using a number of different assessment methods, considering the 

distinct methods’ limitations and strengths. In LAS training it would be desirable not only to 

assess candidate’s proficiency in a single circumstance, such as end of training period, but 

also throughout several timepoints, whenever considered relevant for the practical work and 

for the procedures using animals planned at the study. Also, using different assessment 

methods, such as DOPs along with GRSs or CLs, would be recommended. Every skill has 

a “learning curve” followed by a “forgetting curve”, therefore, testing a candidate only at a 

specific time point of the learning process does not provide information on whether or not 

the trainee will retain the skill (36, 37).  

As pointed out in the introduction of this thesis, educational research is still exploring 

and clarifying the relation between competence and performance: how can the first predict 

the second, or how performance is observed while competence is inferred (38, 39). It is 

important to consider that in LAS, similarly to other areas, the challenge remains and the 

information and evidence that is possible to capture when observing a candidate 

demonstration in a high-stake assessment is limited, even using valid, reliable and adjusted 
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measurement instruments. Thus, to the best of our knowledge, to ensure that researchers 

are competent and properly prepared to work with living animals and to establish standards 

in laboratory animal science, more assessment strategies must be adopted.  
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FINAL REMARKS, IMPLEMENTATION AND FUTURE DIRECTIONS 
 

Education and assessment in Laboratory Animal Science (LAS) is an area that has 

gained increasing attention in the last decades, with increased understanding of the 

importance of researcher training to ensure laboratory animals’ safety and the quality of 

research results. So far, little is known about education and assessment strategies in this 

field and all of these new challenges paved the way for the research presented in this thesis. 

This thesis findings represents the first systematic research into the topic and the work 

presented aims to bring insights into different aspects of laboratory animal training and 

education, with focus on the delivery of knowledge and on assessment methods. These 

results also support training tutors and institutions in the implementation of programs and 

the evaluation legally required.  

Although limited to the Portuguese context, and to the fact that the assessment 

studies were performed in one institution, the work herein developed involved more than 

400 trainees in laboratory animal science, from around 30 course editions (advanced and 

introductory), comprising data collected during 7 years, which is illustrative of the studies 

dimension.   

 The work reported here can serve as an example for other biomedical institutions 

that are educating researchers to work properly with animals to develop training programs. 

We have demonstrated how combining different teaching approaches, namely combining 

lectures with e-learning, is well accepted and perceived by trainees. E-learning is well 

accepted by LAS trainees and can be used as a complementary approach to theoretical 

training.  

Regarding assessment in LAS contexts, either in simulation settings or in the 

workplace, there is a variety of instruments that can be developed to support the exam, 

such as global rating scales, which proved to “measure” different aspects of trainees´ 

performance. Practical assessments, such as the OSLASE proposed in this thesis, can be 

used for formative or summative evaluation and to guide and orient professional 

development. In their majority, when designed and implemented adequately, assessments 

are known to impact the development of trainees’ competences positively, highlighting the 

importance of proper development of practical skills. Institutions should design their 

programs considering the inclusion of evaluation/competence verification at different 

timings to assess representative skills, according future researcher functions and 

responsibilities. 
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Above all, to ensure high standards of animal welfare and safety, scientific research 

in LAS, and fulfil what is required by Directive 2010/63/EU regarding education and 

competence, it is essential that European biomedical institutions develop and implement 

training programs which include practical assessments. Designing and implementing 

assessments of practical competence is not simple and it is a continuous process of 

development and exploration of the instrument limitations and the exam strategy in practice. 

Again, the work presented in this thesis can serve as an example for other institutions in 

this regard.  

Finally, it is pressing to establish a wider discussion in the field about what should 

be assessed, when, where and by whom. In particular, it is urgent to define what is meant 

by practical competence and proficiency in LAS. The creation of a common repository 

where tested and verified assessment instruments might be shared with all LAS community 

could be the first step to disseminate and implement standards in the field.  
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APPENDIX I 
Questionnaires to assess students’ acceptance of e-learning 

approaches in laboratory animal science training 
 

Questionnaires administered to conduct the study reported in chapter 4. 
 

 
 
 
 
 



   

1/2 
 

 

Questionnaire of E-learning Acceptance 
 
1) Age: ____       

2) Gender:   Male    Female 

3) Highest level of education already completed:   

Bachelor    Master    PhD.  Other:_______ 

4) Area of your first completed university degree:  

 Biology     Pharmacy    Biochemistry    Veterinary   Veterinary Nursing     Medicine    

 Other:_______ 

5) Position/ Current occupation:  

Technician    Undergraduate training    PhD student    Post-doc   PI    Other:_______ 

6) Is this your first time using e-learning platform? no   yes 

7) How many working hours per week were you expecting to invest in this course? 

 < 7 hours/week  7- 35 hours/ week  35- 70 hours/ week  > 70 hours/week  

8) When starting this course, which were your expectations about difficulty in using e-learning? 

 Low High Very high I did not know what to expect 

9) When starting this course, which were your expectations about efficacy in using e-learning? 

 Low High Very high I did not know what to expect 

10) When starting this course, did you have fears of laboratory animals?  no yes 

11) When starting this course, how much previous experience did you have of working with 

laboratory animals? none   less than 1 year   1 year or more 

12) When did you start using the e-learning platform? 

before the start of the course   at the start of the course  

 

The following table presents you with a number of statements. Please indicate how well you agree with 

each of them by circling the number that best fits with your opinion. 

1 
Strongly disagree 

2 
disagree 

3 
neutral  

4 
agree 

5  
Strongly agree 

 
 
 1 2 3 4 5 

1. The e-learning platform seems to be updated regularly 1 2 3 4 5 

2. The e-learning platform works well . 1 2 3 4 5 

3. The e-learning platform is user-friendly 1 2 3 4 5 

4. The e-learning platform has attractive features that appeal to the users 1 2 3 4 5 

5. The e-learning platform allows a more interactive learning 1 2 3 4 5 

6. The different e-learning activities are designed to get the best out of students 1 2 3 4 5 



7. Completing the e-lessons made me well prepared for the classroom lectures 1 2 3 4 5 

8. Online quizzes helped me to learn effectively 1 2 3 4 5 

9. Videos/animations were used appropriately in the e-learning activities 1 2 3 4 5 

10. Images/graphics were used appropriately in the e-learning activities 1 2 3 4 5 

11. The e-learning activities provide accurate information 1 2 3 4 5 

12. The e-lesson quizzes are easy to understand 1 2 3 4 5 

13. When I needed help to use the e-learning platform I knew where to find it 1 2 3 4 5 

14. I was given access to clear instructions about how to use the e-learning before starting 1 2 3 4 5 

15. The e-lessons are well structured and are easy to follow 1 2 3 4 5 

16. The contents are organized in an intuitive and easy way 1 2 3 4 5 

17. The e-lessons are organized in a progressive way, starting with basics and progressing to more 
complex issues 1 2 3 4 5 

18. My experience with e-learning has been enjoyable. 1 2 3 4 5 

19. I would recommend this e-learning to other students 1 2 3 4 5 

20. Combining two ways of presenting information (lectures and e-learning) was helpful for my 
learning process 1 2 3 4 5 

21. The e-lesson quizzes helped me to integrate information and consolidate knowledge 1 2 3 4 5 

22. I found the dynamic of the e-lessons appropriate to keep me motivated 1 2 3 4 5 

23. In this course it is convenient that all information (e g news, handouts, complementary literature) 
is available through the e-learning 1 2 3 4 5 

24. Presenting part of the content through e-learning is a good solution to reduce the intensity during 
the course duration 1 2 3 4 5 

25. The e-learning system enables me to control my learning progress, and invest more time in topics 
I find more difficult 1 2 3 4 5 

26. The e-learning system enables me to invest more time in topics that interest me more 1 2 3 4 5 

27. By presenting part of the content as e-learning the schedule becomes more flexible for the student 1 2 3 4 5 

28. The videos shown in e-learning helped me to prepare for practical classes of animal handling 1 2 3 4 5 

29. The videos shown in e-learning helped me to prepare for practical classes of animal procedures 1 2 3 4 5 

30. The videos shown in e-learning helped me to prepare for practical classes of animal necropsy 1 2 3 4 5 

31. The videos shown in e-learning lectures helped me to deal with my possible animal fears 1 2 3 4 5 

32. The several videos in the e-learning platform helped me to get a better understanding of how 
animals behave and react that is useful for me when handling animals  1 2 3 4 5 

 
SHADOW ITEMS DID NOT INTEGRATE THE VERSION ADMINISTERED TO STUDENTS IN THE INTRODUCTORY 
COURSE.  
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APPENDIX II 
Global rating scales to assess the competence of researchers 

 in handling and performing substance administrations in 
laboratory rodents 

 
Scales developed in the context of the work reported in chapter 5. 

