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Abstract
Introduction: Clinical reasoning is a fundamental and core clinical competence of healthcare professionals.
The study aimed to investigate the utility of the Structured Professional Reasoning Exercise (SPRE), a new
competence assessment method designed to measure dental students´ clinical reasoning in simulated
scenarios, covering the clinical areas of Oral Disease, Primary Dental Care and Restorative Dentistry, Child
Dental Health, and Dental Practice and Clinical Governance.
Materials and Methods A total of 313 year-5 students sat for the assessment. Students spent 45 minutes
assimilating the scenarios, before rotating through four pairs of 39 trained examiners who each
independently assessed a single scenario over a ten-minute period, using a structured marking sheet. After
the assessment, all students and examiners were invited to complete an anonymous perception
questionnaire of the exercise. These questionnaires and the examination scores were statistically analysed.
Results and Discussion: Oral Disease showed the lowest scores; Dental Practice and Governance the highest.
The overall Intraclass Correlation Coefficient (ICC) was 0.770, while examiner training helped to increase the
ICC from 0.716 in 2013 to 0.835 in 2014. Exploratory factor analysis revealed one major factor with an
eigenvalue of 2.75 (68.8% of total variance). The Generalizability coefficient was consistent at 0.806. A total
of 295 students and 32 examiners completed the perception questionnaire. Students´ lowest examination
perceptions were an “Unpleasant” and “Unenjoyable” experience, while the highest were “Interesting”,
“Valuable” and “Important”. The majority of students and examiners reported the assessment as acceptable,
fair and valid.
Conclusion: The SPRE offers a reliable, valid and acceptable assessment method, provided it comprises at
least four scenarios with two independently marking and trained assessors.
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Introduction
Clinical Reasoning is a broad concept as well as a fundamental and core clinical competence of healthcare
professionals (1). It is the process by which a clinician or a clinical student utilise the foundations of critical
thinking to efficiently and effectively interact with a patient, assess his/her condition, collect clinical and
scientific investigations, generate and test hypotheses, and weigh and prioritise demands to determine an
optimal diagnosis and the best action or treatment for the particular patient´s case (2).
As an essential component of clinical practice, clinical reasoning is increasingly being used in higher education
and professional development to improve patient care (3, 4). Aligned with this, several countries´ dental
regulatory bodies require the teaching and assessment of students´ use of critical thinking, clinical judgment
and problem solving skills (5-7).
Many dental students with good theoretical knowledge, struggle to apply it in clinical contexts (8). This
supports the need for reflective based teaching which promotes a deep approach to learning (9).
Notwithstanding, the implementation of reflective teaching to promote clinical reasoning in healthcare
education is challenging (3, 10). Despite this, several methods have been described both to promote
(formative assessment) and evaluate (summative assessment) clinical reasoning skills.
Kramer et al. (11) recommended the use of structured essays as the preferred assessment technique for
dental students´ critical thinking and problem solving skills. However, writing and speaking critically are two
very different processes (12). The latter face-to-face type of clinical assessment allows the student to be
asked to suggest alternative explanations for the patient´s condition, diagnosis hypotheses as well as
different treatment options (12). Hence, Albino et al. (13) suggested the use of oral examinations to assess
students´ ability to synthesize information within a given context and apply their knowledge in clinical
problem solving. “Orals” have been criticised, among other reasons, for issues related to examiners´ bias and
stringency variation and subjective standards for passing, resulting in poor reliability (14). However, the need
to validly assess students´ overall clinical performance in the workplace through face-to-face interaction with
a trainer, gave rise to several reliable structured workplace-bases assessment tools to assess clinical
judgement (15). The reliable assessment of clinical reasoning and ill-defined problem solving skills at the
“Shows How” level of Miller´s pyramid (16) has received less attention.
One example of this is the use of Objective Structured Clinical Examinations (OSCE) for the assessment of a
wide range of clinical skills (17).Despite the OSCE’s positive results in dental education (18, 19), its classic
design to assess clinical competence has been reported to poorly correlate with students´ higher cognitive
reflective skills (20). The OSCE, as a competency examination, properly assesses students’ understanding and
automatic decision making but restricted to the relevant features and aspects of the presented situation;
probably due to the time constrain and student anxiety (21).
Consequently, some OSCEs have incorporated reflective scenarios (22-26) though the validity of the
assessment has been questioned by some authors when only one OSCE station addresses clinical reasoning,
especially in high stakes examinations (22, 26). Criticisms of this approach include the “special” reflective
scenario station being distinct from the other OSCE stations (24), and that clinical reasoning is largely invisible
and can only be inferred when certain students question a simulated patient (27). Moreover, clinical
reasoning requires wider sampling to get reliable judgements (28).
A significant step in the assessment of clinical decision-making skills was the development (29) and future
adaptation (30, 31) of the Key-Feature Questions. These consist of a brief clinical stem focused on a difficult
aspect in the diagnosis and management at which candidates are most likely to make mistakes, followed by
few written questions. Properly designed, Key-Feature Questions can generate reliable and valid
examinations (1).
3

