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ASSESSMENT PROCEDURE

Reliability and minimal detectable change of the Challenge, an advanced motor
skills test for children with cerebral palsy, Danish version

Kirsten Nordbye-Nielsena,b , Thomas Mariboa,c , F. Virginia Wrightd,e , Ole Rahbekf,g and
Bjarne Møller-Madsena,b

aDepartment of Clinical Medicine, Aarhus University, Aarhus, Denmark; bDepartment of Children’s Orthopaedics, Aarhus University Hospital,
Aarhus, Denmark; cDEFACTUM, Central Region Denmark, Aarhus, Denmark; dDepartment of Physical Therapy, University of Toronto, Toronto,
Canada; eHolland Bloorview Kids Rehabilitation Hospital, Toronto, Canada; fDepartment of Clinical Medicine, Aalborg University, Aalborg,
Denmark; gDepartment of Childrens’s Orthopaedics, Aalborg University Hospital, Aalborg, Denmark

ABSTRACT
Purpose: To translate and cross-culturally adapt the Challenge, and investigate the reliability and minimal
detectable change (MDC) of the Danish Challenge in children with cerebral palsy (CP).
Materials and methods: A Danish version of the Challenge was created through a standardized transla-
tion process. Four physiotherapists evaluated face validity. Independently ambulatory children with CP
were tested. Live performance rating was conducted by assessors independently scoring the Challenge.
Video-rating was undertaken for a subset of assessments. Same day assessment test–retest reliability was
estimated. The Challenge’s Best Score Total was of primary interest.
Results: Forty-five children (5–18 years: mean 10 years 9 months; 19 girls) in Gross Motor Function
Classification System levels I and II were tested. Inter-rater reliability was excellent for live assessments
(n¼ 45) ICC ¼ 0.998 (95% CI 0.998–0.999) and video assessments (n¼ 15) ICC ¼ 0.991 (95% CI
0.963–0.997) and intra-rater reliability was excellent for live versus video-recorded assessments (n¼ 10)
ICC ¼ 0.977 (95% CI 0.895–0.994). Test–retest reliability (n¼ 22) was excellent with ICC ¼ 0.991 (95% CI
0.979–0.996) and minimal detectable change (MDC90) of 4.7 points.
Conclusions: The Danish Challenge showed excellent reliability in this testing context when physiothera-
pists scored from live- or video-recorded assessments. The Challenge’s ability to detect 4.7 points change
seems a clinically realistic target for progress.

Clinical trial registration: This trial has been approved by the Data Protection Agency, Central Region
Denmark, Ref nr.: 615216, Case nr.: 1-16-02-46-16. Registration date: 01-01-2016.

� IMPLICATIONS FOR REHABILITATION
� The Challenge remained reliable and maintained a promising minimal detectable change of less than

five points after translation and cultural adaptation.
� The Danish version of the Challenge 20-item version can be used to measure advanced motor skill

performance in children with cerebral palsy, GMFCS level I and GMFCS level II.
� Challenge live scoring is as reliable as the more time-consuming video-recorded scoring, meaning

that physiotherapists can choose the method that fits best with their clinical context and preference.
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Introduction

Cerebral palsy (CP) is as an umbrella-term for a group of disorders
causing motor disability in children [1]. Physical function is
affected and typically influences abilities in physical activities and
participation with peers [2,3]. Children with CP often receive med-
ical and rehabilitation interventions to maximize gross motor
function and prevent secondary musculoskeletal and functional
deterioration [4]. Planning and evaluation of these interventions,
using well-targeted and psychometrically sound outcome meas-
ures, is essential [4,5].

The Gross Motor Function Classification System (GFMCS) is
widely used to classify children, and helps clinicians optimize the
selection of best-fit interventions. As estimated in high-income
countries including Denmark, about two-thirds of children with

CP are ambulant with the highest proportion in GMFCS level I
and level II [6–8], meaning that they are ambulatory and inde-
pendent in walking and daily activities, but have limitations of
coordination, balance, and speed [9]. They often receive physio-
therapy to improve physical function focusing on enhancing
advanced gross motor skills for participation in sports and recre-
ation-based activities [8,10,11]. When thinking of the impact of
gross motor function interventions, it is valuable to include a
measure that permits evaluation of performance abilities as
reflected by coordination, balance, and speed in activities involv-
ing upper and lower extremities [12,13].

