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Abstract 

Introduction: There are no empirical studies that describe factors that may influence the 

development of integrated clinical reasoning skills in dental education. Hence this study 

examines the association between outcomes of clinical reasoning in relation to differences in 

instructional design and student factors. 

Materials and Methods: Progress test scores, including diagnostic and treatment planning 

scores, of fourth and fifth year dental students (2009-2011) at the University of Pretoria, 

South Africa served as the outcome measures in stepwise linear regression analyses. These 

scores were correlated with the instructional design (lecture-based teaching and learning 

(LBTL=0) or case-based teaching and learning (CBTL=1), students’ grades in Oral Biology, 

indicators of socio-economic status (SES) and gender.  

Results: CBTL showed an independent association with progress test scores. Oral Biology 

scores correlated with diagnostic component scores. Diagnostic component scores correlated 

with treatment planning scores in the fourth year of study but not in the fifth year of study. 

“SES” correlated with progress test scores in year five only, while gender showed no 

correlation. 
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Conclusion: The empirical evidence gathered in this study provides support for scaffolded 

inductive teaching and learning methods to develop clinical reasoning skills. Knowledge in 

Oral Biology and reading skills may be important attributes to develop to ensure that students 

are able to reason accurately in a clinical setting. 

 

Keywords: clinical reasoning; case studies; scaffolding; reading ability; South Africa; dental 

eductaion. 

 

Introduction 

Clinical reasoning skills are important competencies to develop in undergraduate dental 

curricula (1). The development of clinical reasoning skills in inexperienced students remains 

a daunting task, complicated by the multifaceted and ambiguous nature of clinical reasoning 

as a construct (2, 3).  

The few existing empirical studies (4, 5) that describe the development of clinical reasoning 

skills in dental education over time are descriptive in nature, with little or no reference to 

student or teacher-related factors that may have influenced the learning process. It could be 

argued that the instructional design created by the teacher may have a distinct impact on how 

students approach their learning, while the characteristics and learning behaviours (6-9) of 

the students are probably equally important to consider.  

A need therefore exists to examine the associations between clinical reasoning outcomes and 

different types of instructional designs used for teaching, as well as the students’ 

characteristics that may influence their learning. An improved understanding of these 

connections may be valuable to the teacher to understand the dynamics of teaching and 

learning of clinical reasoning skills at undergraduate level. 

Teaching: Instructional designs 

Cognitive scientists propose that inductive approaches to teaching and learning are more 

likely than deductive approaches to develop complex reasoning (10). Case-based teaching 

and learning (CBTL) and clinical teaching and learning (CTL) can be considered to be 

inductive teaching and learning methods that facilitate active learning and problem-solving in 

relevant contexts (10, 11). Lecture-based teaching and learning (LBTL), in turn, can be 

defined as a deductive approach to teaching and learning, which is only suitable to teach 

conceptual knowledge (10). Inductive methods such as problem-based learning (PBL) have 

been employed by medical schools for several decades (12). Despite substantial research, 

there is still contention whether PBL is more effective than traditional LBTL to develop 

reasoning skills (13). Part of this contention has its origin in the way PBL evaluation data are 

being collected and compared using meta-analyses. Farrow and Norman argue that direct 

comparison of different instructional designs would be more appropriate than meta-analyses 

to gain a more sophisticated understanding of differences in impact on learning (13).  
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The development clinical reasoning skills is however dependent on an instructional design 

that allows for the repeated elaboration of prior knowledge (3, 10, 11). History dictates that 

the basic medical sciences (BMS) such as Anatomy and Physiology serve as prior knowledge 

for clinical teaching and learning (CTL) (14). BMS knowledge may indeed contribute to the 

development of clinical reasoning skills, particularly when integrated with clinical problems 

(15, 16). In a traditional dental school, Anatomy and Physiology typically form the basis of 

Oral Biology. Oral Biology serves as the scientific basis to understand the aetiology, 

pathogenesis, and diagnosis of diseases and conditions in the head and neck region (17). 

Ultimately, the quality of the diagnostic reasoning may influence treatment planning (18) and 

the outcome of clinical cases (19). A need consequently exits to control for levels of prior 

knowledge when evaluating teaching and learning outcomes (20).  

Learning: Student characteristics and behaviours. 

Student characteristics and learning behaviours (6-9) also play a role in the learning process. 

