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key-features assessment of clinical
decision-making in cerebral palsy diagnosis:
application of Kane’s validity framework

to implementation evaluations

LM McNamara'", KM Scott', RN Boyd?, EA Farmer?, AE Webb* and IE Novak®

Abstract

Background Physician decision-making skills training is a priority to improve adoption of the cerebral palsy (CP)
clinical guideline and, through this, lower the age of CP diagnosis. Clinical guideline implementation aims to improve
physician practice, but evaluating meaningful change is complex. Limitations in the validity evidence of evalua-

tion instruments impact the evidence base. Validity frameworks, such as Kane's, enable a targeted process to gather
evidence for instrument scores, congruent to context and purpose. Yet, application of argument-based methodol-
ogy to implementation validation is rare. Key-features examination methodology has established validity evidence
supporting its use to measure decision-making skills, with potential to predict performance. We aimed to apply Kane's
framework to evaluate a pilot key-features examination on physician decision-making in early CP diagnosis.

Methods Following Kane's framework, we evaluated evidence across inferences of scoring, generalisation, extrapola-
tion and implications in a study design describing the development and pilot of a CP diagnosis key-features examina-
tion for practising physicians. If found to be valid, we proposed to use the key-feature scores as an outcome measure
of decision-making post education intervention to expedite CP diagnosis and to correlate with real-world perfor-
mance data to predict physician practice.

Results Supporting evidence for acceptance of scoring inferences was achieved through examination development
with an expert group (n=10) and pilot results (n=10): (1) high internal consistency (0.82); (2) acceptable mean item-
discrimination (0.34); and (3) acceptable reliability of examination scorers (95.2% congruence). Decreased physician
acceptance of examination time (70%) was identified as a threat and prioritised in case reduction processes. Partial
acceptance of generalisation, extrapolation and implications inferences were defensible with: (1) accumulated devel-
opment evidence following established key-features methodology; (2) high pilot acceptance for authenticity (90%);
and (3) plausibility of assumptions of score correlation with population register data.

Conclusions Kane's approach is beneficial for prioritising sources of validity evidence alongside the iterative devel-
opment of a key-features examination in the CP field. The validity argument supports scoring assumptions and use
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of scores as an outcome measure of physician decision-making for CP guideline education implementation interven-
tions. Scoring evidence provides the foundation to direct future studies exploring association of key-feature scores

with real-world performance.

Keywords Key-features assessment, Early diagnosis, Cerebral palsy, Clinical decision-making, Validity argument,

Implementation

Introduction

Expediting evidence to practice continues to be a com-
plex challenge for health professions education and
health care systems. An average clinical practice time
lag of 17 years has been widely reported [1, 2]with
approximations of 9.3 years from publication to prac-
tice implementation [1]. The impetus for evidence-
informed practice is reflected in the growth of new
research fields targeting the evidence to practice gap in
the past two decades, such as implementation research
[3-5]. Implementation science seeks to modify clini-
cal practice, behaviour or policy and increase the use
of evidence-based practice [6]. This emerging field can
include educational interventions and may provide
opportunities for convergence research with health
professions education [7] to accelerate translation of
evidence into routine clinical practice.

Limitations in the validity evidence of implementa-
tion evaluation instruments have been identified, war-
ranting further investigation [8]. Testing and evaluating
theories that underpin intervention development and
evaluation is fundamental to implementation science
[9-14], however there is little application of valid-
ity theory [15-17] to evaluation instruments [17, 18].
Contemporary validity frameworks such as Kane’s can
guide use of validity testing theory through the collec-
tion of priority evidence according to assumptions of
how scores will be used and in what context [19-23].
Kane’s framework involves two interconnected argu-
ments: (1) an interpretative and use argument for
test scores; and (2) a validity argument evaluating the
plausibility of interpretations and use [19]. The inter-
pretative argument includes specified inferences and
assumptions that lead from test performances to real-
world score-based implications. The chain of infer-
ences from scoring (measurement of performance as a
score), generalisation (scores reflecting test setting per-
formance), extrapolation (scores reflecting real-world
performance) and implications (score application to
individual outcomes) creates a framework for valida-
tion of a presumptive argument [20, 21]. The validity
argument evaluates the inferences, seeking to establish
if assumptions are demonstrably plausible through sup-
porting evidence [20, 21]. Use of contemporary valid-
ity approaches are rare in health professions education

evaluation [24-28] despite recommendations from field
leaders [25, 29]. The paucity of application of validity
frameworks in implementation research warrants fur-
ther attention.

