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ABSTRACT

A tool for evaluation of internal validity of in vitro studies called INVITES-IN is currently under
development. The tool is designed specifically for cell culture studies.

This protocol describes the testing of the performance of INVITES-IN. By performance, we mean
the extent to which results of using INVITES-IN are the same for different users (consistency), the
amount of time and cognitive effort it takes to apply INVITES-IN (assessor workload), the precision
and potential for systematic error in results of applying INVITES-IN (accuracy), and how easy it is
to use INVITES-IN (user experience).

The participants in the user testing will be representative for the expected end-users of INVITES-IN
which are persons preparing literature reviews including in vitro studies (e.g. in the context of
chemical hazard and risk assessments or drug development). All end-users are expected to have
experience with in vitro methods.

Data collected from the performance testing will be used for further refinement and development
of the release version of INVITES-IN.

Abbreviations: ICC: Intraclass Correlation Coefficient; MOE: margin of error; NAM: new approach
methodologies; PG: project group; RoB: risk of bias; SAG: scientific advisory group; SQ: signalling
question
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1. Introduction

We are developing a tool for assessing the internal
validity of in vitro studies called INVITES-IN (detailed
description of the creation of this tool is available in
the protocol by Svendsen et al. (2023)). INVITES-IN will
be designed specifically to be applied to eukaryotic
cell culture studies including cell lines, primary cells,
co-cultures, monolayer, and 3-D cell systems. As we are
not able to directly measure internal validity, INVITES-IN
will be designed to address the risk for introduction of
different types of bias (risk of bias [RoB]) to the cell
culture studies. In this protocol, we describe how we
will test the performance of INVITES-IN. The partici-
pants in the user testing will be representative for the
expected end-users of INVITES-IN which are persons
preparing literature reviews including in vitro studies
e.g. in the context of chemical hazard and risk assess-
ments or drug development. This includes persons
having practical experience from carrying out in vitro
studies, and/or experience with evaluating evidence
from in vitro studies.

INVITES-IN will consist of two elements: a set of sig-
nalling questions addressing different sources of bias
(e.g. selection bias, performance bias, and detection
bias) that may be of importance for the internal valid-
ity of the study, and a guidance document containing
step-by-step instructions explaining how to assess the
degree of bias through the rating of the signalling
questions. The outcome of the three studies described
in the protocol for the creation of INVITES-IN (Svendsen
et al. 2023) will determine which bias domains and
items that will be included in INVITES-IN. The users of
INVITES-IN will answer the signalling questions in order
to determine whether bias might have been intro-
duced. For each signalling question, the criteria that
will be used for assessing the risk for introduction of
bias will be described in the guidance document. A
signalling question is judged as being low risk for
introduction of bias when all criteria for that question
are fulfilled.

The creation of INVITES-IN follows the framework of
general principles for developing quality assessment
tools as suggested by Whiting et al. (2017). Four stud-
ies will be performed to develop, test, refine and issue
the release version of the tool. The first three studies
are described by Svendsen et al. (2023). In the first
study, the relevance of bias domains and items for in
vitro studies were interpreted through focus group dis-
cussions. In the second study, the importance and
impact of the relevant bias items for in vitro studies
will be evaluated and ranked using a modified Delphi
method. In the third study, the beta version of

INVITES-IN will be created, based on the outcome of
the first two studies. With the fourth study, the perfor-
mance testing, we aim to identify how well the tool
works in practice to identify needs for improvement
that should be considered when creating the release
version of INVITES-IN. The current protocol describes
the fourth study.

1.1 Objective

The objective of this study is to test the performance
of INVITES-IN as a tool for assessing internal validity of
cell culture studies to collect information for further
refinement and development of the release version of
INVITES-IN. The following will be evaluated:

1. Consistency, in terms of the extent to which
results of using INVITES-IN are the same for dif-
ferent users.

2. Assessor workload, in terms of the amount of
time and cognitive effort it takes to apply
INVITES-IN.

3. Accuracy in the application of INVITES-IN to
evaluate cell culture studies, in terms of the
precision against the gold-standard application
and potential for systematic error in results.

4. User experience in applying the tool, in terms
of how easy it is to use INVITES-IN.

Testing the generalisability of INVITES-IN, i.e, how
well the tool performs for assessment of the internal
validity of other studies than cell culture studies, does
not fall under the scope of this study.

