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Abstract

Introduction: Clinical reasoning is the cognitive process of weighing clinical information together with past experience to
evaluate diagnostic and management dilemmas. There is a paucity of literature regarding predictors of clinical reasoning at the
postgraduate level. We performed a retrospective study on internal medicine residents to determine the sociodemographic and
experiential correlates of clinical reasoning in neurological localisation, measured using validated tests.

Methods: We recruited 162 internal medicine residents undergoing a three-month attachment in neurology at the National
Neuroscience Institute, Singapore, over a 2.5 year period. Clinical reasoning was assessed on the second month of their attachment
via two validated tests of neurological localisation—Extended Matching Questions (EMQ) and Script Concordance Test (SCT).
Data on gender, undergraduate medical education (local vs overseas graduates), graduate medical education, and amount of
clinical experience were collected, and their association with EMQ and SCT scores evaluated via multivariate analysis.

Results: Multivariate analysis indicated that local graduates scored higher than overseas graduates in the SCT (adjusted R* =
0.101, /# = 0.112). Being a local graduate and having more local experience positively predicted EMQ scores (adjusted R? =
0.049, £ =0.112).

Conclusion: Clinical reasoning in neurological localisation can be predicted via a two-factor model-undergraduate medical
education and the amount of local experience. Context specificity likely underpins the process.

Keywords: Clinical Reasoning, Context Specificity, Extended Matching Questions, Neurological Localization, Script
Concordance Test

Practice Highlights

=  Clinical reasoning is a combination of two concurrent processes—pattern recognition in familiar circumstances
(illness scripts); and deliberate analysis in unfamiliar scenarios (hypothetico-deductive approach).

= Validated tools exist to assess aspects of clinical reasoning—Script Concordance Tests (SCTs) for illness scripts;
and Extended Matching Questions (EMQs) for hypothetico-deductive reasoning.

= Doctors who (a) were educated locally; and (b) worked locally for a longer period, tend to reason more similarly
to local expert clinicians in the area of neurological localization.

= Development of clinical reasoning in neurology appears to be specific to a given clinical context

=  To optimize the development of clinical reasoning in neurology, internal medicine residency programmes could
consider maximizing trainees' exposure to the local medical context before rotating them to a neurology posting.

L. INTRODUCTION dilemmas (Monteiro & Norman, 2013). Together with an
appropriate knowledge base, this is central to clinical
competence (Elstein, Shulman, & Sprafka, 1990; Groen
& Patel, 1985), Clinical reasoning is especially important

Clinical reasoning is the cognitive process of integrating
and weighing clinical information together with past
experiences to evaluate diagnostic and management
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for the skill of neurological localisation (Gelb,
Gunderson, Henry, Kirshner, & Jozefowicz, 2002;
Nicholl & Appleton, 2015), which involves interpreting
clinical signs and symptoms to identify the site of
neuroanatomical abnormalities—a crucial first step in
making a neurologic diagnosis. Accurate clinical
reasoning is an important core competency (Connor,
Durning & Rencic, 2019), and is essential in minimising
diagnostic errors (Durning, Trowbridge, & Schuwirth,
2019).

The ‘dual process’ paradigm of clinical reasoning
proposes that a combination of rapid intuition and
deliberate analysis is employed in clinical decision
making (Elstein, 2009; Eva, 2005; Monteiro & Norman,
2013). In familiar circumstances, relevant clinical
information is compared with past experiences to arrive
at a diagnosis (Elstein, 2009), akin to pattern recognition.
This content-specific knowledge is organised into mental
networks (“illness scripts’) for easy retrieval (Boushehri,
Arabshahi, & Monajemi, 2015; Norman, Young, &
Brooks, 2007). In unfamiliar situations, however, a
‘hypothetico-deductive’ approach is utilised instead,
where hypotheses are formulated through conscious
deliberations and later tested (Boushehri et al., 2015;
Elstein, 2009; Monteiro & Norman, 2013). These
reasoning processes work in parallel, but experts are
more adept at switching between both approaches whilst
maintaining a higher performance level in each
(Boushehri et al., 2015; Eva, 2005; Monteiro & Norman,
2013).