To address this gap, we applied Kane’s framework to the
development of an outcome measure for a tailored imple-
mentation intervention targeting an identified research-
practice gap in the field of cerebral palsy (CP), the most
prevalent motor disability in childhood [30]. Early, accu-
rate CP diagnosis before six-months of age is possible
using predictive clinical assessments and clinical deci-
sion-making skills [30]. Yet population registers indicate
a CP diagnosis typically occurs between 12—24 months of
age in high-income countries, with a median age of three
years in low-income countries, suggestive of a ‘wait and
see’ approach to CP diagnosis in clinical practice [30-32].
Implementation interventions to expedite a clinical diag-
nosis under six-months of age are an identified priority
for health professions education [33]. A tailored online
implementation intervention has been developed target-
ing physician diagnostic behaviours and clinical decision-
making skills in the early diagnosis of CP [34]. This study
explored validity evidence of scores from a CP key-fea-
tures examination for use as a post-intervention outcome
measure of physician clinical decision making.

The key-features approach to assessment measures a
clinician’s essential clinical decision-making skills [35].
Key-features are case specific and determined by a con-
sensus process with clinical experts [35, 36]. Testing
only the critical elements of a problem, labelled as key-
features, contributes to reduced testing time on unneces-
sary areas of a problem and a larger number and range
of clinical problems in an examination [35]. In non-CP
populations, key-feature cases have established validity
evidence to measure the construct of clinical decision-
making if robustly designed [37]. Moreover, summative
examination scores have been demonstrated to predict
future practice in physicians [38—40].

This paper describes: (1) the development and pilot
of a web-based key-features examination for practis-
ing physicians; and (2) Kane’s validation approach of an
interpretation use argument for examination scores and
evaluating evidence of inferences in a validity argument.
An overview of Kane’s validity framework is displayed in
Fig. 1.
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Fig. 1 Overview of study using Kane's framework of validity

Method

Construct and context

We developed a web-based key-features examination to
measure clinical decision-making skills in the early diag-
nosis of CP in practising physicians. The examination was
developed so that post-intervention online key feature
examination scores could be used as an outcome meas-
ure of decision-making skills in a randomised controlled
trial (RCT) of e-learning for practising paediatricians in
the Australian context. The strength of association of
physician key-feature case scores with real-world patient
outcomes will be explored through correlation with pop-
ulation CP registers to predict physician performance
in diagnosing CP under six-months of age in clinical
settings.

Defining the interpretive and use argument

Based on our proposed use of key-feature examination
scores, we articulated assumptions in the interpretative
use argument according to Kane’s four-stage chain of
inferences [20, 21]. Kane describes rules for making war-
rants that require backing or evidence [21]. We described
a warrant for each inference and made assumptions for
each warrant. In Kane’s framework, qualifiers are a form

of rebuttal which can indicate uncertainty of assumptions
[21]. We considered qualifiers that may weaken the plau-
sibility of our assumptions and appraised the established
validity evidence of the key-features approach to further
guide the collection of evidence required to support our
claims. Table 1 summarises the initial inferences, war-
rants, assumptions, evidence, and qualifiers adapted from
Kane’s generic network of inferences [21] for the pur-
poses of this study.

Appraisal of existing evidence according to Kane's
chain of inferences

Scoring

Two previous reviews support the key-features assess-
ment measuring the construct of clinical decision-mak-
ing [37, 41]. Bordage outlines the body of convergent
[42-44] and divergent evidence [42, 45—47] indicative
of key-feature cases measuring complex and elabora-
tive cognitive processes as opposed to simple knowledge
constructs.

Evidence supporting scoring assumptions of internal
consistency reliability and test item discrimination can
be collected through robust development and piloting
phases [42, 48]. An internal consistency level of Cron-
bach’s alpha of 0.8 or higher is preferable as evidence of
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reliability [41]. Acceptable reliability Cronbach’s alpha
levels between 0.7 and 0.9 have been reported with
longer examinations of between 25-40 cases [41]. Bord-
age and Page [37] emphasise the homogeneity of the
group of candidates and discriminating ability of key-fea-
tures may also impact score reliability and the amount of
cases required to differentiate. Of note, Trudel et al [42]
reported high levels of reliability and demonstrated dif-
ferentiation with 9 key-feature cases between general and
subspecialty physicians. Item discrimination levels above
0.30 are recommended with regards to scoring evidence
assumptions [49, 50].