Another method to assess clinical reasoning is the Script Concordance Tests (initially known as Diagnostic
Script Questionnaires) (32) in which candidates are presented with ill-defined clinical scenarios followed by
a number of items and successive new information to test the proposed hypothesis. Responses are then
compared with those from experts and credited accordingly (33). Despite the strong evidence for Script
Concordance Tests´ validity (34), they have been criticised for the complex aggregate scoring method,
improper reliability assessment and problems with anchors at the extreme of the scale (35). The Clinical
Reasoning Problem is another method to assess diagnostics skills that though time consuming, can produce
reliable results (36). It uses the stimulus of a clinical scenario to ask candidates the two most likely diagnoses
for the case as well as a list of clinical features they considered important in formulating the two diagnoses
(37).
Taking into account the presented previous experiences to assess clinical reasoning, the aim of this crosssectional study was to investigate the utility of a new competence assessment method specifically designed
to measure the clinical reasoning construct while students apply theoretical knowledge to solve simulated
clinical dental scenarios, named the Structured Professional Reasoning Exercise (SPRE). The study was
developed based on two hypotheses. Firstly, all SPRE scenarios assessed the same construct; that is, clinical
problem solving. Secondly, the SPRE was acceptable and fair to both students and staff.

Materials and Methods
Ethical approval
The study received full approval from the King’s College London Biomedical Sciences, Dentistry, Medicine
and Natural & Mathematical Sciences Ethical Committee (reference number BDM/11/12-21).
The instrument and the examination process
The Structured Professional Reasoning Exercise developed for this study was based on a similar assessment
method used in Part 2 of the Membership of the Joint Dental Faculties (MJDF) of The Royal College of
Surgeons of England (38). It was introduced at King´s College London Dental Institute (KCLDI) for the Bachelor
of Dental Surgery (BDS) Year 5 Finals examination to replace the “single unseen long case” in the assessment
of undergraduate students´ clinical reasoning. This study reports the results and analysis of the SPRE
implementation in the 2013 and 2014 cohorts.
The design of the SPRE aimed to assess students´ ability to evaluate, understand and apply theoretical
knowledge orally intended to assess the clinical reasoning construct. For this purpose, structured clinical
scenarios in the four key clinical areas of the KCLDI BDS Year 5 programme, as well as for the UK General
Dental Council (GDC) learning outcomes (5), were developed. Each scenario contained carefully designed,
tested and redesigned questions to assess students´ problem solving competence on the four key areas.
These areas were: Oral Disease, Primary Dental Care and Restorative Dentistry, Child Dental Health, and
Dental Practice and Clinical Governance. Whilst the four clinical areas were the same for both cohorts, care
was taken to develop different scenarios, with a similar level of difficulty, to eliminate “leakage” of material.
In parallel, formative scenarios were uploaded to the College e-learning platform to enhance students´
understanding of the new assessment and facilitate their learning.
In line with the Criteria for Assessment in Clinical Examinations from the Undergraduate Board of Examiners
in the Dental Institute, examiners were thoroughly trained and calibrated, each year, on the Grade and Band
of the structured marking scheme (Distinction, Merit, Pass, Fail) and the structured marking sheet which
contained a written description of the same four criteria as in the marking scheme. Examiners also received
explanations on the objectives of the examination which were:
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“To assess the candidate’s interpretation and assessment of the presented evidence, appreciation of the key
points presented by the scenario, implications of the findings to short and long term management of the
scenario by articulating not only their theoretical knowledge and understanding, but also their ability to apply
it to the specific clinical problems (problem solving), approach to reaching a diagnosis or conclusion, and
ability to outline key points of management”. A sample scenario on Child Dental Health is shown in Figure 1.

