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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 programs 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 capturing performative and behavioral 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. 

Introduction  

Researchers and technicians conducting animal experiments 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 programs, licensing bodies and research 

institutions are therefore expected to reliably ensure and certify the professional competence 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 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 assessment 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 prepared, insufficiently competent fellow professionals. In this 

endeavor, 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 behavioral 

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: i. theoretical and technical knowledge (e.g. of 

maximum volumes of solution per administration, the selection of an appropriate route and/or site); 
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ii. technical ability (e.g. in animal restraint or needle/syringe manipulation); and iii. attitudinal ability 

(including motivation, professionalism, values, and attitude and empathy when handling an animal). 

Systematic assessment of professional competence therefore needs to go beyond tests in the 

knowledge dimension. It must use tools to assess skills and behaviors, whether in controlled or real, 

professional 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 (i) knows and (ii) knows how (both cognition). Then there is (iii) shows how and 

(iv) does (performative and behavioral). At cognition levels (i) and (ii) competence is usually assessed 

through essays or written tests designed with close-ended or selected response questions (see 7, 8). 

At higher levels (iii) and (iv), behavior 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 feasible 16 approach 

to the assessment of clinical skills at the third level of Miller’s pyramid 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, generally under examiner 

supervision (so-called manned stations). Candidates rotate through a specific circuit, completing all 

the stations 17, 18.  

The creation of an assessment in LAS inspired in the OSCE model – e.g. 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 representative 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 instrument development, focusing on a tool for the assessment of applicants’ proficiency 

in the execution of key procedures with laboratory rodents. Whereas we present 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 instruments for assessing professional competence in handling 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 demonstrate their competence. 

Compared to related fields such as medicine and veterinary medicine, the literature on 

assessment methodology for laboratory animal science is limited. The importance of assessment 

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 published by The Laboratory Animal Science Association (LASA) [21]. The Education and 

Training Platform for Laboratory Animal Science (ETPLAS) have been working through their working 

groups with aim to develop Directly Observed Practical Skills (DOPS) for objective competence 
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assessment 22. The work presented in this paper, the first in the field, outlines a methodology, 

integrating the initial and basic steps needed to generate a global rating scale for the assessment of 

professional 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 

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 representative stages of scale development: A. Item 

Development, B. Scale Development and C. Piloting of the Scale. 

 

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 performance to be assessed. Procedures were selected meeting the following criteria: (a) 

an essential procedure related to work with living rodents which authorized researchers 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 performed in a similar manner); and (c) pervasive in training and certification programmes across 
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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 

materials 23,24 and breaking the procedure down into key, independent 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 containing 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 

method’s development. The team worked together to define descriptor words, to ensure specificity, 

and to select appropriate vocabulary to represent a specific movement. As a component of content 

validity, we also considered 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 underpinning the object of judgement – the sub-step of the skill, such as ‘depth 

of puncture/angle’ during the intraperitoneal administration – make sense for the assessors 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 performing on mannequins) and authentic conditions (i.e. 

competent staff executing the procedures at the facility). 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 procedure (i.e. a description of what performing the procedure correctly involves).  

Setting the expected performances for each rating category of the procedure helped, at this 

stage, to clarify 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 candidate). This reduced 

the scale so that it included only critical items for performance assessment (item reduction). 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 

establishing 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. 
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We concluded that three categories were adequate given the procedure’s duration (short 

procedures<90 seconds), so that this reduction could be made without compromising the 

assessment process. We recommend that the time candidates are allowed to attempt the procedure 

is limited to 90 seconds in order not to compromise animal welfare. A trainee who is proficient to 

work without supervision 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 rotation 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 proficiency. Videos of excellent, satisfactory and poor performances 

were captured at our institute animal facilities, or obtained from free online Internet resources, 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. 
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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/resources/glossary. 

 

 

 

Discussion and conclusion 

EU directive 2010/63/EU and its corresponding implementation guidance documents 2 

require the competency 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 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 

verification 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 established procedures for the development of OSCE stations 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 
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is required. 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 competence’.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 accurately 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 validity 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 learning’ – 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 unsupervised. The instruments are equally useful to 

provide objective and directed feedback and orientate the trainee process of skills acquisition. For 

example, the assessment 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, encompassing 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’ content validity also indicated 

that the instruments we developed were suitable for the procedure under analysis and adequate to 

measure the candidate’s proficiency 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 institution, 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 experience, in the present paper we 

address how this process can be simplified by following the systematic and standard 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 redundant items avoided. Descriptors should be short and objective, and the items and 

descriptors listed chronologically 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 
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reliability of assessors will condition the reliability of summative assessments of experimental 

procedures with laboratory animals with the GRS. Indeed, under the same conditions 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 instruments 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 performance 

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 emergent need to ensure the 

competence of researchers who 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 

community 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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