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Simple Summary: Training on live animals in laboratory animal science (LAS) courses is legally
defined as an animal experiment. For stringent implementation of the 3R (replace, reduce, refine)
principle, five rat simulators are currently available which provide training of handling and routine
procedures. As these simulators seem to have great benefit for all users, the aim of this study is
to investigate the simulators” impact on the 3R principle from the course participants” perspective,
who can best evaluate their learning efficacy which, in turn, defines their 3R potential. Thus, the
simulators were evaluated by 332 course participants of 27 specialized LAS courses by completing a
practical training workshop and a paper-based two-part questionnaire, integrated in the official course
schedule. The results revealed strong support for simulator-based training and it was considered a
useful supplement in LAS training. However, the simulators currently available may not completely
replace training on a live animal and improvements are necessary. As these results are also reflected in
literature data on simulator training in other fields of education and training, more research regarding
novel simulators and their development is needed, in order to ensure an even more comprehensive

protection of laboratory animals in education and training in future.

Abstract: In laboratory animal science (LAS) education and training, five simulators are available for
exercises on handling and routine procedures on the rat, which is—beside mice—the most commonly
used species in LAS. Since these simulators may have high potential in protecting laboratory rats, the
aim of this study is to investigate the simulators” impact on the 3R (replace, reduce, refine) principle
in LAS education and training. Therefore, the simulators were evaluated by 332 course participants
in 27 different LAS courses via a practical simulator training workshop and a paper-based two-part
questionnaire—both integrated in the official LAS course schedule. The results showed a high positive
resonance for simulator training and it was considered especially useful for the inexperienced. However,
the current simulators may not completely replace exercises on live animals and improvements regarding
more realistic simulators are demanded. In accordance with literature data on simulator-use also in other
fields of education, more research on simulators and new developments are needed, particularly with the
aim for a broad implementation in LAS education and training benefiting all 3Rs.

Keywords: 3R principle; humane education; training; alternative; laboratory animals; EU Directive;
survey; SimulRATor; laboratory animals science courses; refinement
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1. Introduction

In their pioneering work “The Principles of Humane Experimental Technique”, Russell
and Burch stated “[ ... ] it is widely recognized that the most humane treatment of
experimental animals, far from being an obstacle, is actually a prerequisite for successful
animal experiments” [1]. Their concept of the 3R principle which intends to replace
animals in experiments, reduce the number of animals used and refine any suffering in the
procedures whenever possible, has become a fundamental part of laboratory animal science
(LAS) [2,3] and has been legally implemented for all laboratory animals in the European
Union (EU) since the implementation of the European Directive 2010/63 (2010/63/EU) [4].
In order to reinforce the 3R principle in experiments and to refine procedures, European
Member States have to ensure an adequate education and training for all personnel prior
to their commencement of working with laboratory animals [4-6]. For this purpose,
recommendations for education and training were established by experts for the European
Commission [7,8] and, in many countries, personal licensees are qualified by species-
specific laboratory animal training courses following these suggestions. Most of these
courses focus on mice and rats [9,10] which are the most commonly used species for animal
experiments [11,12] and include exercises on live animals, in order to provide the necessary
manual skill acquisition required prior to conducting experiments. As the use of animals for
educational purposes is itself legally classified as an animal experiment due to the potential
pain, suffering, distress, or lasting harm imposed on the animals used [4], a 3R dilemma in
LAS education and training emerged, as stated in our previous study [13]. While the use of
live animals in education and training is still indispensable since non-animal alternatives
cannot entirely fulfil the mandatory high standard of education and training, animals used
for educational purposes require the same 3R principle and protection as do animals used
for other experimental purposes.

Although many alternatives have been established [14-18] to reduce or replace live
mice and rats, e.g., in theoretical education [19-27] or practice of dissection [28-32] and
suturing [33-36], according to our previous study, however, resources for practical training
of handling and routine procedural techniques seem to be limited [13]. Beside toys, do-it-
yourself-interventions [13,37] may also be applied. More advanced resources include rabbit
silicon ears [38] and, perhaps the most advanced applications, five rat and one mouse
simulator [39-44]. These simulators may potentially solve the dilemma of education and
training regarding mice and rats as they aim to mimic the target species in size and anatomy
and are designed to cover the most relevant techniques for LAS courses [13]. In spite of their
unique market position as an alternative training resource for practical training on mice and
rats, almost no data seems to be available on them to the authors” knowledge. Literature
research in this regard had covered books, reviews, and reports on alternative training
resources [15,20,27,45-48] and one research article focusing on the general outcomes of
LAS training courses, solely stating the use of one of the available simulators during the
course [49]. However, our previous study was the only one that seems to have dealt with
a focused analysis on the implementation and satisfaction with current simulators for
LAS courses. This study, based on a survey among LAS course trainers and supervisors,
revealed a rather poor simulator implementation and methodological assessment [13].