1.2 Project governance

The development of INVITES-IN is part of the project
“Next Generation Risk Assessment in Practice” (VKM
2023). This project is led by the Norwegian Institute of
Public Health represented by the Norwegian Scientific
Committee for Food and Environment, and the part-
ners involved in this project are the Benaki
Phytopathological Institute, the Italian Institute of
Health, and the University of Basel. The project is part
of the European Partnership for the Assessment of
Risks from Chemicals (PARC) [Project 101057014]. PARC
aims to develop next-generation chemical risk assess-
ment to advance research, share knowledge and
improve skills, protecting human health and the envi-
ronment. The present project is included in the PARC
task focusing on facilitation of regulatory acceptance
and use of new approach methodologies (NAMs).



A project group (PG) has been established with the
responsibility for drafting the protocol and performing
the study.

A scientific advisory group (SAG) consisting of
experts in methods for tool development, systematic
review methods, chemical risk assessment methods,
toxicology, and/or NAMs has been established to share
information about ongoing projects addressing similar
questions to ensure that the outcome of this project
complements the work of others and thereby creates
synergies and avoids duplication of efforts, and to give
strategic guidance and support.

2. Methods
2.1. General methodological issues

The performance testing consists of two exercises: the
user testing, in which the application of INVITES-IN is
evaluated in an emulated systematic review; and the
creation of a “gold-standard” application of INVITES-IN,
to which the results of the user testing can be com-
pared. The gold-standard is a reference application of
INVITES-IN. Cell culture studies having different degrees
of bias will be identified through the process of the
generation of the gold-standard and included in the
practical exercise. This is important to ensure that the
whole guidance document will be applied by the par-
ticipants in the practical exercise. In addition, this
should allow to interpret to what degree INVITES-IN
succeeds to differentiate studies with a higher internal
validity from studies with a lower internal validity.

2.1.1. Structure of the performance evaluation
An overview of the structure of the performance test
of INVITES-IN is shown in Figure 1.

The creation of the gold-standard is described in
Section 2.2.1. The user testing (Section 2.2.2) consists

Figure 1. The structure of the performance testing.
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of a practical exercise (Section 2.2.2.2) and a survey
(Section 2.2.2.3). The data collected will be used to
assess consistency, assessor workload, accuracy, and
user experience as shown in Figure 2.

An overview of the tasks and responsibilities of the
PG and the SAG in the planning and execution of the
user test and the creation of the gold-standard is given
in Table 1.

An overview of the estimated workload for the par-
ticipants is given in Figure 3. Participants not respond-
ing within the allocated deadline for completing the
practical exercise will be excluded. Removed partici-
pants will not be replaced, unless it is necessary to
reach the desired number of participants.

2.1.2. Ethical approval

Data Protection Impact Assessment has been per-
formed and was approved by Norwegian Institute of
Public Health on February 7th, 2022, (Archive No
22/04212). Ethical approval is not relevant since no
biological materials or information on health will be
collected.

2.2. Data collection

2.2.1. Selection of cell culture studies and creation
of the gold-standard

The gold-standard will be created by a group of four
to five PG members. All members in this group partic-
ipate in the creation of gold-standard evaluations for
each cell culture study included in the practical exer-
cise. To harmonise the ratings given by the members
in the group, all members start by evaluating the same
three studies and then meet to compare and discuss
the ratings. The members will then evaluate the same
five studies and meet to discuss and compare the rat-
ings, and so on. Consensus in the group will be
required for completion of the gold-standards. The
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Figure 2. An overview of the performance testing.

gold-standard will be created during the process of
identification of cell culture studies for the practical
exercise as illustrated in Figure 4 (Step 5).

The procedure for identification of cell culture stud-
ies for the practical exercise and the creation of a
gold-standard for each study includes seven steps
(Figure 4). Systematic reviews including cell culture
studies were identified in a literature search (step 1 in
Figure 4). The eligibility criteria used for the selection
of the systematic reviews were as follows:

a. A literature search was performed.

b. The population, exposure, comparator, outcome
(PECO)/population, exposure, outcome (PEO)
statement is clear.

¢. Quality or RoB of the included studies has been
assessed.

d. At least one of the included cell culture studies
is categorised as high quality/low RoB and at
least one is categorised as low quality/high
RoB.

Criteria ¢) and d) were included in attempt to iden-
tify cell culture studies of varying RoB and varying
quality, as all should be included in the user testing.