Several studies have examined predictors of academic
performance in medical undergraduates (Ferguson,
James, & Madeley, 2002; Hamdy et al., 2006; Kanna,
Gu, Akhuetie, & Dimitrov, 2009). Previous studies have
examined sociodemographic  characteristics and
educational background as potential predictors, as these
have practical relevance in reviewing admission criteria
and teaching methods for undergraduate programmes.
Female gender (Adams et al., 2008; Ferguson et al.,
2002; Guerrasio, Garrity, & Aagaard, 2014; Stegers-
Jager, Themmen, Cohen-Schotanus, & Steyerberg, 2015;
Woolf, Haq, McManus, Higham, & Dacre, 2008), ethnic
majority status (Stegers-Jager et al., 2015; Vaughan,
Sanders, Crossley, O’Neill, & Wass, 2015; Woolf, Cave,
Greenhalgh, & Dacre, 2008; Woolf & Haq et al., 2008;
Woolf, Potts, & McManus, 2011) and older age
(Kusurkar, Kruitwagen, Ten Cate, & Croiset, 2010) were
found to be significant predictors; educational
background (Kusurkar et al., 2010) and past academic
performance (Ferguson et al., 2002; Hamdy et al., 2006;
Kanna et al., 2009; Stegers-Jager et al, 2015;
Woloschuk, McLaughlin, & Wright, 2010) also showed
positive associations. However, academic performance
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does not solely reflect reasoning skill, especially in
postgraduates (Woloschuk et al., 2010; Woloschuk,
McLaughlin, & Wright, 2013).

The ‘dual process’ theory also identifies clinical
experience as important for clinical reasoning, especially
in the formation of illness scripts (Elstein, 2009; Eva,
2005; Monteiro & Norman, 2013). Yet this is seldom
explored, with few studies on postgraduates, a group
where clinical experience might be more relevant.

The current Singapore postgraduate training system is
based on the United States’ residency system (Huggan et
al., 2012). Medical graduates, whether local or overseas-
trained, must first register with the Singapore Medical
Council (SMC) to start practising medicine locally. They
can then apply for graduate medical education
programmes (‘residency’) in various sponsoring
institutions to train in a speciality; residency entry can
occur immediately after or several years after graduation.

In Singapore, internal medicine residents rotate between
subspecialty departments (such as cardiology or
neurology) in no fixed order, hence two residents rotated
to neurology may differ in the amount of working
experience as a resident, as a clinician practising locally,
and as a doctor in general. Moreover, experiences may
differ between the various sponsoring institutions, and
also between disparate undergraduate medical
programmes. These differences might influence clinical
reasoning.

Additionally, most Singaporean male graduates defer
their medical careers to complete a two-year stint with
the Singapore Armed Forces (SAF), as part of their
compulsory National Service. Within the SAF, medicine
is rarely practised in conventional clinical settings, and
the quality of clinical experience may be affected.
Clinical experience may hence differ between genders.

Several instruments have been designed to assess clinical
reasoning (Amini et al., 2011; Boushehri et al., 2015),
but these were infrequently used in studies (Groves,
O’rourke, & Alexander, 2003; Postma & White, 2015).
Some studies utilised wunvalidated questionnaires
(Groves et al., 2003); others did not specifically assess
clinical reasoning (Postma & White, 2015). Moreover,
the focus of each instrument varies—Extended Matching
Questions (EMQ); Beullens, Struyf, & Van Damme,
2005) on ‘hypothetico-deductive’ reasoning; Script
Concordance Test (SCT; Lubarsky, Charlin, Cook,
Chalk, & van der Vleuten, 2011) on illness scripts
(Amini et al., 2011; Boushehri et al., 2015). As both
approaches are complementary, it may thus be prudent to
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employ multiple instruments to better evaluate clinical
reasoning as an outcome measure, especially for the
important skill of neurological localisation (Gelb et al.,
2002; Nicholl & Appleton, 2015).

Given the gaps in the extant literature, we thus aimed to
determine predictors of postgraduate performance in
clinical reasoning tests, within the context of
neurological localisation.

II. METHODS
A. Subjects

Subjects comprised 162 internal medicine residents from
two sponsoring institutions (National Healthcare Group
and Singapore Health Services). Each resident
completed a three-month neurology rotation at the
National Neuroscience Institute (NNI), Singapore, from
January 2014 to June 2016. Waiver of further ethical
deliberation was granted by the SingHealth Centralised
Institutional Review Board (CIRB) for this education
program  improvement project; subjects  were

Graduation

SMC Registration™

Start of IM Residency

anonymised and implied informed consent was obtained
from all participants. We excluded 17 subjects who
failed to complete the required assessments, leaving 145
(90%) subjects for eventual analysis.

