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Abstract

Behaviours that challenge (BtC) are common in people with intellectual disability (ID) and associated
with negative long-term outcomes. Reliable characterisation of BtC and behavioural function is
integral to person-centred interventions. This systematic review and meta-analytic study
guantitatively synthesised the evidence-base for the internal consistency, inter-rater reliability, and
test-retest reliability of measures of BtC and behavioural function in people with ID (PROSPERO:
CRD42021239042). Web of Science, Embase, PsycINFO and MEDLINE were searched from inception
to March 2024. Retrieved records (n=3,691) were screened independently to identify studies
assessing eligible measurement properties in people with ID. Data extracted from 83 studies, across
29 measures, were synthesised in a series of random-effects meta-analyses. Subgroup analyses
assessed the influence of methodological quality and study-level characteristics on pooled estimates.
COSMIN criteria were used to evaluate the measurement properties of each measure. Pooled
estimates ranged across measures: internal consistency (0.41-0.97), inter-rater reliability (0.29-0.93)
and test-retest reliability (0.52-0.98). The quantity and quality of evidence varied substantially across
measures; evidence was frequently unavailable or limited to a single study. Based on current
evidence, candidate measures with the most evidence for internal consistency and reliability are
discussed; however, continued assessment of measurement properties in ID populations is a key

priority.

Keywords (maximum 6): Intellectual Disability; Behaviours that challenge; Function; Measurement;
Measurement Properties.



Introduction

Behaviours that challenge (BtC), such as self-injury and aggression, are frequently reported in people
with intellectual disability (ID). Prevalence rates between 10% and 60% are reported; however, rates
are shown to vary according to differences in definitions of BtC, methods of assessment, and the
population studied (Deb et al., 2001; Emerson et al., 2001; Rojahn et al., 2017; Simo-Pinatella et al.,
2019). BtC persist overtime in ID and ID-associated genetic syndrome populations (Crawford et al.,
2019; Davies & Oliver, 2014; Emerson et al., 2001; Taylor et al., 2011; Wilde et al., 2018). Persistence
of BtC is concerning, given associations with detrimental long-term outcomes, such as impeded
learning and development, increased social exclusion, and use of physical restraint and medication
(Cooper et al., 2009; Emerson, 2001; Emerson et al., 2011; Holden & Gitlesen, 2006). Furthermore,
BtC are associated with decreased caregiver quality of life and increased caregiver stress, fatigue,
burnout, and social exclusion (Adams et al., 2018; Hastings, 2002; Lecavalier et al., 2006). The
prevalence, persistence, and consequences of BtC highlight the importance of early intervention to
improve outcomes for people with ID (Davies & Oliver, 2016; Oliver & Richards, 2015). An essential
first step towards intervention is valid and reliable assessment of a person’s behavioural
presentation.

Precise characterisation of BtC is integral for tailoring evidence-based interventions to a person’s
behavioural presentation. The UK National Institute for Health and Care Excellence (NICE) guidelines
recommend the use of formal assessments to clearly describe BtC (National Collaborating Centre for
Mental Health (NCCMH), 2015). In addition, a thorough assessment also includes collating
information about why BtC has emerged and how it may be maintained over time (Lloyd & Kennedy,
2014). This includes assessment of person and environmental factors implicated in the presentation
of BtC (Limbu et al., 2021; NCCMH, 2015). Such information is used by clinicians to develop
formulations and interventions based on the operant model, whereby the consequences that follow
behaviour might inadvertently increase the likelihood of behaviour reoccurring through operant
reinforcement (Beavers et al., 2013; Carr & Durand, 1985; Hanley, 2012; Healy et al., 2013). In the
operant model, reinforced behaviour is described as functional, in that it is repeated because it
serves an inadvertent function for a person. Consequently, understanding behavioural function is
often a focal part of assessment, along with consideration of gene-environment-behaviour
interactions (Davies & Oliver, 2016; Waite et al., 2014).

Several methods of assessment are available to characterise a person’s BtC and assess behavioural
function. Indirect assessment methods include informant and self-report questionnaire and
interview methodology, while direct assessment methods include naturalistic behavioural
observation and functional assessment (Floyd et al., 2005; Lloyd & Kennedy, 2014; Matson &
Williams, 2014). Examples of indirect informant-report measures to assess BtC include the Behavior
Problems Inventory-01 (Rojahn et al., 2001) and Challenging Behaviour Interview (Oliver et al., 2003)
and examples of functional measures are the Questions About Behavioural Function Scale (Matson &
Vollmer, 2007) and Motivation Assessment Scale (Durand & Crimmins, 1992). Direct assessment
methods are often viewed as the ‘gold standard’ for assessment, but typically involve considerable
time and expense, can be intrusive, and require well-trained observers (Madsen et al., 2016; Matson
& Williams, 2014; Zarcone et al., 2008). Indirect assessment measures can overcome some of these
limitations, such as enabling information to be gathered at reduced time and expensive, whilst
meeting NICE objectives to precisely characterise the form, frequency, severity, and duration of BtC,
and identify possible behavioural functions (Floyd et al., 2005; Madsen et al., 2016). This information
can inform interventions that are tailored to a person’s behavioural presentation and needs. In



addition, informant-report measures can be used to monitor behavioural presentation overtime,
including the success of interventions in improving behavioural outcomes, with the information
gathered informing decisions about further intervention or service provision (Baker & Daynes, 2010;
NCCMH, 2015; Zarcone et al., 2008). The soundness of such decisions is partially dependent on the
quality of the informant-report measures being used. Therefore, to ensure information gathered is
valid and reliable, it is important to understand the evidence base for the measurement properties of
the methods of assessment being selected for use.

To date, several systematic reviews have been conducted to examine the measurement properties of
measures to assess BtC and behaviour-related outcomes (Howell et al., 2021; McConachie et al.,
2015; Reyes-Martin et al., 2022; Turton, 2015). However, these reviews have typically focused on
measures for specific populations, e.g., autistic children under 6 years (McConachie et al., 2015), or
the use of measures with specific informants, e.g., special education teachers (Howell et al., 2021).
Reyes-Martin et al. (2022) provides a recent synthesis of literature pertaining to the measurement
properties of measures to assess BtC in people with intellectual and developmental disabilities. In
addition, the authors explored variables related to BtC and evidence of interventions informed by
measures characterising BtC. Whilst these reviews have made an important contribution to the
literature regarding measures of BtC, to date, no systematic reviews have assessed the measurement
properties of measures to assess behavioural function. Additionally, no systematic reviews have
included a meta-analytic synthesis of the measurement properties of measures of BtC or behavioural
function. Consequently, a systematic review and meta-analytic synthesis of measurement properties
is warranted, to collate, synthesise, and appraise the measurement properties of informant-report
measures used to assess BtC and functions of BtC in people with ID across all age groups. This is
important as the choice of high-quality measures among clinicians and researchers is strongly
determined by robust measurement properties (Maguire et al., 2023).

Given the identified gaps in the literature, the current systematic review and meta-analytic study
focuses on understanding current evidence for the internal consistency, inter-rater reliability, and
test-retest reliability of informant-report measures of BtC and behavioural function in ID populations.
The focus on internal consistency, inter-rater reliability and test-retest reliability is an important first
step towards evaluating measurement properties and informing future recommendations for the use
of measures in both research and clinical practice. However, it’s important to note that measurement
properties are not static or inherent within a measure; they can be influenced by various factors,
such as the interaction between items within a measure and the specific population and context in
which the measure is used (Swan et al., 2023). For instance, while multi-informant assessment can
be a beneficial approach to gathering information across different contexts, measurement properties
may differ due to differences in behavioural presentation and function across various situations,
settings, and contexts (e.g., school settings vs home environments) (Alter et al., 2008; Chung et al.,
2022). Furthermore, informant-related factors, such as the length of time an informant has known a
person, time spent together, relationship quality, and experience of working with people with ID, can
also influence measurement properties (Nicholson et al., 2006; Shrout, 1998). Consequently, the
current review also aims to examine the impact of study methodological quality and study-level
characteristics (e.g., level of ID, informant completing the measure, method of administration and
recruitment setting) on measure internal consistency, inter-rater reliability and test-retest reliability
estimates. This review focuses on measures enabling the assessment of three categories of
observable and operationalisable BtC, self-injury, aggression, and destruction, commonly reported in
ID populations (Arron et al., 2011; Emerson et al., 2001; Grey et al., 2010; Rojahn et al., 2001). While
several existing measures of BtC include subscales for a wider range of behavioural phenomena, such



as hyperactivity and stereotyped and repetitive behaviour, this review does not extend to these
subscales.

In summary, this systematic review and meta-analytic study aims to:

1. Conduct a preliminary search to identify standardised informant-report measures
used to assess BtC and behavioural function in ID populations, including genetic
syndromes associated with ID.

2. Meta-analytically synthesise published evidence of internal consistency, inter-rater
reliability, and test-retest reliability for identified measures.

3. Conduct subgroup and meta-regression analyses to explore the impact of
methodological bias and study level characteristics on reliability estimates.

4. Formally evaluate quality of evidence for the internal consistency, inter-rater
reliability, and test-retest reliability of each identified measure using recommended

guidelines.

Methods

A systematic review and meta-analysis was undertaken, reported in accordance with PRISMA
guidelines (Page et al., 2021) and the COnsensus-based Standards for the selection of health
Measurement INstruments (COSMIN) guidelines (Prinsen et al., 2018). Methodology and analysis
details were pre-registered in a PROSPERO protocol prior to completion of the review
(CRD42021239042). This paper focuses on the internal consistency and inter-rater reliability and test-
retest reliability portions of the PROSPERO pre-registration.

Preliminary Search

A preliminary search was conducted to address the first aim, to identify measures of BtC and
function that have been used in ID populations and inform measure search terms in the main search.
The preliminary search yielded 50 measures (43 measures primarily assessing BtC and 7 measures
primarily assessing behavioural function) that were taken forward to this review. Details of the
preliminary search strategy and included/excluded measures are provided in Appendix A.

Search Strategy and Selection Criteria

Searches were conducted to identify papers examining the internal consistency (IC), inter-rater
reliability (IRR), and test-retest reliability (TRTR) of the 50 measurement tools when used in ID
populations. Electronic searches were conducted on 18 March 2022 and updated 1 March 2024".
Four databases were searched with no restriction on year of publication: Web of Science (Core

LA newly developed measure of BtC (Open Source-Challenging Behavior Scale; Frazier et
al., 2023) was identified within the updated search; however, as ID was reported in <50% of
participants, this study did not meet criteria for inclusion in the current review.



Collection), Ovid PsycINFO, Ovid Embase, and Ovid Medline. Search terms consisted of three
components, each containing synonyms, truncated where appropriate and combined using Boolean
terms ‘OR’ and ‘AND’ (see Appendix B for the full search strategy for each database):

1. Measurement tools (names and acronyms for the 50 identified tools identified in the
preliminary search)

2. ID and ID-associated genetic syndromes

3. Measurement properties

4. 1 AND 2 AND 3

Measurement property search terms were based on a search filter developed by the COSMIN group
(Terwee et al., 2009). ID-associated genetic syndrome search terms from the preliminary search were
adjusted to include additional syndromes identified. Genetics Home Reference, an expert-reviewed
online resource, and GeneReviews were consulted to identify terms for these syndromes.