The literature search and study selection are
described in Supplementary material 1, and includes
search terms, search strategy, and study selection
(Figure S1 (flow chart), Table S1 (included systematic
reviews), and Table S2 (excluded publications, with
reason)). An overview of the publications in the
included systematic reviews that are categorised as
high quality/low RoB or low quality/high RoB is given
in Table S3 (step 2 in Figure 4). An overview of all cell
culture studies included in these publications will be
created (step 3 in Figure 4) and will be the starting
point for the random selection of cell culture studies
for the practical exercise (step 4 in Figure 4). The PG
developing INVITES-IN  will
gold-standard for these studies by rating all signalling
question for each study according to the beta version
of INVITES-IN (step 5 in Figure 4). The gold-standards
should include more than one rating option for each
signalling question (step 6 in Figure 4). If this is not
achieved, steps 4 and 5 (Figure 4) will be repeated
until this is fulfilled (step 7 in Figure 4). When this is
fulfilled, these cell culture studies will constitute the
pool of cell culture studies for the practical exercise.

members create the
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Table 1. Tasks and responsibilities in the testing of INVITES-IN.
Phase Task

Responsible

Planning Define inclusion criteria for Project group and
participants. scientific advisory
Nominate and recruit participants group
fulfilling the inclusion criteria.
Prepare the request for participant Project group
information.
Select cell culture studies for the
practical exercise and create the
gold-standard.
Prepare the survey.
Execution  The collection of participant Project group

information
Participants complete the
questionnaire.

The practical exercise

+ Pairs of testers are established.
Participants receive a cell culture
study for training.
Training sessions are arranged.
Participants receive the cell
culture studies.
Participants individually rate the
cell culture studies.
Pair of participants (judge pairs)
meet to compare, discuss, and
reconcile their ratings.

The survey
Participants complete the survey.

Data analyses

The number of cell culture studies needed for the
practical exercise depends on the number of user test-
ing participants and this is addressed in Section 2.3.1.

2.2.2. User testing

2.2.2.1. Participant selection and enrolment. The
participants in the user testing will be scientists
having good working knowledge with in vitro
methods, with or without systematic review and
chemical risk assessment expertise, affiliated in
academic institutions, governmental institutions
(including risk assessment institutions and research
institutes), and private sector research institutions
(eligibility criteria are presented in Table 2).

The participants should be able to work in pairs
during parts of the practical exercise (see Section
2.2.2.2). Participant information including affiliation,
years of experience with in vitro studies, years of expe-
rience with chemical risk assessment, and years of
experience with systematic reviews will be collected
using a questionnaire (see Supplementary material 3).

No financial compensation or other incentives are
offered for the participation; however, the participants
will be eligible to be co-authors of the user testing
study manuscript if they also read and comment on
the final draft.

2.2.2.2. The practical exercise. The practical exercise
aims to emulate a real-world application of INVITES-

EVIDENCE-BASED TOXICOLOGY e 5

IN by simulating the validity assessment step in the
systematic review process, albeit in a controlled
environment. The validity assessment step includes
critical appraisal of studies by pair of experts that
first do the assessment individually and then
harmonise the results.

Before the practical exercise is started, participants
will receive one cell culture study for self-train on
the application of INVITES-IN, and training sessions
will be arranged to clarify initial questions and uncer-
tainties. An overview of the most frequently asked
questions will be created and made available for all
participants.

If a publication contains several cell culture studies/
experiments, a participant will only be asked to evalu-
ate one of these. Participants will receive the publica-
tion and the selected cell culture experiment will be
highlighted to ensure that INVITES-IN will be applied
to the correct experiment.

To emulate the systematic review process, all cell
culture studies included in the practical exercise will
be tagged with a research question formulated based
on the extracted PECO/PEO from the systematic review
in which it was found (see 2.2.1 and Supplementary
material 1). Each study will first be evaluated individu-
ally by a participant, followed by a calibration in pairs.
The pairs will always be the same. When the practical
exercise is started, the two participants in a pair will
receive the same cell culture studies in a given order
(the allocated studies for a pair will be numbered as
study one, study two, etc.). Participants receive study
one first and will not receive study two before they
have sent the evaluation of study one to the PG. This
way we ensure that the studies are evaluated in a
given order.

Participants will be requested to time themselves,
and to report the time used for the rating of each
study in the survey they will receive when the practical
exercise is completed (see Section 2.2.2.3). The process
for the practical exercise is illustrated in Figure 5.

2.2.2.3. The survey. In the survey, consisting of three
parts, participants will give feedback based on their
experience using the beta version of INVITES-IN to
evaluate internal validity (see Supplementary
material 2).

In the first part, participants rate agreement with
statements on the cognitive burden and intuitiveness
of applying the tool. For each statement, participants
may provide more details as free text. In the second
part, participants are asked to time themselves when
rating each cell culture study (cell culture study 1, cell
culture study 2, etc.). They will also be asked how
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Figure 3. Estimated workload for the participants. *The number of cell culture studies each participant will receive depends on

the total number of participants recruited (see Section 2.3.1).