The Gross Motor Function Measure (GMFM) is an outcome
measure designed to evaluate gross motor function in children
with CP at all GMFCS levels [14,15]. However, it was not
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developed to measure advanced motor skills, and shows a ceiling
effect when used to measure foundational skills in children in
GMFCS I aged five years and older [15–18]. Use of well-known norm-
based advanced motor measures such as the Movement ABC and
Bruininks-Oseretsky Test of Motor Proficiency is not appropriate to
evaluate change over time in children with disabilities as they tend
to fall further behind on the development curve as they age [19].
Hence, clinicians have lacked the ability to measure changes in
advanced gross motor performance in these children, meaning that
we cannot know what the physical impact is of interventions that
are targeted toward improvement of skills that underlie participation
in sports and recreation-based activities. A comprehensive evaluation
of gross motor performance requires standardized assessment tools,
with acceptable validity and reliability in the target population [20]
in this case, children with CP.

The Challenge is a new observational measure developed to fill
this measurement gap [21, 22]. Its basic psychometric properties
have been established with excellent inter-rater and test–retest
reliability [22]. Discriminant validity has been demonstrated with
respect to children in GMFCS I versus level II [23]. As far as con-
current validity, there was strong association between the
Challenge and the Test of Gross Motor Development-2 (r¼ 0.76)
and also with four single skill tests, i.e., 10� 5 m Sprint Test
(r¼–0.82), the Muscle Power Sprint Test (r¼–0.71), and vertical/
broad jump distances (r¼ 0.77) [23]. Rasch scaling has been
accomplished, showing the Challenge to be a unidimensional
scale, and its items are harder than the most difficult of the
GMFM-66 skills [24]. Initial use within published intervention stud-
ies has shown mean gains of 2.8 points and median gains of 4.5
points in association with a sports skills intervention program [25]
and a therapist-monitored home active video gaming (AVG) pro-
gram, respectively [26]. Drawing from this evidence, in
Clutterbuck et al.’s systematic review of sports-focused high level
gross motor assessments for ambulatory children with CP [23],
the Challenge was recommended in the measurement selection
decision tree as a CP-specific tool with promising psychometric

properties and good clinical utility in the area of technique,
speed, and accuracy.

Prior to implementation of a new measure for children in a dif-
ferent language and context, its psychometric properties need to
be examined. Translation of the Challenge into Brazilian-
Portuguese, followed by evaluation in a sample of children ages
5–18 in GMFCS I and II demonstrated excellent reliability, validity,
and acceptable responsiveness to change over time in that con-
text [27]. Translation into other languages will help to expand the
Challenge’s valid use across a wider international group of clini-
cians and children.

Therefore, this study’s purpose was to investigate the reliability
of the Danish-translated version of the Challenge in ambulatory
children with CP age 5–18 years. The objectives were to: (1) esti-
mate inter- and intra-rater reliability among trained physiotherap-
ist assessors for live assessments, and video scoring contexts, (2)
same day test–retest reliability, and (3) examine the Challenge’s
minimal detectable change (MDC). The hypothesis was that the
Challenge is a reliable tool to assess advanced gross motor func-
tion with an MDC80 of less than five points.

Methods

Translation of the challenge

The Challenge (20-item version) [24] was used with permission
from its developer FV Wright. Translation into Danish was per-
formed according to the guidelines from WHO as described by
Beaton et al. [28,29] as follows: (1) translation by two independent
translators (T1, T2). T1 was a physiotherapist specialized in pediat-
rics and the principal investigator, and T2 was a linguistic profes-
sional translator without specific knowledge on the construct and
subject area; (2) synthesizing the translations, in order to achieve
coherence; (3) face validity evaluation on clear wording and
importance (yes/no) by four physiotherapists in CP; and (4)
English back-translation of the consensus version by a

Table 1. Description of categories and items and tasks of the Challengea.