Returned papers were assessed for inclusion with LS screening 100% (3,691) of total papers. At stage
one screening, papers were independently screened by review of titles and abstracts using
predefined inclusion and exclusion criteria (see Table 1). At stage one, substantial agreement was
established between LS and EP on 25% (923) of total papers (Kappa = .91). Where there were
discrepancies regarding inclusion at stage one, an over-inclusive approach was adopted, and studies
included to ensure relevant studies were not missed.
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At stage two screening, additional criteria were employed to screen the full texts of papers (see Table
1). Substantial agreement was established between LS and EP (Kappa = .86) at stage two screening.
To resolve discrepancies at stage two, a third reviewer was consulted, and consensus reached.
Following screening, LS and AP completed forwards and backwards searches of the references lists
and citations of included papers, resulting in the identification of an additional 3 papers (see Figure
1).
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Data Extraction

Data extraction was undertaken by LS and all data were independently checked by a second author
(CG or AW) to ensure accurate data extraction. The following data were extracted from included
studies: authors; year of publication; measurement properties evaluated: IC, IRR and/or TRTR;
statistical tests utilised; time interval between measure administrations for studies assessing IRR and
TRTR; measurement tool information: name, subscale(s), number of items, informant(s) who
completed the measure and method of administration; sample size; study recruitment strategy;
participant demographics: diagnosis, age, sex, and majority child or adult sample. A systematic
process was applied for the inclusion of studies in the meta-analyses due to a small number of
variations in methods used to report measure properties (see Appendix C). Several identified papers
reported overall measurement tool reliability estimates or reported estimates as a range across



subscales. For these papers, study authors were contacted to obtain omitted statistical data required
for inclusion in the meta-analysis. Omitted data were obtained from the authors of 3 studies and
included data for 3 measures: the BPI-01 (Chan & Chien, 2017), C-SHARP (Farmer et al., 2015), and
MAS (Kearney et al., 2006).

Risk of Bias Assessment

The methodological quality of each study was assessed according to the COSMIN Risk of Bias
Checklists for outcome measurements (Mokkink et al., 2018). Standards were assessed separately for
each measurement property using a four-point rating system from ‘inadequate’ to ‘very good’. The
overall methodological quality of each study was based on the worst score counts principle (see
Mokkink et al., 2018). LS completed Risk of Bias ratings for all included papers and EP independently
completed ratings for 25% (k = 30) of papers; moderate to substantial IRR was established (Kappa =
0.70-1.00). Discrepancies were discussed and resolved by consensus. To ensure a comprehensive
review of available measurement properties for each measurement tool, no minimum quality rating
was required for study inclusion.

Data Analysis

Data analysis was conducted using the ‘Metafor’ package for R, version 6.0. Extracted reliability data
were used to generate pooled IC, IRR and TRTR estimates for each measurement tool. The genetic
inverse method was used to generate pooled IC, IRR and TRTR estimates with a DerSimonian-Laird
random-effects model. A random-effects model was used over the fixed-model as it considers
variation between studies and does not assume a common effect size (Hedges & Vevea, 1998;
Tufanaru et al., 2015). The appropriateness of the model was assessed by profiling of Quantile
Quantile (QQ) plots to ensure model of distribution assumptions were held. Where meta-analyses
included 210 effects, funnel plots were generated to assess the impact of publication bias and small-
study effects.

Subgroup analyses were conducted to identify potential influence of methodological quality on the
overall effects for the IC, IRR, and TRTR of measures of BtC and function. The Higgin’s I’ statistic was
used to assess heterogeneity (Higgins et al., 2003). Potential sources of heterogeneity were further
examined with exploratory subgroup analyses of study level characteristics, where there were
sufficient data. Exploratory subgroup analyses examined the impact of recruitment strategy, method
of administration, informant completing the measure, and the age of the participants on reliability
estimates. Furthermore, meta-regression analyses were conducted to explore the impact of the time
interval between test and retest on the temporal stability of TRTR estimates. A-priori analyses to
explore the impact of level of ID on estimates were not possible due to a lack of data.

In line with guidelines for the interpretation of Cronbach’s alpha, the minimal interpretable criteria
for IC was set at 0.70; however, established measures should evidence estimates in excess of this
criteria (Nunally & Bernstein, 1994; Ponterotto & Ruckdeschel, 2007). Minimal interpretable criteria
for TRTR was also set at 0.70 (Nunally & Bernstein, 1994). Most studies measured IRR using Cohen'’s
Kappa coefficient. Guidelines for the interpretation of Kappa suggest values greater than 0.60
indicate substantial reliability, therefore, the minimal interpretable criteria for IRR was set at 0.60
(Landis & Koch, 1977).



Assessment of Quality of Evidence

Pooled IC, IRR and TRTR estimates for each measure were summarised using COSMIN updated
criteria for good measurement properties; pooled estimates were rated as sufficient, insufficient,
indeterminate, or inconsistent (Mokkink et al., 2018; Prinsen et al., 2018). The overall quality of
evidence for the IC, IRR and TRTR of each measure was assessed using the COSMIN Grading of
Recommendations Assessment, Development, and Evaluation Approach for systematic reviews; the
level of evidence was rated as high, moderate, low, or very low depending on (1) risk of bias, (2)
inconsistency, (3) imprecision, and/or (4) indirectness (Mokkink et al., 2018; Prinsen et al., 2018).
The quality of evidence was not graded where the overall rating for measure IC, IRR or TRTR was
indeterminate.

Results

5,356 records were identified through database searching. Eighty-three studies were identified
following screening, and 74 studies, assessing the measurement properties across 29 measures (23
measures of BtC and 6 measures of function), were included in the quantitative meta-analyses (see
Figure 1). Information on IC was available for 22 measures, IRR for 25 measures, and TRTR for 18
measures. Summary characteristics for each study are presented in Appendix D, eTables D.1 and D.2.
10 studies (4 on IC, 7 on IRR and 3 on TRTR) were not included in the meta-analyses due to omission
of vital statistical information (e.g., reliability reported for overall measures and not at subscale level)
which could not be obtained by contacting the relevant authors. Reliability estimates from these
studies are presented in Appendix E.

Measures of BtC

Internal Consistency

IC estimates were available for 17 measures of BtC from a total of 40 studies (see Table 2 for
summary estimates for all measures). Overall weighted average estimates ranged from 0.64 (95% ClI
0.24-~1.00) for the ASD-BPA to 0.92 for the ABC-C irritability subscale (95% Cl 0.91-0.93). Forest plots
presenting the IC of all measures are shown in Appendix F. Evidence of IC was limited to < 2 studies
for most measures. The ABC irritability subscale (k = 11), ABC-C irritability subscale (k = 6), BPI-01 (k =
22 effects from 7 studies), BPI-Short form (k = 12 effects from 3 studies), and NCBRF self-
injury/stereotypic subscale (k = 4) had the largest number of studies assessing IC, with overall
weighted average IC estimates also meeting the recommended threshold of a =>0.70 for these
measures. However, IC estimates were below the recommended threshold for the Self-injurious
behaviour frequency and Self-injurious behaviour severity subscales from the BPI-01 (0.62 and 0.68,
respectively), and Self-injurious behaviour frequency subscale from the BPI-Short form (0.68). A
marked level of heterogeneity (Higgin’s I = >75%) between reported IC estimates was identified for 7
measures, suggesting analyses of IC estimates were biased by uncontrolled or confounding factors
(see Table 2).

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k %k >k >k 3k 3k 3k 3k %k %k %k %k %k %k 3k >k k k

The Impact of Methodological Bias. Subgroup analyses were conducted to assess the overall impact
of study level risk of bias on IC estimates for measures of BtC (see Table 3). It was not possible to
assess the impact for COSMIN Risk of Bias IC criteria 1 (calculation of IC for separate subscales) and



criteria 2-4 (statistical method used to assess IC), as all studies fell within the low-risk category. No
differences in IC estimates were observed when considering flaws in the study design or statistical
methods, such as the method used to account for missing data (criteria 5). See Appendix D, eTable
D.1 for risk of bias ratings assigned to individual studies.

The Impact of Study Level Characteristics. Subgroup analyses were conducted to assess the impact
of study level characteristics on IC estimates of BtC measures where sufficient data were available
(see Table 4 for an overview of subgroup analyses conducted; see Appendix G for all subgroup forests
plots). Across analyses, no significant differences in overall weighted average IC estimates were
found across studies for the ABC irritability subscales and BPI-01, indicating consistency in IC
estimates. Significant differences attributable to recruitment strategy were observed in the IC
estimates of the NCBRF self-injury/stereotypic subscale, and significant differences attributable to the
informant completing the measure were observed in the IC estimates of the CBCL. However, IC
estimates for all informant subgroups were above the recommended a = >0.70. No other significant
differences in estimates were found for the CBCL and NCBRF.
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Inter-rater Reliability

IRR estimates were available for 19 measures of BtC from a total of 24 studies (See Table 2). Forest
plots presenting the IRR of all measures are shown in Appendix F. Overall weighted average IRR
estimates ranged from 0.37 (95% Cl 0.27-0.47) for the PDDBI-Parent aggression scale to 0.92 (95% Cl
0.87-0.97) for the SIT. Evidence of IRR was limited to < 2 studies for most measures. The ABC
irritability subscale (k = 5) and BPI-01 (k = 10 effects from 4 studies) had the largest number of
studies assessing IRR between informants. Overall and subscale level weighted average IRR estimates
met the recommended IRR threshold (20.60) for the BPI-01. However, IRR estimates were below the
threshold for the ABC (0.53). A marked level of heterogeneity (Higgin's I” = >75%) between reported
IRR estimates was identified for 5 measures, suggesting analyses of IRR estimates were biased by
uncontrolled or confounding factors (see Table 2).

The Impact of Methodological Bias. Subgroup analyses were conducted to assess the overall impact
of study level risk of bias on IRR estimates for measures of BtC (see Table 3). Significant differences in
IRR estimates were observed for COSMIN Risk of Bias Reliability criteria 1, 2, 3, 4 and 8. Significantly
higher IRR estimates were observed across measures when a shorter time interval (criteria 2) and
similar test conditions (criteria 3) were used between informant ratings, while lower IRR estimates
were observed across measures when there were flaws in the study design or statistical methods
(criteria 8), such as ratings from informant pairs with poor IRR being excluded from the analysis
(Rojahn & Helsel, 1991). Significant differences attributable to the stability of participant behaviour,
e.g., not undergoing a behavioural intervention, between informant ratings (criteria 1) and statistic
used (criteria 4) and were also observed. See Appendix D, eTable D.1 for risk of bias ratings assigned
to individual studies.

The Impact of Study Level Characteristics. Subgroup analyses were conducted to assess the impact
of study level characteristics on IRR estimates of BtC measures where sufficient data were available
(see Table 4 for an overview of subgroup analyses conducted; see Appendix G for all subgroup forests
plots). Across analyses, no significant differences in overall weighted average IRR estimates were
found for the ABC irritability subscale, indicating consistency in weighted average IRR estimates
across groups. Significant differences attributable to informants completing the measure were



observed in the IRR estimates for the BPI-01, with educator-educator and professional-professional
informant pairs (e.g., direct-care staff) evidencing higher IRR than educator-professional informant
pairs (0.80 vs 0.30 respectively). Significant differences were also found for the NCBRF self-
injury/stereotypic subscale, with educator-educator informant pairs evidencing higher IRR than
parent-educator and educator-professional informant pairs (0.77 vs 0.54 and 0.03 respectively). No
other significant differences in estimates were found for the BPI-01 and NCBRF.