Examiners also received a written guide specifically focused on the process of the SPRE. This included further
reminders highlighting the assessment procedure:
•

Candidates received 45 minutes to study the four different clinical cases, individually. As in the
formative scenarios, students were adviced to take approximate 10 minutes to read, understand and
make notes of each case.Candidates then rotated through four pairs of examiners each of which
addressed one of the four scenarios. Each examiner asked a series of structured questions to test the
students’ knowledge and understanding of the scenario. The total number of questions per scenario
ranged from 6 to 14 and these were consistently distributed between the two examiners.

•

Each structured oral examination, with the pair of examiners, lasted for 10 minutes (5 minutes each
examiner, always in the same sequence to standardise questions) with 1 minute for transfer of
candidates. Hence, the full examination time corresponded to the study 45 minutes candides were
given in order to ensure a smooth flow of students.

•

Supplementary questions were allowed to clarify a specific point.

•

Examiners marked independently according to the marking scheme and the Answer Guide for each
of the questions.

•

Invigilators ensured accurate time keeping.

•

Examiners were instructed to pass those candidates who could reasonably be termed a “safe
beginner” (General Dental Practitioner) rather than an expert in the speciality.

Participants and data collection
All 313 BDS Year 5 students from the 2013 (n. 151) and 2014 (n. 162) cohorts sat for the SPRE and therefore
took part in the study. Of these, 202 were females, 111 were males, and their mean age was 24.4 (sd=2.9).
Students were randomly assigned to one of three parallel circuits each consisting of Oral Disease, Primary
Dental Care and Restorative Dentistry, Child Dental Health, and Dental Practice and Clinical Governance
scenarios. The total number of examiners involved was 24 in 2013 and 39 in 2014.
At the end of their involvement in the examination all students and examiners were invited to voluntarily
complete an anonymous questionnaire regarding their perceptions of the SPRE in terms of acceptability,
fairness and validity, presented in a Likert scale.
Data analysis
SPRE examination scores and perception questionnaire responses from both cohorts were uploaded into a
spreadsheet and imported into IBM Statistical Package for Social Sciences Windows® version 21 (SPSS Inc.
IBM, Chicago, IL, USA), to be analysed as a single sample
Descriptive statistics were employed to express students´ gender and age characteristics. After assessing the
normal distribution of the SPRE scores and questionnaire responses through visual inspection of a histogram
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and by exploring the central tendency (mean, median, mode), students´ SPRE marks were descriptively
analysed as a whole and by each clinical scenario.
A one-way analysis of variance (ANOVA) test was performed to compare the SPRE scores of all four scenarios.
Where the ANOVA showed significant results, a post-hoc analysis was carried out using Tukey’s test.
The inter-examiner reliability was examined using Intraclass Correlation Coefficients (ICC) (95% confidence
intervals) of each pair of examiners´ independently marked SPRE scores. In order to identify and quantify
underlying dimensions within the SPRE scenarios, an exploratory factor analysis with varimax rotation, was
performed. Although each of the four different SPRE scenarios were designed having in mind the assessment
of clinical reasoning as a single construct, we performed an exploratory factor analysis (using Varimax
rotation) because at that time we were unsure about how many latent dimensions the SPRE would factor
into. As not all datasets are suitable for factor analysis (39), the SPRE adequacy was explored beforehand
using the Kaiser-Meyer-Olkin (KMO) Test and the Bartlett Test of Sphericity. Further, the internal consistency
of the SPRE was studied using Cronbach’s Alpha coefficients.
The final analysis regarding the SPRE instrument itself, was a G-study (Generalizability study) used to
determine the contribution that all relevant factors (Scenario/Trainee/Assessor) made to the SPRE results
and hence its reliability. Additionally, a D-study (Decision study) was used to estimate the effect of the
number of scenarios and assessors on the reliability of the SPRE. Thus, a G-study with a nested three-facet
(Scenario x Trainee x Assessor) random-effects using Trainee as a fixed facet was used (assessors were
nested) as there were three parallel circuits meaning that not all students confronted the same pair of
examiners.
The students´ and examiners´ questionnaire responses were statistically studied relative to their
acceptability, fairness and validity.