B. Predictor Variables

We investigated three sociodemographic characteristics—
gender, undergraduate medical education (UME) and
graduate medical education (GME). UME denotes the
location of undergraduate training institution, and was
classified into local (Singapore) and overseas. GME
refers to the residency programmes of the two sponsoring
institutions, anonymised as ‘A’ and ‘B’.

Clinical experience was judged by three metrics—overall
experience (OE), local experience (LE) and residency
experience (RE; Figure 1). OE and LE were calculated
as the number of months from graduation and SMC
registration respectively, to the month of test attempt.
RE, defined as the residency training year, was
categorised as “Year 1°, “Year 2° and ‘Year 3’.

NNI Neurology Posting

Time

* Doctors must be registered with the
Singapore Medical Council (SMC) for
legal authorization to practice medicine
in Singapore

N Overall Experience (in months)
%, Local Experience (in months)

#E Residency Experience (in years)

Figure 1. Measures of clinical experience

We obtained data on gender, GME and RE from our
institution records; UME and month of SMC registration
were obtained from the SMC Registry of Doctors.
Graduation month was derived from our institution
records for local graduates and estimated for overseas
graduates from the dates of their alma mater’s most
recent graduation ceremony, available online.

C. Outcome Measures

We used two validated methods of assessment, Script
Concordance Test (SCT; Lubarsky et al., 2011) and
Extended Matching Questions (EMQ; Beullens et al.,
2005), to evaluate clinical reasoning in neurological
localisation. We specifically selected the SCT and EMQ
tests that had previously demonstrated construct validity
and reliability in our Singapore context (Tan, Tan,
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Kandiah, Samarasekera, & Ponnamperuma, 2014; Tan et
al., 2017).

An SCT contains case scenarios with 3-5 part questions
(Fournier, Demeester, & Charlin, 2008; Figure 2)-a
relevant diagnostic or management option; a new clinical
finding; and a five-point Likert Scale indicating the new
finding’s effect on the initial option. A scoring key is
derived from scores by an expert panel; subsequent test-
takers are then scored for degree of concordance to the
experts (Fournier et al., 2008; Wan, 2015).

Our locally-validated SCT (Tan et al., 2014) contained
14 scenarios, each with 3—5 question items, totalling 53
items; reliability and generalisability were acceptable
(Cronbach a 0.75, G-coefficient 0.74). Questions and
scoring keys were derived from local experts. We
analysed only the neurological localisation component (7

scenarios).
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A 55 year old male is referred for a 6 month history of dysarthria. Palatal movement is
impaired. He has a history of diabetes.
This hypothesis would become...
ify ou were thrn!fmg And you find... Very g Nefther More Very
of this diagnosis... Unlikely Unlikely |  Likely nor Likely | Likely
Unlikely
Myasthenia Gravis | Bilateral Ptosis -2 -1 0 1 2
Normal Dee
Motor Neuron Tewsn | -2 -1 0 i 2
Disease
Reflexes
Up-going Left
Pseudobulbar Palsy Plantar -2 -1 0 1 2
Response

Figure 2. Script Concordance Test (SCT)—Sample questions (Tan et al., 2017)

EMQs are multiple-choice questions consisting of case
scenarios, each with a single answer drawn from a shared
list of at least 7 options (Case & Swanson, 1993;
Fenderson, Damjanov, Robeson, Veloski, & Rubin,

1997). Our locally-validated EMQ (Tan et al., 2017)
contained 45 scenarios with a shared answer list of 25
options (Figure 3); reliability and generalisability were

excellent (Cronbach a 0.85, G-coefficient 0.85).

Instructions:
Options are arranged along the neuraxis.

Sample Scenario:

left arm.

Options:
Left Frontal Lobe
Right Frontal Lobe
Left Temporal Lobe
Right Temporal Lobe
Left Occipital Lobe
Right Occipital Lobe
Left Midbrain
Right Midbrain
Left Pons
Right Pons
Left Medulla
Right Medulla

. Left Cerebellum

ZrRA-rTIOAMMONEP
<xs<cHwmpwOoZ

For each scenario, select the most appropriate option which indicates the lesion site.