Test-retest Reliability

TRTR estimates were available for 12 measures of BtC from a total of 17 studies (see Table 2 for a
summary of estimates for all measures). Forest plots presenting the IRR of all measures are shown in
Appendix F. Overall weighted average TRTR estimates ranged from 0.52 (95% Cl 0.28-0.76) for the
CBCL 6-18 aggressive behaviour scale to 0.93 (95% Cl 0.88-0.98) for the LDNAT challenging behaviour
scale. Evidence of TRTR in was limited to < 2 studies for most measures. The ABC jrritability subscale
(k = 3), ABC-C irritability subscale (k = 4), and BPI-01 (k = 16 effects from 6 studies) had the largest
number of studies assessing TRTR, with overall weighted average TRTR estimates also meeting the
recommended threshold of 20.70 for these measures. However, the BPI-01 Self-injurious behaviour
severity subscale did not reach the recommended TRTR reliability threshold (TRTR = 0.67). A marked
level of heterogeneity (Higgin’s I> = >75%) between reported TRTR estimates was identified for 4
measures, suggesting analyses of TRTR estimates were biased by uncontrolled or confounding factors
(see Table 2).

The Impact of Methodological Bias. Subgroup analyses were conducted to assess the overall impact
of study level risk of bias on TRTR estimates for measures of BtC. Analyses were conducted for each
of the eight types of methodological bias according to the COSMIN Risk of Bias Reliability Checklist
(see Table 3). Significant differences were observed when criteria 3 was violated, less similar
conditions for test and retest completions of measures (e.g., type of administration, environment,
and instructions) leading to lower TRTR estimates. Significant differences attributable to the statistic
used to assess TRTR (criteria 4) were also observed; however, estimates were above the
recommended TRTR threshold in all risk of bias categories. See Appendix D, eTable D.1 for risk of bias
ratings assigned to individual studies.

The Impact of Study Level Characteristics. Subgroup analyses were conducted to assess the impact
of study level characteristics on TRTR estimates of BtC measures where sufficient data were available
(see Table 4 for an overview of all subgroup analyses conducted; see Appendix G for all subgroup
forests plots). In addition, meta-regressions were conducted to assess the length of time between
test and retest upon the temporal stability of measures of BtC.

Significant differences attributable to recruitment strategy were observed in the TRTR estimates of
the ABC jrritability subscale, with higher TRTR estimates observed with recruitment from healthcare
and school settings, compared to recruitment from community-based settings (0.91 and 0.87 vs 0.59,
respectively). Significant differences attributable to administration regarding a majority child or adult
sample were also observed for the ABC irritability subscale, with higher TRTR estimates observed
when the irritability subscale was completed regarding the behaviour of children compared to adults
(0.87 vs 0.59 respectively). There were no significant differences in TRTR estimates of the ABC
irritability subscale according to the informant completing the measure. Meta-regression analyses
assessing the impact of the length of time between test and retest on the temporal stability of the
ABC revealed a non-significant reduction of TRTR overtime (B =-0.0037,z=-0.91, p = 0.36).



Significant differences attributable to recruitment strategy and informant completing the measure
were observed in the TRTR estimates for the BPI-01; however, TRTR estimates were above the
recommended threshold of 20.70 for all groups in both subgroup analyses. There were no significant
differences in TRTR estimates of the BPI-01 according to administration regarding a majority child or
adult sample. Meta-regression analyses assessing the impact of the length of time between test and
retest on the temporal stability of the BPI-01 revealed a non-significant reduction of TRTR overtime
(B =-0.0003,z=-0.65, p =0.51).

The Impact of Publication and Small Study Biases

Funnel plots were generated for studies assessing the IC, IRR and TRTR of BtC measures where 210
effects were available. It was not possible to assess the impact of publication bias and small study
effects on IC, IRR and TRTR estimates for the majority of measures of BtC, as <10 effects were
reported (see Table 2).

There was evidence of heterogeneity in studies assessing IC for the ABC and BPI-Short Form;
however, minimal evidence of publication bias was observed as several small studies reported effects
below the recommended threshold (a > 0.70). Evidence of heterogeneity was observed in studies
assessing the IC, IRR and TRTR of the BPI-01; however, several small studies reported effects below
the recommended thresholds and there was no clear evidence of publication bias. Consequently, no
simulation and adjustment for publication bias and small study effects was undertaken for these
measures. Clear effects of heterogeneity were observed for studies assessing the IC of the IBR-
MOAS; therefore, the Trim and Fill procedure was conducted to correct for the effects of publication
bias (Duval & Tweedie, 2000a, 2000b). An imputed IC estimate of 0.79 (95% Cl 0.76-0.83) was
indicated, representing a negligible -2.39% decrease relative to the original omnibus analysis for the
IBR-MOAS.

Overall Quality of Evidence for Measures of BtC

Ratings of the quality and level of evidence for pooled IC, IRR and TRTR estimates for each measure
are shown in Table 5 (Mokkink et al., 2018; Prinsen et al., 2018). Sufficient quality ratings for IC were
available for 12 measures and inconsistent quality ratings for 5 measures. Across measures, the level
of evidence for IC ranged from low to high. Moderate to high evidence of sufficient IC was available
for the ABC irritability subscale, A-SHARP, CBCL 1.5-5 and 6-18 aggressive behaviour subscales, IBR-
MOAS, LDNAT challenging behaviour scale, and NCBRF self-injury/stereotypic subscale. Moderate
evidence of IC was available for the ASD-BPA and BPI-Short form; however, these measures received
an inconsistent quality rating due to inconsistency in pooled IC estimates across subscales. Sufficient
quality ratings for IRR were available for 8 measures, insufficient for 5 measures, and inconsistent for
6 measures. However, the level of evidence for IRR was low to very low for all measures except the
ASD-BPA, which had a moderate level of evidence for inconsistent pooled IRR estimates between
subscales. Sufficient quality ratings for TRTR were available for 7 measures, insufficient for 3
measures, and inconsistent for 2 measures. Levels of evidence for TRTR ranged from low to very low
across all measures. Overall, levels of evidence for IC, IRR and TRTR were frequently downgraded due
to risk of bias, inconsistency in pooled estimates between subscales or studies, and low numbers of
participants (n < 100) (Mokkink et al., 2018; Prinsen et al., 2018).

3k 3k 3k 3k 3k 3k 3k 3k 3k >k 5k 5k 3k %k %k >k 5k 3k %k %k %k ok %k %k k k ok ok



Measures of Behavioural Function

Internal Consistency

IC estimates were available for 6 measures of function from a total of 16 studies (see Table 6). Overall
weighted average IC estimates ranged from 0.41 (95% Cl 0.13-0.70) for the FAST to 0.94 (95% CI 0.93-
0.95) for the FACT. Forest plots presenting the IC of all measures are shown in Appendix H. Evidence
of IC was limited to 1 study for the CAl, FAST and QABF-Short form. The FACT (k = 15 effects from 3
studies), MAS (k = 36 effects from 9 studies) and QABF (k = 30 effects from 6 studies) had the largest
number of studies assessing IC, with overall and subscale level weighted average IC estimates also
meeting the recommended threshold of a = >0.70 for these measures. A marked level of
heterogeneity (Higgin’s I* = >75%) between reported IC estimates was identified for 5 measures,
suggesting analyses of IC estimates were biased by uncontrolled or confounding factors (see Table 6).
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The Impact of Methodological Bias. Subgroup analyses were planned to assess the overall impact of
study level risk of bias on IC estimates for measures of function. However, it was not possible to
assess the impact of bias, due to all studies falling under the low-risk category for each of the five
types of methodological bias according to the COSMIN Risk of Bias IC Checklist (see Table 7). See
Appendix D, eTable D.2 for risk of bias ratings assigned to individual studies.

The Impact of Study Level Characteristics. Subgroup analyses were conducted to assess the impact
of study level characteristics on IC estimates of function measures where sufficient data were
available (see Table 8 for an overview of subgroup analyses conducted; see Appendix | for all
subgroup forests plots).
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Significant differences attributable to recruitment strategy were observed in the IC estimates of the
MAS, with higher IC estimates observed with recruitment from healthcare settings and community-
based organisations, compared to recruitment from school settings (alphas of 0.77 and 0.80 vs 0.67
respectively). Significant differences attributable to the informant completing the measure were also
observed for the MAS, with higher IC estimates observed when the MAS was completed by
professionals and parents or caregivers, compared to educations (alphas of 0.80 and 0.77 vs 0.67
respectively).

Significant differences attributable to recruitment strategy, informant completing the measure, and
administration regarding a majority child or adult sample were observed in the IC estimates for the
QABF; however, in all subgroup analyses, IC estimates were above the recommended threshold of
20.70 for all groups. No other significant differences in estimates were found for the QABF.
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Inter-rater Reliability

IRR estimates were available for 6 measures of function from a total of 17 studies (see Table 6 for a
summary of estimates for all measures). Overall weighted average IRR estimates ranged from 0.29
(95% Cl 0.09-0.50) for the CAl to 0.93 (95% Cl 0.91-0.96) for the QABF-Short form. Forest plots
presenting the IRR of all measures are shown in Appendix H. Evidence of IRR was limited to <2
studies for most measures. The MAS (k = 44 effects from 10 studies) and QABF (k = 15 effects from 3
studies) had the largest number of studies assessing IRR between informants. However, overall and
subscale level weighted average IRR estimates for the MAS and QABF failed to meet the
recommended threshold of 20.60. Overall and subscale level weighted average IRR estimates for the
FACT and QABF-Short form met the recommended threshold of 20.60. A marked level of
heterogeneity (Higgin’s I* = >75%) between reported IC estimates was identified for 3 measures,
suggesting analyses of IRR estimates were biased by uncontrolled or confounding factors (see Table
6).

The Impact of Methodological Bias. Subgroup analyses were conducted to assess the overall impact
of study level risk of bias on IRR estimates for measures of function (see Table 7). Analyses were
conducted for each of the eight types of methodological bias according to the COSMIN Risk of Bias
Reliability Checklist. Significant differences in IRR estimates were observed for reliability criteria 1, 2,
3, 4 and 8. Significantly higher IRR estimates were observed across measures when participants were
stable between informant ratings (criteria 1), when a shorter time interval (criteria 2) and similar test
conditions (criteria 3) were used between informant ratings, and when there were flaws in the study
design or statistical methods (criteria 8); however, IRR estimates were below the recommended
>0.60 threshold for all risk of bias categories in each analysis. Significant differences attributable to
the statistic used (criteria 4) were also observed, with IRR estimates exceeding the recommended
>0.60 threshold when ICC were used to assess IRR compared to Pearson’s or Spearman’s
correlations. See Appendix D, eTable D.2 for risk of bias ratings assigned to individual studies.

The Impact of Study Level Characteristics. Subgroup analyses were conducted to assess the impact
of study level characteristics on IRR estimates of function measures where sufficient data were
available (see Table 8 for an overview of subgroup analyses conducted; see Appendix | for all
subgroup forests plots). Significant differences attributable to the informants completing the
measure were observed in the IRR estimates for the MAS, with professional-professional informant
pairs and teacher-professional informant pairs evidencing higher IRR than educator-educator pairs;
however, the weighted average IRR estimates of all informant groups was below the recommended
threshold of 0.60. No other significant differences in estimates were found.

Test-retest Reliability

TRTR estimates were available for 6 measures of function from a total of 5 studies (see Table 6 for a
summary of estimates for all measures). Forest plots presenting the IRR of all measures are shown in
Appendix H. Overall weighted average TRTR estimates ranged from 0.59 (95% Cl 0.43-0.75) for the
MAS to 0.98 (95% Cl 0.96-0.99) for the QABF-Short form. Evidence of TRTR was limited to 1 study for
all measures except the QABF (k = 15 effects from 3 studies). Overall weighted average TRTR
estimates of the QABF met the recommended TRTR threshold (20.70); however, the non-social
subscale failed to meet the threshold. A marked level of heterogeneity (Higgin’s I” = >75%) between
reported TRTR estimates was identified for the FAST, suggesting analyses of TRTR estimates were
biased by uncontrolled or confounding factors (see Table 6).