Results
Participants and data collection
The overall SPRE average score from all 313 students was 66.5 (sd=12.9). According to the marking criteria,
there were 86 (27%) distinctions, 150 (48%) merits, 72 (23%) pass, and 5 (2%) fails. As shown in Figure 2, the
lowest mean score was for the Oral Disease (60.1, sd=11.7) scenario while the highest was for Dental Practice
and Clinical Governance (70.3 sd=12.6).
The ANOVA test showed significant differences among the marks of the four scenarios (F = 38.021, p <
0.0001), with the post-hoc analysis using Tukey’s test revealing that the higher score from Dental Practice
and Clinical Governance was significantly (p < 0.0001) different from all other scenarios.
The overall Intraclass Correlation Coefficients (ICC) was 0.770 (p < 0.0001). The effects of training and
calibration on inter-examiner reliability can be observed in Table 1. All of the 24 examiners that participated
in the 2013 SPRE also did so in 2014 and so received training and calibration twice. All 15 new assessors in
2014 had previous experiences in other KCLDI clinical assessments e.g. Objective Structured Clinical
Examination (OSCE). Notwithstanding this, new SPRE assessors were strategically paired with those who
demonstrated high reliability in the 2013 SPRE. Consequently, the overall mean inter-examiner reliability
(ICC) increased from 0.716 in 2013 to 0.835 in 2014 and was even greater in Primary Dental care (Table 1).
The SPRE datasets were found suitable for factor analysis (KMO=0.819, Bartlett's Test of Sphericity
X2=505.656 p<0.0001), which its four scenarios including 48 questions, revealed one major factor with an
eigenvalue of 2.75 which accounted for 68.8% of total variance. Subsequently, a large drop in eigenvalues
was observed in the other three components; 0.46, 0.42 and 0.36. Because one factor was identified
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indicating a single construct, it was considered appropriate to calculate the internal consistency of the four
SPRE scenarios as a whole (40). Hence, the Alpha coefficient of 0.848.
The Generalizability coefficient was 0.806. The contribution of all involved factors to the SPRE results are
shown in Table 2 and the effect of the number of scenarios and assessors on the SPRE reliability in Table 3.
Students’ and Examiners’ perceptions
A total of 295 (94%) students and 32 (82%) examiners completed the anonymous questionnaires. Students
rated the SPRE (1 to 7 scale) with the lowest mean score as an “Unpleasant” (3.71) and “Unenjoyable” (3.62)
experience. However, they also rated the assessment with the highest scores as “Interesting” (5.48),
“Valuable” (5.49) and “Important” (5.68) (Figure 3). Though there were no differences between cohorts, the
“Unpleasant” and “Unejoyable” scores were significantly different to all other question results (F 65,869, p
<0.0001).
When comparing the student’s and examiners’ perceptions there were quite large differences in their scores,
although the trend was similar (Figure 4). Acceptability was high with around 80% of students rating the SPRE
as “highly” or “moderately” acceptable. In contrast, almost all examiners thought this was the case (97%).
Fairness for students was not perceived as positively as Acceptability and 18% of the students thought it was
“not fair” (not at all + quite not answers). Again the vast majority of examiners (95%) thought the examination
was “Fair”. Perception of Validity showed a similar pattern to Fairness: although most students (65%) thought
the assessment was Valid, there were again 19% of students that perceived it as “not valid” (not at all + quite
not answers). There were also 6% of examiners that thought the assessment was “Quite Not” Valid

