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Abstract 

Introduction: Gamification has been shown to improve academic gains, but the mechanism remains elusive. We aim to 

understand how psychological constructs interact, and influence medical education using mathematical modelling. 

Methods: Studying a group of medical students (n=100; average age: 20) over a period of 4 years with the Personal Responsibility 

Orientation to Self-Direction in Learning Scale (PRO-SDLS) survey. Statistical tests (Paired t-test) and models (logistic 

regression) were used to decipher the changes within these psychometric constructs (Motivation, Control, Self-efficacy & 

Initiative), with gamification as a tool. Students were encouraged to partake in a maze (10 stations) that challenged them to answer 

anatomical questions using potted human specimens. 

Results: We found that the combinatorial effects of the maze and Script Concordance Test (SCT) resulted in a significant 

improvement for “Self-Efficacy” and “Initiative” (p<0.05). However, the “Motivation” construct was not improved significantly 

with the maze alone (p<0.05). Interestingly, the “Control” construct was eroded in students not exposed to gamification (p<0.05). 

All these findings were supported by key qualitative comments such as “helpful”, “fun” and “knowledge gap” by the participants 

(self-awareness of their thought processes). Students found gamification reinvigorating and useful in their learning of clinical 

anatomy. 

Conclusion: Gamification could influence some psychometric constructs for medical education, and by extension, the 

metacognition of the students. This was supported by the improvements shown in the SCT results. It is therefore proposed that 

gamification be further promoted in medical education. In fact, its usage should be more universal in education. 
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I. INTRODUCTION 

Psychology is integral to healthcare and education but 

has often been overshadowed, compared to the other 

basic disciplines (Choudhry et al., 2019; Pickren, 2007). 

This is ironical because human psyche needs to be 

properly understood in order to manage them effectively 

(Wisniewski & Tishelman, 2019). Presently, the study of 

psychology does not feature prominently in the medical 

curriculum (Gallagher et al., 2015) with the exception of 

psychiatry (Douw et al., 2019). This gap needs to be 

addressed (Paros & Tilburt, 2018). In this research, we 

seek to understand the constructs for good medical 

Practice Highlights 

 Student’s enjoyment (interest) of the curriculum will determine the eventual academic outcome.  

 Metacognition (defined as the “learning of learning”, “knowing of knowing” and/ or the awareness of one’s 

thought processes) was improved with SCT and gamification. 

 Gamification is useful as a form of augmentation for didactic teaching but should never replace it. 

 Different type of psychometric scale (e.g. LASSI versus PRO-SDLS) used in your research will produce varying 

results.  

 Gamification is resource intensive and needs extra time to prepare compared to didactic approaches. 
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learning via gamification which has wide ranging effects 

(Mullikin et al., 2019). The psychometric constructs to 

be analysed were as follows: 1) “Motivation”; define as 

the desire to learn out of interest or enjoyment (Yue et 

al., 2019). 2) “Initiative”; refers to how proactive a 

student is to learning (Boyatzis et al., 2000). 3) 

“Control”; is how much influence one has over the 

circumstances (Sheikhnezhad Fard & Trappenberg, 

2019). 4) “Self-Efficacy”; relates to how confident one 

is, to do what needs to be done (Michael et al., 2019). We 

believe that these constructs contribute to the student’s 

awareness of their own thought processes 

(metacognition) towards their medical education. 

 

Gamification'' is defined as a process of adding game-

like elements to something so as to encourage more 

participation (Rutledge et al., 2018; Van Nuland et al., 

2015). The idea of using games to “lighten up'' medical 

education in the clinical setting was first proposed in 

2002 (Howarth-Hockey & Stride, 2002). The authors 

observed increased engagement and participation during 

lunchtime medical quizzes in the hospital. They therefore 

concluded that medical education could be fun, and since 

then, gamification has been taken seriously by the 

community (Evans et al., 2015; Nevin et al., 2014). In 

essence, gamification could be something as simple as 

having board games (Ang et al., 2018) but importantly, 

its impact on students' learning must be evaluated and 

validated. Most studies in the literature did not fulfil this 

requirement (Graafland et al., 2012). The impact of 

games on the behavioral and/or psychological outcomes 

should be studied (Graafland et al., 2017; Graafland et 

al., 2014).  