The Impact of Methodological Bias. Subgroup analyses were conducted to assess the overall impact
of study level risk of bias on TRTR estimates for measures of function. Analyses were conducted for
each of the eight types of methodological bias according to the COSMIN Risk of Bias Reliability
Checklist (see Table 7) Significant differences were observed when participants were stable between
informant ratings (criteria 1), when a shorter time interval was used between test and retest (criteria
2). Significantly lower TRTR estimates were also observed across measures when there were flaws in
the study design or statistical methods (criteria 8), such as differences in the behaviour being rated
between test and retest (McAtee et al., 2004). See Appendix D, eTable D.2 for risk of bias ratings
assigned to individual studies.

The Impact of Study Level Characteristics. Subgroup and meta-regression analyses were planned to
assess the impact of study level characteristics on TRTR estimates; however, these analyses could not
be conducted to identify causes of heterogeneity within TRTR estimates, due to the paucity of data.

The Impact of Publication and Small Study Biases

Funnel plots were generated for studies assessing the IC, IRR and TRTR of measures of function
where 210 effects were available. Accordingly, plots were generated for studies assessing the IC of
the FACT, MAS and QABF, and IRR and TRTR of the QABF. There was evidence of heterogeneity in
studies assessing IC for the MAS and QABF, and IRR and TRTR for the QABF; however, there was no
clear evidence of publication bias as several small studies reported effects below the recommended
thresholds for interpretability. Consequently, no simulation and adjustment for publication bias and
small study effects was undertaken for these measures. Clear effects of heterogeneity were observed
for studies assessing the IC of the FACT; therefore, the Trim and Fill procedure was conducted to
correct for the effects of publication bias (Duval & Tweedie, 2000a, 2000b). An imputed IC estimate
of 0.94 (95% Cl 0.93-0.94) was indicated, representing a negligible -0.45% decrease relative to the
original omnibus analysis.

Overall Quality of Evidence for Measures of Function

Ratings of the quality and level of evidence for pooled IC, IRR and TRTR estimates for each measure
are shown in Table 9 (Mokkink et al., 2018; Prinsen et al., 2018). Moderate to high evidence of
sufficient IC was available for the FACT, MAS, QABF and QABF-Short form. Very low evidence of
inconsistent IC estimates was available for the CAl and FAST, due to inconsistency in IC estimates
between subscales. Pooled IRR estimates were sufficient for the FACT and QABF-Short form, and
insufficient for the CAI, FAST, MAS and QABF. Pooled TRTR estimates were sufficient for the FACT and
QABF-Short form, and inconsistent for the CAl, FACT, MAS and QABF, due to inconsistency in
estimates across subscales. The quality of evidence for IRR ranged from low to very low across
measures, while the quality of evidence for TRTR was very low for all measures. Overall, levels of
evidence for IC, IRR and TRTR were frequently downgraded due to risk of bias, inconsistency in
pooled estimates across subscales or between studies, and low numbers of participants (n < 100)
(Mokkink et al., 2018; Prinsen et al., 2018)).
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Discussion



This is the first systematic review and meta-analytic study to quantitatively synthesise current
evidence for the IC, IRR and TRTR of informant-report measures of BtC and behavioural function in ID
populations. A total of 50 measures were identified for inclusion in the review through a rigorous and
systematic preliminary search. Despite the large number of identified measures, the main search
strategy revealed evidence for IC, IRR and TRTR was limited to 14 (28%) measures. No published
evidence of IC, IRR or TRTR was identified for 20 (40%) measures, and evidence for one or more
types of reliability was limited to a single study for 14 (28%) measures.

Measures of BtC

Evidence of IC, IRR and TRTR was highly variable across measures of BtC. Data on at least one type of
reliability were available for 23 (53%) measures of BtC. Where IC data were available, many measures
of BtC met the minimum interpretable criteria for IC; however, estimates for some measures
exceeded the maximum recommended alpha value (Tavakol & Dennick, 2011). Conversely, studies
assessing the IRR and TRTR of BtC measures were not available or limited to a single study for the
majority of measures, impacting the robustness of estimates. Based on the current available
evidence, candidate BtC measures with the most evidence of reliability in children and adults with ID
are the ABC/ABC-C irritability subscale, BPI-01, and BPI-Short Form. Meta-analytic syntheses of
several studies revealed pooled estimates which exceeded recommended thresholds for the IC, IRR
and TRTR of the BPI-01. The ABC/ABC-C irritability subscales and BPI-Short Form also evidenced
pooled IC and TRTR estimates which exceeded recommended thresholds, and although pooled IRR
estimates were below the recommended threshold for IRR, moderate IRR was evidenced (Landis &
Koch, 1977; Koo & Li, 2016).

While these measures are shown to be reliable, it is of note that they vary in the breadth of BtC
assessed. The ABC/ABC-C irritability subscale is arguably a broad scale which assesses a range of
behaviours within a single scale, whereas the BPI-01 and BPI-Short Form are more focused, with
several subscales to assess specific forms of BtC (e.g., topographies of self-injury and
aggression/destruction) (Aman et al., 1985; Rojahn et al., 2012; Rojahn et al., 2001). While broad
measures of behaviour may be beneficial in capturing the breadth of behaviour and for screening
and monitoring purposes, more focused measures might have higher value in precisely
characterising behavioural presentations to inform person-centred intervention (Beavers et al., 2013;
Oliver et al., 2003).

Measures of Behavioural Function

Fewer measures of behavioural function were identified compared to measures of BtC. Despite this,
there was more published evidence for the IC, IRR and TRTR of measures of function; evidence for IC,
IRR and TRTR was available for 6 (86%) of function measures. Based on the current available
evidence, the FACT, QABF and QABF-Short Form are candidate measures of behavioural function with
the most evidence of reliability in people with ID. Pooled estimates for the IC, IRR and TRTR of the
FACT and QABF-Short Form exceeded recommended thresholds. However, IRR and TRTR estimates
for these measures were based on a single study where the measures were completed about the
behaviour of adults with ID. Consequently, these estimates should be interpreted cautiously and
information on the reliability of these measures in children with ID is needed. The QABF evidenced
pooled IC and TRTR estimates which exceeded recommended thresholds, and although pooled IRR
estimates were below the recommended threshold for IRR, moderate IRR was evidenced (Landis &
Koch, 1977; Koo & Li, 2016).



Measures of behavioural function typically included subscales for attention, escape, sensory/non-
social and tangible functions. While these categories provide a good baseline for understanding
behaviour, BtC is often a result of multifaceted person and environmental interactions, and
consideration of wider contextual factors, as well as person characteristics that may underpin
functions for BtC, e.g., anxiety and executive functioning, is important (Davies & Oliver, 2016; Waite
et al., 2014). The Comprehensive Assessment of Triggers for Behaviours of Concern Scale (CATS) is a
recently developed measure which assesses a broader range of contextual variables and antecedents
for BtC; however, information on the measurement properties of the CATS is currently unavailable
(Limbu et al., 2021). Overall, the reliability estimates for measures of behavioural function may be
influenced by behavioural presentation, the frequency of behaviour (Matson & Wilkins, 2009), or the
extent of operationalisation to ensure the same behaviour is being rated between informants or test
and retest administrations (McAtee et al., 2004). More frequent BtC may provide informants with
more information to identify contingencies with increased reliability when compared to less frequent
behaviour; therefore, lower reliability estimates obtained for some measures may be attributable to
lower frequencies of behaviour topographies or ambiguity of subscales (Durand & Crimmins, 1988;
Matson & Wilkins, 2009; Zarcone et al., 1991).

The Impact of Study Level Characteristics

Given measurement properties are influenced by the population and context in which a measure is
being used (Swan et al., 2023), the current meta-analytic study endeavoured to conduct subgroup
and meta-regression analyses to examine the impact of study methodological quality and study level
characteristics on measure IC, IRR and TRTR estimates. Studies assessing the measurement
properties of measures often reported limited participant (e.g., age, sex, level of ID) and procedural
information (e.g., informant/s, method of administration, time interval between measure
administrations). Further, participant characteristics were frequently described at an overall
participant level, and characteristics of specific subgroups of participants involved in smaller IRR and
TRTR analyses were often unreported. This precluded the ability to conduct subgroup comparisons
for many measures and, where subgroup analyses were conducted, they were typically limited to
commonly used measures where adequate data were available (e.g., ABC/ABC-C, BPI-01 and QABF).
However, some measures were excluded from some subgroup analyses based on their
characteristics, such as being designed for specific informants (e.g., teacher or parent report) or
populations (e.g., the A-SHARP is designed for use with adults and the C-SHARP is designed for use
with children) (Farmer & Aman, 2009; Matlock & Aman, 2011).

Subgroup analyses based on the informant completing the measure revealed interesting differences
in reliability estimates. For example, higher IRR estimates were found between educator-educator
informant pairs for the BPI-01 and NCBRF self-injury/stereotypic subscale, compared to educator-
parent or educator-professional informant pairs. These differences may be attributable to how well
an informant knows a person and the settings in which a person’s behaviour is observed. For
example, educators (e.g., teachers and teaching assistants) typically observe a person’s behaviour
within a school setting, whereas parents or caregivers are more likely to observe more variable
behaviour across a range of settings and environments. Despite this, it is important to note that
weighted average reliability estimates in subgroup analyses were typically based on few studies and
so the findings of such analyses should be interpreted cautiously.



Limitations

The current systematic review and meta-analytic study has several limitations. While the scale of the
selection process enabled a comprehensive synthesis of published evidence for the reliability of
measures in ID populations, evidence was not evenly distributed between measures, and there was a
large proportion of measures where no evidence for reliability was discovered or where available
evidence was limited to a single study. Grey literature, including dissertations and tool manuals, were
excluded due to the lack of rigorous peer-review. As such, it is possible that some properties
reported within tool manuals were missed. Moreover, the review process disadvantages newly
developed measures where measurement properties may accumulate in the future; however, if
measures are to continue to be used it is important to ensure the evidence base underpinning them
is robust. The heterogeneity of methods was enhanced where evidence of a measures IC, IRR or
TRTR was limited to a single study, which may reduce confidence in the accuracy and robustness of
estimates. Furthermore, overall measure reliability estimates were obtained by pooling multiple
effects from subscales within a measure from a single study. The repetition of sample sizes in meta-
analyses of measures with multiple subscales means that confidence intervals for overall reliability
estimates may have been artificially deflated; therefore, overall reliability estimates should be
interpreted cautiously.

The use of COSMIN criteria to assess the impact of methodological bias on measurement properties
is a strength of the review, however, for inclusion in the meta-analysis, studies were required to
assess measure IC using Cronbach’s alpha or KR-20 values at measure subscale level. This meant risk
of bias ratings were biased towards the ‘low risk’ category, limiting the ability for subgroup analysis
to detect nuances in the impact of study level risk of bias on overall IC estimates. However, it should
be noted that Cronbach’s alpha has faced criticism as a standalone coefficient of IC (Cortina, 1993;
Cortina et al., 2020; McNeish, 2018; Sijtsima, 2009; Sijtsima & Pfadt, 2021). For instance, large alpha
coefficients are often misinterpreted to imply the structural validity of a measure, when structural
validity may not have been thoroughly investigated (Sijtsima & Pfadt, 2021). COSMIN guidelines
differentiate IC from structural validity, defining IC as “the degree of interrelatedness among the
items” (Mokkink et al., 2010). The guidelines further emphasise that evidence of structural validity,
such as factor analyses, is necessary for the clear interpretation of IC statistics (Mokkink et al., 2018).
Therefore, IC estimates within this review should be interpreted with consideration of wider
evidence of the structural validity of each measure.