Published at the Open Repository of the University of Porto. 
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Instructions to the assessor    

1. Ensure that the candidate’s identification (name and course/assessment reference) and the 

date of task performance are correct.  

2. Provide clear indications to the candidate regarding the task required at each assessment 

(see the instructions to the candidate indicated in the different global rating scales). 

3. Ensure that the candidate is wearing appropriate protective equipment before starting the 

demonstration. 

4. Observe the candidate without interfering or communicating, except if the candidate 

expresses attitudes or behaviors that might compromise animal well-being, in which case the 

demonstration should be immediately halted, and the candidate’s performance should be 

considered “not approved”. 

5. Use the scale to assess the candidate’s performance by selecting for each descriptor the 

categories representing the candidate’s actions. 

6. Feedback may be given to candidate with focus on both the positive and negative aspects of 

the demonstration, to promote skills development.   

7. Please note that information that is considered relevant, such as any special condition of the 

station that constrains the candidate’s performance, the animal strains used, disturbances 

occurring during the assessment, etc., should be registered under the “Observations” column. 
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Suggested approval criteria for summative examinations 

 We recommend adjusting the approval criteria to the context of the assessment, considering 

institutional standards and policies, the objectives of the assessment, and the intended 

proficiency of the candidates. Such criteria should be defined prior to examinations and be 

transparent to candidates.  

 The pass criteria recommended for candidates who concluded formal training in laboratory 

animal science is a final score of [pass] for “global impression”, with at least one [clear pass] 

record for all the remaining items.   

 We propose that these pass criteria correspond to level 2/3 of supervision, as defined in the 

EU working document1. This score indicates that, although the candidate developed the skill, 

training with supervision is required to achieve mastery (level 0 of supervision, defined in the 

EU working document 1) 

 

 

 

 

 

 

 
1

  "The level of supervision can be divided in five stages: 

4 – Supervisor present when the procedure takes place providing direct supervision and 

advice 

3 – Supervisor aware when procedures are taking place and available for rapid 

intervention if required (i.e. in the vicinity of the procedure) 

2 – Supervisor aware when procedures are taking place and available to attend to provide 

advice if required (i.e. in the vicinity of the establishment) 

1 – Supervisor aware when procedures are taking place and available for discussion to 

provide advice if necessary (e.g. by telephone) 

0 – No supervision required"  

 

European Commission guidance document. National Competent Authorities for the implementation of Directive 

2010/63/EU on the protection of animals used for scientific purposes. A working document on the development of a 

common education and training framework to fulfil the requirements under the Directive. Brussels, 

http://ec.europa.eu/environment/chemicals/lab_animals/pdf/guidance/education_training/en.pdf 

(2014, accessed 9 April 2021). page 14 

http://ec.europa.eu/environment/chemicals/lab_animals/pdf/guidance/education_training/en.pdf
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Mouse restraint 

Candidate Name:                                                                                                             

ID/ Course reference:                            

      

Instructions to the candidate:       
1. Please remove one animal from the cage. 
2. Perform the complete restraint.  
3. Return the animal safely to the cage.  
       

 
 
 
OBSERVATIONS:  
     
  
 
 
 
 
Final score:   fail    pass   clear pass  
 
Assessor signature:      Date:  

 

Assessor Name: 

Assessment Station ID:  
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Rat restraint 

Candidate Name:                                                                 

ID/ Course reference:                            

      

Instructions to the candidate:       
1. Please remove one animal from the cage. 
2. Perform the complete restraint. 
3. Return the animal safely to the cage.  
       
 

 
 
OBSERVATIONS:  
       
  
 
 
 
 
 
Final score:   fail    pass   clear pass  
 
Assessor signature:      Date:  

Assessor Name: 

Assessment Station ID:  
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Mouse intraperitoneal administration 

Candidate Name:                                                                                                            

ID/ Course reference:                            

      

Instructions to the candidate:       
1. Please remove one animal from the cage,  
2. Perform an intraperitoneal administration using the material in the station.  
3. Return the animal safely to the cage. 

 
 

 
 
  
OBSERVATIONS:  
     
  
 
 
 
 
 
Final score:   fail    pass   clear pass  
 
Assessor signature:      Date:  

Assessor Name: 

Assessment Station ID:  
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Rat subcutaneous administration 

Candidate Name:                                                                                                              

ID/ Course reference:                            

      

Instructions to the candidate:       
1. Please remove one animal from the cage,  
2. Perform a subcutaneous administration using the material in the station.  
3. Return the animal safely to the cage.       
 

 
 
OBSERVATIONS:  
     
  
 
 
 
 
Final score:   fail    pass   clear pass  
 
Assessor signature:      Date:  

 
 

Assessor Name: 

Assessment Station ID:  
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Stations material 

Mouse restraint  cage with lid 
tunnel 
 

Rat restraint  tunnel 
 

Mouse intraperitoneal administration Sterile syringe (1 ml)  
Sterile needle (25‐27 G; 5/8” length or 
less)  
Saline for injection    
Sharps container 
 

Rat subcutaneous administration Sterile syringe (1 - 5 ml)  
Sterile needle (23 - 25G; 5/8” length or 
less)  
Saline for injected    
Sharps container  
 

 
 
 
 



 132 

 
 
 
 
 
 
 
 
 

APPENDIX III 
The development of a high stakes 

OSCE to enhance the assessment of practical competence in 
Laboratory Animal Science Courses 

 
Published abstract: Poster communication (P.12) at Annual European Conferenceon 

Assessment in Medical Education ‘Technology Enabled Assessment’ (EACCME)  
Costa et al. Braga, Portugal 2018. 
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development of skills for tooth extraction is undertaken in a single one-week block using simulated 

exercises. Throughout the dental undergraduate training, longitudinal developmental work-place 

performance data is obtained and held within LiftUpp ™ (2). LiftUpp ™, which is also used to provide 

feedback to the students, was interrogated for two complete student cohorts, for the final 3 years of 
study (n= 140). The level of individual performance consistency referenced against the students achieving 

‘full independence’ for two distinct clinical skills (direct-restorations and extractions) was established.  

An average (±sd) total of 471(±100) and  88(±16)individual observations per student were analysed for 

direct-restorations and extractions, respectively.

Summary of Results: Kolmogorov-Smirnoff analysis indicated that there was initially a significant 
difference between the direct-restoration and extraction frequency distributions (p=0.05), with 

students being more consistent with direct-restorations in 3rd year, compared with their performance 

in extractions. However, this early advantage disappeared by years 4 and 5 and ultimately graduation, 

where the direct-restoration and extraction distributions were almost identical showing no statistically 

significant difference.

Discussion & Conclusion: The longitudinal performance judgments made during every clinical treatment 

episode, for the two student cohorts, over a 3-year period were analysed. These data demonstrate that 

there may be a small initial advantage to a longitudinal versus block approach to training. However, in 

the longer term such advantages are negligible.