 

A PubMed search would reveal that there are numerous 

self-reporting tools such as LASSI (Learning and 

Strategies Study Inventory (Muis et al., 2007), MSLQ 

(Motivated Strategies for Learning Questionnaire 

(Villavicencio & Bernardo, 2013), and the SRLPS (Self-

regulated Learning Perception Scale) (Turan et al., 2009) 

etc. Given the choices, how does one decide which one 

to adopt for their studies? In our research, we chose to 

use the PRO-SDLS survey questions with some 

modifications. The choice was both serendipitous and 

practical, as we have previously validated it via the 

Cronbach alpha (>0.7). In our earlier work, feedback 

scores and results yielded inconclusive evidence to 

support enhanced motivation among our students. 

Furthermore, was this due to gamification? With the 

current endeavour, we aim to prove via mathematical 

modelling that there are indeed alterations to the 

psychometric constructs. Hence, we re-analyse the old 

data set together with additional new information, using 

statistical analysis tools such as the logistic regression 

model, Wilcoxon tests, and the Paired t-test.  

 

Medical teaching and learning is a complex endeavour 

based on an apprenticeship model (Cortez et al., 2019), 

which may or may not be an ideal arrangement (Sheehan 

et al., 2010). Furthermore, the decision making is often 

delegated to the seniors (Chessare, 1998). Conversely, 

gamification could empower the students to take charge 

of one’s learning, including decision making (Shah et al., 

2013). Furthermore, one needs to understand what works 

from what is empirical (Cote et al., 2017). While our 

initial research addressed the impact of the games on 

academic performance, we now sought to further 

understand its effects on the psychometric dimensions. 

This will help to understand the psychology of self-

directed (or regulated) learning. We hypothesize that the 

amount of gamification will impact these constructs. In 

summary, we hope to achieve the following: 

 

Aims: 

• Understanding the role of psychometric constructs and 

gamification in medical education via suitable 

mathematical modelling. 

• To decipher the interaction of different psychometric 

constructs (Motivation, Self-efficacy, Control and 

Initiatives) in producing desired learners’ behaviours 

(metacognition) via the anatomy maze. 

 

II. METHODS 

First-year medical students (M1) took part in this 

retrospective analytical research. Two randomised 

groups of medical students (n=75, median age: 20 years) 

consented to the study (Group 1 & 2). A randomised 

group of students (n=25) exposed to no gamifications 

(Group 0) served as the control. Every student was 

required to complete a pre- and post- PRO-SDLS for the 

research. There were no penalties for withdrawing from 

the IRB-approved project (See IRB: B-16-205).  

 

Gamification was carried out according to the scheme in 

Figure 1. Each group was divided into 3 to 4 subgroups 

that would enter the maze with a clue card (see example 

in Figure 1) linked to a specific pot specimen. They were 

required to explore the museum for the next clue and had 

to answer the hidden questions (see examples in 

Appendix) which would provide further directions. At 

the conclusion, students were given a competitive pop 

quiz that had no impact on their summative academic 

grades. 
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The main purpose was to assess formative knowledge 

acquisition. The validated PRO-SDLS include the 

following psychometric constructs: “Motivation” (7 

questions), “Initiative” (6 questions), “Control” (6 

questions) and “Self-Efficacy” (6 questions). (See Sup. 

Materials). The responses are then collapsed into an 

average accordingly. A higher score indicated more 

agreeability towards that construct for self-directed 

learning (Ang et al., 2017). The survey was designed 

with backward scoring to ensure accuracy. For 

quantification purposes, we subtracted the pre-feedback 

from the post-feedback scores for each question. An 

increased score for a particular construct suggests 

improvement (Cazan & Schiopca, 2014). Furthermore, 

students in Group 2 were given Script Concordance Test 

(SCT) quizzes (See Sup. Materials) as part of 

gamification (Lubarsky et al., 2013; Lubarsky et al., 

2018; Wan et al., 2018). SCT were meant to enhance 

clinical reasoning. All data were analysed from two 

perspectives: 

(a) The magnitude of score increase (or decrease) of the 

post- PRO-SDLS survey responses, with respect to 

the pre- responses.  

(b) The odds of a student reporting an increased score in 

the post- PRO-SDLS survey responses. 