In addition, this review focused on measures in English, and translated versions of measures were
not included, given language and cultural differences can impact measure performance (Wild et al.,
2005). Furthermore, while the current study focused on properties of reliability, consideration of the
content, construct, and criterion validity of measures and their responsiveness to change is also
important if measures are to be recommended for clinical and research purposes (Swan et al., 2023).
Although the scope of the current review and meta-analysis did not extend to validity and
responsiveness to change, a systematic review of the criterion validity of some measures of BtC has
been conducted (Turton, 2015), and several systematic reviews in specific populations or informants
have included validity (Howell et al., 2021; McConachie et al., 2015; Reyes-Martin et al., 2022).
Future systematic reviews and meta-analytic studies to assess the validity and responsiveness to
change of measures of BtC and function would be informative.



Future Directions

Significant variability in the evidence base underpinning the reliability of measures of BtC and
behavioural function is highlighted by the current review. For many measures, the quality of
evidence for IC, IRR and TRTR was deemed ‘low’ or ‘very low’ according to COSMIN criteria (Mokkink
et al., 2018; Prinsen et al., 2018). Consequently, further evaluation of the IC, IRR and TRTR of existing
measures is a priority for future research. Given the large number of identified measures relative to
studies assessing their measurement properties, it could be argued that efforts might be best served
in refining and understanding the measurement properties of existing measures, as an alternative to
developing new measures that assess similar domains.

Generating data that contribute to understanding the measurement properties of existing measures
in ID populations will enable future meta-analyses to include a larger number of studies. This may
involve assessing measurement properties within studies, such as incorporating additional
components to assess measure IC, IRR and/or TRTR into studies using measures of BtC or behavioural
function. In addition, multi-institutional collaborations would generate opportunities for researchers
and clinicians to work together to refine measures and better understand their measurement
properties. For instance, clinicians may support studies aiming to evaluate measurement properties
by administering measures within clinical settings and services. Such collaborations might also
facilitate sharing of clinical expertise and insights, informing researchers with ways in which to
improve and refine existing measures to ensure their relevance, practicality, and sensitivity to the
needs of specific ID groups. Studies assessing the measurement properties of measures should strive
to adhere to reporting guidelines (e.g., COSMIN guidelines) to increase transparency, methodological
quality, and the interpretability of findings (Gagnier et al., 2021). Thorough reporting of study level
characteristics, such as participant and procedural information, will enable the impact on
measurement properties to be more thoroughly assessed. This would facilitate future
recommendations on suitable and robust measures for different settings and contexts, e.g., for use
with children or adults with ID, specific informants, or according to level of ID.

While a thorough assessment of the measurement properties of each measure would facilitate
future recommendations on the suitability of each measure, it should be noted that the relevance of
certain measurement properties may vary based on the setting and context of a measure’s planned
use. Therefore, careful consideration of a measure’s measurement properties and their relevance to
the intended setting and context is necessary to ensure differences in reported BtC and behavioural
functions are meaningful and not solely attributed to measurement error. For example, IRR may be
more relevant in clinical settings where comprehensive behavioural assessments involve a measure
being completed by multiple informants, however, may have less relevance in contexts where a
measure is completed by the same informant over multiple occasions. Conversely, TRTR may have
greater relevance when the same informant completes a measure on multiple occasions to monitor
behaviour overtime. As such, TRTR may be particularly relevant in clinical or community settings
where an assessment of the effectiveness of interventions or person-centred support requires an
evaluation of whether there are meaningful changes in behaviour over time.

Conclusions

In conclusion, the current systematic review and meta-analytic study provides a synthesis of the IC,
IRR and TRTR of measures of BtC and function, specifically in ID populations. The findings provide
guidance on the quality of the current evidence base underpinning the reliability of measures which
may be used to characterise and monitor BtC and behavioural function, as recommended by NICE



clinical guidelines (NCCMH, 2015). However, the lack of evidence for many identified measures is
striking. While this review is an important first step towards quantifying measurement properties to
inform future recommendations for measures to assess BtC and behavioural function in people with
ID in research and clinical practice, a key priority is for future research to continue to evaluate the IC,
IRR and TRTR of existing measures. Systematic reviews and meta-analytic studies to examine other
measurement properties, such as validity and sensitivity to change, are also required for measure
recommendations to be made. Based on current available evidence, the following measures of BtC -
ABC/ABC-C irritability subscale, BPI-01, and BPI-Short Form — and the following measures of
behavioural function - FACT, QABF and QABF-Short Form - hold the most evidence of IC, IRR and
TRTR in people with ID.
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Figures

Figure 1. PRISMA diagram detailing study selection.
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Table 1. Inclusion and exclusion criteria for stage 1 and stage 2 screening of returned papers.

Stage one screening
Inclusion criteria
Studies employing an eligible measurement tool

Studies including individuals with ID, 1Q < 70, or diagnosis
of an ID-associated genetic syndrome

Studies published in peer-reviewed journals
Studies published in English

Stage two screening

Inclusion criteria

Studies evaluating one or more measurement property of
an eligible measurement tool or subscale (e.g., internal
consistency, inter-rater reliability, test-retest reliability)

>50% of participants with ID, 1Q < 70, or diagnosis of an ID-
associated genetic syndrome

Exclusion criteria
Non-human studies

Conference abstracts/papers, reviews, book
chapters, patents, letters, editorial material,
notes, brief reports, published protocols

Studies employing a translated or non-English
version of an eligible measurement tool

Exclusion criteria
Qualitative study®

Case studies or series

Studies with sample overlap

® No qualitative studies were identified.



Table 2. Overall weighted average internal consistency, inter-rater reliability and test-retest reliability estimates for measures of behaviours that challenge using random-effects models.

Internal consistency

Inter-rater reliability

Test-retest reliability

Measure Subscale >
k ARAW 95% Cl [ COR 95% Cl I k COR 95% CI 7
ABC Irritability 11 0.91 0.90-0.92 59.00% 5 0.53 0.44-0.62 0.00% 3 0.76 0.47-1.05 90.00%
ABC-C Irritability 6 0.92 0.91-0.93 55.00% 2 0.55 0.35-0.74 26.00% 4 0.87 0.78-0.96 78.00%
A-SHARP Physical aggression problem scale 2 0.87 0.82-0.92 83.00% 1 0.78 0.66-0.90 - - - - -
Physical aggression provocation scale 1 0.86 0.83-0.89 1 0.78 0.66-0.90 - - - - -
Verbal aggression problem scale 2 0.92 0.91-0.93 0.00% 1 0.70 0.54-0.86 - - - - -
Verbal aggression provocation scale 1 0.82 0.78-0.86 1 0.54 0.31-0.77 - - - - -
Total measure weighted average 6 0.88 0.86-0.91 91.00% 4 0.73 0.64-0.82 26.00% - - - -
ASD-BPA Self-injurious behaviour 1 0.43 0.28-0.58 - 1 0.46 0.34-0.58 - 1 0.66 0.42-0.90 -
Aggression/destruction 1 0.83 0.79-0.87 - 1 0.47 0.35-0.59 - 1 0.65 0.41-0.89 -
Total measure weighted average 2 0.64 0.24-1.03 96.00% 2 0.47 0.38-0.55 0.00% 2 0.66 0.49-0.82 0.00%
BPI-01 Aggressive/destructive behaviour frequency 7 0.83 0.79-0.86 93.00% 4 0.75 0.65-0.85 77.00% 6 0.78 0.70-0.87 87.00%
Aggressive/destructive behaviour severity 4 0.86 0.82-0.90 92.00% 1 0.77 0.69-0.85 - 2 0.75 0.62-0.87 73.00%
Self-injurious behaviour frequency 7 0.62 0.54-0.70 92.00% 4 0.65 0.45-0.84 91.00% 6 0.77 0.66-0.87 92.00%
Self-injurious behaviour severity 4 0.68 0.58-0.79 95.00% 1 0.63 0.51-0.75 - 2 0.67 0.60-0.74 0.00%
Total measure weighted average 22 0.75 0.71-0.78 98.00% 10 0.71 0.64-0.79 84.00% 16 0.76 0.71-0.81 89.00%
BPI-Short form Aggressive/destructive behaviour frequency 3 0.82 0.81-0.89 98.00% 1 0.58 0.47-0.69 - 1 0.77 0.72-0.82 -
Aggressive/destructive behaviour severity 3 0.85 0.81-0.89 94.00% 1 0.44 0.31-0.57 - 1 0.71 0.65-0.77 -
Self-injurious behaviour frequency 3 0.68 0.65-0.71 40.00% 1 0.71 0.63-0.79 - 1 0.87 0.84-0.90 -
Self-injurious behaviour severity 3 0.71 0.68-0.73 37.00% 1 0.60 0.50-0.70 - 1 0.85 0.82-0.88 -
Total measure weighted average 12 0.76 0.72-0.81 98.00% 4 0.59 0.48-0.70 76.00% 4 0.80 0.74-0.87 90.90%
BISCUIT-Part 3 Aggressive/disruptive behaviour 2 0.86 0.83-0.89 78.00% - - - - - - - -
Self-injurious behaviour 2 0.44 0.31-0.57 65.00% - - - - - - - -
Total measure weighted average 0.68 0.57-0.79 98.00% - - - - - - - -
CBCL 1.5-5 Aggressive behaviour 2 0.88 0.87-0.90 0.00% - - - - - - - -
CBCL 6-18 Aggressive behaviour 2 0.90 0.88-0.93 0.00% 1 0.65 0.53-0.77 - 1 0.52 0.28-0.76 -
CBCL-TRF Aggressive behaviour 1 0.97 0.96-0.98 - - - - - 2 0.90 0.86-0.95 0.00%
CBI Disruption of environment severity - - - - 1 0.77 0.41-1.13 - 1 0.77 0.41-1.13 -
Inappropriate vocalisations severity - - - - 1 0.02 -0.72-0.76 - 1 0.66 0.24-1.08 -
Physical aggression severity - - - - 1 0.54 0.15-0.93 - 1 0.76 0.53-0.99 -
Self-injury severity - - - - 1 0.63 0.24-1.02 - 1 0.85 0.67-1.03 -
Verbal aggression severity - - - - 1 0.45 -0.10-1.00 - 1 0.75 0.45-1.05 -



CccB

C-SHARP

IBR-MOAS

LDNAT

MOAS

NCBRF

OAS

PBCL

PDDBI-Parent

PDDBI-Teacher

SIT

Total measure weighted average

Aggressive behaviour frequency
Aggressive behaviour severity

Aggressive behaviour management difficulty

Other challenging behaviour frequency

Other challenging behaviour management difficulty

Total measure weighted average

Bullying problem scale

Bullying provocation scale

Physical aggression problem scale
Physical aggression provocation scale
Verbal aggression problem scale
Verbal aggression provocation scale
Total measure weighted average

Physical aggression against objects
Physical aggression against others
Physical aggression against self
Verbal aggression toward others
Verbal aggression toward self
Total measure weighted average

Challenging behaviour

Verbal aggression

Physical aggression against objects
Physical aggression against self
Physical aggression against other people
Total measure weighted average
Self- injury/stereotypic

