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Supplementary file 2: results of literature review 

 

PRISMA diagram  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

894 potential relevant studies identified during 
literature search (including duplicates): 
 
249 MEDLINE 
104 PsycINFO 
52 CINAHL 
406 EMBASE 
54 ERIC 
29 Google Scholar 

768  Articles excluded because not 
relevant/duplicate 

126  Abstracts reviewed 

91  Articles excluded because:  
 

Not in English language 
No teaching intervention 
Not relating to developing clinical reasoning 
ability 
Not relating to medical students 
No empirical data reported (most common) 
 
 

27  Empirical studies included in literature 
review: 

 
2  Teaching schemas/illness scripts 
3 Teaching the principles of clinical 

decision making 
4  Strategies that employ thinking aloud, 

brainstorming or cognitive mapping  
7 Teaching cognitive forcing strategies  
11 Using practice cases with feedback 
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Twenty-seven studies were identified that provided a description of a teaching intervention 

designed to improve clinical reasoning ability among medical students, including empirical 

findings. Two studies involved teaching schemas/illness scripts; three involved teaching the 

principles of clinical decision making; four used strategies that employ thinking aloud, 

brainstorming or cognitive mapping;  seven taught ‘cognitive forcing strategies’; and eleven 

used practice cases with feedback. All were short term interventions with none describing a 

long-term curriculum approach.  The studies described a wide range of strategies, using 

variable study designs, so no attempt was made to systematically organise the findings other 

than to categorise and describe them. 

 

Teaching schemas/illness scripts 

 

Two studies (Blissett, Cavalcanti & Sibbald, 2012; Lee et al, 2010) focused on teaching 

‘schemas/illness scripts’ to medical students. Both demonstrated a significant improvement in 

diagnostic performance in the intervention group when tested 2-8 weeks later. Both studies 

attempted to provide structured knowledge to students by teaching key features of prototypal 

cases (i.e. pattern recognition). 

 

Teaching the principles of clinical decision making 

 

Three studies looked at the impact of a short course teaching the principles of clinical 

decision making on medical student performance. One (Round, 1999) only measured changes 

in Diagnostic Thinking Inventory scores. Another (Rogers, Swee & Ullian, 1991) showed no 

improvement in diagnostic performance, and the third (Peters et al, 2002) demonstrated that 

teaching presentation skills to students improved their presentation skills. 

 

Strategies that employ thinking aloud, brainstorming or cognitive mapping 

 

Four studies looked at the effect of thinking aloud and/or drawing concept maps to ‘make 

visible’ the clinical reasoning process. For example, Chamberland et al (2011; 2015) showed 

in two separate studies that when students are taught to solve cases while generating ‘self-

explanations’ their diagnostic performance was better than controls when assessed a week 

later on different, more difficult cases. In another study, Yang et al (2017) looked at the 
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impact of small group brainstorming sessions vs didactic classroom teaching during a 3-

month internal medicine block and found that the small group cohort obtained higher 

Objective Structured Clinical Examination (OSCE) scores than either the didactic group or 

control group. Wu et al (2016) used a computer-based cognitive mapping approach to help 

students ‘make sense of their thinking and actions’ while solving clinical cases and found that 

those in the cognitive mapping group outperformed those in the verbal text group despite no 

differences in factual knowledge between the two groups.  

 

Teaching cognitive forcing strategies 

 

Studies teaching cognitive forcing strategies (e.g. being asked to stop and think, or use a 

checklist/mnemonic) to improve diagnostic performance showed mixed results. The largest 

(Sherbino et al, 2014), tested 191 students during their emergency medicine rotation using 

computer-based cases. There was no difference in diagnostic performance among students 

taught cognitive forcing strategies to reduce error from cognitive biases and those who 

received usual teaching. Another study (Coderre et al, 2010) looked at whether students’ 

initial diagnoses changed after being presented with further, either concordant or discordant, 

data. There was no difference in the accuracy of final diagnoses in either group. However, 

five studies taught structured reflection. In one (Chew, Durning & Van Merrienboer, 2016), a 

short checklist which encouraged students to ask themselves questions like, ‘What’s the 

evidence for this? What else could this be?’ led to improved diagnostic performance. In 

another (Shimizu, Kentaro & Yusuharu, 2013), structured reflection, including the use of a 

differential diagnosis checklist, led to an improvement in diagnostic performance in difficult 

cases, but worse performance in simple cases. In the third (Myung et al, 2013), students were 

asked to list differential diagnoses and findings compatible or not compatible with each 

diagnosis. Diagnostic accuracy was significantly better in this group compared with controls. 

Mamede et al (2012; 2014) performed two studies on structured reflection, both of which 

found that students who used structured reflection while practising diagnosing clinical cases 

outperformed controls in diagnosing new examples of the same diseases a week later. 

Diagnostic performance did not differ among the groups at the start of each study. The 

authors concluded that, ‘Structured reflection while practising with cases appears to foster the 

learning of clinical knowledge.’ 

 

Using practice cases with feedback 
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The most common strategy used to develop clinical reasoning ability among medical students 

in the literature is practice cases with feedback (on paper/on-line, simulated or at the 

bedside). Our literature review identified 11 studies in this category, 6 of which involved 

case-based clinical reasoning seminars (Nendaz et al, 2011; Jacobson et al, 2010; Tayyeb, 

2014; Nikendei et al, 2009; Stieger et al, 2011; Beullens, Struyf & Van Damme, 2006). The 

first four demonstrated an improvement in diagnostic performance or ‘clinical reasoning 

ability’, and the latter two demonstrated an increase in Diagnostic Thinking Inventory scores 

but no difference in diagnostic performance. All the studies involved short term 

interventions. Another study trialled web based collaborative learning versus face-to-face 

problem based learning for a 6-week cardiorespiratory course and found there was no 

difference in diagnostic performance between the groups at the end (Raupach et al, 2009). 

Two studies investigated computer-based learning. One studied the impact of a computer-

based tutor which provided ‘immediate contrastive feedback’ on students’ diagnoses – listing 

the symptoms and signs which were shared among the correct and incorrect diagnosis, then 

listing those that were only congruent with the prototype of the disease the student should 

have selected. There were no significant differences between the groups at the start of the 

study, but students in the computer-based tutor group performed significantly better than 

those in the control group on prototypal and difficult test cases at the end of the study (Papa 

et al, 2007). The other investigated the additional effect of illustrating potential errors in 

cases, and found that combining this with feedback to participants significantly improved 

diagnostic knowledge (Kopp, Stark & Fischer, 2008). Another study focussed on bedside 

physical examination teaching to improve the clinical reasoning ability of students but found 

this did not lead to any improvements (Mookherjee & Chou, 2011). The final study used a 

‘war games’ format – repeated paper simulations of unstable trauma patients in which 

participants were asked to verbalise their management of the situation – and found that those 

with the least amount of clinical experience showed the most improvement (Hedrick & 

Young, 2008). 
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