Existing recommendations to optimise reliability and
internal consistency support: the use of short menu and
write-in responses [51]; lay language in scenarios [52];
cases with 2—-3 key features rather than single questions
[37, 53]; using the case not the key-feature question as
the unit of examination measurement [35]; equal weight-
ing for key-features within each case [35]; and selection
of cases based on information about their discrimination
level [41]. The use of ‘write-in’ responses for diagnosis
can assist in discrimination with weaker candidates [37].

Although the key-features approach is more frequently
applied to high-stakes examinations [37], previous stud-
ies have applied summative examination scores in the
context of continuing medical education [43]. Doucet
compared two continuing medical education formats
with practising physicians for headache diagnosis and
management [43]. A 60-min examination 3-months post-
intervention was able to demonstrate a 25% difference in
mean key-feature examination scores favouring the inter-
vention group [43]. To date, the key-features approach
has not been applied in the field of CP.

Acceptance of web-based testing conditions for an
implementation intervention is also required to support
scoring assumptions in our argument. Web-based testing
conditions have been explored in practising physicians
and need to be considered for construct-irrelevant vari-
ance [42]. Scoring rubric construct irrelevant variance
may be reduced with an expert panel consensus process
as described in previous examples of pilot testing [42, 48,
54]. Reliability of scoring rubrics and examination scor-
ers needs to be demonstrated in a strong argument to be
free of bias and function as intended, in particular for the
testing of communication skills when delivering a diag-
nosis with no comparative examples in the literature.

Generalisation

Generalisation inferences refer to the degree to which
a single examination score represents all possible per-
formances in the test domain and context [21]. Gen-
eralisation assumptions necessitate item sampling
representative of the test domain and require thorough
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domain-test blueprinting as demonstrated by numer-
ous authors [42, 48, 55, 56]. Demonstration of reliability
through Cronbach’s alpha can also strengthen arguments
for generalisation assumptions. Evidence for relation-
ship to other variables can be explored through piloting
phases, in particular the influence of clinical experience,
levels of expertise and prior training on examination,
which may also impact the strength of extrapolation
inferences [42, 57].

Extrapolation

Strong evidence is required in our validity argument
to support extrapolation claims of associations of key-
feature examination scores with clinical performance
and patient outcomes. No studies exploring the correla-
tion of key-feature examination scores post-educational
intervention with impact on future practice or patient
outcomes were identified in previous reviews. Tamblyn
et al,, [38, 40, 58] however, provides evidence to sup-
port the predictive validity of high-stakes key-feature
case examination scores through correlations with rates
of complaints to medical regulatory bodies [38, 40] and
patient adherence to anti-hypertensive treatment [40].
Examples of evidence supporting authenticity of key-
feature cases as representations of real-world cases is
established in the literature but necessitates supportive
evidence through consensus development phases and
piloting for user acceptance [42, 48, 59].

Implications

Implications evidence is less frequently reported in key-
features literature, aligning with validity evidence gaps
previously identified in health professions education [60,
61]. The burden on test developers has been identified
[42] but warrants further investigations to assess validity
and feasibility when considering developers’ time, costs,
and consequences. Schuwirth [62] estimated develop-
ment of an individual key-feature case takes up to 3 h
for experienced teams. Evidence supporting the impact
on learners to support extrapolation and implications
inferences should be considered in a validity argument,
including the consideration of formative assessment for
learning.

Interpretation use argument

In developing an interpretation use argument we con-
sidered assumptions of inferences that could be identi-
fied a priori on the basis of existing evidence or following
established guidelines and those that could be achieved
through examination development and piloting phases.
For stronger assumptions, such as correlation with exter-
nal criteria, we have specified the research methodology
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and other sources of evidence required in future valida-
tion studies to support these claims.