Aggressive behaviour

Challenging behaviour

Aggression

Aggression

Location of self-injury

Type of self-injury
Number of self-injuries

O P NP NP N

N NN NN

0.89
0.81
0.75
0.68
0.91
0.81
0.83

0.80
0.85
0.85
0.85
0.78
0.81

0.76

0.80

0.89

0.88

0.88-0.90
0.79-0.83
0.73-0.78
0.64-0.72
0.90-0.92
0.79-0.83
0.79-0.87

0.79-0.81
0.78-0.93
0.78-0.93
0.84-0.86
0.68-0.87
0.78-0.85

0.74-0.78

0.77-0.83

0.87-0.91

0.86-0.90

0.00%

0.00%

35.00%

98.00%

0.00%

82.00%

82.00%

0.00%

70.00%
97.00%

67.00%

(€ I e N [ I N e e N [ N e

N

0.58

0.73
0.57
0.50
0.56
0.53
0.61

0.90
0.55
0.80
0.47
0.86
0.76
0.86

0.80
0.70
0.80
0.83
0.73
0.80

0.90

0.56

0.49

0.90

0.76

0.46

0.85

0.91

0.37

0.55

0.99

0.92
0.84

0.39-0.78

0.20-1.26
-0.19-1.33
-0.35-1.35
-0.22-1.34
-0.28-1.34
0.29-0.93

0.82-0.98
0.09-1.01
0.65-0.95
-0.21-1.15
0.75-0.97
0.42-1.10
0.80-0.90

0.66-0.94
0.50-0.90
0.66-0.94
0.71-0.95
0.54-0.92
0.73-0.86

0.85-0.95

0.38-0.74

0.30-0.68

0.85-0.95

0.63-0.88

0.14-0.78

0.64-1.06

0.85-0.97

0.27-0.47

0.35-0.75

0.98-1.00

0.88-0.96
0.76-0.92

0.00%

90.00%

92.00%

[ I L

[ I N N e

0.79

0.61
0.59
0.53
0.63
0.61
0.60

0.96
0.92
0.92
0.87
0.84
0.92

0.93

0.90

0.67-0.91

0.06-1.16
0.02-1.16
-0.10-1.16
0.10-1.16
0.06-1.16
0.35-0.85

0.92-1.00
0.84-1.00
0.84-1.00
0.75-0.99
0.69-0.99
0.87-0.97

0.88-0.98

0.82-0.98

0.00%



Severity of self-injury - - - - 1 0.93
Number index - - - - 1 0.88
Severity index - - - - 1 0.90
Total measure weighted average - - - - 6 0.92
SOAS-ID-R Overall aggressive behaviour - - - - 1 0.72

0.89-0.97
0.82-0.94
0.85-0.95
0.87-0.97

0.52-0.92

Note. This table includes an overview of estimates for measures where data were available for at least one type of reliability and does not include all measures identified as eligible for the review in the preliminary search. The full list of

measures of BtC identified in the preliminary search can be found in Appendix A.

Estimates meeting minimal interpretable criteria are highlighted in bold. k = number of effects in weighted average estimate. ° = Higgin’s I” not calculated when k=1. - = no data were available.

ABC=Aberrant behaviour checklist, ABC-C=Aberrant behaviour checklist-Community version, A-SHARP=Adult Scale of Hostility and Aggression, ASD-BPA=Autism Spectrum Disorder-Behavior Problems for Adults, BPI-01=Behavior Problems
Inventory-01, BPI-Short Form=Behavior Problems Inventory-Short Form, BISCUIT-Part 3=Baby and Infant Screen for Children with aUtism Traits-Part 3, CBCL 1.5-5=Child Behavior Checklist 1.5-5, CBCL 6-18=Child Behavior Checklist 6-18,
CBCL-TRF=Child Behavior Checklist-Teacher Report Form, CBI=Challenging Behaviour Interview, CCB=Checklist of Challenging Behaviour, C-SHARP=Children’s Scale of Hostility and Aggression, IBR-MOAS=Institute for Basic Research-
Modified Overt Aggression Scale, LDNAT=Learning Disability Needs Assessment Tool, MOAS=Modified Overt Aggression Scale, NCBRF=Nisonger Child Behavior Rating Form, OAS=Overt Aggression Scale, PBCL=Problem Behavior Checklist,
PDDBI-Parent=Pervasive Developmental Disorder Behavior Inventory-Parent Version, PDDBI-Teacher=Pervasive Developmental Disorder Behavior Inventory-Teacher Version, SIT=Self-injury Trauma Scale, SOAS-ID-R=Staff Observation

Aggression Scale — Revised.



Table 3. Subgroup analyses for the effect of study level risk of bias on reported internal consistency, inter-rater reliability, and test-retest reliability of measures of BtC.

COSMIN risk of bias box 4: Internal

Internal consistency

COSMIN risk of bias box 6: Reliability

Inter-rater reliability

Test-retest reliability

consistency criteria: Rating ° k  ARAW 95% Cl X criteria: Rating ° k  COR 95% Cl X k  COR 95% Cl X
1. Statistic calculated for separate subscales Very good 94 0.82 0.80- 1. Participant stability between ratings Very good 10 058 0.42- 0 b b
0.83 0.74
0.63- 0.79-
Adequate - - - Adequate 37 0.68 0.73 28 0.82 0.86
b b c 0.55- o 0.75-
Doubtful 0 Doubtful 12 0.67 0.80 42.99 16 0.81 0.87 3.27
b b 0.84- 0.71-
Inadequate 0 - - Inadequate 9 0.9 0.95 6 0.76 0.82
Not ) ) ) Not a ) ) ) ) )
applicable applicable
2. Continuous scale statistic 0.77- 2. Time interval between ratings 0.70- 0.76-
Very good 92 0.80 084 Very good 37 0.75 0.80 16 0.82 0.88
Adequate - - - Adequate - - - - - -
b b 0.58- 0.76-
Doubtful 0 - - K Doubtful 31 0.65 071 0.42% 28 0.80 0.85 0.42
Inadequate 0 b -t Inadequate o -° -b 6 084 %226
Not 2 b b Not _ _ _ _ _ _
applicable applicable
3. Dichotomous scale statistic Very good ) b b 3. Similarity of test conditions Very good 22 078 0.73- 3 0.80 0.70-
0.84 0.91
0.60- 0.79-
Adequate - - - Adequate 44  0.66 0.71 26 0.84 0.88
Doubtful 0 . < =S Doubtful 2 P - 24.46%* 12 0.80 %;36' 19.20%*
Inadequate 0 -b b Inadequate 0 b -b 4  0.67 %6713
Not 0.77- Not
applicable 92 ™ 0.84 applicable ) ) ) ) ) )
4. IRT-based score statistic Very good 0 b b 4. Continuous scale statistic Very good 17 064 0.56- 4 073 0.67-
0.72 0.80
0.65- 0.81-
Adequate - - - Adequate 17 0.73 0.82 15 0.85 0.90
c 0.58- . 0.75- "
Doubtful Doubtful 20 0.65 0.73 52.28 29 0.79 0.84 9.13
Inadequate 0 -° -0 Inadequate 11 091 %852 0 -° -°
Not 0.80- Not b b b b
applicable 94 082 0.83 applicable 3 ) ) 2 ) )
5. Other design or statistical flaws 0.87- 5. Dichotomous, nominal, or ordinal scale 0.28- b b
Very good 80 0.87 0.88 i Very good 3  0.62 0.95 2 - -
Adequate - - - 0.59 Adequate - - - 0.23 - - - -
Doubtful 14 081 0.77- Doubtful - - - - - -

0.85




Inadequate 0 P P Inadequate 0 P P 0 P P
Not Not 0.65- 0.77-
applicable ) ) ) applicable 65 070 0.75 48 08l 0.84
6. Ordinal scale weighted kappa Very good 1 b -b 0 P P
Adequate - - - - - -
Doubtful 0 P b K 0 b b K
Inadequate - - - - - -
Not 0.64- 0.77-
applicable 67 069 0.74 >0 080 0.84
7. Ordinal scale weighting scheme Very good 0 -0 -b 0 -° -°
Adequate 1 -0 -b 0 -0 -0
Doubtful - - - K - - - K
Inadequate - - - - - -
Not 0.64- 0.77-
applicable 67 069 0.74 >0 080 0.84
8. Other design or statistical flaws 0.62- 0.73-
Very good 53  0.67 0.72 28 0.78 0.83
Adequate - - - - - -
Doubtful 0.80- 0.81-
1108 0.91 34.02%* 16085 0.89 5.66
Inadequate 0.44- 0.62-
4 0.55 0.67 6 0.79 0.97
Not } } } } ) )
applicable

Note. ** p <.001.
® Not all rating levels are used for all COSMIN reliability/internal consistency criteria. ® ARAW/COR and 95% Cl not reported where k < 4. “ Not interpretable.

Table 4. Subgroup analyses for differences in overall weighted average estimates of internal consistency, inter-rater reliability and test-retest reliability estimates for measures of behaviours
that challenge, attributable to recruitment strategy, informant completing the measure, administration regarding children or adults, and method of administration.

Internal consistency Inter-rater reliability Test-retest reliability
. Administration . Administration . Administration

Measure Recruitment inistrat Method of Recruitment inistrati Method of Recruitment inistrat Method of

Informant regarding child or - . Informant regarding child or S R Informant regarding child or . .

strategy adult administration strategy adult administration strategy adult administration

ABC/ABC- g i
c o o o o o o o - + o + -
A-SHARP - - - - - - - - - - - -
ASD-BPA - - - - - - - - - - - -
BPI-01 o - o o o +€ o - +" + o -
BPI-Short ) o ) ) ) ) ) ) ) ) ) )
form
BISCUIT- ) ) ) ) ) ) ) ) ) ) ) )
Part 3

cBCL® o + - - - - - - - - - -



CBI - - - - - - - - - - -
cCB - - - - - - - - - - -
C-SHARP ; ; ; ; ; ; - ; ; ; ;
IBR-MOAS - - - - - - - - - - -
LDNAT - - - - - - - - - - -
MOAS - - - - - - - - - - -
NCBRF + o - - o + - - - - _
OAS - - - - - - - - - - -

PBCL - - - - - - - - - - -

PDDBI-
Parent
PDDBI-
Teacher

SIT - - - - - - - . . . .
SOAS-ID-R - - - - - - - - - - -

Note. + = significant differences in estimates, o = no significant differences in estimates, - = subgroup analyses not conducted due to lack of available data.

See Appendix G for all subgroup analysis forest plots.

* estimates from the ABC and ABC-C were pooled for subgroup analyses due to the paucity of available data.

® estimates from the CBCL 1.5-5, CBCL 6-18 and CBCL-TRF were pooled for subgroup analyses due to the paucity of available data.

© higher internal consistency estimates evidenced with recruitment from healthcare (k=2) compared to school (k=1) settings; however, a = > .70 for all estimates

d higher internal consistency estimates evidenced when completed by educators (k=1) compared to parents or caregivers (k=4); however, a = >.70 for all estimates.

¢ higher inter-rater reliability estimates evidenced when completed by educator-educator (k=2, r = 0.80) and professional-professional rater pairs (k=6, r = 0.77) compared to educator-professional rater pairs (k=2, r = 0.30).
fhigher inter-rater reliability estimates evidenced when completed by educator-educator (k=1, r = 0.77) rater pairs compared to parent-educator (k=1, r = 0.54) and educator-professional (k=1, r = 0.03) rater pairs.