A 57 year old female presented with a 6-week history of left facial droop and left-sided
hearing loss. She has loss of sensation over the left side of her face and clumsiness of her

. Peripheral Nerve

Right Cerebellum
Cavernous Sinus
Cerebello-pontine Angle
Jugular Foramen
Cervical Spinal Cord
Thoracic Spinal Cord
Conus Medullaris
Anterior Horn Cell
Root / Plexus

Neuro-muscular Junction
Muscle

Figure 3. Extended Matching Questions (EMQ)—Sample questions (Tan et al., 2014)

Subjects completed both timed closed-book tests via an
online portal during the second month of their three-
month neurology rotation, done as a formative
assessment. Scores were expressed in percentages.
Subjects had no prior exposure to the SCT or EMQ
during their neurology rotation or as practising doctors,
and were introduced to the test format on the day of
assessment. One worked example of the SCT and EMQ
was provided to the subjects before the test.

D. Statistical Analysis

Descriptive statistics were calculated to test assumptions
of normality before proceeding with multivariate

analysis. We used SPSS Statistics version 20, and
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considered p-values <0.05 as statistically significant; all

tests were two-tailed.

Multivariate stepwise linear regression models were used
to assess the relationship between predictor variables
(gender, UME, GME, OE, LE and RE) and outcome
measures (SCT and EMQ scores). Tolerance values were
computed to assess multicollinearity, with values below
0.60 considered problematic (Chan, 2004). Overall
model performance was assessed using Nagelkerke’s R?,
and effect sizes measured with Cohen’s /. Effect sizes of
0.02, 0.15 and 0.35 were considered low, medium and
large respectively (Cohen, 1988).
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III. RESULTS

The majority of the 145 subjects were female, local
graduates and belonged to residency ‘B’ (Table 1).Mean

and standard deviation of SCT and EMQ scores were
68.03 £ 8.24% and 81.84 + 12.17% respectively.
Population statistics did not reveal a need for non-
parametric tests.

n %
Sociodemographic Characteristics
Gender Male 61  42.07
Female 84 5793
Undergraduate Medical Education (UME)  Local 87  60.00
Overseas 58  40.00
Graduate Medical Education (GME) Residency ‘A’ 46  31.72
Residency ‘B> 99  68.28
Clinical Experience (months)*
Overall Experience (OE) 38.34+£21.32
Local Experience (LE) 33.43 £16.50
Residency Experience (RE) Year 1 55 3793
Year 2 55 3793
Year 3 35 2414
Test Scores (%)*
Script Concordance Test (SCT) 68.03 £8.24
Extended Matching Question (EMQ) 81.84 +12.17

* Values expressed in Mean = Standard Deviation

Table 1. Characteristics of subject population (n = 145)

Since both EMQ and SCT assess clinical reasoning,
albeit different aspects, their inclusion in Multivariate

analysis (Table 2, Model A) were potentially
contentious. Additional models excluding these were
therefore created (Model B).

Model Outcome Co-Variable B 95% CI} SE Sig. Adjusted R? Vi

1A SCT Score UME* 4.5 2.0-7.0 1.3 0.001 0.204 0.256
EMQ Score 0.2 0.1-03 0.1 <0.001

1B SCT Score UME 5.5 2.9-8.1 1.3 <0.001 0.101 0.112

2A EMQ Score LEt 0.1 0.0-0.2 0.1 0.025 0.164 0.196
SCT Score 0.5 03-0.8 0.1 <0.001

2B EMQ Score UME 4.7 0.7-8.7 2.0 0.021 0.049 0.052
LE 0.1 0.0-0.2 0.1 0.041

* Undergraduate Medical Education, Overseas (reference) vs Local (comparator)

T Local Experience
1 All Tolerance values >0.89

Table 2. Multivariate correlation of outcome measures with predictor variables

Local graduates and better EMQ performers tended to
have higher SCT scores (adjusted R? = 0.204, /> = 0.256;
Model 1A). Residents with more local experience and
higher SCT scores also had higher EMQ scores (adjusted
R?=10.164, f* = 0.196; Model 2A).

In the additional models, UME remained as the sole
association for SCT scores (adjusted R? = 0.101, f2 =
0.112; Model 1B). However, UME became significant
for EMQ scores (adjusted R? = 0.049, /2 = 0.052), with
local graduates scoring higher (Model 2B).
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IV. DISCUSSION

As there is a paucity of literature about postgraduate
performance in clinical reasoning, this study provides a
unique opportunity to evaluate its predictors, especially
clinical experience. We used validated instruments to
measure clinical reasoning skills in neurological
localisation, and elucidated multivariate associations
between clinical reasoning, clinical experience, and
sociodemographic characteristics of our subjects.