Determining the strength in the association of exami-
nation case scores with other related measures of clini-
cal performance requires plausibility in assumptions and
validity evidence of the associated measure. We have
identified two population-based CP registries for the
purpose of correlation with physician key-feature case
scores in future validation studies. Each Australian state
and territory has a CP register, with data aggregated into
one single population register. Registration is offered to
parents after a clinical diagnosis of CP is confirmed or
taken as a mandatory report under the public health act.
Australia’s National Disability Insurance Agency (NDIA)
provides funding for parents to buy early intervention for
eligible children with a clinical CP diagnosis. Physician
referrals to these national CP datasets have been included
in the evaluation framework of the RCT to enable corre-
lation of association with key-feature case scores [34].

The interpretation use argument and evaluation frame-
work outlining the underpinning assumptions, research
questions and type of validity evidence required to sup-
port the validity argument is outlined in Table 2.

Exploratory study of key-features examination
development and piloting

The purpose of the exploratory study was to: (1) repur-
pose the key-features approach to assessment for prac-
tising physicians in the field of CP; and (2) evaluate the
validity evidence of key-features examination scores. The
study was comprised of three phases: (1) Development
of a web-based key-features examination with an expert
advisory group supervised by a key-features field leader
(EF); (2) Pilot of the examination to determine internal-
consistency, item discrimination, acceptance with prac-
tising physicians, and reliability of examination scorers;
and (3) Refinement of the final examination. Our hypoth-
eses for the pilot study given our intended interpretation
and use of examination scores are provided in Table 2
and were prioritised by our Interpretation Use Argument
assumptions. A study flow diagram is provided in Fig. 2.

Ethics

The study received ethical approval from The University
of Sydney Human Research Ethics Committee (Project
number 2020/008).

Development group participants and recruitment

Examination development was conducted between June
2020 and March 2021. The key-features development
group comprised a 10-member expert panel involving
experts in the early diagnosis of CP (#=8), medical edu-
cation (n=1) and the key-features approach (n=1). The
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early diagnosis of CP experts were purposely selected
from the authors of the CP guideline [30] and clinical
leaders from across Australia and Italy. Potential partici-
pants were invited to participate via email.

Development procedure

The methodology for examination development followed
published key-feature item writing guidelines [35, 54, 63].
Key-feature writing training was facilitated by EF.

The examination blueprint and weighting of domains
were created by the research and advisory group via:
(1) review of published practice guidelines for the early
diagnosis of CP [30, 64, 65]; (2) a research prioritisation
process of key target behaviours for paediatric physicians
requiring practice change [33]; and (3) cognitive task
analysis [66] of constructs in the tailored implementation
intervention.

Expert advisory group participants were invited
to complete an 8-question demographic survey and
attend an online training workshop on the key-fea-
tures approach. Participants were provided with online
resources prior to the training workshop including: video
resource lectures and PowerPoint presentations on the
conceptual background to the key-features approach
and key-feature case writing (available by contacting
corresponding author), key-feature writing fact sheets
(Supplementary Material File 1), writing and scoring
templates (Supplementary Material File 2), examination
blueprint and implementation intervention content.

Participants were provided with additional informa-
tion regarding question formats and scoring keys during
the training workshop. Two question formats of ‘short-
menu’ (select from a prepared list) or ‘write-in’ responses
(answer given in short note format) were used. Scoring
involved a case score, ranging between 0 and 1, which
was comprised of the average of the key-feature ques-
tions within each case. Each key-feature was weighted
evenly. A total examination score was achieved by the
sum of the case scores.

During the training session participants were assigned
writing partners and broken into writing groups. Each
writing group was asked to define key-features for a
problem from an examination blueprint domain, source
relevant references for key-features and write key-fea-
ture cases. Small group writing sessions were followed
by whole group discussions for panel agreement on key-
features and critical actions of each case. Following the
training workshop, writing partners were asked to write
a minimum of two further key-feature cases within an
8-week time frame. Authors (LM, EF) facilitated an itera-
tive process via email with panel members to review
cases and scoring keys and obtain consensus on key-fea-
tures. The development group wrote a total of 21 cases
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Interpretation use argument for scores of key-features examination
Assumptions for scoring, generalisation, extrapolation and implications. Literature review.

Development of key-features examination for physician early diagnosis of cerebral palsy

Training workshop.
Multi-professional
experts.

Writing groups.