 

In (a), the paired differences for each student’s response 

were studied using a parametric approach (paired t-test). 

In (b), we studied the odds of increased score for each 

construct, and investigate if grouping affected these 

odds. More formally, for each construct k (where k is one 

of the four constructs), we define variable 𝑝𝑘𝑗  as the 

probability of a student from group 𝑗 showing an increase 

in score for construct 𝑘 (and hence, 1 − 𝑝𝑘𝑗  as the 

probability that the student’s score decreased or 

remained unchanged). The value of  𝑝𝑘𝑗  can be estimated 

by dividing the number of students from group 𝑗 with an 

increased score for construct 𝑘 by the total number of 

students from group 𝑗. If the interventions are 

unsuccessful, we would expect 𝑝𝑘𝑗  to be around 0.5 since 

a student’s score would likely either increase or decrease 

at random, with an equal probability. This can be tested 

using the t-test.  

 

An alternative approach would be to study the odds of 

success, which can be written as 
𝑝𝑘𝑗 

1−𝑝𝑘𝑗
 . A common 

mathematical model used to study these odds is the 

logistic regression model. For each construct, the logistic 

regression model studies the odds of a student from a 

given group showing an increased or decreased score. 

The overall significance of the model can be tested using 

the p-value obtained from the likelihood ratio test, while 

the significance of the individual odds can be tested 

using the t-test. For more details on the logistic 

regression model, we refer the reader to (Agresti, 2003).  

 

We utilised the open source software R  (Team, 2019) to 

perform our statistical analysis.  

 

III. RESULTS 

Participation rate in the gamification endeavour was 

consistently 90±5%, and there was zero withdrawal from 

it, accompanied by reported favourable qualitative 

comments. 
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A. Studying the Absolute Scores 

The average change in scores across all the groups for 

each construct is given in Table 1. From these scores, we 

believe that our gamification exercises may have had a 

positive impact on “Self-Efficacy” and “Initiative”. To 

visualize the spread of responses, we have prepared box 

plots of the post – pre scores (available in Supplementary 

Materials). 

 

Groups Constructs 

Self-Efficacy Initiative Motivation Control 

0 0.07 -0.05 0.11 0.03 

1 0.13 0.26 0.05 0.01 

2 0.13 0.20 0.12 0.07 

Table 1: Average post-pre scores 

 

To determine if the construct scores pre and post 

intervention were different, we used the paired t-test, 

under the null hypothesis that there is no change. The p-

values obtained are summarized in Table 2. 

 

Groups Constructs 

Self-Efficacy Initiative Motivation Control 

0 0.46 0.57 0.43 0.79 

1 0.07 0.00 0.54 0.86 

2 0.01 0.00 0.09 0.14 

Table 2: p-values of t-test (to 2 decimal places) 

 

We observe that the null hypothesis of no difference 

between pre and post intervention levels for all 

constructs are not rejected (under p=0.05) for the control 

group. Both tests also failed to show any significant 

change for the “Control” construct.  

 

There is strong evidence that the classroom interventions 

employed by Groups 1 and 2 had an impact on 

“Initiative” levels of students, reflected by the small p-

values obtained using both tests. The average increase in 

“Initiative” scores for students in Groups 1 and 2 are 0.71 

and 0.67, respectively, which are similar. Recall that the 

students in Group 2 participated in the SCT, in addition 

to the maze which is common across both groups. This 

suggests that the SCT has a negligible impact on 

“Initiative”.  

 

There is also strong evidence (p=0.05) to show that the 

games enhanced the “Self-Efficacy” levels among the 

students. The t-test also gives strong evidence (p=0.05) 

that there is a significant change in Group 2, and milder 

evidence for Group 1 (p=0.10). The average increase in 

“Self-Efficacy” levels for Groups 1 and 2 are 0.63 and 

0.56, respectively. Again, the differences are negligible, 

and this suggests that the SCT has a negligible impact. 

Finally, there is mild evidence (p=0.10) of a significant 

change in “Motivation” for Group 2, but no such 

evidence for Group 1. The average increase in 

“Motivation” score for Group 2 is 0.55. This time, the 

SCT might have helped to improve students’ motivation. 