Category Item no. Task Included in the 20-item

Balance/coordination 2 Catch and throw a ball four cycles Yes
3 Bounce a basketball (10 times) No
4 Throw tennis ball in a target No
5 Bounce a tennis ball (5 times, both hands) Yes
6 Run and kick a soccer ball down path No
7 Walks sideways and return on 5-meter line Yes
8 Step sideways over stick (4 times) Yes
19 Single leg stance (20 s both legs) Yes
20 Tandem stance (20 s) No
24 Step in and out of lines (5 times) Yes
25 Walk in a wooden beam, controlled stop Yes

Walk/run/jump 1 Star Jumps (10 times) Yes
9 Walk, turn, and walk backwards in path Yes
10 Run in path and controlled stop on end line Yes
11 Run, pick up pin, and run back in path Yes
12 Run weaving through pylons (6 pylons) Yes
13 Walk backwards on line (3 m) Yes
14 Jump forward, controlled landing Yes
15 Skip forward down path (no rope) No
16 Jumps with a skipping rope Yes
22 Step up and down (5 cycles both legs) Yes
23 Sideways jumps across line (5 meters) Yes

Dual task 17 Walk with a lunch tray and glass down path Yes
18 Walk bouncing a basketball Yes
21 Dribble a soccer ball down path Yes

aChallenge: the 25 items version presented with category, item numbers and task descriptions, and items included in the 20-
item version.
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professional translator (T3) without disease specific knowledge.
The developer reviewed and responded with linguistic comments
and final revisions were then made to the Danish Challenge.

Setting and design

Reliability testing of the Challenge was performed at Aarhus
University Hospital, children from the outpatient clinic were
invited and informed consent obtained from parents. Assessments
took place at individual appointments during afternoons, week-
end, or holidays to facilitate participation of families. The study
was approved by the Danish Data Protection Agency and notified
to the local ethics committee.

Participants

Children were included if they: (1) had confirmed diagnosis of CP;
(2) were in GMFCS level I or II; and (3) were five to 18 years inclu-
sive. Children were excluded if they: (1) used a gait aid or (2) a
parent, after reading the study information letter, was of the
impression that their child could not follow the instructions
required to perform the Challenge in one same day session.

Measure

The Challenge measures performance ability related to coordin-
ation, accuracy and speed of 20 items of advanced motor skills
[22,24]. It consists of three motor skill categories: (1) balance/
coordination, (2) walk/run/jump, and (3) dual task. Five items
were removed from the 25 items Challenge version during the
Rasch scaling process [24], specifically item 3: bounce a basketball
(10 times), item 4: throw tennis ball in a target, item 6: run and
kick a soccer ball down path, item 15: skip forward down path
(no rope), and item 20: tandem stance (20 s) (Table 1) to create
the Challenge-20 that was then used in this study. The Challenge
aims to elicit the child’s best performance abilities within a sup-
portive test situation with each item tested three times using a
dynamic assessment style. Item performance directions (i.e., diffi-
culty) are systematically adapted as needed to suit the abilities of
the child and give them opportunity to demonstrate their best
performance. Engagement guidelines developed for the Challenge
testing procedure illustrate how this is done [30].

Scoring is on a five-point scale for which certain item-specific
behavioral achievements are required. This scale measures the
child’s ability to perform the skill (scores of “0” to “2”) and their
performance accuracy and speed (scores of “3” and “4”). Children
aged 12 years and up with no motor disabilities are typically
developing are able to score “4” on most or all items in the
Challenge (Personal communication; FV Wright). A cumulative
total score (percentage) is calculated from each of the child’s best
trial item scores (primary score), first trial item scores, and mean
trial item scores [22].

Reliability study procedure

Inter-rater, intra-rater and test–retest reliability evaluation of the
Danish Challenge was carried out for live and video-recorded
assessments. Two of four trained study assessors independently
scored each assessment. Live assessments of children took place
on and around the Challenge’s pathway (0.45 m� 10 m) located
in a quiet hallway. Setup for each item, engagement guidelines,
use of standardized testing materials and scoring were as outlined
in the Challenge manual.