Examination review
and usability testing.

Pilot of key-features examination with practising physicians

Recruitment through
Royal Australasian

College of Physician
newsletter and email.

survey.

Demographic survey.
Online examination.
User experience

Examination refinement.
Case item reduction.

Validity argument
Synthesis of evidence across scoring, generalisation, extrapolation, implications.

Judgement of established validity evidence in relation to interpretation use argument
Identified evidence gaps for future studies.

Fig. 2 Flow diagram of exploratory study

with 2-5 key-features per case (sample case in Supple-
mentary File 3). There were 51% of ‘write-in format’ key-
feature questions and 49% of ‘select from list’ format.

The final 63 key-feature questions and scoring keys
were reviewed by the research group and two expert
group members (paediatrician, paediatric neurologist) to
achieve final agreement that key-features assessed critical
areas of the case and about wording of questions, scor-
ing keys and authenticity of scenarios. Disagreements
were resolved via email. “Write-in’ responses for ques-
tions assessing communication skills required the great-
est number of revisions of scoring keys.

Examination instructions were developed, including
downloadable fact sheets and video instructions. Instruc-
tions included key-features assessment tips, scoring
information, and examples of ‘select from list’ and ‘write
in’ question formats. Instructions were piloted (n=3) to
affirm comprehensibility. The examination was accessible
via a REDCap [67] survey link. Each question could only
be answered once, and no backward navigation was pos-
sible to view or change previous answers.

Usability of the 21-case examination was tested using a
think-aloud process [68] with an expert in medical edu-
cation and paediatrician. Minor revision of case wording,
examination instructions and REDCap formatting was
completed and the examination case sequence was re-
ordered. An estimated average total test time of 90-min
was taken from field testing with health professionals in
clinical practice (n=3).

Pilot group participants and recruitment

Pilot group participants were practising paediatric
physicians recruited from across Australia. Partici-
pants were invited to participate via an advertisement
in the Royal Australasian College of Physicians news-
letter and email distribution of opinion leaders in the
early diagnosis of CP.

Pilot procedure

Examination piloting was conducted between April
and June 2021. Participants were invited to complete a
10-question demographic survey prior to commencing
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the online examination. They were provided with infor-
mation about the examination procedure, scoring and
testing conditions. Specifically, participants were asked
to complete the examination under closed-book test-
ing conditions and told the anticipated time to comple-
tion was 90-min. Participants were asked to confirm that
they had read the examination instructions and agreed
to closed-book testing conditions. Key-feature cases
were named, and a progress bar was provided through-
out the examination. An email reminder was sent up to
three times for participants who partially completed
the examination. Upon completion of the examination,
participants were invited to complete a 9-question user
experience survey. User acceptance questions developed
by Bronander et al [59] were adapted for this study.

Analysis and scoring

Examinee responses were de-identified. An initial scor-
ing meeting was conducted with the research group
to review score reports, scoring keys and write-in
responses. Each case was reviewed for clarity to gauge
if the question was behaving as intended from examinee
comments. Refinements to scoring keys and instructions
for scorers were actioned.

A masked assessor, independent of the research group,
conducted scoring on all cases. The masked assessor was
an experienced clinician in early CP diagnosis and was
provided with a training session on the scoring keys and
key-feature fact sheet training resources. A second scor-
ing meeting was conducted with the masked assessor and
research team, further refinements were made to scoring
keys, and a final round of scoring was conducted by the
research group and masked assessor.

Descriptive statistics were used to analyse the score
distribution on demographic and user acceptance sur-
veys. User acceptance questions comprised five-point
Likert scale answer options. The analysis combined
the responses ‘strongly agree’ with ‘agree’ and ‘strongly
disagree’ with ‘disagree! For the question comparing
the difficulty of the key-feature examination to a stand-
ard multiple-choice examination, the analysis combined
‘much more difficult’” with ‘more difficult’ and ‘less dif-
ficult’ with ‘much less difficult! Internal consistency was
calculated from case scores using Cronbach’s alpha. Case
difficulty was estimated from mean averaged case scores.
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Case score item-discrimination and inter-item total cor-
relation were calculated. A factor analysis was not antici-
pated due to the small sample size of the pilot but would
be considered after inspecting the correlation matrix for
a correlation coefficient over 0.30.