Unfortunately, students do not possess equal academic skills and self-regulation abilities to 

cope with tertiary studies (6-9). The development of these skills is often determined by the 

quality of primary and secondary schooling in a socio-political environment (21-23). The 

development of reading skills in particular have a distinct influence on the general knowledge 

of students that may be required for the acquisition of new knowledge and reasoning skills at 

a tertiary level (20, 24). 

The above-mentioned arguments are particularly relevant in the South African context in 

which Black Africans, Coloureds
1
 and Asians have been discriminated against in the 

Apartheid political system before 1994. This led to inequality in the education system that 

affected quality schooling for the majority of people in the country negatively for very long 

periods of time (21-23). Redress has slowly but surely been taking place since 1994. The 

South African government still uses “race” as a variable in census surveys to monitor redress 

in the country (25). Recent census data suggests that despite considerable redress, White 

South Africans are still better resourced on average compared to the other groups (25). 

Hence, White students may still have the educational advantage in the South African context 

due to their socio-economic advantage. A recent article in Medical Education highlights the 

critical importance of including “race” as a socio-demographic indicator into educational 

study designs to measure redress (26).  

The above-mentioned socio-demographic traits of students are bound to have a distinct 

influence on how students learn. However, it is ultimately the individual student’s self-

regulation ability that will determine the learning outcomes (6). Motivation to learn and 

conscientious engagement in the educational process have indeed been linked to academic 

success (27). Literature, for example, suggests that females generally outperform male 

students, probably because of their inherent diligence (8, 9). The inclusion of gender as a co-

variable in an outcomes evaluation may therefore be warranted. 

 

                                                           
1
 People with mixed race origins 

2
 Third, fourth and fifth year students wrote exactly the same test during the study period (2009-2011) 
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Objectives and hypotheses of the study 

Following the appraisal above, the primary objective of this research was to study the 

multivariate association between clinical reasoning outcomes, prior BMS knowledge, the 

instructional design students were exposed to and student-related socio-demographic factors.  

It was expected that inductive methods such as CBTL would be associated with superior 

clinical reasoning ability while LBTL would be associated with lesser ability in clinical 

reasoning in an academic context. The researchers also expected a correlation between 

students’ Oral Biology grades (as indicator of BMS knowledge) and diagnostic reasoning, as 

well as a correlation between the diagnostic reasoning and treatment decisions.  

A further hypothesis was that students in a tertiary education setting, who have more 

resources at their disposal, might still have an advantage above students with fewer resources 

at their disposal. It was also anticipated that females will engage in the learning more 

thoroughly and will as a result display superior clinical reasoning compared to males. 

 

Materials and Methods  

This study was conducted in the discipline-based School of Dentistry, University of Pretoria 

from 2009 to 2011. 

Institutional context: Instructional Design 

For the past few decades integrated clinical reasoning has been facilitated by means of a 

subject named Comprehensive Patient Care (CPC) (5, 11, 28-31). Until 2009 CPC comprised 

of lecture-based teaching and learning (LBTL) in combination with clinical teaching and 

learning (CTL) in the fourth year of study, which continued until the end of the fifth year of 

study (5, 11, 31). Case-based teaching and learning (CBTL) were implemented in 2009 for 

third year students. The purpose of the CBTL were to systematically scaffold the 

development of clinical reasoning skills (11, 31). During teaching learning and assessment 

students had to study complex case studies and had to record the clinical information on 

patient administration forms, after which they had to determine the aetiology and formulate 

diagnoses (5, 31). The diagnoses then served as the basis for the treatment planning. The 

students performed these tasks individually and in groups (31). It is pertinent to note that the 

faculty members responsible for CPC remained the same over the study period. These faculty 

members participated, in some way or another, in both the LBTL and CBTL. 

Clinical teaching and learning (CTL) commenced in the fourth year (5, 11, 31) applying the 

principles learned during CBTL. Students examined, diagnosed and treated a minimum of 

eight complex cases under the guidance of the same faculty members that present the CBTL. 

In the fifth year of study the responsibility of the supervision of the diagnosis and treatment 

planning was transferred to the Department of Prosthodontics when the students started to 

practise fixed prosthodontics (31). It is important to note that this transfer was part of an 
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intentional scaffolding strategy whereby the scaffolding was gradually removed as the 

students increased their proficiency (11, 31).  