Study assessors

Three assessors A, B, and C were involved in administering the
Challenge assessments and scoring the live assessments. Assessor
D scored only the video-recorded assessments. Assessors A and D
were physiotherapists experienced in working with children with
CP, while assessors B and C were physiotherapists with no previ-
ous experience in this area. The intention with this breadth in
experience was to have the assessors in some way reflect the
diversity of experience of those who expected to use the
Challenge in clinical practice. All were trained on the Challenge
and passed a criterion test prior to beginning study assessments.
Criterion training requirements included understanding the
Challenge training materials and engagement guidelines, and suc-
cessfully scoring two test videos to 90% accuracy.

Assessor A administered the live assessments with all the chil-
dren. Using the Challenge test process, each child watched the
assessor demonstrate the item, had a practice trial, and was given
three test trials unless s/he scored the maximum four points (at
which point no further trial of the item was done) or chose not to
repeat the item. If a child decided not to try an item, this was
respected as part of the supportive testing style, although they
were given a score “0” for that item based on the conservative
scoring assumption that refusal meant they felt they could not
do it.

Assessor A, and either assessor B or C as available, independ-
ently scored the 45 children in the inter-rater reliability evaluation
of live assessment. In separate inter-rater evaluation, assessor B
(no experience in CP) and assessor D (with experience in CP),
scored the videos from children who had video-recorded tests.
Intra-rater reliability from assessor Blive versus Bvideo was eval-
uated. Finally, for evaluation of test–retest reliability (live perform-
ance), assessor A re-scored a subsample of 22 children who were
tested twice on the same day with a 2–3 h break between tests.

Sample size

Based on sample size recommendations for valid interpretation of
ICC’s [31], a sample of 45 children was planned for the reliability
analyses with the enrolment goal of at least 30 children for the
test–retest portion of the study. These participant numbers are in
line with that of the original Challenge reliability study [22] as well
as other reliability studies of pediatric fine and gross motor func-
tion measures, i.e., from 25 to 50 participants [15,22,32–35].

Statistical analysis

Descriptive statistics were calculated for the Challenge best score,
as well as the first and mean scores. To evaluate inter-rater, intra-
rater and test–retest reliability, intraclass correlations ICC’s (type
2,1) [36] two-way-random analysis [37], and associated confidence
interval’s (95% CI) and standard error of measurement (SEM) were
estimated. Rater agreement within three test scenarios was also
examined by a Bland–Altman plot [38]. MDC was calculated at
the 80% and 90% (MDC80 and MDC90) levels for test–retest data
to give an estimate of score difference reflecting change beyond
error. Sub-analysis within GMFCS levels was conducted. Statistical
analyses were performed using Stata 16 (StataCorp, College
Station, TX).

RELIABILITY & MINIMAL DETECTABLE CHANGE, CHALLENGE 4487



Results

Translation

The face validity evaluation of the translated version revealed the
need for a few changes in wording without changing the mean-
ing. For example, in item 2, “or a bouncy ball” in translation into
Danish would be “ a small ball not equivalent to a basketball”,
and translated to “or a ball equivalent to a basketball” so as to
ensure the correct size. In item 21, the English task description is
that a child should use “foot to foot pass style”, which to ensure
its meaning in Danish was translated into a single Danish equiva-
lent word. The four physiotherapists answered “yes” on relevance
of all items and agreed on the revised wording, and the back-
translated version was accepted by the developer of
the Challenge.

Reliability

Forty-five children with CP, GMFCS level I or II (age 5–18 years,
mean 10.9(4.0)) were included (Table 2). Two raters assessed all
children during the live assessment, 15 children were video-
recorded for the video versus video and the live versus video rat-
ings, and 22 children performed two tests on the same day for
test–retest reliability (Table 3).