 

B. Studying the Odds of Score Improvement 

We will now turn our attention to modelling the odds of 

a student reporting an increase in construct score. Earlier, 

we defined 𝑝𝑘𝑗  as the probability of a student from group 

𝑗 showing an increase in score for construct 𝑘, and 

explained why we would expect 𝑝𝑘𝑗  to be around 0.5 if 

the games have no impact on the odds of “success”. The 

t-test was used to test this, under the null hypothesis that 

𝑝𝑘𝑗 = 0.5 for all groups and constructs. The p-values 

obtained are summarised in Table 3.

 

Groups Constructs 

Self-Efficacy Initiative Motivation Control 

0 0.56 0.56 0.85 0.07 

1 0.08 0.00 0.78 0.25 

2 0.57 0.08 0.57 0.85 

Table 3: p-values of t-test (to 2 decimal places) 

 

We first notice that the p-values reported using both tests 

are almost identical. Interestingly, there is mild evidence 

(p=0.10) that the 𝑝𝑘𝑗  value of “Control” construct for 

Group 0 deviates significantly from 0.5, and it is 

estimated to be 0.32. This means that the students in the 

control group reported a drop in “Control” levels. 

 

There is also mild evidence (p=0.10) that the probability 

of a student reporting an increase in “Self-Efficacy” for 

Group 1 deviates significantly from 0.5. This probability 

is estimated to be 0.63, which indicates that the odds of 

a student from Group 1 reporting an increase in “Self-

Efficacy” levels is higher compared to the others.   

 



The Asia Pacific Scholar, Vol. 6 No. 2 / May 2021               13 
Copyright © 2021 TAPS. All rights reserved. 

Finally, there is evidence that the probability of reporting 

an increase in “Initiative” levels for students from 

Groups 1 and 2 deviates significantly from 0.5. The 

probabilities for Group 1 and Group 2 are 0.71 and 0.67, 

respectively.  

 

Next, we will model our data using the logistic regression 

model. We will fit four models, one for each construct. 

For each model, we calculate the odds of a student from 

a given group showing an increased or decreased score. 

An odds of greater than 1 means that the student is more 

likely to show an increased score, while an odds of less 

than 1 means the opposite. An odds of exactly 1 means 

that the student is neither more nor less likely to show a 

changed score. The statistical significance of the 

individual odds and the overall model fit for each 

construct was computed using the t-test, and likelihood 

ratio test, respectively. The results are summarised in 

Table 4, with the statistically significant (p=0.10) odds 

highlighted in blue, together with their respective p-

values. 

 

 

Odds  

Constructs 

Self-Efficacy Initiative Motivation Control 

Group 0 0.92  0.79  1.27 0.47 (0.08) 

Group 1 1.08  2.41 (0.02) 1.67 0.72 

Group 2 1.25 1.99 (0.10) 1.26 0.93 

 

 Constructs 

Self-Efficacy Initiative Motivation Control 

p-value 0.93 0.01 0.22 0.29 

Table 4: (top) Coefficients for each construct (significant odds in blue, p-values in brackets) (bottom) p-values to assess logistic regression 

model fit using likelihood ratio test 

 

Under the logistic regression model, not rejecting the 

null hypothesis for a given odds means that we assume it 

takes on the value 1. It should be noted that the individual 

coefficients should be examined when the model is 

determined to be significant under the likelihood ratio 

test, as the coefficients obtained under a poor model fit 

may not be meaningful.  

 

We notice that the significant terms flagged out by the t-

test (Table 3) largely agree with the significant terms of 

the logistic regression model, except for the “Self-

Efficacy” odds for Group 1. However, the “Self-

Efficacy” model was not determined to be a good fit 

using the likelihood ratio test.  

 

The only model which was deemed to be a good fit was 

the one for the “Initiative” construct. The odds for Group 

0 is deemed to be insignificant (and hence assumed to be 

1), while the odds for Groups 1 and 2 are statistically 

significant. We can interpret this model as follows, 

 

a. Since the odds for Group 0 is statistically 

insignificant under the t-test, we assume the odds to 

be 1. In other words, it is equally likely for a student 

from the control group to show an increase or 

decrease in score.  

b. The odds for both Group 1 and 2 are statistically 

significant. The odds of success of Group 1 is 2.41, 

which can be translated to a roughly 7 in 10 chance 

(probability of 0.71) for a student in this group 

showing an improved score. A similar interpretation 

can be made for Group 2, which showed an odds of 

1.99. This translates to a slightly lower probability 

of 0.67 for a student from Group 2 displaying an 

improved score.  