Institutional context: BMS knowledge 

At the time of the study dental students at the University of Pretoria learned Anatomy and 

Physiology in the first and second years of study. During the study period students received 

Oral Biology lectures in the third year of study and had to study from world class text book 

(17) using study objectives as their only guide. For many years Oral Biology has been the 

module with the highest failure rate in the third year of study. The same lecturer presented 

Oral Biology for each of the calendar years applicable to this study. The assessment in Oral 

Biology was done by means of random sampling of study objectives. The assessment 

consisted of three written papers throughout the year as well as a final examination. Although 

the students received feedback, the content and old papers were strictly not available to 

students for use as part of their learning. Questions differed from test to test.  

Target population 

Fourth and fifth year students (2009-2011) served as the study population (Table 1). The 

2009 and 2010 fourth year cohorts received LBTL, while the 2011 fourth year cohort had 

CBTL in 2010 in the third year of study. The 2009 and 2010 fifth year cohorts had LBTL in 

their fourth year of study while the 2011 fifth year cohort participated in the CBTL in their 

third year of study (2009). 

Table 1 Outline of the target population 

Study year  4 4 4  5 5 5 

Year  2009 2010 2011  2009 2010 2011 

n  49 39 48  48 48 36 

Instructional design  LBTL CBTL CBTL  LBTL LBTL CBTL 

 

Outcome measure: Progress test scores  

The researchers measured the clinical reasoning ability of third to fifth year students with a 

standardised progress test
2
 at the end of the second semester (2009-2011). The test was based 

on a complex case-study. The students had to gather the necessary information and had to 

make 18 diagnostic and 14 treatment planning decisions. The diagnostic decision-making 

included the identification of aetiological factors (5, 31). The test and its discrimination 

properties (which were deemed to be acceptable) have been published in the European 

Journal of Dental Education (5) and can also be viewed in the original PhD thesis (31). 

Indicators of prior knowledge  

Oral Biology grades were obtained from University records.  

 

                                                           
2
 Third, fourth and fifth year students wrote exactly the same test during the study period (2009-2011) 
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Socio-demographic indicators 

Students provided written consent the researchers to use their demographic details (“race” 

and “gender”) on the University systems. 

Using census data (25) and the students’ “race” as reference the students were stratified into 

two categories indicating “socio-economic status” (SES) (33). White students were placed in 

the “high” SES group while Black African, Coloured and Asian students were grouped 

together in a category of “low” SES. This stratification was made because of the socio-

political reasons (26, 33) provided in the introduction of this article and because the sub-

sample sizes of some of the minority groups have been too small to be used independently in 

multivariate analyses (34).  

Statistical analysis 

The association between progress test scores (including diagnostic and treatment planning 

component scores) and the applicable instructional design (LBTL=0 or CBTL=1), Oral 

Biology grades, race, and gender, was analysed with stepwise linear regression in Stata 

(StataCorp. 2011. Stata Statistical Software: Release 12. College Station, TX: StataCorp LP). 

Stepwise linear regression was selected to identify independent co-variables that could be 

associated with clinical reasoning outcomes by systematically eliminating co-variables that 

were unlikely to have a correlation. The normal distribution of the data (31) also in indicated 

the use linear regression. Progress test scores served as the outcome measure.  

Effect sizes were measured by means of Cohen’s f 
2
. According to the Cohen method effect 

sizes of 0.02, 0.15 and 0.35 are, respectively, considered to be low, medium and large (35). 

Ethical approval 

The researchers obtained ethical approval from the Ethics Committee of the Faculty of Health 

Sciences, University of Pretoria (Protocol 153/2009) to conduct the analysis as part of a 

broader PhD study.  