Reliability estimates were excellent (ICC >0.90) for the different
rating scenarios for best, first, and mean score totals with 95% CI
>0.78, with lowest estimate of the lower CI being for the first
score total in the live versus video rating scenario (Table 4). The
SEM estimates (Table 4) varied from 0.87 for inter-rater (live scor-
ing) best score total to 5.20 for the live test–retest first score total
results. In the inter-rater sub-analysis, the consistency of assessors
B and C with assessor A for their portion of the reliability sample
was evident (Table 4).

The Bland–Altman plots revealed no evidence of measurement
bias for inter-rater live assessment scenario (n¼ 45) (Figure 1(a)).
With the comparison of inter-rater reliability (video) for assessor B
versus D (n¼ 15), there was a shift midway in the direction of dif-
ference (albeit small) between the two with assessor B scoring
lower than assessor D for scores below 40% and then higher than
D for scores from 40% up. For the intra-rater assessor B (video vs.
live) (n¼ 10) and the test–retest assessor A (live) (n¼ 22), there
was some indication of greatest differences in first and second
ratings at the Challenge’s 40–50% point scoring range.

MDC estimates were as follows: best score total MDC80¼3.7,
and MDC90¼4.7, first score total MDC80¼9.4 and MDC90¼12.1,
and mean score total MDC80¼5.6 and MDC90¼7.2. The targeted
MDC80 of <5 points was achieved for the best score total (primary
score), but not for first or mean score totals.

Discussion

This study investigated the Danish Challenge’s ability to consist-
ently measure advanced motor skills with independently ambula-
tory children with CP. Translation from English to Danish and
back was carried out according to international guidelines for
cross-cultural adaptation of health-related measures by Beaton
et al. [28,29]. In this process, only minor adaptations to the ori-
ginal version were required to convert the English version into
Danish, to keep the semantic meaning while reflecting the cul-
tural context.

The Danish Challenge retained excellent inter-rater, intra-rater,
and test–retest reliability, and results were consistent with reliabil-
ity estimates in the original Challenge study [22]. We assessed the
reliability from video-recorded assessment in a sub-sample to see
if scoring from video-recordings was superior to live scoring in
light of the chance to view a child’s item performance more than
once during video review. The results revealed similar reliability
estimates (ICC’s> 0.90) for each approach. Reliability of video-
recorded Challenge assessments has not previously been eval-
uated in children with CP. However, a study using the companion
Acquired Brain Injury Challenge Assessment that evaluated video-
recorded assessments with children with brain injury also showed
excellent reliability estimates (ICC’s> 0.90) that were comparable
to live rating [39]. As well, the comparability of reliability scoring
for video-recorded versus live assessment was also seen in studies
of the GMFM assessments in Brazilian children with CP [40]. From
a clinical point scoring, live assessment is likely preferable as it is
more time and cost efficient, i.e., beneficial to do it all in
“one round”.

Table 2. Participant characteristics; number and age.

Number of children
n¼ 45

GMFCSa

Level I
n¼ 25

GMFCS
Level II
n¼ 20

Children
Girls 19 10 9
Boys 26 15 11
Age, years
5–8 16 12 4
9–12 13 3 10
13–18 16 10 6
Mean age (SD) 10.9 (4.0) 10.5 11.4
Age range 5–18 5–18 8–17
aGMFCS: Gross Motor Function Classification System.

Table 3. Challenge total scores.

n
Best score
Mean (SD) Range

First score
Mean (SD) Range

Mean score
Mean (SD) Range

Inter-rater: score
Assessor A 45 48.89 (24.30) 11.96–92.39 39.25 (20.79) 9.78–78.26 42.36 (21.84) 11.23–80.98
Assessor Bþ C 45 48.93 (24.04) 13.04–92.39 39.57 (20.55) 9.78–78.26 42.52 (21.59) 11.23–81.70
Inter-rater: Video score
Assessor B 15 54.20 (25.35) 7.61–92.39 44.42 (22.58) 6.52–78.26 47.48 (23.32) 7.07–82.97
Assessor D 15 52.36 (23.96) 8.70–91.30 42.50 (21.37) 7.61–78.26 45.55 (22.22) 8.15–82.97
Intra-rater: Video score
Assessor B Live 10 42.71 (20.90) 13.04–81.52 34.13 (16.97) 9.78–66.30 36.97 (18.49) 11.41–71.01
Assessor B Video 10 45.22 (21.70) 7.61–82.61 37.39 (19.63) 6.52–70.65 39.26 (19.50) 7.07–71.38
Test–retest: (assessor A)