 

With this, we have presented a logistic regression 

approach of mathematically modelling these odds. A 

search on Google Scholar and PubMed yielded no 

previous work which made us of this mathematical 

modelling approach on the PRO-SDLS survey data. With 

the derived odds, we can compare the degree of success 

of the various classroom interventions. The logistic 

regression modelling approach is therefore, proposed as 

a complement of the t-test approach, which is restricted 

to detecting the presence of statistically significant 

differences. 

 

C. Qualitative Comments (underlined words 

underpinning for metacognition) 

1) Positive feedbacks: 

• “The maze games were the most helpful as they helped 

me to consolidate my learning, and also enables me to 

ask the tutor any questions that I have from class. They 

allowed me to learn anatomy in a fun, enjoyable and 

memorable way” 

• “It allowed me to visualize the things that I was learning 

and helped with clarifying doubts” 

• “The extra question posted at each station was helpful” 

• “Wanting to be able to identify things in the museum 

makes me more motivated to prepare beforehand” 

• “Allows me to identify the knowledge gap so that I can 

work on it” 



The Asia Pacific Scholar, Vol. 6 No. 2 / May 2021               14 
Copyright © 2021 TAPS. All rights reserved. 

• “I like the quiz as it motivates me to study beforehand 

and shows me the gaps in my knowledge” 

• “The clinically relevant questions made me think a lot” 

 

2) Negative feedbacks: 

• “I prefer didactic teaching” 

• “We did not interact much with the exhibits” 

• “The maze was more of a mini quiz or test to check if 

we remember anything” 

• “Perhaps we could go into more complex concepts”  

• “More challenging questions” 

• “Students just follow each other around the anatomy 

museum and it defeats the purpose of the maze” 

• “The maze could have a competitive element to make 

it more exciting. Maybe more MCQ questions per model 

so we can make use of it more” 

 

IV. DISCUSSION 

We undertook this research to decipher how gamification 

as a concept helps medical students learn a basic subject 

like human anatomy. We also want to understand how 

psychometric constructs interact to produce behavioural 

changes towards self-directed learning. This was done by 

analysing the data from the PRO-SDLS via statistical 

tests. Put simply, one needs to understand that medical 

education is a very complex process that demands 

balance between apprenticeship (fellowship) (Sheehan et 

al., 2010), and a dose of self-directed learning (van 

Houten-Schat et al., 2018). With our initial research into 

gamification of anatomy education (Ang et al., 2018), 

there were other studies suggesting similar benefits 

(Felszeghy et al., 2019; Nicola et al., 2017; Van Nuland 

et al., 2015). We are therefore convinced that 

gamification could help to engage students and improve 

academic gains. However, the notion of gaming can be 

very broad (Virtual Reality, board games, digital apps 

etc.), so there is a need to understand the underlying 

psychology. With that in mind, we re-analyse our 

previous data with the existing, using proven statistical 

tools to decipher the learning psychology of these 

medical students, and their awareness of their own 

thought processes (metacognition). 

 

We earlier hypothesised that gamification would 

influence these dependent constructs differently and 

indeed this was the outcome. In our analysis, we found 

that the combinatorial effects of the maze and SCT 

resulted in a significant improvement for “Self-Efficacy” 

and “Initiative”. While the maze alone did not 

significantly improve “Motivation”, we saw mild 

evidence of an improvement in terms of psychometric 

scores, when the SCT and maze were used in 

combination. In lay terms, the maze encouraged these 

students to learn on their own. By extension, one could 

also argue that gamification will help the students in 

making decisions since “Motivation” and “Initiatives” 

are key attributes (Vohs et al., 2008). The ability to make 

a simple clinical judgement, and the courage to act on 

them, are the virtues that we should be imbuing in the 

medical students, and some junior doctors. Interestingly, 

there is mild evidence that the “Control” construct was 

undergoing erosion in the students not exposed to 

gamification, as the course progresses. This adverse 

result is not seen in both groups exposed to the games. 

Perhaps the more relaxed classroom setting with 

gamification helped students to feel more in control of 

their learning process. Logically, this made a lot of sense 

across the education landscape. 