Take-home Message: Using technology supported, large data sets of student performance, it can be 

concluded that the of the method of curricula design, either longitudinal or block training, has no bearing 

on the long-term capability of clinical dental students. 

Researchers carrying out procedures with living animals are legally required to undergo training to 

develop competence to handle animals appropriately. Common standards for training and competence 

assessment have recently been introduced to harmonize training internationally. Practical competence is 
necessary before researchers do unsupervised work in laboratory animal facilities and ensuring that new 

animal users are properly trained is both a moral requisite and a legal requirement under the European 

Directive 2010/63/EU. However, a valid and reliable assessment of practical competence at the conclusion 

of animal training has not been developed. Here, we present the development of an ongoing project 

to create an Objective Structured Clinical Exam for practical skills in laboratory animal science (LAS).

 

The purpose of this study was to develop an objective assessment instrument to attest practical student 

ability to perform handling and procedures with rodents, namely, mouse restraint, rat restraint, mouse 

intraperitoneal injection (ip) and rat subcutaneous injection. Particularly, here, we will present the 

The development of a high stakes OSCE to enhance the assessment of practical competence 
in Laboratory Animal Science Courses

Main Author: Andreia Costa

i3S/University of Porto (Portugal)

afcosta@ibmc.up.pt
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process of developing the instrument for mouse ip evaluation. The ip technique was chosen for being 

an essential and worldwide used procedure in biomedical research with rodents. It is also one of the 

procedures taught in all the LAS courses that run regularly at our institution. Despite its importance, 

there is yet no marking rubric available to use in LAS education to assess practical competence.

The process of development and definition of the marking rubric was initially based on revision of the 
standard reference material and experts’ contribution – trainers in practical classes, technicians and 

the responsible laboratory animal veterinarian. Within this process, measurable and crucial steps for the 

success of the ip procedure were identified and a consensus for trainee approval criteria was established. 
Subsequently, the instrument was tested in a pilot evaluation context, to check the items adequacy as 

well as the operationally of its application in the OSCE setting. 

The third step in this development process was the incorporation of a number of changes based on 

specialists’ revision; two items were eliminated and two of the four categories condensed (fail and 

poor). A final score sheet was established comprising 9 items (corresponding to 8 tasks plus 1 item of 
global impression) with a 3-point answering scale (from fail to clear pass). 

Globally, the preliminary results presented a high level of inter-observer reliability (1 _ intraclass 

correlation coefficient scores _ 0,6) and adequacy to a OSCE in LAS context. Also, the main limitations 
and issues faced in the establishment of the practical competencies’ evaluation within this context 

will be discussed.

Background: Undergraduate medical students often report insufficient formal teaching and assessment 
of basic surgical skills such as suturing and knot tying. In recent years, peer-assisted learning (PAL) 

has proven to be an effective model of teaching basic surgical skills.(1) This study aims to develop a 

consultant-led peer-assisted learning model (CL-PAL) to facilitate quality-controlled teaching and 

assessment of basic suturing skills in undergraduate medical education.

Summary of Work: A video containing basic suturing techniques was developed with the assistance of 

an experienced plastic and reconstructive surgeon. Sixty students were recruited and allocated to four 

workshops across two days. Each student was provided a pre and post workshop assessment form to 

gauge their confidence levels with different suturing techniques and theories of suturing. Photos and 
videos of students suturing techniques were taken before and after the delivery of teaching material.

 

Summary of Results: From the post-workshop assessment, students had subjectively increased confidence in 
holding surgical instruments, suturing skills, and applying knowledge of sharp safety. Following this workshop, 

90% reported they were more likely to attend self-directed learning sessions to maintain their acquired skills. 

Consultant-Led Peer-Assisted Learning Model: Utilising Technology to Facilitate Basic 
Skills Teaching and Assessment

Main Author: Dupinderjit Singh Rye

University of Exeter (United Kingdom)
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APPENDIX IV 
Laboratory Animal Science online training  

through the eyes of the learner: perceptions of gains 
 

Published abstract: Oral communication (OA4S2) at 14th FELASA Congress 2019 
Costa et al. Lab Anim 2019 53(1S) pp.31. 

 
 
 
 
 
 



OA4S2

Laboratory Animal Science online
training through the eyes of the learner:
perceptions of gains

Costa Andreia1,2, Costa A.3 and Olsson I.A.1
1Laboratory Animal Science group, i3S, Instituto de Investigação e
Inovação em Saúde – University of Porto / IBMC, Institute for
Molecular and Cell Biology, University of Porto, Porto, Portugal
2ICBAS, Abel Salazar Institute of Biomedical Sciences, University
of Porto, Porto, Portugal
3FPCEUP, Faculty of Psychology and Education Sciences of the
University of Porto, Porto, Portugal

Abstract
The European directive 2010/63/EU issued clear recommendations
concerning the training and competence of researchers using ani-
mals in experimental procedures. Different courses and training
programs have emerged across Europe, and the Laboratory
Animal Science community is facing the challenge of offering qua-
lified and flexible training. From similar educational areas,
E-learning appears to be a promising solution tool, fulfilling the
flexible-time training and quality criteria.

However, very few studies have addressed the participants’ per-
ception of e-learning as a training tool. For course organizers the
e-learning approach is the key to the problem of demanding pro-
grams and short training periods. However, participants’ percep-
tions, that is known to be a relevant factor for learning have not
been investigated.

Within an exploratory study framework, the e-learning
approach perception of 229 researchers participating in LAS train-
ing programs was assessed. Participants answered the
Questionnaire of E-learning Acceptance (QELA), a Likert-type
scale comprising 5 subscales that explores how participant per-
ceive the organization of the e-learning, its relevance for the time
management and for preparing for practical training. Results also
explored the influence of student’s sociodemographic and profes-
sional profile in the e-learning acceptance.

In general, e-learning was students’ well accepted by the
majority of the participants as an alternative to classroom lec-
tures. We will further discuss how we have used the results to
improve our use of e-learning.

OA4S3

How can E-learning resources
contribute to meeting the training
requirements of EU2010/63?

Flecknell Paul1, Gledhill J.2, Morris T.3 and
Nowlan P.4
1Flaire Consultants, Newcastle, United Kingdom
2Comparative Biology Centre, Newcastle University, Newcastle,
United Kingdom
3Scientialis, London, United Kingdom
4Last-Ireland, Dublin, Ireland

Abstract
EU Directive 2010/63 requires appropriate training of various indi-
viduals with responsibilities for the conduct of studies that involve
the use of laboratory animals. Delivery of training to this large
number of individuals (several 1000 in the UK each year) is already
resource intensive, and the required time and effort of trainers is
likely to increase. Provision of E-learning modules to support this
training can help with meeting the requirements of the Directive in
a cost-effective way.

We launched three E-learning modules (EU5, 6 and 20) between
2014 and 2016 and the first of a series of modules related to EU21
was recently launched with support from the UK NC3Rs. The mod-
ules are developed using Articulate E-learning software and are
delivered both as standalone modules (https://www.nc3rs.org.uk/
3rs-resources) and via Learning Management Systems (LMS)
enabling progress tracking for course leaders (www.flairelearn-
ing.com and www.researchanimnaltraining). Since launch, over
6000 individuals have completed one or more modules, and they
have been used as part of a blended learning approach by the
developers in Newcastle, Stockholm and Coimbra. Other training
providers in the UK and in other member states have also incor-
porated the material into their courses. User feedback has been
excellent, and it has enabled reduction of the face-to-face compo-
nent of these taught courses, so reducing the trainer-resource
required.

We are currently developing E-learning modules for project
applicants, project assessors and ethical review committee mem-
bers, with funding from the European Commission. These latter
modules will be freely available via a platform managed by
ETPLAS.