Live score
Test 22 47.04 (21.52) 11.96–85.87 38.14 (18.59) 9.78–78.26 41.02 (19.35) 11.23–79.35
Retest 22 46.89 (21.40) 11.96–88.04 38.65 (20.35) 8.70–85.87 41.46 (20.52) 11.41–85.51

ICC: intraclass correlation coefficient; CI: 95% confidence interval of ICC; SEM: standard error of measurement.
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A study using the newly created Brazilian-Portuguese 25-item
Challenge version revealed excellent reliability with ICC estimates
> 0.95 and narrow confidence intervals between 0.96 and 1.00
for intra-rater and inter-rater reliability [27]. These findings are in
line with the original reliability estimates [22]. Our findings are
comparable to both studies and add to the emerging evidence
picture of sound psychometric measurement properties of
the Challenge.

The indication of the slightly greater disagreement in ratings
(albeit small) in the mid-range of the scale for the intra-rater (live

versus video, Assessor B) and test–retest (assessor A) may reflect
challenges experienced when rating the accuracy component of a
child’s performance as the 40–50% total score range is consistent
with having many items that scores of the “1” to “2” reflecting
foot placement errors such as stepping on the track. These errors
occur quickly and can be difficult to see as they can depend on
assessor viewing angle if marginal steps on the line, and may be
easier to spot on video.

While we achieved the target sample size of 45 for the inter-
rater reliability analysis, we were only able to enroll 22 children

Table 4. Reliability estimates for the Danish Challenge.

Best score total First score total Mean score total

Testing scenario n ICC (95% CI) SEM ICC (95% CI) SEM ICC (95% CI) SEM

(i) Inter-rater scenarios
Live score (assessor A vs. Bþ C) 45 0.998 (0.998–0.999) 0.87 0.995 (0.991–0.997) 1.48 0.998 (0.996–0.999) 1.04
Live score (assessor A vs. B) 29 0.998 (0.996–0.999) 0.97 0.994 (0.987–0.997) 1.61 0.997 (0.995–0.999) 1.02
Live score (assessor A vs. C) 16 0.999 (0.998–0.999) 0.66 0.997 (0.991–0.999) 1.23 0.998 (0.995–0.999) 0.99
Video-Video score (assessor B vs. D) 15 0.991 (0.963–0.997) 2.24 0.981 (0.939–0.994) 3.00 0.988 (0.952–0.996) 2.41
(ii) Intra-rater scenarios
Live-Video score (assessor B vs. B) 10 0.977 (0.895–0.994) 3.25 0.951 (0.780–0.988) 4.00 0.975 (0.889–0.994) 2.96
(iii) Test–retest scenario
Live score (assessor A) 22 0.991 (0.979–0.996) 2.03 0.928 (0.836–0.969) 5.20 0.976 (0.943–0.989) 3.11
GMFCS level breakdown
(iv) Inter-rater scenario
GMFCS I – Live score (assessor A vs. Bþ C) 25 0.999 (0.998–0.999) 0.88 0.995 (0.988–0.998) 1.73 0.998 (0.995–0.999) 1.18
GMFCS II – Live score (assessor A vs. Bþ C ) 20 0.996 (0.990–0.999) 0.88 0.993 (0.983–0.997) 1.09 0.997 (0.993–0.999) 0.71
GMFCS I – Video score (assessor B vs. D) 8 0.997 (0.955–0.999) 1.76 0.991 (0.959–0.998) 2.46 0.993 (0.958–0.999) 2.27
GMFCS II – Video score (assessor B vs. D) 7 0.950 (0.760–0.991) 2.69 0.899 (0.576–0.982) 3.57 0.943 (0.729–0.989) 2.68
(v) Intra-rater scenario: GMFCS I – Live-Video score (assessor B vs. B) 4 0.995 (0.922–0.999) 2.30 0.989 (0.845–0.999) 2.90 0.995 (0.925–0.999) 2.05
GMFCS II – Live-Video score (assessor B vs. B) 6 0.931 (0.288–0.991) 3.75 0.841 (0.046–0.977) 4.73 0.921 (0.216–0.989) 3.44
(vi) Test–retest scenario: GMFCS I – Live score (assessor A) 9 0.994 (0.974–0.998) 1.92 0.909 (0.650–0.979) 7.09 0.974 (0.889–0.994) 3.79
GMFCS II – Live score (assessor A) 13 0.982 (0.943–0.995) 2.09 0.938 (0.810–0.981) 3.33 0.969 (0.902–0.990) 2.52