Results

Participant characteristics

Twenty-eight participants completed the demographic
survey. Nineteen participants commenced the key-fea-
tures examination; however, data from 9 participants
are not included in the main analysis as they did not
complete the examination, resulting in 10 records for
descriptive and correlation analysis. All these 10 par-
ticipants completed the user experience survey. Overall,
the majority of participants identified as paediatricians
(80%), had ten or more years’ experience in CP diagnosis
(60%), worked clinically in a hospital setting (90%), and
less than 10% of their caseload comprised CP patients
(70%). The majority of participants reported awareness of
the Novak et al [30] guideline (60%); 30% of participants
had completed accredited courses in recommended CP
diagnostic tests (Prechtl’s General Movements Assess-
ment [69] and the Hammersmith Infant Neurological
Examination [70]) [30]. The demographic details of par-
ticipants are presented in Supplementary Material File 3,
Table 1.

Content related to blueprint

The cases and key-features of the pilot examination of 21
cases were mapped to the examination blueprint (Supple-
mentary Material File 3, Table 2). Cases and key-features
tested from more than one domain of the examination
blueprint, which is representative of the pooled diagnos-
tic accuracy of two or more tests in clinical practice [71].

Internal structure and reliability

The reliability coefficient (Cronbach alpha) was 0.83
on the 21-case examination. Mean inter-item correla-
tion was 0.21 and mean item-discrimination was 0.24
(SD=0.15). The average mean score was 0.56 (SD=0.24).
A factor analysis was not possible with a small sample
size and mean inter-item correlation was less than 0.30.
Table 3 presents the descriptive statistics for the 21-case
examination.

Table 3 Descriptive statistics for pilot study (n=21 key-feature cases)

Case Number 1 2 3 4 5 6 7 8 9

M0 11 12 13 14 15 16 17 18 19 20 21

048 0.18 041
0.75 043 046 039 079 044 082 0.71

Item-Discrimination
Mean
Standard Deviation

022 044 044 015 028 006 011 000 021 032 009 052 006 0.15 025 0.19 031 008
063 063 052 063 041 057 062 040 038 066 047 063 042
030 015 026 0.14 022 026 012 025 0.1

0.13 021 015 018 021 027 029 016 013 023 023 024
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Relationship to other variables

No statistical analysis was performed due to the small
sample size; however mean scores according to aware-
ness of guidelines, clinical caseload, and prior training
in the early diagnosis of CP recommended tests were
reviewed (Supplementary Material File 3, Table 3).

Format

The scaled average score for ‘write-in’ format questions
was 0.56 and for ‘select from list’” was 0.55. The mean
item discrimination for ‘write-in’ format questions was
0.32 and for ‘select from list’ was 0.18. Most participants
chose to answer ‘write-in’ format questions relating to
communication skills in longer sentences despite exami-
nation instructions specifying a succinct few words or
short phrases, warranting further investigation of this
domain.

Scorer reliability

Total congruence with the masked assessor after round
one scoring was 88.3%, and after scoring key refinement
process, round two scoring was 95.2%.

Time taken

Only one participant completed the examination in
under 90-min (85-min). Average mean case or question
time was not able to be calculated for all participants
with accuracy as absence from the platform could not be
accounted for.

User acceptance

There was strong agreement (70%) that the examination
and scoring instructions were clear. Authenticity was well
supported, with 90% of participants agreeing that cases
resembled problems from clinical practice. The major-
ity of participants (70%) reported that the time taken to
complete the examination was not acceptable. In com-
paring the format to a multiple-choice examination, most
participants (60%) reported no difference in difficulty.

Feedback
In free-text responses in the user experience survey
about the online testing format and unsupervised condi-
tions, there were six comments in total, all in favour of
the online testing conditions. Participants described the
clarity and flow of the examination, the interesting vari-
ety of cases that were similar to patients they saw in prac-
tice, and the learning value of the examination as aspects
they liked best: “The range of problems highlighted what I
need to learn more about”

In regard to aspects they would most like to change
about the examination, the length of the examination
was highlighted by four participants. One participant
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identified a lack of immediate feedback, and that ques-
tion complexity was difficult for a general paediatrician.
One participant advised that the use of the words ‘inves-
tigation’ and ‘assessment’ may be misread in questions.
Participant feedback responses and pilot data were used
to enhance further development of the examination.