 

A follow up question would be, does the feedback 

confirm the results given in our qualitative analysis? 

Recall that in our logistic regression model, students 

from both non-control groups displayed a statistically 

significant improvement in “Initiative” levels. This is 

supported by some of the positive feedback received for 

our endeavours, such as being “motivated to prepare 

beforehand”, “identify the knowledge gap” and work on 

them, as well as helping them to “think a lot” about the 

course content. Furthermore, some of the negative 

feedback, such as requests for more challenging 

questions, or more questions in general, suggests that the 

students are taking the initiative to learn more. This 

certainly adds credence to the findings of our proposed 

logistic regression model, as well as highlighting the 

importance of studying both qualitative and quantitative 

feedback.  

 

There are caveats that one should be aware when 

implementing gamification. The formative part of the 

endeavour could be variable, and dependent on 

numerous factors such as the tutor involved, and the type 

of games, interventions, and reporting scales used. In the 

feedback, 76% of the participants felt that the maze 

should continue as an adjunct but not to totally replace 

didactic tutorials. In other words, introducing gaming 

elements into the curriculum should be done judiciously. 

With reverse scoring, it was shown that “Self-Efficacy” 

fell as the level of gamification is increased. In lay terms, 

students might be feeling that the maze trivialize the 

learning of the subject. As a counter measure, and to 

maintain quality assurance, we could introduce video 

lectures from previous years to allay these fears. In 

summary, we now confirmed that gamification works, 

and it influences learning outcomes as demonstrated by 

others (Burgess et al., 2018; Goyal et al., 2017; Kollei et 

al., 2017; Kouwenhoven-Pasmooij et al., 2017; 

Kurtzman et al., 2018; O'Connor et al., 2018; Patel et al., 

2017; Savulich et al., 2017). Separately, there were 
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criticisms as to why SCT was introduced into the 

research. We believed that such augmentation will add 

“fun” for the pre-clinical students to tackle the various 

clinical scenarios and clinical anatomy. 

 

V. LIMITATIONS OF THE STUDY 

Our research necessitated that the students take part in 

the maze and the SCT. Although it was not compulsory, 

no students opted out of it. Some critics would 

misconstrue this to be a form of forced play. According 

to Jane McGonigal, gamification should ideally not be 

mandated (Roepke et al., 2015). 

 

VI. CONCLUSION 

Through statistical modelling, we have shown how the 

“Initiative”, “Motivation”, and “Self-Efficacy” 

constructs could potentially benefit from gamification. 

The before-after experimental set up allowed for 

powerful comparisons to be made. Studying the odds of 

construct score improvement, alongside the raw scores, 

allowed us to study the data from different perspectives. 

Though this approach, we discovered how the potential 

benefits of our gamification exercises outweigh the 

potential adverse effects. Gamification had resulted in 

improved “Initiative” in these medical students. We 

believe that their decision-making skills will also be 

boosted if existing culture allows for more self-discovery 

(to improve “Initiative”, “Control” and “Self-efficacy”) 

and autonomy. If these recommendations are duly 

considered and implemented thoughtfully, there is little 

doubt that our future doctors will be better equipped to 

serve humanity. This may also help to avoid possible 

burnout in residents (Hale et al., 2019). 

 

Stronger conclusion and potential for applications are as 

follows: In a continuum, we started gamifying anatomy 

education and proven that academic grades could be 

improved by the process (Ang et al., 2018). We then 

asked a fundamental question in how exactly it 

happened. This was done by carrying out a psychometric 

analysis on the participants. We discovered that 

psychometric constructs were important, and this was 

proven in this manuscript. The impact of gamification is 

now elevated given the COVID-19 pandemic that 

necessitated more online teaching. Moving forward, we 

believe that gamification should move towards creating 

an electronic application that the students may access 

24/7. This will ensure that medical teaching will be 

fortified and be somewhat protected from further 

disruptions. 
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Appendix 2 

 

 

Legend 

-2: much less likely 

-1: less likely 

0: neither more nor less likely 

+1: more likely 

+2: much more likely 

 

Clinical scenario 

A:  A man, with history of hypertension, ex-smoker, presents with a central neck lump. 