Besides trainers and supervisors, the largest group of simulator users is primarily
inexperienced personnel, i.e., participants of specialized LAS training courses offered to
acquire the essential knowledge and skills for experiments. This target group, beside
the animals used, may also benefit most from simulator-based training and may be most
suitable in assessing the degree of adequacy of preparation for practice on live animals
provided by the currently available simulators [39-44]. This learning efficacy, in turn, highly
determines the role of simulators as an alternative or supportive resource in education
and training.

In order to investigate the impact of these simulators on the 3Rs particularly for the
laboratory rat in LAS education and training, this study aims to evaluate the perspective of
LAS course participants concerning learning efficacy and methodological satisfaction with
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available rat simulators [39-43] as well as to determine requirements for potential novel
simulator designs.

2. Materials and Methods
2.1. Survey Protocol

For practical evaluation in regularly conducted German- or English-language LAS
courses covering the species of the laboratory rat, a voluntary simulator training work-
shop and a two-part paper-based questionnaire (see Table S1) were developed for the
course participants.

2.1.1. Design and Pretest of the Survey

The workshop was designed as an additional practical task prior to practical training
on live rats and was integrated in the regular course programme of specialized LAS
courses. It was designed following a structural and systematic approach recommended
by the National Competent Authorities for education and training [7]. After a short
project introduction, techniques were explained and demonstrated using a rat simulator
for handling and restraint and by video for tail vein injection [50]. Then, the participants
were randomly distributed into small groups of up to six people and each group was
assigned to one simulator station, at which the participants could practice all techniques
trainable on the simulator type available at the respective station. One of the five different
types of simulators was available per simulator station. The simulator stations were set
up conforming to training stations in skills labs [51] and included not only instruments
and disposable materials but also a booklet including step-by-step instructions for each
technique trainable on the specific simulator type (see Table S2). The exercises were
supervised by the workshop instructor and the trainers and supervisors of the course.

The survey was primarily designed as a one-part questionnaire to be conducted
after practical training. All questions were designed in consideration of the recommen-
dations of the National Competent Authorities [7], the FELASA (Federation of European
Laboratory Animal Science Associations, and the GV-SOLAS (Gesellschaft fiir Versuch-
stierkunde/Society of Laboratory Animal Science), and according to survey guidelines
published by the GESIS (Leibniz Institute for the Social Sciences) [52-56], the largest Eu-
ropean infrastructure institute for social sciences [57]. For better comparability, questions
regarding the assessment of simulators and requirements for new developments, which had
been included in a previous study pertaining to LAS course trainers and supervisors [13],
were further processed and adapted to course participants.

The draft of this one-part questionnaire underwent three consecutives cognitive pre-
tests [58], each followed by a comprehensive revision. Finally, the survey concept—workshop
and questionnaire—was pretested with 31 participants of a total of two LAS courses at
the Freie University Berlin [59] in 2018. The workshop was easily implemented in the
original course schedule. However, a two-part questionnaire seemed more adequate with
the first part being conducted immediately after the simulator-workshop and the second
part after the practical exercises on live rats. This setup was expected to produce more
valid data, as many pre-test participants stated to prefer a methodological assessment
of the simulator immediately after practice. Thus, the questions were arranged in two
questionnaires, organizational instructions for a two-part questionnaire were added, and
few questions were reworded upon suggestion by the pre-test participants.

The final draft entailed a two-part mixed-typed questionnaire of 27 questions. For
assessment questions, six-point Likert scale sets were used, with “1” being the best assess-
ment or most appropriate and “6” being the worst assessment or least appropriate. Other
question types included multiple-choice, numerical input, and open-ended questions.