OA4S4

Distance learning in vocational education
and training – collaboration between
Sweden and South Africa

Vodoti Emma1, Lewis D.2, Fourie T.3 and Mohr B.4
1Karolinska Institutet, Nordic Consortium for Laboratory Animal
Science Education and Training, Stockholm, Sweden
2School of Biomedical Sciences, University of Leeds, Leeds, United
Kingdom
3Executive group, South African Association for Laboratory Animal
Science (SAALAS), Pretoria, South Africa
4Centre for Animal Research, University of Cape Town, Cape Town,
South Africa

Abstract
‘‘The best week ever that I will remember for a long time. How is it
possible that I have learned so much in one week?’’ /Course
participant

Online learning platforms with flexible settings for users and
content is an efficient way of outreach between educators, lear-
ners and professionals. The needs of different learner categories
and professional requirements can be satisfied and adjusted con-
comitantly, both in terms of challenges and contents. The platform
continues living as an everyday reference working tool and secure
international communication channel amongst professionals.

This scenario is implemented in a collaborative initiative
between South Africa and Sweden via the Nordic Consortium for
Laboratory Animal Science. A one-week hands-on workshop for
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the totality of the course you are well on your way to have a clear
and schematic overview of how to evaluate your students.

Connect this to which format you use to teach these compe-
tences and to which format and criteria you use to assess these
competences and it will be much easier to detect if there is a good
match between the assessment and the learning outcomes you
are evaluating. Finally, by linking the course competences to a
certain level of complexity/specificity and to the overall core com-
petences of a e.g. master program, you are able to position your
course and its assessment in the competence-driven education of
most higher education institutions.

OA12W1

Are you skilled enough to work with
animals? Measuring competencies using
OSCE stations

Costa A and Olsson Anna
i3S – Institute for Research and Innovation in Health, University of
Porto, Porto, Portugal

Abstract
The terms competence/competent are used in Directive 2010/63/
EU as a requirement for persons carrying out procedures with
animals. More recently, several initiatives have started to address
the question of competence is to be assessed in order to guarantee
that future animal users are skilled enough to be authorized to
work without supervision.

Following the Objective Structured Clinical Exam (OSCE)
approach, we have developed an instrument to assess students’
ability to perform handling and key procedures with rodents
(restraint and two types of injections).

The process of development and definition of the marking rubric
was initially based on revision of the standard reference material
and experts’ contribution – trainers in practical classes, techni-
cians and the responsible laboratory animal veterinarian. Within
this process, measurable and crucial steps for the success of the
procedures were identified and a consensus for approval criteria
was established.

Subsequently, the instrument was tested in a pilot evaluation
context, to check that the itmes were adequate and operational in a
practical setting.

The third step in this development process was the incorpora-
tion of a number of changes based on specialists’ revision; items
were eliminated and categories condensed and a final score sheet
for each procedure was established with a 3-point answering scale
(from fail to clear pass).

In this workshop, participants will be given an introduction to
the concept of OSCE and how to develop them, and thereafter get
the opportunity to practice scoring different student performances
from video recordings.

OB1S1

Reproducibility: ‘‘10% of the time it
works every time’’ – Time to take stock

Begley Glenn
CEO, BioCurate Pty Ltd, Parkville, Victoria, Australia

Abstract
As medical researchers, we all want to make discoveries that have
a real impact on human health. There are however serious obsta-
cles preventing this.

A key impediment is the reward system that applies within aca-
demic research, and that provides a perverse set of incentives that
reward flashy science with little regard for the quality, robustness
or reliability of the work. That is particularly the case for papers
published in the ‘‘top tier’’ journals. Those highly cited publica-
tions, from famous investigators typically fail because experiments
were not performed by blinded investigators, positive and negative
controls were not used, experiments were not repeated, reagents
were not validated, only select data was shown, and data analysis
was inappropriate.

Over recent years, positive steps have been taken to begin to
address this issue. Some funding agencies and a number of jour-
nals have sought to improve their processes.

However, the principal responsibility for addressing this pro-
blem rests with investigators and research institutions.

Researchers can actively foster quality research: scientists
should actually read papers before citing them, refuse to cite
poor quality papers (even from famous investigators), refuse to
accept the journal as a surrogate for quality, and do things prop-
erly ourselves.

Research institutions should create an ‘‘Office of Research
Integrity’’, with responsibility for conducting random laboratory
audits, compulsory methods-training, requiring compliance with
agreed Guidelines. Failure to comply should be associated with
real consequences.

These would be important steps to help address this important,
systemic problem.

OB1S2

How standardization causes poor
reproducibility in animal research

Wuerbel Hanno and Voelkl B.
Division of Animal Welfare, University of Bern, Bern, Switzerland

Abstract
Reproducibility in animal research is alarmingly low. Various
potential causes of poor reproducibility have been identified,
including poor scientific rigor, low statistical power, analytical
flexibility, and publication bias. However, the reproducibility of a
result is also a function of its external validity. Unless results are
robust against common sources of variation between independent
replicate studies, they will not be reproducible. In animal research,
effects of experimental treatments usually vary depending on the
phenotype of the animals. Because the phenotype depends also on
the environment of the animals, small differences in the environ-
ment between replicate studies can produce conflicting results.
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An Objective Structured Laboratory
Animal Science Examination (OSLASE) to
ensure researchers’ professional
competence in laboratory animal science

Andreia Costa1,2,3 , Sofia Lamas1,2 , Maria Rui Correia1,2,
Maria S Gomes1,2,3 , Manuel J Costa4 and I Anna S Olsson1,2

Abstract
The evaluation of the competence of personnel working with laboratory animals is currently a challenge.
Directive 2010/63/EU establishes that staff must have demonstrated competence before they perform unsu-
pervised work with living animals. Nevertheless, there is a lack of research into education and training in
laboratory animal science, and the establishment of assessment strategies to confirm researchers’ compe-
tence remains largely unaddressed.
In this study, we analysed the implementation of a practical assessment strategy over three consecutive years
(2018–2021) using the Objective Structured Laboratory Animal Science Exam (OSLASE) developed previously by
us to assess professional competence. The interrater reliability (IRR) was determined based on the assessors’
rating of candidates’ performance at different OSLASE stations using weighted kappa (Kw) and percentage of
agreement. Focus group interviews were conducted to access trainees’ acceptability regarding the OSLASE.
There was a moderate-to-good Kw for the majority of the scales’ items (0.79! 0.20"Kw# 0.45! 0.13). The
percentages of agreement were also acceptable (#75%) for all scale items but one. Trainees reported that
the OSLASE had a positive impact on their engagement during practical training, and that it clarified the
standards established for their performance and the skills that required improvement. These preliminary
results illustrate how assessment strategies, such as the OSLASE, can be implemented in a manner that is
useful for both assessors and trainees.
Examen structur!e objectif de science animale de laboratoire (OSASSE) pour assurer la comp!etence profes-
sionnelle des chercheurs en SAL
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Competence and proficiency, performance assessment, Objective Structured Laboratory Animal Science
Exam (OSLASE), LAS assessment impact, education and training in laboratory animal science
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Driven by an increased awareness of the importance of
ensuring researchers’ professional competence in
animal experimentation to safeguard animal welfare,
the interest in the design and implementation of inno-
vative assessment methods has been increasing notori-
ously. Such an increase is motivated not only by the
imposition of the revised European legislation,1,2 but

also by the need to guarantee the application of the 3Rs
in practice.3
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tasks until they have demonstrated the requisite com-
petence’.2 The associated working document for
a common education and training framework further
clarifies that the assessment of practical competence
should rely on observations of trainees while they per-
form the procedures.1 Such regulations call out for
greater awareness by education and training supervi-
sors regarding competence and assessment constructs
in the laboratory animal science (LAS) context.4

Ensuring professional competence in LAS through
observational assessments is critical at different stages
of learning; for example, as a final examination at
the conclusion of a LAS training period, before the
beginning of autonomous work, or as a formative
work-integrated assessment as part of continuing pro-
fessional development (CPD).