Figure 4. The seven steps to create the pool of cell culture studies for the practical exercise and the gold-standard for each study.

Table 2. Eligibility criteria for participation in the user testing
study.

In vitro methods
OR
In vitro methods AND systematic review
methods
Scientific experience or OR
expertise In vitro methods AND chemical risk assessment

Academic level
Language
Affiliation

PhD degree completed

English, level B1 or higher

Academia

Governmental institutions (including risk
assessment institutions and research
institutes)

Private sector research institutions

NGOs

Self-employed or freelancer researchers

confident they are that they timed themselves accu-

" ou

rately, and given the options “very confident’, “some-

"o

what confident”, “somewhat unsure’, or “very unsure” In

the third part, participants are requested to answer
questions related to user experience,

2.3. Data analysis and reporting

All analyses will be done by the PG members.

All raw data will be anonymised and made available
as supplementary to the user test report. The number
of participants completing the practical exercise will be
reported. All ratings of signalling questions, both pre-
and post-reconciliation ratings, will be presented and
made available. The number of participants completing
the survey will be reported. All feedback on user expe-
rience will be made available.

Regarding participant information, participant
response (in percentage), gender distribution (in per-
cent), and experience with in vitro methods, chemical



Figure 5. An overview of the practical exercise.

risk assessment and systematic review methods, will be
reported.

2.3.1. Assessing consistency

Consistency in assessing internal validity using
INVITES-IN, in terms of the extent to which results of the
application of the tool are the same for different users,
will be measured as inter-rater reliability using the intra-
class correlation coefficient (ICC) of the studies. Low
consistency may be due to varying level and specific
field of expertise and/or insufficient or imprecise infor-
mation in the guidance. The ICC calculations will be
used to identify needs for improvement of the guid-
ance. Data on participant expertise will be collected (see
Supplementary materials 3) and used to see if there are
correlations between the level of consistency and the
level and type of expertise. However, statistical analyses
addressing such effects will not be performed as we are
not able to power the study for such analyses.

We will measure inter-rater reliability for the
post-reconciliation ratings from the practical exercise
(one rating per judge pair per cell culture study), and
it will be measured per signalling question for all stud-
ies. The ratings for each signalling question will be
ordinal, and the studies will be distributed in a weaved
manner to counteract the bias from a learning. The
assessment of consistency is described in detail in
Section 2.3.1.1, and sample size estimation is described
in detail in Section 2.3.1.2.

23.1.1. Detailed description of the statistical
methods. The ratings for each signalling question
will be ordinal with three, four, or five levels (Y=1,
2,3,Y=1,2 3,4 0rY=1, 2 3, 4,5; the number of
rating options will be decided during the creation of
INVITES-IN). The ICC for each signalling question will
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be calculated for each signalling question via a
mixed-effects linear regression model:

Yo =p+a; +f +e,

where Y, is the rating corresponding to study j that
was rated by judge pair k. u is the overall mean rating,
a; represents the study effect, B, represents the judge
pair effect, and ¢, represents unexplained variation/
random error effect.

The ICC (correlation of two observations of the same
study) is then calculated by:

2
()

c 6l 4o +0
where & is the variance of a (study effect), cé is the
variance of B (judge pair effect), and & is the variance
of € (unexplained variation/random error). The total vari-
ation of the outcome (Y) can be expressed as c> +c§ +o2.

95% confidence intervals for the ICC are then
obtained by performing model-based semi-parametric
bootstrapping, using the Ime4:bootMer function in R,
and taking the 2.5th and 97.5th percentiles.

The ICC of the studies can be interpreted as the
amount of variation (of the outcome) attributable to dif-
ferences between the studies. The ICC value ranges from
0 to 1, with higher values indicating greater consistency
of agreement between the ratings of a signalling ques-
tion. That is, if the ICC of the studies is 0.6, the appro-
priate interpretation is that 60% of the total variance in
the ratings is due to differences between the studies,
and 40% of the total variance in the ratings is due to
other causes (i.e. judge pair effect and random error).

The studies will be distributed in a weaved manner
to counteract the bias from a learning effect as
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illustrated in Table 3. The resultant ICC can be inter-
preted roughly as the ICC after 3 attempts, as it is a
blended ICC with equal number of studies rated in
attempt 1, 2, 3, 4, and 5.

2.3.1.2. Sample size estimation. The number of
studies that will be rated by a pair depends on the
number of participants that we manage to recruit
(Tables 4-6). Sample size estimates were made
through simulations.