Refinement of the final examination

Reducing the time burden for physicians in practice was
prioritised in the refinement phase to enhance accept-
ance along with exploration of questions or cases for
sources of irrelevant variance. A further review of lan-
guage was conducted for clarity and appropriateness,
with particular attention to questions assessing commu-
nication skills.

Case item reduction

Initial reviews focused on case scores with item-discrim-
ination values under 0.2 [50], key-feature questions with
negative item-discrimination scores [37], item total-cor-
relation scores 0.8 or higher, key-features targeting the
same domains or repetition in type of question. Ten cases
were removed. Of the remaining 11 cases, one case with
item-discrimination below 0.2 was retained as there was
consensus that the case was a priority as it tested a CP
differential diagnosis key-feature question not tested in
any other case. All 11 cases underwent a further review
of key-feature question item-discrimination and mapping
to the blueprint.

Descriptive statistics for a final examination of 11 cases
and 27 key feature questions demonstrated reliability
with Cronbach’s alpha 0.82, mean inter-item correlation
of 0.30, and an average mean score of 0.54 (SD=0.28).
We estimated the length of examination time as under
1 h. This was confirmed with 3 practising clinicians. The
distribution of the 11 cases mapped to the blueprint is
described in Supplementary Material File 3, Table 4.

Validity argument

An overarching validity argument was constructed
through the synthesis of evidence across the chain of
inferences from our specified interpretation and use of
key-feature examination scores. The established validity
evidence supporting assumptions and organised by each
level of inference is summarised in Table 4.

Scoring

Acceptance of scoring inferences are defensible through:
(1) appraisal of empirical evidence supporting the key-
features methodology measuring the construct of clinical
decision-making skills; and (2) collection of prioritised
new evidence through examination development, pilot-
ing and refinement phases of this study. Experts in CP
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and the key-features methodology followed a robust pro-
cess to develop key-features cases backing the scoring
assumption that the construct in the newly developed
CP key-features examination measures clinical decision-
making skills. Piloting of the examination with practis-
ing physicians provides sources of evidence to support
psychometric test item qualities, reliability of scoring
and online testing conditions. Examination pilot data
provides supporting evidence for the interpretation-use
argument and acceptance of pilot study hypotheses: (1)
high internal consistency final examination (Cronbach’s
alpha 0.82); (2) acceptable item-discrimination final
examination (2.1) item-difficulty levels between 0.2 and
0.8 in all final 11 cases; (2.2) mean inter-item-correlation
of 0.30; (2.3) mean item-discrimination of 0.34; (3) user
acceptance (3.1) acceptance of online format through
user feedback; and (4) acceptable reliability of examina-
tion assessors (total congruence masked assessor 95.2%).
The scoring inference not accepted following examina-
tion piloting was (3.2) acceptability of examination time
for practising physicians (70% reported not acceptable).
Further sources of evidence for this assumption were
prioritised in the examination refinement phase, justify-
ing acceptance of the final examination time following a
robust case item reduction process.

Generalisation

Acceptance for generalisation inferences of influence of
prior early diagnosis of CP training and years of experi-
ence in mean case scores is limited by the small sample
size of pilot data, prohibiting statistical analysis. How-
ever, differences in mean case scores were observed with
CP specialisation and prior training in gold standard
early diagnosis of CP tests.

Extrapolation

Partial acceptance of extrapolation inferences for the
context of the use of examination scores in a future RCT
to reflect clinical decision-making skills in the real-world
is defensible through evidence collected during devel-
opment and piloting phases: (1) rigorous research pri-
oritisation processes to establish domains; (2) content
representation to the domain of clinical decision-making
skills in the early diagnosis of CP; (3) expert advisory
group consensus of key-feature cases, and (4) pilot data
supporting authenticity of cases (90% agreement). The
accepted chain of inferences in the interpretation use
argument to date provides the necessary foundation to
support the plan to gather new evidence of association of
examination scores with clinical performance and patient
outcome measures in a future RCT.
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Implications