 

Results 

Table 2 displays the mean progress test scores per cohort broken down to diagnostic and 

treatment planning scores in relation to students’ exposure to CBTL or LBTL. Table 2 also 

displays the mean Oral Biology grades for each cohort. 
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Table 2 Progress test (5) and Oral Biology scores  

Year Study 
year 

n Instruc-
tional 
design 

Progress test 
scores 
(%) 

Diagnostic 
component  
(%) 

Treatment planning 
component  
(%) 

Oral Biology  
(%) 
 

  
 

 X Sd X Sd X Sd X Sd 

2009 4 49 LBTL 58.74 9.33 67.35 12.45 47.67 9.82 61.72 14.9 

2010 4 39 CBTL 66.59 10.69 73.79 12.99 57.33 12.53 62.72 8.30 

2011 4 48 CBTL 68.95 10.40 73.38 12.71 63.24 13.66 62.13 10.5 

            

2009 5 48 LBTL 64.97 9.71 71.75 11.34 56.25 13.87 61.25 10.6 

2010 5 48 LBTL 63.67 11.14 68.87 14.66 56.99 14.4 61.38 14.80 

2011 5 36 CBTL 75.69 6.93 83.64 7.96 65.48 11.13 63.47 8.06 

X: Mean 

Sd: standard deviation 

 

Table 3 provides the students’ mean progress test scores stratified by population-based SES 

and gender.  

Table 3 Progress test scores stratified by SES and gender 

SES YOS ID Year Female Male Total 

    n* X SD n* X SD n* X SD 

“Low” 

4 LBTL 2009 6 59.38 11.86 7 56.70 10.59 13 57.94 10.80 

4 CBTL 2010 6 66.67 13.79 3 56.25 14.32 9 63.20 14.04 

4 CBTL 2011 14 66.96 8.10 6 63.02 12.41 20 65.78 9.43 

5 LBTL 2009 7 63.84 11.81 6 49.48 14.31 13 57.21 14.51 

5 LBTL 2010 4 77.34 10.94 2 79.69 2.21 6 78.12 8.62 

5 CBTL 2011 8 57.03 7.61 5 61.25 7.19 13 58.65 7.46 

             

“High” 

4 LBTL 2009 23 56.66 8.75 12 63.54 8.03 35 59.02 9.02 

4 CBTL 2010 21 66.96 10.11 9 69.10 8.33 30 67.60 9.52 

4 CBTL 2011 18 74.65 10.66 8 65.63 7.83 26 71.87 10.61 

5 LBTL 2009 22 65.77 9.32 12 66.67 8.14 34 66.09 8.81 

5 LBTL 2010 21 74.55 6.03 9 76.74 7.98 30 75.21 6.61 

5 CBTL 2011 25 67.00 10.48 10 68.13 6.72 35 67.32 9.48 

ID: Instructional design 

YOS: Year of study 

n* – Due to missing data totals may not add up as expected 
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Table 4 Multivariate correlation of progress test in relation to instructional design, Oral Biology grades, SES, 

and gender 

 Out-
come 

Covariable Coefficient SE P Adjusted R2/ Cohen’s 
f 2 

F
o

u
rt

h
 y

ea
r 

o
f 

st
u

d
y 

P
ro

g
re

ss
 t

es
t 

sc
o

re
s 

Intervention (Yes=1 / No=0 ) 8.62 (5.23-12.01) 1.71 <0.001   

Oral Biology 0.35 (0.21-0.48) 0.07 <0.001   

SES (High=1 / Low=0)   ns*    

Gender (Male=1 / Female=0)   ns*   

    0.27  0.37 

D
ia

g
n

o
st

ic
  

co
m

p
o

n
en

t 

Intervention (Yes=1 / No=0 ) 5.27 (1.09-9.45) 2.11 <0.05   

Oral Biology 0.44 (0.27-0.61) 0.09 <0.001   

SES (High=1 / Low=0)   ns*    

Gender (Male=1 / Female=0)   ns*   

    0.19  0.23 

T
re

at
m

en
t 

p
la

n
n

in
g

 