The simulation process for four possible ratings of
each signalling question (Y=1, 2, 3, 4; Table 5) is
described in detail. The scenarios where the possible
ratings of each signalling question are three (Y=1, 2, 3;
Table 4) or five (Y=1, 2, 3, 4, 5; Table 6) were simulated
in a similar manner and hence do not need to be
described. A total of 100 000 fictional studies were
simulated, of which 25 000 corresponded to Y™ =1, 25
000 corresponded to Y™ =2, and so on.

From here, multiple scenarios were considered,
where the number of judge pairs and the number of
studies reviewed per judge pair were altered. For each
scenario, the 100 000 studies (or less, as appropriate)
were assigned to 10 000 judge pairs. A new outcome
(Y) was created to provide an ICC of approximately
0.65. For 78.5% of the judge pair/paper combinations,
Y was equal to Y™ (i.e. the judge pair accurately
assessed the paper). To create disagreements between
the judges, for 21.5% of the judge pair/paper combina-
tions, a number was randomly selected between 1 and
4 (R code provided in supplemental materials 4).

Pr(Y, =Y;*)=0.785

Pr(ij = random(1,2,3,4)) =0.215

where Y, is the rating corresponding to study j that was
rated by judge pair k, as previously noted in Section 2.3.1.1.

The ICC estimation was then performed multiple
times (e.g. if the scenario needed 10 judge pairs, then
the ICC estimation was performed 1000 times) as
explained in Section 2.3.1.1.

For each of the ICC estimations, the margin of error
(MOE) was calculated (MOE=half the width of the
bootstrapped 95% confidence interval). The mean MOE
of each scenario is presented in Tables 4-6. The mean
MOE was chosen to be presented as it represents how
reliable our estimates are (R code provided in
Supplemental materials 4).

A maximum MOE of 0.15 was considered to be
acceptable. According to Koo and Li (2016), ICC values
less than 0.5 are indicative of poor inter-rater reliability
for a signalling question, whereas ICC values between
0.5 and 0.75, between 0.75 and 0.9, and greater than
0.90 are indicative of moderate, good, and excellent
reliability, respectively. By estimating the MOE when
the true ICC is 0.65 and setting the acceptable MOE to
0.15, we will be able to differentiate between poorer
(ICC less than 0.5) and better (ICC < 0.5) inter-rater
reliability.

2.3.2. Assessing assessor workload

Assessor workload in applying INVITES-IN will be
assessed as the amount of time it takes to apply the
tool, and the cognitive burden or intuitiveness of
applying the tool. The participants will be instructed to
time all time spent on the evaluation, which includes
reading the study, identifying the necessary informa-
tion, conducting additional information gathering
(when necessary) and answering and giving reasoning
for all the signalling questions.

Median and mean time to complete the assess-
ments of one cell culture study (part 2 of the survey)
will be reported. Subgroup analyses may be performed
to evaluate the effect of having systematic review
experience.

Table 3. lllustrating the distribution of studies to the judge pairs.

Judge pair (40 participants = 20 judge pairs)

Study 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
1 X1 P X5 X4 X3 X2 X1 P X5 X4 X3 X2
2 X2 X1 P X5 X4 X3 X2 X1 P X5 X4 X3
3 X3 X2 X1 P X5 X4 X3 X2 X1 P X5 X4
4 X4 X3 X2 X1 P X5 X4 X3 X2 X1 P X5
5 X5 X4 X3 X2 X1 P X5 X4 X3 X2 X1 P

6 X5 X4 X3 X2 X1 P X5 X4 X3 X2 X1 P

7 X5 X4 X3 X2 X1 P X5 X4 X3 X2 X1 P

8 X5 X4 X3 X2 X1 P X5 X4 X3 X2 X1 P

9 X5 X4 X3 X2 X1 P X5 X4 X3 X2 X1 P
10 P X5 X4 X3 X2 X1 P X5 X4 X3 X2 X1

A red P demarcates a practice study, which will not be included in the final analysis. X1 demarcates the first study and the judge pair’s first attempt to
apply INVITES-IN, X2 demarcates the second study and the judge pair’s second attempt to apply INVITES-IN, etc.
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Table 4. Sample size estimates for the number of cell culture
studies needed to be assessed by the judge pairs to have a
MOE < 0.15 given three rating options of a signalling question
(Y=1, 2, 3).
95% margin of error for estimating ICC when the true
ICC is 0.65, for Y=1, 2, 3
Number of cell culture studies reviewed per judge pair