In the first part of the questionnaire, four questions pertained to methodological
workshop and simulator training performance assessment, as well as material-related
difficulties during practical simulator exercises and optional feedback messages. In the
second part, the exercise on the live rat, the simulator’s anatomical correctness and its
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learning efficacy with regard to live animal training were to be assessed. Moreover, the
participants were asked to specify methodological requirements for further developments,
provide information on favorable or unfavorable aspects of the simulator used, and note
suggestions for improvement. Demographic questions and optional feedback messages
were included at the end of the second part.

This improved and more suitable two-part survey was evaluated in a third pre-test
with 15 participants of a LAS course, which entailed only minor changes in wording.
Furthermore, the English version was assessed by a native speaker for correctness and
comprehensibility (for final version, see Table S1).

2.1.2. Practical Evaluation

The study design was reviewed and approved by the Ethics Committee of the Freie
Universitédt Berlin (Ethic approval number: ZEA-Nr. 2021-012.). The study included a
privacy policy which was provided to the participants prior to their strictly voluntary
engagement in the study. Furthermore, all participants were offered the possibility to
terminate their participation at any given time with no need for explanation.

In total, 13 simulators were used for evaluation, two of types A and E and three of
types B, C, and D. In each course, all five simulator types were evaluated, except for the
end of the study, at which all three copies of type C failed due to material defects (see
Table 1).

In order to ensure a maximum of six participants per station, multiple stations per
simulator type were set up in larger courses.

The practical evaluation was carried out between October 2018 and July 2019 in nine
German- and 18 English-language LAS courses provided at overall 13 different institutions
in Germany, Switzerland, the Netherlands, and Austria, which had volunteered to take
part in this evaluation during the advertisement and conduction of a previous survey [13].
These courses granted the qualification to conduct animal experiments and were set up
according to the EU Directive 2010/63 [4—6] or the framework for education and training
published by the European Commission [7].

For comparability, the evaluation was always carried out by one of the two project
members—in English or German—according to the language of the LAS course. Fur-
thermore, part one of the questionnaire was conducted immediately after the simulator
workshop, part two after the practical training on live rats. In summary, 347 course
participants—158 in German and 189 in English courses—took part in the anonymous and
voluntary survey.

2.2. Statistical Analysis

Survey data were transferred in Microsoft Excel 2018. Data of short-text open-ended
questions were transmitted via numerical or letter code in order to categorize the responses
for further analysis. The entire data set was checked twice for completeness, transcription
errors, or typos prior to analysis. Finally, 332 out of 347 responses were used for statistical
analysis, as 14 respondents had skipped more than 25% of the questions either in part
1 or part 2 and one response showed several signals of response bias [60—-63]—straight-
line and primacy effects—in the response pattern. For this study, exclusively, questions
concerning the methodological assessment of the rat simulators and an assessment of their
learning efficacy prior to practice on live rats, as well as regarding requirements for further
developments were analyzed.

The data set was analyzed descriptively via IBM SPSS Statistics 26. For Six-point-
Likert-scale items and numerical input, data were reported as median values. For multiple-
choice questions and coded short-text open-ended questions, data were reported as
absolute response frequencies. Data of uncoded long-text open-ended question were
analyzed individually.
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Table 1. Overview of the rat simulators evaluated by course participants in specialized LAS courses. Product names were anonymized.

Product
Information

Evaluated Rat Simulators

Rat Simulator A

Rat Simulator B

Rat Simulator C

Rat Simulator D

Rat Simulator E

External appearance

NORINA database 5236 88cfd 05ebd 457b1 £7a0d
record number [16]
Numbers of
simulators per type 5 3 3i 3 5
used for practical
evaluation
Handling Handling Handling Handling Handling
Restraint Restraint Restraint Restraint Restraint
° 4 techniques ° 4 techniques ° 4 techniques ° 4 techniques ° 4 techniques
Administration Administration Administration Administration Administration
Techniques . Py oral gavage . ‘.by oral gavage e intravenousviatailvein e  intravenous via tail vein . I.Jy oral gavage
racticed per (] intravenous via tail vein e intravenous via tail vein (] intravenous via tail vein
P e  subcutaneous (neck/flank)
simulator type .
° intramuscular

Blood sampling via

) tail vein

Blood sampling via

° tail vein

Blood sampling via

. tail vein

. saphenous vein

. cardiac blood sampling

Blood sampling via

° tail vein

Blood sampling via

tail vein

Ear punch
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Table 1. Cont.