ICC: intra class correlation coefficient; CI: 95% confidence interval of ICC; SEM: standard error of measurement; GMFCS: Gross Motor Function Classification System.

Figure 1. Agreement illustrated by the Bland–Altman plot with comparison between different pairings. The difference between two ratings on the vertical axis is plot-
ted against the average of the two ratings on the horizontal axis. The middle horizontal line reflects the mean difference, and the upper and the lower line the limits
of agreement. (a) Inter-rater live assessments. The middle horizontal line reflects the mean difference –0.046 and 95% CI (–0.420; 0.328) and the upper and the lower
line the LOA (–2.536; 2.444). (b) Inter-rater video assessments. The middle horizontal line reflects the mean difference –1.839 and 95% CI (–3.322; –0.357) and the
upper and the lower line the LOA (–7.194; 3.516). (c) Intra-rater live vs. video assessments. The middle horizontal line reflects the mean difference –2.5 and 95% CI
(–5.410; 0.410) and the upper and the lower line the LOA (–10.637; 5.637). (d) Test–retest; two live assessments same day. The middle horizontal line reflects the
mean difference 0.150 and 95% CI (–1.150.; 1.449) and the upper and the lower line the LOA (–5.712; 6.011).
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for test–retest reliability estimations (Table 4). The reason for not
reaching the target of n¼ 30 was families limited time to stay for
two test sessions on same day. A sample of 22 is still reasonable
for reliability estimation based on other motor measures reliability
studies in children with disabilities, as noted in the sample size
section earlier.

For test–retest reliability evaluation, the decision on the time
interval between the two assessments is, according to Terwee
et al., not theoretical but instead relies on common sense mean-
ing that it is crucial to consider the stability of participants’ and
assessors’ characteristics between assessments as well as practical
testing issues [41]. Our test–retest interval differed from the ori-
ginal Challenge study in which a 2–3 week retest interval was
used to partially mimic week to week variability [22] and the
Brazilian Challenge study where a 7–10 day interval was used [27].
In our study, we took a conservative approach to achieve the
ultimate stability scenario, and used a same day retest interval.
The same-day retesting was helpful for maximizing sample size
due to families’ availability. The obvious reliability impact consid-
eration was the potential for inducement of a physical/mental
fatigue effect. However, there was no direct evidence of fatigue
since the results revealed no systematic differences in best score
total between the two assessments (Figure 1(d)).

This study reported an MDC80 estimate of 3.7 points for the
Challenge’s primary score (best score total) which is close to the
MDC80 of 3.5 points in the original Challenge study from a one to
three week retest interval [22], and less than an estimated MDC80
of 4.9 points for a 7–10 day retest interval (calculated here from
data in Table 3 of that paper) in the Brazilian Challenge study
[27]. In the original study, the researchers proposed that this
result could be both possible and meaningful to achieve within a
motor skills training program, e.g., gaining one point on 3–4
items [22]. Larger change requirements associated with the more
traditional MDC90 and MDC95 may be a larger change than can
be achieved within a single intervention [22]. As well, this higher
level of confidence (smaller CI range) offered by the MDC90 and
MDC95 for detecting a pre-/post-intervention difference may not
be necessary for decisions related to motor skill change [18].