Judge

pairs 5 6 7 8 9 10
10 0.23 0.21 0.20 0.18 0.18 0.17
12 0.21 0.20 0.19 0.17 0.17 0.16
14 0.20 0.18 0.17 0.16 0.15 0.14
16 0.19 0.17 0.16 0.15 0.15 0.14
18 0.18 0.16 0.16 0.14 0.14 0.13
20 0.16 0.15 0.14 0.13 0.13 0.12
22 0.16 0.15 0.14 0.13 0.12 0.12
24 0.16 0.14 0.14 0.13 0.12 0.12
26 0.15 0.14 0.13 0.12 0.12 0.11
28 0.14 0.13 0.12 0.11 0.11 0.10
30 0.14 0.13 0.11 0.11 0.11 0.10

ICC: intraclass correlation coefficient; MOE: margin of error; Y: rating option.

Table 5. Sample size estimates for the number of cell culture
studies needed to be assessed by the judge pairs to have a
MOE < 0.15 given four rating options of a signalling question
(Y=1, 2, 3, 4).

95% margin of error for estimating ICC when the true
ICC is 0.65, for Y=1, 2, 3, 4

Number of cell culture studies reviewed per judge pair

Judge

pairs 5 6 7 8 9 10

10 0.23 0.23 0.21 0.20 0.19 0.17
12 0.21 0.21 0.20 0.18 0.17 0.15
14 0.21 0.19 0.19 0.18 0.17 0.15
16 0.19 0.18 0.17 0.16 0.15 0.14
18 0.18 0.17 0.16 0.15 0.14 0.13
20 0.17 0.16 0.15 0.14 0.13 0.12
22 0.17 0.16 0.15 0.14 0.13 0.12
24 0.16 0.15 0.15 0.13 0.13 0.11
26 0.15 0.14 0.14 0.13 0.12 0.11
28 0.15 0.14 0.13 0.12 0.12 0.10
30 0.15 0.13 0.13 0.12 0.11 0.10

ICC: intraclass correlation coefficient; MOE: margin of error; Y: rating option.

Table 6. Sample size estimates for the number of cell culture
studies needed to be assessed by the judge pairs to have a
MOE < 0.15 given five rating options of a signalling question
(Y=1,2,3,4,5).
95% margin of error for estimating ICC when the true
ICCis 0.5, for Y=1,2,3,4,5
Number of cell culture studies reviewed per judge pair

Judge

pairs 5 6 7 8 9 10
10 0.23 0.23 0.19 0.19 0.16 0.17
12 0.21 0.21 0.17 0.18 0.15 0.15
14 0.20 0.20 0.17 0.16 0.14 0.15
16 0.18 0.18 0.15 0.15 0.13 0.13
18 0.18 0.17 0.15 0.14 0.12 0.13
20 0.17 0.16 0.14 0.14 0.12 0.12
22 0.16 0.16 0.14 0.14 0.11 0.12
24 0.16 0.15 0.13 0.13 0.11 0.11
26 0.15 0.15 0.12 0.12 0.10 0.11
28 0.14 0.14 0.12 0.12 0.10 0.11
30 0.14 0.13 0.11 0.12 0.10 0.10

ICC: intraclass correlation coefficient; MOE: margin of error; Y: rating option.
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All data on the cognitive burden or intuitiveness
(part 1 of the survey) of applying the tool will be
reported.

2.3.3. Assessing accuracy

Accuracy of the tool, in terms of precision of the results
of application of INVITES-IN and the potential for sys-
tematic differences between the results of typical user
evaluations of a study and the gold-standard reference
evaluation, will be measured by comparing the
post-reconciliation ratings and the gold-standard. How
precisely INVITES-IN characterises internal validity will
be measured as the association between the ratings of
participants and the gold-standard for the same signal-
ling question for the same study and by identification
of learning effects (Section 2.3.3.1). The potential for
systematic differences will be described via histograms
of the user-ratings for each level of the gold-standard
ratings (Section 2.3.3.2).

2.3.3.1. Precision. To see if there is an association
between the gold-standard reference rating and the
judge pair ratings, a matrix of ratings will be formed
with the gold-standard forming one axis and the
post-reconciliation ratings forming the other axis.
From this matrix, two analyses will be performed.
Firstly, Fisher’s exact test will be performed to assess
if there is evidence that the user-ratings are
statistically associated with the gold-standard ratings.
Results indicating no difference between the gold-
standard and the user-ratings are shown in Table 7.