Product
Information

Evaluated Rat Simulators

Rat Simulator A

Rat Simulator B

Rat Simulator C

Rat Simulator D

Rat Simulator E

e  Curved stainless steel e  Curved stainless steel 1 x 1 mL syringe (filled e  Scissor Style Ear Punch v e  Curved stainless steel
feeding needle for rats feeding needle for rats with water) i ° 1 mL syringe (filled with feeding needle for rats B
° 2 x 1 mL syringe (filled e 2 x 1 mL syringe (filled 1 x Lancet length water) i e 5 x 1mL syringe (empty) "
with water) i with water) 3 mm it e 1 x 1mLsyringe (empty)i e 1 x1mL syringe (filled
Instruments and 2 x 27 G plastic canula i o 2x27G plastic cannula i 1 x 20 G plastic e 2 x 27G plastic cannula ii with water) i Vi )
materials provided e 1 x 1mL syringe 1 x 1 mL syringe cannula ¥ e DPaper swabs ii e 3 x 26G plastic cannula
for training at the (empty) ) (empty) 1t ) 2 x 27 G plastic e  Booklet e 2 x 27G plastic cannula '
simulator stations Paper swabs 1 Paper swabs ™ cannula i e Paper swabs ii
Booklet Booklet 1 x 1 mL syringe e  Booklet
(empty)
Paper swabs i
Booklet
Specifications Application solely of air allowed
according to Application of water and Application of water and for oral gavage, subcutaneous
manufacturer’s performance control for performance control for - Fur, flexible head and intramuscular
manual oral gavage oral gavage administration, fluids allowed for

tail vein

! Not evaluated after 2019/05/10 due to defects. i Disposable material was used according to the manufacture’s manual. Disposable material was provided by the course providers. il Lancets (3 mm) were used
instead of 28 G Lancets as stated in the manufacture’s manual. Lancets were provided by the course providers. ' 20 G plastic cannulas were used instead of 25 G as stated in the manufacture’s manual and were
provided by the course providers. ¥ Scissor Style Ear Punch was provided by the course providers. ¥ 1 mL syringes were used instead of 2 ml syringes as stated in the manufacture’s manual and were provided

by the course providers.
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The descriptive analysis was first carried out for the total data set of 332 responses
and then separately for responses according to the simulator type evaluated, the course
language, the 13 different course providers and for those respondents stating “no”, “a little
bit”, or “a lot of” previous experience in handling rats, each followed by a comprehensive
check against deviations and outliers. Potential correlations were proofed via Mann-
Whitney-U-Tests and Kruskal-Wallis-Tests for assessment questions and data derived
from multiple-choice and coded short-text open-ended questions were tested via Pearson
correlation. The results were illustrated in tables or figures created by Microsoft Excel 2018
and Microsoft Word 2018.

3. Results
3.1. Demographics

Total of 197 participants stated to be female, 118 male, 3 diverse, and 14 abstained. The
median age of the respondents was calculated to be 26.5 years and most respondents stated
student (1 = 133) or academic employee (1 = 105) status. Moreover, 27 technical assistants
and 19 apprentices were among the participants. “Other positions” were indicated 36
times which mainly included animal care takers as well as doctoral students and doctoral
researchers. Twelve were abstained. Among the participants, biology and human or
veterinary medicine with the subdisciplines of biochemistry, biomedicine or neuroscience
were expressed as most common background disciplines. Overall, 72 participants expected
to work with rats in the future and 55 expected to work with rats and mice.

Regarding previous experience in handling rats, 240 participants reported “no”, 61
participants “a little bit”, and 19 participants “a lot of” previous experience, whereas twelve
did not answer this question. About 17 participants reported that they had used other
simulators before, e.g., simulators for cows, dogs or humans, and three participants also
indicated previous training experience with a rat simulator.

Total of 65 participants evaluated rat simulator A (participants group “A”), 78 partici-
pants rat simulator B (participants group “B”), 53 participants rat simulator C (participants
group “C”), 73 participants rat simulator D (participants group “D”), and 63 participants
rat simulator E (participants group “E”) (see Tables 1-4).