Discussion
The present cross-sectional study describes the utility of a new problem solving competence assessment
method to assess the clinical reasoning construct, the Structured Professional Reasoning Exercise.
Four scenarios containing 48 questions in total were developed to assess students´ ability to evaluate,
understand and apply theoretical knowledge to solve clinical problems. Although scenarios included different
key clinical areas from the KCLDI BDS programme, all questions were designed to assess the same construct.
That is, dental clinical reasoning.
This assessment procedure was conceived and implemented as the culmination of a progressive, repeated
and scaffolded teaching and learning process of knowledge integration that enabled students to develop an
advanced reasoning ability, supplementing traditional didactic and skills teaching (41); something that higher
education is supposed to accomplish (42). The success of this teaching and learning experience is evidenced
by the low number of students failing the SPRE (2%).
The Oral Disease scenario showed the lowest score (average score 60.1) probably because of the greater
amount of basic science prior knowledge required to solve the clinical problem (43, 44). In contrast and whilst
Dental Practice and Clinical Governance (average score 70.3) requires significant knowledge in the areas of
Principles of Management and Responsibility, Raising Concerns, Dental Team Working, Scope of Practice, and
Complains Handling (5), it is also conceivable that students used common sense to solve these scenarios
resulting in higher scores (Figure 2).
The overall inter-examiner reliability assessed through Intraclass Correlation Coefficients (ICC) was
statistically significant (0.770, p < 0.0001) (Table 1). It is remarkable to see the increase in inter-examiner
reliability from 2013 to 2014. This was not only true for Primary Dental Care and Restorative Dentistry (ICC
from 0.579 in 2013 to 0.796 in 2014) that got the lowest ICC score in 2013, but for all domains (Table 1). This
effect might be explained by the thorough examiners´ training and calibration which 62% of examiners
underwent twice, as they participated in both SPREs. This also aligns with the suggestion that examiner
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training achieves substantial gains in reliability (45). The use of structured questions and marking sheets
might also have contributed (46) as may the fact that all new assessors had previous experience in OSCEs and
were also paired with colleagues who demonstrated high reliability in the 2013 SPRE version. This is not only
important psychometrically but also in maintaining an equitable assessment process (47).
Exploratory factor analysis identified only one factor with an eigenvalue greater than 1 (2.75), accounting for
68.8% of the variance. Loading with such a value has previously been considered “excellent” (40).
Furthermore, there was a clear flattening between the second (0.46), third (0.42) and fourth (0.36) factors.
As mentioned above, all four SPRE scenarios had in common the assessment of problem solving skills as a
single construct, though based on different key clinical areas of dental education. The strong value of the first
loading factor indicates the SPRE´s one-dimensionality. This together with the fact that all 48 questions were
measuring problem solving skills, seems to suggest the SPRE was assessing clinical reasoning.
The high Generalizability coefficient (0.806) changed dramatically when the number of four scenarios with
two examiners each were reduced through a D-Study (Table 3). This positive G coefficient might be explained
by the fact that each students’ knowledge and understanding was deeply scrutinise through around 48
structured questions during an added 40 minutes’ examination time across four standardised cases marked
independently by each examiner.
Regarding SPRE variance, the highest component was Trainee´s ability (37.7%) (Table 2). This was similar to
that reported by Wilkinson et al. (46) in two long case examinations per medical candidate (33% in 2005 and
38% in 2006), In a more SPRE alike assessment, the same study also reported the results of four 15 minutes
short case examinations per candidate. In this circumstance, the highest variance was Trainee x Case with
56% in 2005 and 58% in 2006. In our study, the SPRE Trainee x Case variance was much lower and reached