 c
o

m
p

o
n

en
t 

Intervention (Yes=1 / No=0 ) 11.54 (7.17-15.90) 2.21 <0.001   

Oral Biology 0.11 (-0.08-0.30) 0.10 0.26   

Diagnostic component score 0.26 (0.09-0.44) 0.09 <0.01   

SES (High=1 / Low=0)   ns*    

Gender (Male=1 / Female=0)   ns*   

    0.27 0.37 

F
if

th
 y

ea
r 

o
f 

st
u

d
y 

P
ro

g
re

ss
 t

es
t 

 s
co

re
s 

Intervention (Yes=1 / No=0 ) 10.21 (6.69-13.74) 5.73 <0.001   

Oral Biology 0.20 (0.06-0.34) 2.76 <0.001   

SES (High=1 / Low=0) 4.68 (0.77-8.59) 2.37 <0.05   

Gender (Male=1 / Female=0)   ns*   

    0.31 0.45 

D
ia

g
n

o
st

ic
 

 c
o

m
p

o
n

en
t 

Intervention (Yes=1 / No=0 ) 12.12 (7.67-16.56) 2.25 <0.001   

Oral Biology 0.27 (0.08-0.45) 2.88 <0.01   

SES (High=1 / Low=0) 4.08 (-0.84-9.01) 1.64 0.103   

Gender (Male=1 / Female=0)   ns*   

    0.27 0.37 

T
re

at
m

en
t 

p
la

n
n

in
g

 c
o

m
p

o
n

en
t Intervention (Yes=1 / No=0 ) 6.30 (0.63-11.97) 2.87 <0.05   

Oral Biology 0.12 (-0.10-0.34) 0.11 0.274   

Diagnostic component score 0.13 (-0.08-0.33) 0.10 0.219   

SES (High=1 / Low=0) 4.99 (-0.73-10.71) 2.89 0.087   

Gender (Male=1 / Female=0) 4.32 (0.62-9.27) 2.50 0.086   

    0.12 0.14 

ns*: not significant (co-variable dropped from the stepwise linear regression model) 
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Table 4 displays the results of the multivariate analysis for the fourth and fifth year cohorts 

using progress test scores, diagnostic, and treatment planning scores as the outcome variables 

 

Fourth year of study 

CBTL and Oral Biology grades exhibited positive associations with the progress test scores 

(adjusted R
2
=0.27,  f 

2
=0.37) and diagnostic component scores (adjusted R

2
=0.19, f 

2
=0.23) in 

the fourth year of study. CBTL and the diagnostic component scores correlated independently 

with the treatment planning component scores (adjusted R
2
=0.27, f 

2
=0.37) (Table 4).  

Fifth year of study 

CBTL, Oral Biology grades and “high” SES, correlated with the progress test scores 

(adjusted R
2
=0.31, f 

2
=0.45) in the fifth year of study. CBTL and Oral Biology grades 

correlated with the diagnostic component scores (adjusted R
2
=0.27, f 

2
=0.37). Only CBTL 

could be independently associated with the treatment planning component scores (adjusted 

R
2
=0.12,  f 

2
=0.14) (Table 4). 

 

Discussion 

This article is the first known report of the multivariate association between clinical 

reasoning decision-making, different teaching and learning approaches, prior BMS 

knowledge in the form of Oral Biology grades, and socio-demographic variables in dental 

education. 

Progress test scores versus the teaching and learning approach 

The results of this study suggest that the preclinical scaffolded CBTL (11) may have been 

more effective compared to the previously used LBTL to develop undergraduate dental 

students diagnostic and treatment planning decision-making in CPC. Based on the Cohen 

method (35), the effect sizes of these differences ranged from medium to large. These results 

therefore support the use of inductive approaches to develop integrated reasoning skills over 

time, as opposed to deductive approaches (10) as elaborated upon in the introduction of this 

article. Moreover, the comparison of outcomes in relation to two different instructional 

designs (13) provides additional support to existing conclusions in medical education that 

inductive instructional designs such as PBL may be more effective than traditional LBTL 

methods to develop reasoning skills in the long-term (12).  

Progress test scores versus BMS knowledge 

The independent correlation, with medium to large effect sizes (35), that were found in the 

current study between progress test scores and Oral Biology grades (Table 4) suggests that 

BMS knowledge may indeed provide a foundation for the development of diagnostic 

reasoning skills in particular. The deliberate attempt to integrate knowledge obtained from 

Oral Biology in CPC during CBTL may have contributed to the positive correlations between 
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Oral Biology grades and progress test scores. The current study’s findings are therefore 

consistent with other reports in the literature in medical education (15). 

An alternative explanation for the above-mentioned correlation may be variances in the 

students’ ability to read and comprehend complex text (16, 20, 24, 36-38). A lack of reading 

skills is of particular concern in the South African schooling system (36, 37), which was 

explained in the introduction of this article. The University of Pretoria expects students to 

study Oral Biology from a world class text book (17), which requires good reading skills in 

order to comprehend the scientific language. The complex case studies (5, 31) used for 

teaching and learning as well for the progress test contain large amounts of information, 

which has to be interpreted and systematically transferred to odontograms (11) in a limited 

time period. Comprehension of the text is required to answer the 32 questions accurately. It 

has been proposed in the literature that students who have better reading skills will find 

similar exercises easier than students with less-developed reading skills (16, 38). Reading 

ability remains an important skill for any professional scholar and should therefore be 

promoted as a foundational skill from early on in the curriculum (37). Students who struggle 

with reading and comprehension should be identified early in order to be exposed to 

additional exercise to develop these critical skills (37). 