3.2. Participants’ Evaluation of the Simulator-Training Workshop (Questionnaire Part 1)

The results showed no significant differences among the participants with respect to
the simulator type used. All participants indicated that the number of participants per
simulator station, which ranged from one to six, was appropriate to them, as well as the
training duration on the simulator, which was approximately 20 min per participant (see
Table S1 questions used for analysis part 1, question 2). Furthermore, overwhelmingly pos-
itive feedback was provided concerning the workshop itself and also a great endorsement
for the previous simulator training (citations from questionnaire part 1, message box):

“For i.v. and blood injection the rat [simulator] was very helpful. It ’s already difficult to
inject the needle in the vein. Now I know, to what to pay attention when I use a real rat.”
(feedback from a participant without experience in handling rats who used rat
simulator type A)

“The model was really helpful, but some improvements can be done” (feedback from a
participant with a little bit of experience in handling rats who used rat simulator
type C)

“I was afraid of rats before and could not handle rats correctly. Now, I'm becoming more

optimistic on how to do it. Thank you very much.” (feedback from a participant with
a little bit of experience in handling rats who used rat simulator type E).
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3.3. Participants” Evaluation of the Practical Simulator Training
3.3.1. Participants’ Methodological Assessment of the Practical Training with Simulators

Regarding the total data set including all simulator types (see Table 2, column 2),
training of handling, restraint, and administration via the tail vein as well as blood sampling
from the tail vein, which could be practiced on all simulator types, were predominantly
rated as “quite good” (median grade of 2.00) in the first part of the questionnaire. Apart
from this, however, training of restraint via “scruffing” or via “under the shoulder grip”
was rated rather poorly with a median grade of 3.00 (“slightly good”).

Table 2. Descriptive analysis of the participants * methodological assessment of practical simulator training and material-

related difficulties. Results are presented for all survey respondents (ALL) and separately for each simulator type (A-E).

Absolute numbers of total respondents are presented in the headline. Lines 2-20 display the calculated median values,

standard derivations, and absolute numbers of responses to the question “How well were you able to apply the procedural

techniques on the simulator?” Responses pertained to 14 individual techniques assessed by a six-point Likert scale with

“1 = extremely good, 2 = quite good, 3 = slightly good, 4 = slightly bad, 5 = quite bad, 6 = extremely bad” (question used

for analysis, see Table S1, part 1, question 1). Line 21 represents the three most frequently indicated techniques including

the absolute number of responses to the open field question “If there were material-related difficulties using the simulator,

please give us a brief description of these” (question used for analysis, see Table S1, questionnaire part 1, question 3).

Group of Participants ALL A B C D E
(N) N =332 N =65 N=78 N =53 N=73 N =63
1 Handling and routine Median value (Standard Deviation o)
procedures Absolute number of responses (1)
. 2.00 (+£1.42)  2.00 (+0.89) 2.00 (+0.91)  2.00 (£1.05) 2.00 (£1.17)  2.00 (+1.01)
2 Handling (h) 1= 303 1 = 60 1= 69 1 = 50 1= 69 1= 55
o . 3.00 (£1.58)  2.00(£0.97) 2.00(£1.02) 4.00(£1.82) 5.00(£1.47) 3.00 (£1.15)
3 Restraint-scruffing (r1) = 326 N 64 ne77 n=51 n=71 N 63
4 Restraint-over the shoulder ~ 2.00 (£1.07)  2.00 (£0.94) 2.00(+1.16) 2.00 (+£0.96)  2.00 (£1.17)  2.00 (£1.00)
grip (12) n=2329 n =64 n= n=>52 n=72 n =63
5 Restraint-middle shoulder 2.00 (£1.09)  2.00 (£1.11)  2.00(£1.20)  2.00(£0.90)  3.00 (£1.28)  3.00 (£0.80)
grip (r3) n =328 n =64 n=77 n=>52 n=72 n =63
6 Restraint-under the 3.00 (+1.19)  2.00 (£1.18)  2.00(£1.23)  3.00 (+1.03)  3.00 (£1.37)  2.50 (£0.91)
shoulder grip (r4) n=2327 n =64 n=77 n=>51 n=73 n=62
2.00 (£1.23 2.00 (£1.23
7 Ear punch (ep) n (: 62 ) - - - " (= 62 ) -
3.00 (£1.41) 2.00 (£1.03)  3.00 (£1.29) ~ ) 3.00 (£1.69)
8 Oral gavage (0g) =190 1 = 60 n="73 n=57
9 Oral administration _ _ ; _ } _
voluntary (oa-v)
Administration—
10 subcutaneous neck 2'02 (_i513;28) - - - - 2'02 (_:t513'28)
(sc-n) - =
Administration—
11 subcutaneous-flank 3.00 (_i1'34) - - - - 3.00 (_i1'34)
n =49 n =49
(sc-f)
Administration— 3.00 (+1.25) 3.00 (+1.25)
12 intramuscular =58 - - - - =58
(im) - -
Administration—
13 intraperitoneal - - - - - -
(ip)
14 Administration—dorsal penis ; ) ) ) ) }