The field of LAS can draw on the extensive knowl-
edge regarding the assessment of professional compe-
tence developed in the context of medical and health
professional education. In these fields, driven by spe-
cific professional regulations and the agenda of patient
safety, concepts such as competence, performance, and
the validity and reliability of the assessment methods,
have been largely explored.5–7 Assessments are crucial
elements in the educational process and play a relevant
role in all phases of professional development.8

Moreover, assessment is a key element in the process of
learning, having a positive impact and affecting learners
in regard to how they plan and carry out their studies.6–9

Regardless of the timing of their application, the
format of observational assessments is a crucial ele-
ment for ensuring that they are capable of measuring
what is intended. In LAS, there is a need for the obser-
vational measurement of professional performance
other than cognitive knowledge, which is suitably
assessed using traditional formats, such as written or
oral tests. In medical and health science education,
there is consolidated experience in alternative formats
of observational exams, such as the Objective
Structured Clinical Examination (OSCE), the mini-
clinical evaluation, simulations and direct observation
in clinical workplaces.6,8,10 In this sense, the format and
design of the assessments must be planned to allow the
capture of psychomotor dimensions (technical ability)
and, if possible, emotional/attitudinal dimensions (such
as professionalism or empathy with animals).11,12

Although LAS training programmes are increasing-
ly focusing on professional competence in practice,
assessments focused on abilities in this domain are
still lacking. LASA was the first organization to pub-
lish instruments to assess practical competence in LAS,
namely the Direct Observation of Practical/Procedural
Skills (DOPS).13 More recently (starting in late 2021),
the Education and Training Platform for Laboratory
Animal Science (ETPLAS) website has been

disseminating DOPS sheets developed by the working
groups, to be used as examples in assessments.14

As part of an ongoing project implemented at our
institution aimed at developing an Objective Structured
Laboratory Animal Science Exam (OSLASE) of
researchers’ competence, we have previously developed
instruments to capture the performance of researchers
while handling and performing substance administra-
tions in laboratory rodents.11,15 In this study, we con-
tinued the development process of this tool by
evaluating the interrater reliability of the assessors
and the acceptability of the OSLASE for those who
have taken the examination. These are two important
elements to understand better the relevance and the
assessment impact . Interrater reliability is critical for
the reliability of any assessment. As the OSLASE is
quite different from the existing examinations, under-
standing how participants experience the examination
should reveal its impact on their motivation and
engagement, exam preparation, and development of
competence.

Material and methods

Study design and setting

This study included participants who completed a LAS
training course (see Table 1 for details of the two
course formats). The OSLASE is an observational
examination designed to assess LAS skills performance
and competence inspired by the OSCE in health pro-
fessional education.11,16 The exam consisted of four
manned stations which assessed the performance of
the participants during essential and routine proce-
dures using laboratory rodents; that is, mouse restraint,
rat restraint, mouse intraperitoneal administration and
rat subcutaneous administration. All stations were
timed and involved the handling and restraint of a
live rodent (mouse restraint and rat restraint), as well
as the execution of procedures using mannequins
(mouse intraperitoneal administration and rat subcuta-
neous administration). Table 1 depicts the stations that
integrated the OSLASE in the two course formats. In
both contexts (introductory and advanced courses),
performance was assessed by trained examiners sup-
ported by a global rating scale (GRS) specifically devel-
oped for these procedures.15

Data from OSLASE assessments were collected over
three years, from 2018 to 2021.

At our institution, a pass mark in the OSLASE
(practical assessment) is necessary to successfully con-
clude the LAS course. Those who fail need to retake
the practical training. In the introductory course, train-
ees take the OSLASE and a written assessment at the
end of training. A choice of dates for the OSLASE is
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offered between two options spaced approximately by
one month for the introductory training. In the
advanced course, the OSLASE is integrated in the
rodent handling practical module, and participants
can choose to undertake it at any time during the
two sessions of this module. At both training levels,
the trainees are assessed individually in a standardized
scenario by a trained assessor. The main aspects of
each of the training courses are summarized in Table 1.

Data collection from human participants (instru-
ment application in the context of the courses and
group interviews) was performed under approval
from the Joint Ethics Committee of CHUP/ICBAS
with reference numbers 2019/CE/P014(292/CETI/
ICBAS) and 2021/CE/P013(P353/CETI/ICBAS).
Informed consent was obtained from the candidates
prior to data collection. The use of animals for teaching
was covered by approval 2017-03 by the i3S Animal
Welfare and Ethics Review Body.

OSLASE set-up

In each station, the assessors used a specific global
rating composed of 7 to 9 items with descriptors. The
final item of each scale was the ‘global impression’
item. The items of all scales presented
three performance-rating categories: fail, pass, and
clear pass.

In introductory LAS courses, the candidates were
assessed individually at the end of the training by the
first and second authors of this study. The two asses-
sors evaluated each candidate (n¼ 92) independently,
at the same time, via direct observation of their perfor-
mance. Not all candidates included in the sample com-
pleted the four stations. Some candidates failed scale
items, which led to performance failing/end of the exam

(e.g. failing to pick up the animal from the cage).
Furthermore, a few candidates received training for
only one of the species; therefore, they were assessed
only for that species (e.g. when training for work using
mice, they performed mouse restraint and mouse intra-
peritoneal administration).

Evaluation of interrater agreement

The evaluation of the OSLASE for the purpose of this
paper included assessing the agreement between the
ratings of the two assessors, that is, the interrater reli-
ability (IRR), in two ways: the percentage of absolute
agreement (% of agreement) and the weighted kappa
(Kw) statistic. These are recommended methods for
determining assessor agreement because of the recog-
nition of the importance of decisions in healthcare and
clinical research supported by IRR results.17 The per-
centage of absolute agreement between the two asses-
sors was the number of concordant scores divided by
the total number of scores. A range from 75% to 90%
of absolute agreement is considered to be accept-
able.17,18 The Kw, with linear weighting, was calculated
for all scale items of the four global rating scales and
for the global impression item (the last item of each
scale). Kw allows the weighting of disagreements dif-
ferently, which is especially useful in studies applying
scales with ordered rating categories, so that it confers
greater emphasis to large differences between ratings
than it does to small differences.19–21 Kappa values
representing the agreement between raters were inter-
preted according to the following scheme: <0.20, poor;
0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, good;
and 0.81–1.00, very good.22 The analyses were per-
formed using the SPSS 21 statistical software package
(SPSS Inc., Chicago, USA).

Table 1. Introductory and advanced training courses: description and main assessment aspects.

Introductory course Advanced course

Covers Directive Function A and D
Spaced in time (approximately two months)
#40 h

Covers Directive Function A, B and D
Condensed in time (10 full days)
#80 h

Assessment timing Final
(at the end of practical training)

During training process
(between practical course modules, at the end

of handling module)

OSLASE stations mouse restraint
rat restraint
mouse intraperitoneal administration
rat subcutaneous administration

mouse restraint
rat restraint

Data collected interrater agreement
trainees exam acceptability

trainees exam acceptability

OSLASE: Objective Structured Laboratory Animal Science Exam.
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Evaluation of acceptability

To capture a variety of perceptions in both course
levels concerning the acceptability of the OSLASE,
thirteen LAS course trainees (seven participants from
the advanced course, two different editions and the
remaining from the introductory course, three different
courses) participated in the focus group interviews.
Eligible trainees had successfully completed the
course at either level (introductory or advanced) in
the preceding twenty four months and had received a
certificate. Participants were invited by email. All
respondents who accepted the invitation were integrat-
ed in the interviews. They were previously informed
about the study aim and conditions and gave their con-
sent to participate. The decision to conduct focus
groups envisioned a deeper delving into trainees’
views. The interview guide was developed by the
study authors and was adapted to the different courses
(see Table 1). Because of COVID-19 restrictions, the
interviews were carried out online (via Zoom).