If you were thinking 

of… 

And then you find that… This hypothesis becomes… 

1. Thyroglossal cyst The patient is 80 years old. -2 -1 0 1 2 

2. Thyroid nodule The lump moves with 

swallowing. 

-2 -1 0 1 2 

3. Lymph node The lump is fixed to skin. -2 -1 0 1 2 

        

Clinical scenario 

B:  A 56 year old woman, with a past history of ear surgery, presents with ear discharge. 

If you were thinking 

of… 

And then you find that… This hypothesis becomes… 

1. Recurrent 

cholesteatoma 

There are fungal spores in 

the external ear canal. 

-2 -1 0 +1 +2 

2. Infection of 

mastoid cavity 

The external ear canal wall 

appears intact. 

-2 -1 0 +1 +2 

3. Chronic otitis 

media  

The tympanic membrane is 

intact. 

-2 -1 0 +1 +2 

 

Clinical scenario 

C:  A 40 year old woman presents with recurrent sore throat for past 4 months.  

If you were thinking of… And then you find 

that… 

This hypothesis becomes… 

1. Recurrent tonsillitis Her tonsils appear 

normal.  

-2 -1 0 +1 +2 

2. Oropharyngeal cancer There is no history of 

smoking. 

-2 -1 0 +1 +2 

3. Gastroesophageal reflux 

disease 

She has no history of 

heartburn.  

-2 -1 0 +1 +2 

 

Clinical scenario 

D:  A 46 year old man presents with recurrent bleeding nose for past 3 months.   

If you were thinking of… And then you find 

that… 

This hypothesis becomes… 
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1. Nasopharyngeal carcinoma There is no palpable 

cervical lymph node.  

-2 -1 0 +1 +2 

2. Bleeding from the Little’s area Examination of the 

Little’s area is normal.  

-2 -1 0 +1 +2 

3. Sinonasal tumor  He has a family 

business in wood 

industry.  

-2 -1 0 +1 +2 

 

Clinical scenario 

E:  A 60-year-old man has sudden onset of left facial weakness.  

If you were thinking of… And then you find 

that… 

This hypothesis becomes… 

1. Stroke The all the muscles in 

the entire half of the 

left face is weak.  

-2 -1 0 +1 +2 

2. Bell’s palsy Hearing and ear 

examination is normal.  

-2 -1 0 +1 +2 

3. Ramsay Hunt Syndrome There are vesicles on 

the pinna.  

-2 -1 0 +1 +2 

 

Clinical scenario 

F:  A 25-year-old woman presents with lateral neck lump.  

If you were thinking of… And then you find 

that… 

This hypothesis becomes… 

1. Papillary thyroid cancer Fine needle aspiration 

cytology shows nuclear 

grooves. 

-2 -1 0 +1 +2 

2. Hashimoto’s thyroiditis Thyroid function test is 

normal 

-2 -1 0 +1 +2 

3. Follicular thyroid cancer Ultrasound of the 

thyroid shows comet-

tail artifact. 

-2 -1 0 +1 +2 
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Legend 

-2: much less appropriate 

-1: less appropriate 

0: neither more or less appropriate 

+1: more appropriate 

+2: much more appropriate 

 

Clinical scenario 

G:  A 45-year-old man presents with sudden onset of hearing loss.  

If you were thinking of… And then you find 

that… 

Then your plan of action becomes… 

1. Prescribing oral steroids The hearing loss 

occurred 5 weeks ago.   

-2 -1 0 +1 +2 

2. Prescribing oral steroids He has type 2 diabetes 

mellitus.   

-2 -1 0 +1 +2 

3. Prescribing oral steroids He has a history of 

depression.  

-2 -1 0 +1 +2 

 

Clinical scenario 

H:  A 78-year-old woman presents with ear discharge.  

If you were thinking of… And then you find 

that… 

Then your plan of action becomes… 

1. Prescribing antibiotics 

eardrops 

There are spores seen 

in the external auditory 

canal.  

-2 -1 0 +1 +2 

2. Prescribing oral antibiotics She has a facial nerve 

palsy.    

-2 -1 0 +1 +2 

3. Sending the ear discharge for 

culture and sensitivity 

Her ear discharge has 

been persistent for 4 

weeks.  

-2 -1 0 +1 +2 

 

 

 

 

 

 