The secondary analysis will be primarily used to
attempt to identify if there is a learning effect. The
aforementioned analyses (Table 7) will be repeated five
times, with data restricted to the judge pair's first
attempt to apply INVITES-IN to evaluate the internal
validity of a cell culture study, second attempt, third
attempt, fourth attempt, and fifth attempt, meaning
that a study will be assessed five times. Furthermore,
matrix of ratings will be constructed where the data is
restricted to gold-standard Y=1, Y=2, Y=3, Y=4, one
axis corresponds to first attempt, second attempt, third
attempt, fourth attempt, and the fifth attempt to apply
INVITES-IN to a cell culture study, and the other axis
corresponds to the post-reconciliation ratings (Y=1, 2,
3, 4) (Tables 8-10). Results indicating a small difference
between gold-standard and user-ratings, no difference
between gold-standard and user-ratings, and a learn-
ing effect are shown in Tables 8-10, respectively.

2.3.3.2. Bias. The potential for systematic difference
between user-ratings and the gold-standard will be
described via histograms of the user-ratings for each
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Table 7. For all data from the practical exercise; illustrating results indicating no difference between the gold-standard and
user-ratings.

Gold-standard rating
All data (SQ = 1) Y=1 Y=2 Y=3 Y

Il
EN

Judge pair ratings Number of judge pairs selecting the rating option Y=1 10 0 0 0
Number of judge pairs selecting the rating option Y=2 0 10 0 0
Number of judge pairs selecting the rating option Y=3 0 0 10 0
Number of judge pairs selecting the rating option Y=4 0 0 0 10

Comparison of the gold-standard with ratings from 40 study assessments, where the ratings are equally divided for the different rating options (Y=1, 2,
3, or 4). The gold-standard rating is indicated in the table with grey colouring of table cells. This analysis will be repeated for all signalling questions.
SQ: signalling question; Y: rating option.

Table 8. Data restricted to the first attempt to apply INVITES-IN to a cell culture study; results indicating small difference between
gold-standard and user-ratings.

Gold-standard rating
Restrict data to first attempt (SQ = 1) Y=1 Y=2 Y=3 Y
Judge pair ratings

Il
i

_

Number of judge pairs selecting the rating option Y=1 7
Number of judge pairs selecting the rating option Y=2 1
1
1

_~ -
—_

Number of judge pairs selecting the rating option Y=3
Number of judge pairs selecting the rating option Y=4

_, = .
—_

1

Comparison of the gold-standard with ratings from 40 study assessments, where the rating options are Y=1, 2, 3, or 4. The gold-standard rating is indi-
cated in the table with grey colouring of table cells. This analysis will be repeated for all signalling questions.
SQ: signalling question; Y: rating option.

Table 9. Data restricted to the second attempt to apply INVITES-IN to a cell culture study; results indicating no difference between
gold-standard and user-ratings.

Gold-standard rating

Restrict data to second attempt (SQ = 1) Y=1 Y=2 Y=3 Y=4
Judge pair ratings Number of judge pairs selecting the rating option Y=1 10 0 0 0
Number of judge pairs selecting the rating option Y=2 0 10 0 0
Number of judge pairs selecting the rating option Y=3 0 0 10 0
Number of judge pairs selecting the rating option Y=4 0 0 0 10

Comparison of the gold-standard with ratings from 40 study assessments, where the rating options are Y=1, 2, 3, or 4. The gold-standard rating is indi-
cated in the table with grey colouring of table cells. This analysis will be repeated for all signalling questions.
SQ: signalling question; Y: rating option.

Table 10. Results indicating a learning effect, assuming 40 judge pairs rating one signalling question for 40 studies with a
gold-standard rating Y=1.

Restrict data to gold-standard Y=1 (SQ = 1) Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5
Number of judge pairs selecting the rating option Y=1 10 20 25 30 35
Number of judge pairs selecting the rating option Y=2 10 10 15 10 5
Number of judge pairs selecting the rating option Y=3 10 10 0 0 0
Number of judge pairs selecting the rating option Y=4 10 0 0 0 0

The rating options are Y=1, 2, 3, or 4. The data is restricted to when the gold-standard rating is Y=1. This analysis will be repeated for all signalling
questions, and for Y=1, 2, 3, and 4.
SQ: signalling question; Y: rating option.

level of the gold-standard ratings due to the small
number of categories in the outcome (i.e. one
histogram of user-ratings when gold-standard rating
= 1, another histogram of user-ratings when gold-
standard rating = 2, ...). If the Fisher's exact test
(Section 2.3.3.1) is statistically significant, then these
histograms (along with additional summary statistics,
such as the mean/median, or cumulative distribution
function) will be interpreted to identify if the user-
ratings are positively associated with the gold-
standard reference ratings.