The progression from examination scores to assumptions
about individuals’ outcomes and implications was consid-
ered from the perspectives of: (1) the physician complet-
ing the examination; (2) the infant with a CP diagnosis
and their parents/carers; and (3) the key-feature exami-
nation developer. Acceptance of key-feature cases as
authentic and driving interest in learning was supported
with pilot physician feedback. The consequences of the
examination driving learning in physicians will be con-
sidered in the RCT post-test design to reduce this valid-
ity threat. The future RCT will evaluate the association
of physician examination scores with physician referrals
to CP population registers and the Australian National
Disability Insurance Scheme. The RCT methodology ena-
bles the collection of new validity evidence to support or
refute our assumptions of association of physician exami-
nation scores with patient outcomes of age of diagnosis
and early intervention and funding supports [34]. The
results of this exploratory study supports the feasibility
of the development of a key-features examination in the
field of CP with an expert advisory group using estblished
key-features methodology and expert consultancy in the
key-features approach.

Discussion

Through application of an argument-based approach,
validity evidence was collected for the use of key-feature
case scores as an outcome of a tailored implementa-
tion intervention for physician CP diagnosis. Feasibility
of key-feature case development with CP experts was
achieved. Validity evidence evaluated through examina-
tion development and piloting supports acceptance of
scoring assumptions of Kane’s framework and partial
acceptance of generalisation, extrapolation, and implica-
tions assumptions. Future studies will target sources of
criterion relationships validity evidence to strengthen
the argument for real-world performance and patient
outcomes.

The high reliability achieved with low key-feature case
numbers was surprising, with up to 40 cases recom-
mended to achieve internal consistency reliability coef-
ficient of 0.8 from previous studies [35]. Heterogeneity
of pilot participants may have contributed, as identified
by Trudel et al [42] in their 9-key-feature case examina-
tion with general and sub-specialty groups. However, the
small sample size of our pilot limits interpretation.

Our finding of low acceptance of a 90-min 21-case
examination highlights the importance of reducing the
time burden for practising physicians. This result is
congruent with field leader recommendations that opti-
misation of time is an essential consideration regarding
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physician participation in continuing professional
development [72] and research activities [73-75]. Pilot-
ing of the examination with a small sample of the target
population enabled the collection of prioritised sources
of validity evidence without impacting powered RCT
recruitment in the Australian context. Participation
in the RCT is voluntary. Paediatrician physicians who
completed the pilot key-features examination will not
be eligible to participate in the RCT. Within the validity
argument, trade-offs needed to be considered regard-
ing consequences for physician participants’ study bur-
den and psychometric perspectives to judge the level
of acceptance of evidence appropriate for the purpose
of continuing professional development [20]. Limita-
tions identified with the standardised recoding of time
for the online examination on the REDCap platform
should also be considered in future studies evaluat-
ing consequences evidence for examinees. Suggestions
from web-based eLearning evaluations may be applica-
ble in future studies in defining thresholds for time on a
page as long latency periods that may indicate absence
from the platform and overestimate time spent on a
question [76].

The feasibility of the assessment of physician com-
munication skills when delivering a diagnosis using the
key-features approach is significant. An increased time
burden was identified for ‘write-in’ responses for com-
munication questions by pilot participants and develop-
ers, who advised reducing sources of irrelevant variance
in scoring key development. Further investigation of
key-feature questions assessing communication skills is
warranted.

That our pilot key-feature cases stimulated an inter-
est in learning is not surprising as it is well accepted that
assessment drives learning [77-80] and that completing
an assessment can be considered an education interven-
tion. Future exploration of the use of key-feature cases
for both formative purposes in an online intervention
development and summative purposes for intervention
evaluation is warranted.

This study demonstrates strength in providing a
worked example of a validity argument in the fields of
CP, implementation science and continuing professional
development outcome measures. The study methodol-
ogy has potential for replication in other high-, middle-
and low-income country contexts targeting adherence to
clinical guidelines in CP diagnosis. This study is limited
by the small pilot sample size and by not substantiating
all assumptions in the interpretation use argument, how-
ever, defensible scoring evidence provides the necessary
foundation for Kane’s chain of inferences and the weakest
inferences identified are the primary focus in future vali-
dation studies.
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Conclusions

This study answers the call to appraise the validity evi-
dence of health professions education and implemen-
tation instrument scores. The key-features approach
shows good application in the field of CP. Argument-
based validity frameworks can be applied to evaluations
of health professional implementation.
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