Our results suggest that local graduates tend to score
better in both clinical reasoning tests. Consistent with the
58



existing literature (Postma & White, 2015), this indicates
that educational background plays an important role in
the development of clinical reasoning skills. Since SCT
performance reflects the degree of concordance with
verdicts made by local experts (Tan et al., 2014; Tan et
al., 2017), this suggests that being educated locally may
promote a similar outcome of reasoning. It is also
possible that local undergraduate programmes provide
better training in neurological localisation, as local
graduates performed better in the EMQ, an instrument
where scoring is independent of local experts’ views.

Interestingly, we found no significant associations
between clinical experience and SCT performance. The
accumulation of context-specific experiential knowledge
is crucial for developing effective illness scripts (Elstein,
2009), hence SCT scores were expected to rise with
increasing clinical experience (Boushehri et al., 2015;
Kazour, Richa, Zoghbi, El-Hage, & Haddad, 2017;
Lubarsky, Chalk, Kazitani, Gagnon, & Charlin, 2009;
Norman et al., 2007). However, heuristics also play an
important role (Boushehri et al., 2015; Elstein, 2009;
Norman et al., 2007), suggesting that efficiency of
knowledge organisation may be independent of clinical
exposure. Alternatively, the study period may be
insufficient for subjects to fully develop their illness
scripts.

In contrast, more experienced doctors performed better
at the EMQ, validating the premise that expertise is at
least partially linked to experience and acquiring a strong
knowledge base (Elstein et al., 1990; Monteiro &
Norman, 2013; Neufeld, Norman, Feightner, & Barrows,
1981). Interestingly, only local experience was a
significant predictor, but not overall experience. This
suggests that overseas experience may not significantly
improve clinical reasoning skills in neurological
localisation and that the acquisition of such skills is a
context-specific process (Durning, Artino, Pangaro, van
der Vleuten, & Schuwirth, 2011; Durning et al., 2012;
McBee et al., 2015).

Our findings have two potential implications for
graduate medical education in Singapore. Firstly, the
design of internal medicine residency programmes. To
optimise the development of clinical reasoning in
neurology, programmes could maximise local
experience by assigning residents with less local
experience to neurology only in the final year of the
three-year residency. However, as local experience may
also influence clinical reasoning in other subspecialties,
further research is necessary to ascertain the optimal
posting configuration that maximises clinical reasoning
development across all disciplines.
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Secondly, context appears to influence clinical reasoning
in neurological localisation. Our results suggest that
training location plays a role at both undergraduate and
postgraduate levels. This might be due to context
specificity, which attributes performance variations to
situational factors (Durning et al., 2011; Durning et al.,
2012; McBee et al., 2015). Since local exposure appears
to be beneficial, it implies that overseas graduates and
clinicians may require more time to acclimatise or
familiarise themselves with the Singapore -clinical
context.

Our study has several strengths. We used validated,
reliable tests to specifically assess clinical reasoning
skills for neurological localisation. Homogeneity of the
subject cohort, along with the consistent time-frame of
test attempts, also allowed us to minimise confounders
such as intrinsic motivation (Ferguson et al., 2002;
Kusurkar et al., 2010; Vaughan et al., 2015),
instructional design (Postma & White, 2015), and
duration of neurology exposure.

There were also limitations. This is a single-centre,
single subspecialty study with moderate sample size, and
our results may not be applicable to other aspects of
neurology besides neurological localisation. Further
studies are needed to validate whether the results are
generalisable beyond the neurology SCT and EMQ, and
to other postgraduate populations. The study design was
also limited due to the nature of secondary data analysis,
thus information on other potentially important variables
such as ethnicity (Adams et al., 2008; Guerrasio et al.,
2014; Stegers-Jager et al., 2015; Woolf & Cave et al.,
2008; Woolf & Haq et al., 2008), age (Woolfet al., 2011)
and previous academic performance (Ferguson et al.,
2002; Hamdy et al., 2006; Kanna et al., 2009; Stegers-
Jager et al., 2015; Woloschuk et al., 2010) could not be
fully obtained for evaluation. There is thus a possibility
that other confounding variables may influence the
findings in this study. Test questions may also
intrinsically favour local graduates as they were
formulated by local experts, but this is less likely as
globally relevant clinical scenarios were tested.

V. CONCLUSION

In conclusion, our study suggests that local clinical
experience and site of undergraduate education predict
postgraduate clinical reasoning skill in validated tests of
neurological localization. We believe context specificity
likely underpins a significant part of clinical reasoning.
Our findings have practical implications on residency
programme design and highlight the need to provide
overseas graduates and clinicians time to adapt to the
local clinical context.
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