27.3%. This could be explained by the fact that our four cases were structured and all candidates were
assessed based on scenarios of similar complexity. The same authors reported a D study reliability of ≥0.8
when two long cases (60 minutes each patient) were combined with four short cases (15 minutes each
patient), to produce a three hours’ examination per student, questioning its feasibility. Similarly, Wass et al.
(48) identified 10 as the minimum number of unstandardized long cases required to produce a reliable, highstakes, examination.
As mentioned above, the SPRE was introduced to replace the “single” unseen long case which limited the
ability to sample the curriculum widely resulting in poor reliability (49). However, the ability of the long case
to assess the candidate´s overall critical approach to it with the possibility of asking the student to suggest
different possible explanations, diagnosis hypotheses as well as treatment options (12) in a face-to-face
clinical assessment, provided the basis for the SPRE. The advantage of the latter is a structured format and
marking scheme, and higher examiner numbers and cases (49) increasing both reliability and validity (17).
Further, in a previous study the SPRE showed a significant correlation (p < 0.005) with higher order thinking
(20). Similar reflection correlations have been reported in medical students with “knowledge of actions to
take” (50), which is one of the assessment criteria of our SPRE rubric.
Overall, 65% of students found the SPRE highly and moderately “fair” (Figure 4). Further, 79% declared it was
highly and moderately “acceptable”. From the examiners viewpoint, “acceptability” and “fairness”
perception was even higher (97% and 95%, respectively) (Figure 4). Whilst students evaluated the SPRE with
the lowest scores as an “Unpleasant” and “Unenjoyable” experience (3.71 and 3.62, respectively) (Figure 3),
in contrast with the highest scores in “Interesting”, “Valuable” and “Important” (5.48, 5.49 and 5.68,
respectively). This could be interpreted as although students did not really like the examination, they
considered it necessary and beneficial. Similar perceptions on the learning effect were reported by medical
students after completing a reflective OSCE station, despite being critical about the scenario (24).
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Despite these positive results, a number of 53 (18%) and 56 (19%) students thought the SPRE was “not fair”
and “not valid” (not at all + quite not answers), respectively. Further, there were 4 examiners (13%) that did
not express a positive view of the SPRE validity (“Quite Not” + “Neutral”). This outcome encouraged the
assessment team to increase the number of formative scenarios uploaded into the College e-learning
platform and to reiterate those competences to be assessed to the students. Furthermore, to increase
validity for subsequent SPREs an increased number of examiners contributed to the design and
implementation of the scenarios, with particular reference to course programmes learning outcomes to be
assessed.
The development, organisation and implementation of a SPRE has some limitations. Despite 75% of the
students being in the SPRE distinction and merit category, it would be interesting to know where those
students with low marks are failing or having difficulty. Is it because there is a knowledge base problem? Is
there a problem of comprehension? Or is it due to a weakness in knowledge application to problem solving?
(51). The SPRE examination requires high logistics, such as organising time and space especially for big groups.
Similarly, training and calibrating examiners is time consuming and our study was conducted in a single
institution with relatively homogeneous student cohorts.

Conclusions
The Structured Professional Reasoning Exercise provides an acceptable and fair method of assessing final
year dental students´ ability to evaluate, understand and apply meaninful knowledge to simulated clinical
problem solving scenarios. Besides the structured clinical scenarios descrived in this study, other applications
of the SPRE format might include the encouraging of reasoning in basic science courses and to further
integrate them to practical cases. To ensure reliability, it is suggested that the SPRE comprises at least four
scenarios eachone with two independently marking assessors.
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