A total of four focus group interviews were con-
ducted over a seven-month period. Trainees were allo-
cated to focus groups according to course type (two
focus groups per type) and availability. The interviews
lasted approximately 90 min, with an initial introduc-
tion followed by a moderator (last author) - facilitated
discussion; an assistant moderator (third author) took
notes during the interviews. Neither the moderator nor
the assistant moderator were related to the OSLASE
administration. The participants were first provided an
introduction about the purpose of the study, followed
by script questions. The participants discussed their
own experiences freely, in combination with prompts
when necessary. With the participants’ permission, all
sessions were audio and video recorded and the content
was transcribed verbatim. Participant identification
was pseudonymized. The verbatim transcripts were
coded using the NVivo software (QSR International
2022) version 12 for qualitative analysis. The first and
last authors decided on a first set of codes and coded
each transcription separately, before meeting to confirm
the coding and revise the citations. At the end of the
procedure, five categories were identified (Choice of
timing to perform the exam; Effect on trainee practical
preparation before performing the OSLASE; Experience
and perception; OSLASE impact on trainee learning
process; and OSLASE relevance and importance).

Results

Determining the agreement between raters

The mouse restraint scale items related to ‘tail grasp
attempts’, ‘tail hold’, and ‘suspension duration’

showed high percentages of agreement between raters
(#85%), whereas the Kw revealed poor agreement
(below 0.40). The remaining items of this scale showed
moderate-to-good Kw values (0.45! 0.13"Kw#
0.61! 0.08). The lowest percentage of agreement for all
items of this scale was obtained for the ‘global impres-
sion’ item (71%), although it presented a moderate Kw
value (0.51! 0.07) (Table 2, part A).

Regarding the rat restraint scale, the Kw values for
interrater agreement for the items ‘hold the animal’
(0.32! 0.24) and ‘return to the cage’ (0.27! 0.24)
were low, despite the fact that the same items exhibited
higher percentages of agreement (>95%). For the
remaining scale items, including the ‘global impression’
item, there was moderate interrater agreement (0.48!
0.11"Kw# 0.56! 0.12), with percentages ranging
from 76% to 88%. The first scale item, ‘remove the
animal from cage’, showed a good coefficient
(Kw¼ 0.75! 0.12) and percentage of agreement
(97%) (Table 2, part B).

Regarding the mouse intraperitoneal administration
scale, it was not statistically possible to calculate kappa
values for the restraint and injection speed items. The
percentages of agreement were acceptable (#97%).
One item on this scale, ‘body part/quadrant’, exhibited
a low interrater agreement (Kw¼ 0.33! 0.15) and a
high percentage of agreement (90%). The remaining
scale items showed moderate (‘depth of puncture/
angle’ and ‘global impression’), good (‘animal position’
and ‘reflux/syringe holding’) and excellent (‘animal
position’ and ‘time after restraint’) kappa values, with
percentages of agreement ranging between 75% and
100% (Table 2, part C).

For some items on the rat subcutaneous administra-
tion scale (‘body part/quadrant’, ‘injection speed’, ‘time
after restraint,’ and ‘procedure repetitions’), similarly
to intraperitoneal administration, it was not possible to
calculate kappa because of the statistical assumptions
underlying the Kw calculation. Nevertheless, those
same items showed acceptable percentages of agree-
ment (96%–100%). The kappa of the remaining items
was moderate (‘depth of puncture/angle’ and ‘global
impression’) and good (‘restraint/animal position’ and
‘reflux/syringe holding’). The percentages of agreement
for these scale items ranged between 83% and 95%
(Table 2, part D).

The ‘global impression’ item of each scale exhibited
moderate values of kappa and an acceptable level of per-
centage of agreement: global impression for the mouse
restraint scale, Kw¼ 0.51! 0.07 and 71%; global
impression for the rat restraint scale, Kw¼ 0.49! 0.10
and 76%; global impression for the mouse intraperitone-
al scale, Kw¼ 0.57! 0.09 and 75%; and global impres-
sion for the rat subcutaneous administration scale,
Kw¼ 0.59! 0.11 and 83% (Table 2).
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OSLASE acceptability among the trainees

We considered that we reached saturation (i.e. that new
interviews no longer added perspectives that had not
emerged in previous interviews) in the four focus
groups, in which both course types (introductory and
advanced) were represented. From the focus group
interviews performed among former trainees, five
main themes emerged related to the practical exam.
Verbatim quotes for each category are given as exam-
ples in Table 3. Respondent pseudonym and course
format are indicated at the end of each quote.

(1) Choice of timing

When the advanced course participants were asked
about the factors that determined their choice of
timing to perform the OSLASE, the key factors were
feeling confident and making the best use of the avail-
able time to practice before the exam. Without excep-
tion, interviewees from the introductory course
reported having chosen to take the exam after they
had concluded the training period with their tutor,
rather than directly after the end of the practical clas-
ses. These students, whose practical training had been

Table 2. Calculation of percentage of agreement (% agreement) and weighted kappa (Kw) between raters for all items on
the four different global rating scales, that is, (A) Mouse restraint, (B) Rat restraint, (C) Mouse intraperitoneal admin-
istration, and (D) Rat subcutaneous administration, for the total number of performances (n performances).

Scale item n performances % agreement Kw SD

A j Mouse restraint
Pick from the cage Tail grasp attempts 92 96 –0.02 0.01

Tail hold 92 85 0.18 0.12
Suspension duration 89 96 0.31 0.25

Restraint and scruffing Neck scruff attempts 89 78 0.54 0.09
Scruffing 92 76 0.51 0.09
Tail holding/restraint 92 85 0.45 0.13

After restraint Procedure repetition 92 75 0.61 0.08
Global impression 92 71 0.51 0.07

B j Rat restraint
Pick from the cage Remove from the cage 88 97 0.75 0.12

Hold the animal 88 95 0.32 0.24
Restraint and scruffing Cranial/anterior restraint 88 82 0.48 0.11

Caudal/posterior restraint 88 88 0.56 0.12
After restraint Return to the cage 88 97 0.27 0.24

Procedure repetition 88 78 0.55 0.10
Global impression 87 76 0.49 0.10

C j Mouse intraperitoneal administration
Before administration Restraint 88 97 a a

Animal position 88 92 0.90 0.04
Administration Body part/quadrant 88 90 0.33 0.15

Depth of puncture/angle 87 75 0.54 0.08
Reflux/syringe holding 88 80 0.74 0.09
Injection speed 88 99 a a

After administration Time after restraint 88 100 1 0
Procedure repetition 88 99 0.79 0.20

Global impression 88 75 0.57 0.09

D j Rat subcutaneous administration
Before administration Restraint/animal position 84 95 0.82 0.9

Body part/quadrant 84 98 a a

Administration Depth of puncture/angle 84 89 0.59 0.13
Reflux/syringe holding 84 89 0.71 0.10
Injection speed 82 100 a a

Time after restraint 83 96 a a

After administration Procedures repetitions 84 100 b
Global impression 84 83 0.59 0.11

aOne of the variables was constant; therefore, Kw could not be computed in this instance.
bEach variable in each pair had less than two valid categories; therefore, Kw could not be computed.
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impacted by restrictions during the COVID-19 pan-
demic, also highlighted the balance between avoiding
a too-long gap but still having sufficient time to
practice.

(2) Effect on trainee practical preparation
before performing the OSLASE

Several of the interviewees from the advanced course
stated that the existence of a formal practical exam
enhanced their engagement in the practical class of
animal handling. However, some participants argued
that they were not approaching the learning any differ-
ently as a consequence of knowing they would have to
pass an exam. Among the interviewees from the intro-
ductory course, there was also a widespread view that
knowing there would be a formal practical exam had
little influence on how they prepared and practiced.
Students also mentioned that, because they were pre-
paring for real life work with live animals, their prep-
aration was not dependent on the administration of an
exam.