€ higher test-retest reliability estimates evidenced with recruitment from healthcare (k=4, r = 0.91) and school (k=2, r = 0.87) settings compared to community-based settings (k=1, r = 0.59).

h higher test-retest reliability estimates evidenced with recruitment from healthcare (k=2) and school (k=2) settings compared to community-based settings (k=8) and charity organisations (k=4); however, all estimates are > 0.70.
"higher test-retest reliability estimates evidenced when completed by educators (k=2) compared to parents or caregivers (k=4) and professionals (k=10); however, all estimates are > 0.70.

Thigher test-retest reliability estimates evidenced when used to rate the behaviour of children (k=2, r = 0.87) compared to adults (k=1, r = 0.59).



Table 5. Summary of quality ratings for the measurement properties of each measure of BtC according to COSMIN criteria for

good measurement properties and COSMIN criteria for overall quality of evidence.

Measure Measurement Number of papers Participants (n) Pooled measurement Quality of evidence
property (reference number) * P property quality rating > rating (GRADE) *
ABC irritabilit)
Y Ic 11(3, 5,7,19, 32,50, 3,058 Sufficient Moderate
59, 63, 66, 71, 77)
IRR 5(4,5, 59, 69, 73) 245 Insufficient Very Low
TRTR 3(4,5,69) 242 Sufficient Low
ABC-C irritability IC 6 (2, 10, 24, 36, 48) b 2,029 Sufficient Low
IRR 2 (24, 28) 102 Insufficient Low
TRTR 4(24,48)° 125 Sufficient Low
A-SHARP IC 2(38,62) 667 Sufficient High
IRR 1(39) 39 Inconsistent Low
TRTR 0 0 Indeterminate N/A
ASD-BPA IC 1 (40) 171 Inconsistent Moderate
IRR 1 (40) 171 Insufficient Moderate
TRTR 1 (40) 23 Insufficient Very Low
BPI-01 IC 7(23, 60, 6811’)64’ 65, 66, 2,695 Inconsistent ° Low
IRR 4 (25, 64,81)° 270 Sufficient Low
TRTR 6 (12, 25, 61, 64, 66, 81) 703 Inconsistent Very Low
BPI-Short form IC 3(9,37,65) 2,063 Inconsistent ® Moderate
IRR 1(37) 147 Inconsistent Very Low
TRTR 1(37) 147 Sufficient Low
BISCUIT-Part 3 IC 2 (42, 43) 914 Inconsistent Low
IRR 0 0 Indeterminate N/A
TRTR 0 0 Indeterminate N/A
CBCL 1.5-5 aggressive IC 2 (49, 58) 280 Sufficient Moderate
behaviour IRR 0 0 Indeterminate N/A
TRTR 0 0 Indeterminate N/A
CBCL 6-18 aggressive IC 2 (18, 48) 132 Sufficient High
behaviour IRR 1(18) 88 Sufficient Low
TRTR 1(48) 36 Insufficient Very Low
CBCL-TRF aggressive IC 1(48) 47 Sufficient Low
behaviour IRR 0 0 Indeterminate N/A
TRTR 2(48) ¢ 70 Sufficient Low
CBI IC 0 0 Indeterminate N/A
IRR 1(54) 6-14° Inconsistent Very Low
TRTR 1(54) 6-14° Inconsistent ® Very Low
CCB IC 0 0 Indeterminate N/A
IRR 1(27) 4 Inconsistent ° Very Low
TRTR 1(27) 6 Insufficient Very Low
C-SHARP IC 2(20,22) 380-384 ¢ Inconsistent Low
IRR 1(21) 6-22" Inconsistent ® Very Low
TRTR 0 0 Indeterminate N/A
IBR-MOAS IC 2 (14) i 3,572 Sufficient High
IRR 1(14) 25 Sufficient Very Low
TRTR 1(14) 16 Sufficient Very Low
LDNAT challenging behaviour IC 1(57) 1692 Sufficient High
IRR 0 0 Indeterminate N/A
TRTR 1(57) 27 Sufficient Low
MOAS IC 0 0 Indeterminate N/A
IRR 1(55) 60 Inconsistent Very Low
TRTR 0 0 Indeterminate N/A
NCBRF self-injury/stereotypic IC 4 (6,53, 64)’ 1,212 Sufficient High
IRR 3 (6, 64) K 281 Insufficient Low
TRTR 1(64) 24 Sufficient Very Low
OAS aggressive behaviour IC 0 0 Indeterminate N/A
IRR 1(28) 8 Sufficient Very Low



TRTR 0 0 Indeterminate N/A

PBCL challenging behaviour IC 0 0 Indeterminate N/A
IRR 1(79) 38 Sufficient Very Low

TRTR 0 0 Indeterminate N/A

PDDBI-Parent aggression IC 1(13) 311 Sufficient Low
IRR 1(13) 271 Sufficient Very Low

TRTR 0 0 Indeterminate N/A

PDDBI-Teacher aggression IC 1(13) 298 Sufficient Low
IRR 1(13) 49 Insufficient Very Low

TRTR 0 0 Indeterminate N/A

SIT IC 0 0 Indeterminate N/A
IRR 1(31) 50 Sufficient Very Low

TRTR 0 0 Indeterminate N/A

SOAS-ID-R overall aggressive IC 0 0 Indeterminate N/A
behaviour IRR 1(80) 23 Sufficient Very Low

TRTR 0 0 Indeterminate N/A

Note. This table includes an overview of evidence for measures where data were available for at least one type of reliability and does not include all measures
identified as eligible for the review in the preliminary search. The full list of measures of BtC identified in the preliminary search can be found in Appendix A.

! Reference numbers align with numbers of included papers listed in Appendix J.

? Ratings based on COSMIN criteria for good measurement properties (Mokkink et al., 2018); “sufficient” = IC 20.70, IRR 20.60 or TRTR 20.70, “insufficient” = IC
<0.70, IRR <0.60 or TRTR <0.70, “inconsistent” = pooled estimates range below to above 0.70 (IC or TRTR) or 0.60 (IRR) across measure subscales,
“indeterminate” = No data for IC, IRR or TRTR were available.

® Ratings based on COSMIN quality of evidence criteria using the GRADE approach (Prinsen et al., 2018; Mokkink et al., 2018); “high” = very confident that the
true measurement property lies close to that of the pooled estimate, “moderate” = moderately confident that the true measurement property is likely to be
close to the pooled estimate, but there is a possibility that it is substantially different, “low” = limited confidence in the pooled estimate; the true
measurement property may be substantially different from the pooled estimate, “very low” = very little confidence in the pooled estimate; the true
measurement property may be substantially different from the pooled estimate.

® Inconsistent evidence as subscale pooled estimates for IRR range from <0.60 to 20.60, or subscale estimates for IC or TRTR range from <0.70 to 20.70 (see Table
2 for pooled estimates for all measures).

® IC data was derived from two analyses in paper 24.

°IRR data was derived from two analyses in paper 24 and two groups in paper 48.

4 TRTR data was derived from two analyses in paper 48.

¢ IRR data was derived from two analyses in paper 64.

f Number of participants varied between CBI scales, n=14 for physical aggression severity, n=10 for self-injury severity, n=9 for verbal aggression severity, n=8 for
inappropriate vocalisation severity, n=6 for disruption of the environment severity.

& Number of participants from paper 20 varied for C-SHARP subscales; n=12 for all problem scales, n=8 for all provocation scales.

" Number of participants from paper 21 varied for C-SHARP subscales; n=22 for all problem scales, n=7 for the verbal aggression provocation scale, n=10 for the
bullying provocation scale and n=6 for the physical aggression provocation scale.

"IC data was derived from two analyses in paper 14.

T|C data was derived from two analyses in paper 6.

“IRR data was derived from two analyses in paper 64.



Table 6. Overall weighted average internal consistency, inter-rater reliability and test-retest reliability estimates for measures of function using random-effects models.

Internal consistency

Inter-rater reliability

Test-retest reliability

Measure Subscale
k ARAW 95% Cl P k COR 95% Cl I k COR 95% Cl re
CAl Social/cultural 1 0.91 0.85-0.97 - 1 0.28 -0.13-0.69 - 1 0.61 0.33-0.89 -
Task/activity 1 0.91 0.85-0.97 - 1 0.22 -0.21-0.65 - 1 0.71 0.49-0.93 -
Physical 1 0.78 0.63-0.93 - 1 0.34 -0.06-0.74 - 1 0.57 0.27-0.87 -
Biological 1 0.57 0.28-0.86 - 1 0.32 -0.08-0.72 - 1 0.67 0.42-0.92 -
Total measure weighted average 4 0.87 0.79-0.94 60.00% 4 0.29 0.09-0.50 0.00% 4 0.65 0.52-0.78 0.00%
FACT Attention 3 0.93 0.92-0.95 52.00% 1 0.74 0.66-0.82 - 1 0.89 0.85-0.93 -
Escape 3 0.93 0.91-0.94 63.00% 1 0.70 0.61-0.79 - 1 0.78 0.78-0.88 -
Physical 3 0.95 0.93-0.96 77.00% 1 0.65 0.55-0.75 - 1 0.83 0.83-0.91 -
Sensory 3 0.93 0.90-0.96 94.00% 1 0.79 0.73-0.85 - 1 0.84 0.84-0.92 -
Tangible 3 0.95 0.94-0.95 0.00% 1 0.73 0.65-0.81 - 1 0.76 0.76-0.88 -
Total measure weighted average 15 0.94 0.93-0.95 79.00% 5 0.73 0.69-0.78 35.00% 5 0.86 0.84-0.89 0.00%
FAST Social attention 1 0.05 -0.22-0.32 - 2 0.58 0.39-0.76 23.60% 1 0.57 0.45-0.69 -
Social escape 1 0.12 -0.13-0.37 - 2 0.49 0.22-0.75 24.70% 1 0.73 0.65-0.81 -
Automatic sensory 1 0.60 0.49-0.71 - 2 0.37 0.11-0.64 25.30% 1 0.72 0.64-0.80 -
Automatic pain 1 0.77 0.70-0.84 - 2 0.46 0.35-0.57 26.40% 1 0.82 0.76-0.88 -
Total measure weighted average 4 0.41 0.13-0.70 94.00% 8 0.48 0.39-0.57 80.00% 4 0.72 0.63-0.81 81.00%
MAS Attention 9 0.80 0.74-0.87 92.00% 11 0.42 0.23-0.61 92.00% 1 0.52 0.19-0.85 -
Escape 9 0.75 0.70-0.80 62.00% 11 0.43 0.27-0.59 80.00% 1 0.35 -0.04-0.74 -
Sensory 9 0.73 0.69-0.77 40.00% 11 0.50 0.34-0.66 84.00% 1 0.73 0.52-0.94 -
Tangible 9 0.84 0.81-0.87 64.00% 11 0.57 0.44-0.70 80.00% 1 0.53 0.21-0.85 -
Total measure weighted average 36 0.78 0.75-0.81 85.00% 44 0.49 0.41-0.56 86.00% 4 0.59 0.43-0.75 12.30%
QABF Attention 6 0.89 0.86-0.92 74.00% 7 0.51 0.33-0.69 90.00% 3 0.80 0.69-0.90 77.00%
Escape 6 0.87 0.84-0.91 73.00% 7 0.55 0.42-0.68 80.00% 3 0.74 0.68-0.79 0.00%
Non-social 6 0.84 0.80-0.88 73.00% 7 0.55 0.39-0.72 90.00% 3 0.82 0.72-0.92 81.00%
Physical 6 0.93 0.90-0.95 86.00% 7 0.46 0.35-0.57 60.00% 3 0.67 0.54-0.81 67.00%
Tangible 6 0.89 0.88-0.91 0.00% 7 0.59 0.41-0.77 94.00% 3 0.83 0.76-0.91 72.00%
Total measure weighted average 30 0.88 0.87-0.90 87.00% 35 0.53 0.46-0.61 90.00% 15 0.78 0.74-0.82 74.00%
QABF-Short form Attention 1 0.92 0.89-0.95 - 1 0.96 0.93-0.99 - 1 0.98 0.97-0.99 -
Escape 1 0.91 0.87-0.95 - 1 0.93 0.89-0.97 - 1 0.98 0.97-0.99 -
Non-social 1 0.84 0.78-0.90 - 1 0.93 0.89-0.97 - 1 0.99 0.98-1.00 -
Physical 1 0.94 0.92-0.96 - 1 0.82 0.71-0.93 - 1 0.95 0.91-0.99 -
Tangible 1 0.79 0.71-0.87 - 1 0.93 0.89-0.97 - 1 0.84 0.73-0.95 -
Total measure weighted average 5 0.89 0.86-0.93 78.00% 5 0.93 0.91-0.96 50.00% 5 0.98 0.96-0.99 69.40%

Note. This table includes an overview of estimates for measures where data were available for at least one type of reliability and does not include all measures identified as eligible for the review in the preliminary search. The full list of

measures of function identified in the preliminary search can be found in Appendix A.