vein (iv-dp)
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Group of Participants ALL A B C D E
N) N =332 N =65 N=78 N =53 N=73 N =63
15 Administration-lateral tail 2.00(£1.22)  2.00(£1.07) 2.00(£1.28) 2.00(£1.40) 2.00 (£0.90) 2.00 (£1.39)
vein (iv-tv) n=2323 n =65 n=78 n=49 n=72 n=>59
Blood sample—sublingual
16 - - - - - - -
vein (bs-slv)
Blood sample—orbital sinus
17 - - - - - -
(bs-0s)
18 Blood sample-saphenous 5.00 (£1.76) B ) 5.00 (£1.76) ) _
vein (bs-sv) n=42 n=42
19 Blood sample-lateral tail 2.00(£1.26) 2.00(+1.11) 3.00(£1.42) 2.00(£1.29) 2.00(£0.96) 2.00 (£1.32)
veins (bs-tv) n =321 n =64 n =75 n=>50 n=72 n =60
20 Blood sample-heart (bs-h) 6'02 (::t415'58) - - 6'02 (:i£5.58) - -
Absolute number of og (n =69) bs-tv (n=14) og(n=233) blsj's}_ls("j (Z 2_3) rl (n = 33) og (n =23)
21  responses for material-based rl (n = 65) ivtv(n=8) bs-tv(n=27) 15) T bstv(n=11) rl(n=15)
difficulties bs-tv (n = 62) og (n=28) iv-tv (n = 13) rl (n = 14) iv-tv (n =7) im(n=7)

Regarding the separate analysis for each simulator type (see Table 2, columns 3-7),
the participants who had practiced on the simulator types C (n = 51-52 for each of the four
restraint techniques), D (n = 71-73), and E (n = 62-63) assessed the restraint techniques—
especially “scruffing”—more poorly than those who had practiced on the types A (n = 64)
and B (n = 77-78). Furthermore, simulator type D received the most inferior rating for
“scruffing” with a median grade of 5.00 by the participants (n = 71).

Training of oral gavage, which was practiced by a total of 190 participants on the
simulator types A (n = 60), B (n =73), and E (n = 57), was rated “slightly good” in summary
for all three simulator types (see Table 2, line 8, column 2). In comparison between the
individual simulator types, type A received an outstanding rating of “quite good” (median
grade of 2.00) (see Table 2, line 8, columns 3-7).

With respect to the techniques only to be practiced on a specific simulator type,
participants who practiced on simulator type C (n = 42/45) rated blood sampling from
the saphenous vein and cardiac puncture very poorly with a median grade of 5.00 and
6.00, respectively. However, participants who practiced on simulator type D (n = 62)
assessed the exercise ear punch as “quite good” with a median grade of 2.00. Additionally,
simulator type E also received “quite good” or “slightly good” (median grade of 2.00
or 3.00, respectively) evaluations for subcutaneous and intramuscular injection training,
respectively (n = 53/49/58).

In summary and comparing each simulator type, simulator type A consistently re-
ceived “quite good” ratings (median grades of 2.00) by the participants (see Table 2).

3.3.2. Participant Statements on Material-Related Difficulties

In total, oral gavage (1 = 69), restraint via scuffing (n = 65), and blood sampling from
the tail vein (n = 62) were the techniques most frequently reported in which material-
related difficulties occurred, of which oral gavage was solely trainable on simulator types
A (n=60), B (n="73), and E (n = 57). The two other techniques could be practiced on all
five simulator types.

Comparing the results for each simulator type, “scruffing” was mentioned particularly
and most frequently in terms of technical difficulties by participants who had practiced on
simulator type D—in almost half of all cases (1 = 33).

Oral gavage, which was trainable solely on simulator types A, B, and E, was the most
frequently mentioned technique for simulator types B (n = 33) and E (n = 23) featuring
material-based difficulties.
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Furthermore, regarding the techniques that could only be practiced on simulator type
C, cardiac puncture (n = 23) followed by blood sampling from the saphenous vein (n = 15)
was the most frequently reported technique. Besides, very few participants (n = 7) stated
material-related difficulties during training of intramuscular injection on 