(3) Experience and perception

Some respondents reported that they unavoidably felt
anxious at having to perform a practical demonstra-
tion, whereas others highlighted the fact that they did
not feel much pressure, as a consequence of how they
had prepared and how the exam was carried out, with
few trainees per instructor.

(4) OSLASE impact on the trainee learning
process

Among the interviewees from the advanced course, in
whom the OSLASE aimed to assess handling skills, the
test took place during, rather than at the end of, the
course; therefore, it was perceived to have a positive
impact on subsequent course moments by enhancing
self-confidence. The assessment was found to provide
more confidence and commitment during the learning
process. An assessment performed between the first
and the subsequent classes may also contribute to the
levelling of the standard between students. Regarding
whether the exam changed trainee perception, the opin-
ions of the participants were divided: some considered
that practical assessment did not have an impact,
whereas others reported that it made a significant
difference.

(5) OSLASE relevance and importance

Interviewees considered the OSLASE to be an essential
component of the course, as it prepared them to per-
form practical work with animals, although it was also

reported that students in general were motivated and
would learn independently of the presence of a practi-
cal assessment. One participant highlighted its rele-
vance from the perspective of responsibility regarding
overseeing work with animals, in that not having a
practical exam would require others, such as supervi-
sors, to assess competence. Trainees in the introductory
course considered the format to be adequate. Advanced
course participants reported that the choice of the
exam moment was adequate and contributed to the
identification of specific improvement needs.
Interestingly, one respondent discussed the relevance
of a practical exam as a means to add authority to
the argument that animal welfare is taken into account
in the regulation of animal use, filling an existing gap in
which their importance is undisputed but often not met
in practice.

Discussion

The aim of this study was to explore the implementa-
tion of the OSLASE in LAS training, to evaluate the
interrater agreement in the practical assessment and the
acceptance of the exam by trainees.

The consistency of the agreement among raters pro-
vides valuable information regarding the quality of the
assessment and its reliability. In particular, it reveals
whether the raters agree on how to apply the instru-
ment as a support for deciding on a candidate’s perfor-
mance. Two statistical methods that have been used in
health sciences17,23 were used to calculate the IRR: the
percentage of agreement and Kw. These two statistical
measures of agreement present advantages and limita-
tions: although the percentage of agreement is easily
calculated and directly interpretable, it does not con-
sider whether the raters perform scoring randomly; in
turn, the Kw formula corrects this limitation, but is
based on assumptions regarding rater independence
and other factors that are rarely met in real-life data,
which may result in an extreme underestimation of the
level of agreement.17 The results of this study revealed
that the majority of the items on all four scales exhib-
ited moderate-to-good values of kappa, as well as
acceptable percentages of agreement for all items but
one. The Kw and percentage of agreement showed sim-
ilar results, thus confirming a tendency on agreement,
although some scale items were not fully concordant
regarding the magnitude of accordance. Previous stud-
ies have reported moderate kappa values and excellent
percentages of agreement between human and auto-
mated raters.24

Based on these results, there is room to enhance the
IRR in the application of the OSLASE. One way of
achieving this goal is to train the assessors further in
how to apply the scale. Although the incorporation of
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continuous rater training into busy teaching schedules
is challenging, it has been shown to considerably min-
imize disagreement, particularly for scale items that
measure fine and very technical discriminations using
various rating categories (as the scales used in this
study).25,26 In this study, performance was assessed
over a three-year period, and despite being adminis-
tered by assessors that were very familiar with the
GRSs, the quality of the data collected was not moni-
tored over time, to identify potential disagreements,
which may have contributed to the limited IRR
scores. Moreover, the scales were applied to a restricted
number of performances in a controlled scenario (of
training). The diversification of the context in which
the instrument is applied, such as by including work-
place assessments (of researchers performing the pro-
cedures as part of their work with animals) as part of a
continuing professional development strategy, could
enhance IRR.27,28

Going beyond the question of agreement, it is also
relevant to consider the value of the OSLASE as a way
to implement an assessment strategy that is able to
evaluate the practical competence acquired by
researchers during the training (for the advanced
course format) or at the end of training (for the intro-
ductory format). This adapted OSCE type of exam
introduced standardization and uniformization of the
assessments for all trainees (independently of the
course type). The existence of standardized instruments
introduces predictability among the trainees, who
know how they will be evaluated, and can obtain sys-
tematic feedback on their performance. The instru-
ments applied at the stations, the GRSs, promote
consistency, which guarantees that the manner in
which the candidates’ performance is evaluated is not
dependent on who is performing the assessment.

Regarding the OSLASE acceptability, our findings
revealed that the trainees accepted and recognized the

Table 3. Categories emerging from the focus group and representative quotes during the course: (1) choice of timing, (2)
effect on trainee practical preparation, (3) experience and perception, (4) OSLASE impact on the trainee learning process,
and (5) relevance and importance.
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validity of this type of structured practical assessment
on the context of the LAS training course. The trainees
took into consideration their confidence in their own
capacity to decide on the timing to take the OSLASE,
which seemed to be the key factor affecting the decision
of when to perform the exam. It is noteworthy that
trainees also highlighted another time issue: the time
that is needed to develop and reach a level of proficien-
cy to succeed in the assessment. The trainees who were
forced to postpone the OSLASE because of COVID-19
pandemic restrictions reported frustration with the
delay of the assessment, recognizing that the exam
should be adjusted to the training timeline, as an exces-
sive time interval between the end of classes and the
exam was perceived as being problematic by them. The
integration of the OSLASE in the course programme
affected the preparation of the trainees: some respond-
ents recognized that they felt more engaged and stim-
ulated to invest on practical training. Furthermore, the
trainees pointed out that assessments ensure that
apprentices reach the expected practical learning out-
comes. These findings are in line with research on the
topic that supported the contention that assessment not
only drives, but also has a positive impact on learn-
ing.6,8 Although the OSLASE is a relatively recent
introduction in this training, a few respondents stated
that, for them, a formal practical assessment was
assumed and expected in these courses. Assessment
was not a stressful experience for the majority of the
respondents, which may be explained by the manner in
which the experienced tutors, also in the role of asses-
sors, drove the process. In fact, the assessor role being
assumed by the tutors can be regarded as a limitation
of this study, as it can bias the way candidates faced of
the OSLASE. However, the number of LAS tutors with
expertise in teaching, supervising and assessing trainees
is limited. The interviewees also identified the positive
impact of the exam on the learning process, as reported
previously in the literature.9 The topic of how OSLASE
helps the trainee to confirm the skills acquired emerged
several times during the interviews, confirming the per-
ception that assessment is an essential step in the con-
solidation and promotion of future practical
learning.29,30 The trainees also reported that the
OSLASE establishes a standard and defines the skills
that students are expected to develop in subsequent
sessions. They also felt that demonstrations contribut-
ed to the identification of skills that should be
improved and to the support of the role of those over-
seeing workplace training, which are crucial features
introduced by the assessment in the context of these
courses.

The strategy described in this paper was imple-
mented in two course types, one of which is accredited
by FELASA. Accreditation bodies are important in the

efforts to support researcher competence development
and maintenance during their professional life. Our
experience suggests that having all trainees go through
the same examination format mitigates the risk that
trainees below the desired level of competence will
complete the course, thus contributing to course cred-
ibility. However, the assessment and verification of the
professional competence of individuals working with
living animals is a process and a topic that goes
beyond the responsibilities of the accreditation bodies
or even course organizers. To guarantee that personnel
performing procedures in animals are competent is also
the responsibility of the institutions or companies at
which the animals are used, the animal facilities and
licensing authorities. FELASA and other accreditation
bodies may play a fundamental role in supporting the
change from a traditional paradigm of assessment by
challenging the course organizers to include more
extensive observational assessments in their courses.
These approaches are relevant not only as summative,
but also as formative assessments.