2.3.4. Reporting qualitative data on user experience
The user experience in applying the tool (Part 3 of the
survey), in terms of qualitative feedback about the

process of applying INVITES-IN, will constitute of free
text answers to questions. Overviews of all answers to
each question will be prepared and made available. If
possible, we will identify trends in the answers to each
question, and the answers will then be grouped
according to these trends. Overviews of the rating of
each question will be prepared and made available.

3. Results and creation of the release version
of INVITES-IN

All results from the data analyses will be used to eval-
uate the performance of INVITES-IN as a tool for assess-
ing the internal validity of in vitro studies. Creating the



release version of INVITES-IN, these results will be the
basis for all discussions regarding needs for adjust-
ments of the INVITES-IN version that was applied for
the user testing.

Results from the practical exercise, such as if data
on reasoning for the rating of a signalling question
clearly shows that several of the test users have inter-
preted the guidance incorrectly or differently, will be
used to identify needs for improvement of the guid-
ance together with the feedback from the survey. In
addition, poor inter-rater reliability will be interpretated
as needs for improvement/revision such as clarification
of the guidance.

The structure of INVITES-IN, layout, and other pre-
sentational or user-experience related characteristics
can be adjusted in response to the outcome of user
testing, e.g. in response to feedback on the survey
guestions addressing how the tool, and the usability of
the tool, can be improved.

The signalling questions will not be revised, unless
in the judgement of the PG, informed by the SAG,
there are sufficient grounds for changing a signalling
question, and there is good reason for believing the
change made will improve INVITES-IN. This may be
done in response to feedback on the survey question
addressing which signalling questions the users found
most challenging to answer, and why this question
was particularly challenging.

The PG and SAG will decide on which improvements
should be performed to the guidance and the struc-
ture/layout, and justification for the decisions will be
included in the user testing report. PG members
involved in this study will make the final decisions on
improvements and prepare the release version.

4. Limitations

By recruiting from the network of PG and SAG mem-
bers, we attempt to involve a broad and diverse group
of experts from different institutions in the user test-
ing, while working within the resources that the
research team has available. However, the final group
of participants may not be representative of all poten-
tial users of the tool”

The study is not powered to allow meaningful anal-
ysis of impact of participant characteristics on the
results. It was considered not possible to power the
study for such analyses because the number of partic-
ipants needed would be higher than can be achieved
with the resources available to the research team.

The study is not powered to allow analysis of impact
of in vitro studies on the results. It was considered not
possible to power the study for such analyses because
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the number of studies that would need analysing is
unrealistically high.

Dissemination

A report describing the user testing study, including all
results, will be published.

The final version of INVITES-IN will be published as
peer-review journal article and disseminated through
PG and SAG members.

Definitions

Bias is systematic errors, or deviations from the truth,
in results or inference (Cochrane Collaboration 2005).

Bias domains are themes such as e.g. study perfor-
mance, analysis, and reporting, under which sources of
bias/bias items can be organised/grouped.

Bias items are study properties that may be rele-
vant for introduction of bias in results and/or their
interpretation. Criteria are the issues that have to be
fulfilled for bias to be avoided. In the guidance docu-
ment for the INVITES-IN tool there will be criteria for
reaching risk-of-bias judgements for each signalling
question.

Cell culture studies refer to cell lines, primary cells,
co-cultures, monolayer, and 3-D cell systems in the
user testing study.

Internal validity is the extent to which the design
and conduct of a study are likely to have prevented
bias (Cochrane Collaboration 2005).

Inter-rater reliability refers to the level of consis-
tency between independent raters when rating the
same signalling question for the same study.

In vitro (“in the glass”) tests mean that it is done
outside of a living organism and it usually involves iso-
lated tissues, organs or cells (ECHA 2023).

NAMs have not yet a standard definition. However,
there seems to be a general agreement that the term
“NAMs” include in chemico, in silico and in vitro studies.
One definition is that “NAMs includes any technology,
methodology, approach, or combination that can pro-
vide information on chemical hazard and risk assess-
ment without the use of animals, including in silico, in
chemico, in vitro, and ex vivo approaches” (ECHA 2016;
EPA 2018).

Risk of bias is a measure for systematic errors. Risk
of bias tools is used for evaluation of the extent to
which the design and conduct of a study are likely to
have prevented bias (the degree of systematic errors).

Signalling questions are the questions that the
users of the tool answer in order to determine whether
the criteria have been fulfilled.
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Validity is the degree to which a result (of a mea-
surement or study) is likely to be true and free of bias
(systematic errors) (Cochrane Collaboration 2005).
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