Estimates meeting minimal interpretable criteria highlighted in bold. k = number of effects in weighted average estimate. ° = Higgin’s I” not calculated when k=1.

CAl=Contextual Assessment Inventory, FACT=Functional Assessment for Multiple CausaliTy, FAST=Functional Assessment Screening Tool, MAS=Motivation Assessment Scale, QABF=Questions About Behavioural Function Scale, QABF-

Short Form=Questions About Behavioural Function-Short Form.

Table 7. Subgroup analyses for the effect of study level risk of bias on reported internal consistency, inter-rater reliability, and test-retest reliability of measures of function.

COSMIN risk of bias box 4: Internal

Internal consistency

COSMIN risk of bias box 6: Reliability

Inter-rater reliability

Test-retest reliability

consistency criteria: Rating ° k ARAW  95%Cl X’ criteria: Rating ° k COR 95%Cl X k COR 95%Cl X
1. Statistic calculated for separate subscales Very good 94 0.86 (())2;57- 1. Participant stability between ratings Very good 0 b b 0 b b
0.53- 0.86-
Adequate - - - Adequate 81 0.58 0.63 19 0.89 0.93
b b c 0.36- . 0.78- .
Doubtful 0 Doubtful 20 0.43 0.49 13.77 14 0.81 0.84 40.87
Inadequate 0 b -t Inadequate 0 b b 5 0.69 %671
Not ) ) ) Not ) ) ) ) ) )
applicable applicable
2. Continuous scale statistic Very good 75 0.93 0.91- 2. Time interval between ratings Very good 3 043 0.38- 14 094 0.92-
0.94 0.49 0.96
Adequate - - - Adequate - - - - - -
b b 0.51- 0.53-
Doubtful 0 - - K Doubtful 88 056 0.61 12.57* 5 0.65 0.77 72.04%*
b b 0.47- 0.75-
Inadequate 0 - - Inadequate 5 0.54 0.61 19 0.78 0.82
Not 0.82- Not
applicable B 0.84 0.85 applicable ) ) ) ) ) )
3. Dichotomous scale statistic Very good 19 084 0.82- 3. Similarity of test conditions Very good 58 053 0.47- 3 080 0.70-
0.85 0.59 0.91
0.52- 0.79-
Adequate - - - Adequate 30 0.59 0.67 26 0.84 0.88
b b c 0.28- . 0.73-
Doubtful 0 Doubtful 8 0.39 0.50 8.76 12 0.80 0.86 1.41
b b 0.47- 0.61-
Inadequate 0 - - Inadequate 5 0.54 0.61 4 0.67 0.73
Not 0.91- Not
applicable s 0.93 0.94 applicable ) ) ) ) ) )
4. IRT-based score statistic Very good 0 b b 4. Continuous scale statistic Very good 23 0.74 (()](;%- 0 b b
0.45- 0.79-
Adequate - - - Adequate 17 0.52 0.59 23 0.82 0.85
c 0.39- - 0.79-
Doubtful - - - - Doubtful 57 0.46 053 55.97 15 0.83 0.87 20.24
Inadequate 0 -b P Inadequate 4 0.44 %?1_ 0 P P
Not 0.85- Not b b b b
applicable 9 086 0.87 applicable 0 0




5. Other design or statistical flaws 0.85- 5. Dichotomous, nominal, or ordinal scale

b b b b
Very good 94 0.86 0.87 statistic Very good 0 - - 0 - -
Adequate - - - Adequate - - - - - -
Doubtful 0 -k -° - Doubtful - - - - - - - -
Inadequate 0 -° b Inadequate 0 -° b 0 b b
Not Not 0.49- 0.78-
applicable ) ) ) applicable 101 0.54 0.59 38 081 0.84
6. Ordinal scale weighted kappa Very good 0 -° -° 0 -° -°
Adequate - - - - - -
Doubtful 0 b b K 0 b b K
Inadequate - - - - - -
Not 0.49- 0.78-
applicable 101054 0.59 38 081 0.84
7. Ordinal scale weighting scheme Very good 0 -° -° 0 -° -°
Adequate 0 b -k 0 -k -k
Doubtful - - - K - - - K
Inadequate - - - - - -
Not 0.49- 0.78-
applicable 101054 0.59 38 081 0.84
8. Other design or statistical flaws 0.50- 0.79-
Very good 97 0.55 0.59 33 0.82 0.52
Adequate - - - - - -
Doubtful 0.09- " 0.53- "
4 0.29 0.50 5.63 5 0.65 077 7.70
Inadequate 0 -° -0 0 -0 -0
Not ) } ) ) ) )
applicable

Note. * p< .05, ** p <.001. * Not all rating levels are used for all COSMIN reliability/internal consistency criteria. ® ARAW/COR and 95% CI not reported where k < 4. “ Not interpretable.

Table 8. Subgroup analyses for differences in overall weighted average estimates of internal consistency, inter-rater reliability and test-retest reliability estimates for measures of function,
attributable to recruitment strategy, informant completing the measure, administration regarding children or adults, and method of administration.

Internal consistency Inter-rater reliability Test-retest reliability
. Adrini - 4 Admini - . — -

Measure Recruitment dm|.r1|straF|on Method of Recruitment dm|.n|strat.|on Method of Recruitment Adm|.r1|straF|on Method of

Informant regarding child or - . Informant regarding child or . . Informant regarding child or - .

strategy administration strategy administration strategy administration
adult adult adult

CAl - - - - - - - - ) - - -
FACT - - - - - - - - - - - -
FAST - - - - - - - - - - - -
MAS + + - - o] + o] o) - - - -
QABF +° + +° 0 o - - - - - - -
QABF-
Short - - - - - - - - - - - -

form



Note. + = significant differences in estimates, o = no significant differences in estimates, - = subgroup analyses not conducted due to lack of available data.
See Appendix | for all subgroup analysis forest plots.

® higher internal consistency estimates evidenced with recruitment from healthcare (k=4, a = 0.77) and community-based (k=24, a = 0.80) settings compared to school settings (k=4, a = 0.67).

b higher internal consistency estimates evidenced with recruitment from school (k=5) and community-based (k=20) settings compared to healthcare settings (k=5); however, a = > 0.70 for all estimates.

¢ higher internal consistency estimates when completed by professionals (k=20, a = 0.80) or parents or caregivers (k=4, a = 0.77) compared to educators (k=4, a = 0.67).

d higher internal consistency estimates when completed by professionals (k=20) compared to parents or caregivers (k=5); however, a = > 0.70 for all estimates.

¢ higher internal consistency estimates when used to rate the behaviour of adults (k=20) compared to children (k=5); however, a = > 0.70 for all estimates.

fhigher inter-rater reliability estimates evidenced when completed by professional-professional (k=24, r = 0.48) and educator-professional (k=4, r = 0.50) rater pairs compared to educator-educator (k=4, r = 0.14) rater pairs; however, all

estimates are < 0.60.



Table 9. Summary of quality ratings for the measurement properties of each measure of function according to
COSMIN criteria for good measurement properties and COSMIN criteria for overall quality of evidence.

Measurement Number of papers - Pooled measurement property Quality of
Measure 1 Participants (n) R .2 . 3
property (reference number) quality rating evidence
CAl . a

IC 1 (46) 20 Indeterminate Very Low
IRR 1 (46) 20 Insufficient Very Low
TRTR 1 (46) 20 Indeterminate * Very Low

FACT Ic 3(44,82)° 494 Sufficient High

IRR 1(82) 130 Sufficient Low
TRTR 1(82) 130 Sufficient Very Low
FAST Ic 1(82) 130 Indeterminate * Very Low
IRR 2 (30, 82) 326 Insufficient Very Low
TRTR 1(82) 130 Indeterminate * Very Low
MAS I 9(1, 8, 16, 23, 34, 35,51, 388 Sufficient Moderate

70, 75)
11 (1, 16, 33, 35, 51, 70, -

IRR 72, 75,78, 83) ¢ 456 Insufficient Low
TRTR 1(70) 20 Indeterminate ° Very Low
QABF IC 6 (23, 35,52, 67, 70, 82) 535 Sufficient Moderate
IRR 7 (35, 41, 47, 52, 70, 82) ¢ 475 Insufficient Very Low
TRTR 3 (47,70, 82) 265 Indeterminate ® Very Low
QABF-Short IC 1(74) 75 Sufficient Moderate
form IRR 1(74) 38 Sufficient Very Low
TRTR 1(74) 29 Sufficient Very Low

Note. This table includes an overview of evidence for measures where data were available for at least one type of reliability and does not include
all measures identified as eligible for the review in the preliminary search. The full list of measures of function identified in the preliminary search
can be found in Appendix A.

! Reference numbers align with numbers of included papers listed in Appendix J.

2 Ratings based on COSMIN criteria for good measurement properties (Mokkink et al., 2018); “sufficient” = IC 20.70, IRR 20.60 or TRTR 20.70,
“insufficient” = 1C <0.70, IRR <0.60 or TRTR <0.70, “inconsistent” = pooled estimates range below to above 0.70 (IC or TRTR) or 0.60 (IRR) across
measure subscales, “indeterminate” = No data for IC, IRR or TRTR were available.

® Ratings based on COSMIN quality of evidence criteria using the GRADE approach (Mokkink et al., 2018); “high” = very confident that the true
measurement property lies close to that of the pooled estimate, “moderate” = moderately confident that the true measurement property is
likely to be close to the pooled estimate, but there is a possibility that it is substantially different, “low” = limited confidence in the pooled
estimate; the true measurement property may be substantially different from the pooled estimate, “very low” = very little confidence in the
pooled estimate; the true measurement property may be substantially different from the pooled estimate.

* Inconsistent evidence as subscale pooled estimates for IRR range from <0.60 to >0.60, or subscale estimates for IC or TRTR range from <0.70 to
>0.70 (see Table 6 for pooled estimates for all measures).

®|C data was derived from two analyses in paper 44.

°IRR data was derived from two analyses in paper 83.

|RR data was derived from two analyses in paper 41.
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Highlights

Many measures of behaviours that challenge (BtC) and behavioural function exist.
Evidence of measure internal consistency (IC), inter-rater reliability (IRR) and test-
retest reliability (TRTR) is variable in ID populations.

BtC measures with the most evidence for IC, IRR and TRTR are the ABC irritability
scale, BPI-01 and BPI-Short Form.

Behavioural function measures with the most evidence for IC, IRR and TRTR are the

FACT, QABF, and QABF-Short Form.