Conclusion

To the best of our knowledge, this was the first study to
report the impact of the implementation of a practical
assessment strategy in a LAS training context. In par-
ticular, this study addressed the feasibility of the
OSLASE by exploring the interrater agreement and
investigating the acceptance of the practical exam by
trainees. The results showed that there is room for
improvement of the interrater agreement, whereas the
overall raters agreed on the decisions regarding the
competence of the candidates. The trainees recognized
that the OSLASE promoted and guided their learning,
increased their engagement and motivation during
practical sessions, and served as a confirmation that
relevant skills had been learned. Overall, the introduc-
tion of the OSLASE allows the measurement of prac-
tical competence other than the assessment of cognitive
knowledge using traditional evaluation methods.
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Examen structur!e objectif de science animale de laboratoire (OSASSE) pour assurer la
comp!etence professionnelle des chercheurs en SAL
R!esum!e

L’!evaluation de la comp!etence du personnel travaillant avec des animaux de laboratoire pr!esente actuelle-
ment un d!efi. La directive 2010/63/UE !etablit que le personnel doit avoir d!emontr!e sa comp!etence avant
d’effectuer un travail non supervis!e avec des animaux vivants. Il existe toutefois un manque de recherche sur
l’!education et la formation en science animale de laboratoire (SAL), et l’!etablissement de strat!egies
d’!evaluation pour confirmer la comp!etence des chercheurs n’est pas encore abord!e.
Dans cette !etude, nous avons analys!e la mise en œuvre d’une strat!egie d’!evaluation pratique sur 3 ann!ees
cons!ecutives (2018–2021) à l’aide de l’examen scientifique structur!e objectif de science animale de labora-
toire (OSLASE) d!evelopp!e pr!ec!edemment par nous pour !evaluer la comp!etence professionnelle. La concor-
dance inter-juge (CIJ) !etait d!etermin!ee en fonction de l’!evaluation par les !evaluateurs de la performance des
candidats à diff!erentes stations de l’OSASSE en utilisant le Kappa pond!er!e (Kp) et le pourcentage d’accord.
Des entrevues de groupe de discussion ont !et!e men!ees pour avoir acc"es à l’acceptabilit!e des stagiaires
concernant l’OSASSE.
Le Kp s’av!erait « mod!er!e à bon » pour la majorit!e des !el!ements de l’!echelle (0,79! 0,20"Kp# 0,45! 0,13).
Les pourcentages d’accord !etaient !egalement acceptables (#75%) pour tous les !el!ements de l’!echelle, à
l’exception d’un. Les stagiaires ont indiqu!e que l’OSASSE avait eu un impact positif sur leur engagement au
cours de la formation pratique et qu’il avait clarifi!e les normes !etablies concernant leur performance et es
comp!etences n!ecessitant une am!elioration. Ces r!esultats pr!eliminaires illustrent comment des strat!egies
d’!evaluation, telles que l’OSASSE, peuvent être mises en œuvre d’une mani"ere utile tant pour les !evaluateurs
que pour les stagiaires.
Eine objektive strukturierte Prüfung für Labortierkunde (Objective Structured Laboratory Animal Science
Examination, OSLASE) zur Sicherstellung der fachlichen Kompetenz von Forschern in der Labortierkunde
(LAS)

Abstract

Eine objektive strukturierte Prüfung für Labortierkunde (Objective Structured
Laboratory Animal Science Examination, OSLASE) zur Sicherstellung der fachlichen
Kompetenz von Forschern in der Labortierkunde (LAS)
Abstract

Die Bewertung der Kompetenz von Personal, das mit Labortieren arbeitet, ist derzeit problematisch. Die
Richtlinie 2010/63/EU legt fest, dass das Personal entsprechende Kompetenz nachgewiesen haben
muss, bevor es unbeaufsichtigte Arbeiten mit lebenden Tieren durchführt. Es mangelt jedoch an
Forschungsarbeiten zu Aus- und Weiterbildung im Bereich der Labortierkunde (LAS), und die Festlegung
von Bewertungsstrategien zur Best€atigung der Kompetenz von Forschern bleibt weitgehend ungekl€art. In
dieser Studie analysierten wir die Umsetzung einer praktischen Bewertungsstrategie über drei aufeinander-
folgende Jahre (2018–2021) unter Verwendung der von uns zuvor entwickelten Objective Structured
Laboratory Animal Science Exam (OSLASE) zur Bewertung der beruflichen Kompetenz. Die Interrater-
Reliabilit€at (IRR) wurde auf der Grundlage der Bewertung der Leistung der Kandidaten an den verschiedenen
OSLASE-Stationen durch die Prüfer mit Hilfe von Weighted Kappa (Kw) und dem Prozentsatz der
€Ubereinstimmung ermittelt. Es wurden Fokusgruppeninterviews durchgeführt, um die Akzeptanz der
OSLASE bei den Auszubildenden zu ermitteln. Für die meisten Items der Skalen ergab sich ein moderater
bis guter Kw-Wert (0,79! 0,20"Kw# 0,45! 0,13). Auch die prozentuale €Ubereinstimmung war bei allen
Skalenitems, außer einem, akzeptabel (#75%). Die Kandidaten berichteten, dass sich die OSLASE positiv auf
ihr Engagement w€ahrend der praktischen Ausbildung auswirkte und dass sie die für ihre Leistung festge-
legten Normen und die zu verbessernden F€ahigkeiten klar verdeutlichte. Diese vorl€aufigen Ergebnisse
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veranschaulichen, wie Bewertungsstrategien wie OSLASE in einer Weise umgesetzt werden k€onnen, die
sowohl für Prüfer als auch für Auszubildende nützlich ist.
Un estudio cient!ıfico objetivo estructurado sobre los animales de laboratorio (OSLASE) para garantizar la
competencia profesional de los investigadores en LAS

Resumen

Un estudio cient!ıfico objetivo estructurado sobre los animales de laboratorio (OSLASE)
para garantizar la competencia profesional de los investigadores en LAS
Resumen

La evaluaci!on de la competencia del personal que trabaja con animales de laboratorio es actualmente un
verdadero reto. La Directiva 2010/63/UE indica que el personal debe haber demostrado su competencia antes
de realizar trabajos no supervisados con animales vivos. No obstante, existe una falta de investigaci!on sobre la
educaci!on y la formaci!on en la ciencia de los animales de laboratorio (LAS), y el establecimiento de estrategias
de evaluaci!on para confirmar la competencia de los investigadores continua, en gran medida, sin abordarse.
En este estudio analizamos la implementaci!on de una estrategia de evaluaci!on práctica durante 3 a~nos
consecutivos (2018–2021) utilizando el estudio cient!ıfico objetivo estructurado sobre los animales de labo-
ratorio (OSLASE) desarrollado previamente por nosotros para evaluar la competencia profesional. Se
determin!o la fiabilidad entre evaluadores (IRR) a partir de la calificaci!on de los evaluadores sobre el rendi-
miento de los candidatos en diferentes estaciones del OSLASE utilizando Weighed Kappa (Kw) y el porcentaje
de acuerdo. Se realizaron entrevistas en grupos de discusi!on para acceder a la aceptabilidad de los apren-
dices en relaci!on con el OSLASE.
Hubo un Kw de moderado a bueno para la mayor!ıa de los !ıtems de las escalas (0,79! 0,20"Kw# 0,45!
0,13). Los porcentajes de acuerdo tambi!en fueron aceptables (#75%) para todos los !ıtems de la escala salvo
uno. Los estudiantes informaron de que el OSLASE tuvo un impacto positivo en su compromiso durante la
formaci!on práctica y que aclar!o los estándares establecidos para su rendimiento y las habilidades que
requer!ıan ser mejoradas. Estos resultados preliminares ilustran c!omo las estrategias de evaluaci!on,
como el OSLASE, pueden ser implementadas de manera que sean !utiles tanto para los evaluadores como
para los estudiantes.
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