Since the Challenge is a newly developed measure, there is still
need for intervention studies to determine what would be consid-
ered both clinically meaningful and achievable as far as change
scores [22,24]. Results from a feasibility study with the Challenge-20
with children in GMFCS level I and GMFCS level II aged 8–17 years
(n¼ 20) showed significant mean gains of 2.8 points on the
Challenge-20 associated with a sports-based skills training program.
These provide a first indication of the ability of the shorter version
Challenge-20 to detect change in advanced motor skill performance.
From a concurrent validity perspective, these gains were accompa-
nied by clinically important and significant changes of about four
points in individualized physical activity-focused goals as measured
by the Canadian Occupational Performance Measure [25].

One key aim of rehabilitation for children with CP is to maxi-
mize each individual’s ability, keeping in mind their personal goals
and expectations, to participate in everyday and recreational
activities [42]. Optimization of engagement and motivation is
important as part of a positive testing environment to support
the child in demonstrating their best abilities and generally lead
to a positive testing and subsequent goal setting experience. The
Challenge, together with its engagement guidelines [30] appears
well-suited given these promising reliability and MDC estimates to
fill this role when physiotherapists are assessing advanced motor
skills of children with CP in GMFCS levels I and II, and has strong

potential to support both the individualized goal based planning
and evaluation of sports-linked skills based interventions [42].

Limitations

The high ICC’s in this study might have been influenced by sev-
eral factors [41]. Children in this study’s convenience sample were
by chance heterogeneous in age, gender and GMFCS levels. As
the results show, the total scores were spread across the scale for
the best score total, varying from 11.96% to 92.39% (Table 3).
Since an ICC reflects a measure’s ability to discriminate among
subjects, large inter-subject variance in a study sample has a ten-
dency to inflate an ICC [41]. However, this scoring range was
comparable to the original Challenge study and as such reflects
one of the goals of the measure in its creation which was to dis-
criminate among children within/across GFMCS levels I and II [22].
Another limitation might be that only one experienced physio-
therapist gave the Challenge instructions to all children, which
may have minimized the rater variance within the ICC’s if com-
pared to test instructions provided by different instructors.

The sample size was a limiting factor for interpreting the
Bland–Altman plots. While there was a suggestion of rating bias
in the scores on the 40–50% range of the Challenge, additional
data (ideally a sample size of 45 for all comparisons) across the
range of scores would have helped to delineate whether this was
a reflection of rating challenges or was just a spurious pattern
with the smaller data set. For the estimation of inter-rater reliabil-
ity using video recording in a subset, we managed to record only
n¼ 15 children (Table 4). This smaller sample reduced the ability
to directly compare to live inter-rater results. This was due to the
logistical challenge of availability of the needed extra personnel
to do the video recordings.

The Challenge (20-item version) was used for all score calcula-
tions in this study [24]. This should be considered, when compar-
ing the total scores results (Table 2) with the original Challenge
study and those of the Brazilian study as both reported total
score on the 25-item version. However, the Challenge (20-item
version) aims to enhance sensitivity to change across the score
range and to reduce the number of items of the Challenge by
removing those items with poor discrimination or difficulty level
overlap. The 20-item version is now the Challenge version to be
used clinically as well as in research work (Personal communica-
tion; FV Wright, August 2020).

Conclusions

The Challenge revealed excellent inter-rater, intra-rater and tes-
t–retest reliability in both live-testing and video-recorded assess-
ment scoring, after translation and cultural adaptation. For these
results to apply to clinical physiotherapists, they need to practice
and pass the Challenge criterion-based training and online calibra-
tion to become sufficiently competent in its use. Hereafter, physi-
otherapists can choose to score the Challenge from live- or video-
recorded assessments.

The Challenge was developed both to help clinicians establish
goals with children/families at the start of a block of physiother-
apy, or prior to orthopedic surgery or spasticity reduction inter-
vention, or upon entering a community-based physical activity
program, and to evaluate outcome in relation to interventions
designed to address advanced motor skill performance. Thus, its
sensitivity and responsiveness to change after such interventions
is also important to determine, and next stage research needs to
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be conducted in this regard before it can confidently be used as
an outcome tool.
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