Regardless of the potential confounding influence of reading ability, it can confidently be 

argued that diagnostic reasoning has a direct link with BMS knowledge as has been 

illustrated in previous research (15).  

Diagnostic reasoning versus treatment planning decisions 

Treatment planning, in turn, depends more on the diagnosis (39) and less on the BMS 

knowledge itself. Students at the University of Pretoria are taught to make a complete 

diagnosis before formulating a treatment plan based on their diagnostic findings and 

prognostic considerations (31). During the study period the same group of faculty members 

supervised and controlled this process during CBTL and CTL in the third and fourth years of 

study, respectively. The researchers therefore expected some sort of correlation between the 

diagnostic component and treatment planning component scores. The independent 

correlation, with a relatively large effect size (35) found between diagnostic component and 

treatment planning component scores in the fourth year of study (Table 4), indeed suggests 

that students who were able to make better diagnostic decisions were also able to make more 

accurate treatment planning decisions.  

The relatively low scores achieved by fifth year students in the treatment planning component 

of the progress test may be indicative of the long time it normally takes to develop treatment 

planning skills (19). The results also indicate substantial misconception regarding treatment 

plan selection amongst the students, highlighting the need for further intervention. This need 

was elaborated upon in a related study by Postma and White (5). Moreover, the finding of the 

non-significant correlation between the diagnostic component and treatment planning 

component scores in the fifth year of study (Table 4) maybe a case of “case” or “content” 

specificity (40). It is highly conceivable that common misconception about treatment plan 

selection may have arisen due to lack of standardisation in the discipline-based school (5, 31). 
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The risk for content specificity increased because of the transfer of primary supervision 

responsibility to a different academic department, indicating the need for greater levels of 

standardisation in the discipline-based school. This issue, however, needs further 

investigation. The finding that CBTL correlated with the treatment planning component 

scores in the fifth year analysis, without an association with the diagnostic component score, 

suggest that the treatment planning learned in the CBTL may well have contributed towards 

the treatment planning decisions in the progress test. However, the relatively low variance 

that could be explained (R
2
=0.12) and low effect size (Cohen’s f 

2 
=0.14) (Table 4) indicate 

that other factors, that were not controlled for during the analysis, may have played a 

significant role in a student’s acquisition of treatment planning skills. Literature indeed 

suggests that due the complexities of treatment planning, high variability may exist amongst 

inexperienced clinicians (5, 19). Further study is indicated into these dynamics. 

Progress test scores, SES and gender 

The detailed breakdown of the progress test scores (Table 3), suggests that those in the “high” 

SES grouping have an advantage to develop their skills in an academic setting. These 

findings may partly be due to inequality in reading ability that was identified in the 

introduction and discussion sections above (36, 37). However, controlling for potential 

confounding factors by means of the multivariate analysis, an association between SES and 

progress test scores could only be shown in the fifth year of study in relation to overall 

progress test scores. This finding might be related to the removal of the scaffold and support 

to the students by dedicated faculty, focussed on the teaching of clinical reasoning skills. As 

mentioned above, fifth year students were transferred to a different department for the 

supervision and control of diagnosis and treatment planning as part of a deliberate scaffolding 

strategy (10, 11, 31). As a remedy to the situation, a qualitative study by Postma recommends 

additional support to students who do not progress in clinical reasoning (41). It should 

therefore be investigated whether the faculty responsible for CPC should continue to scaffold 

and support the learning of students performing at a lower level in the fifth year of study. 

Studies have shown that females may perform marginally better than males in an academic 

setting due to their inherent diligence (8, 9). Gender could not be associated with progress 

test scores in the current study (Table 4). This may be due to the active learning approaches 

that were followed in the class room. Although a substantial amount of work had to be done 

at home, all students had to engage in team work in class. Scheduled periods had specific 

outcomes and, faculty members were on hand to provide supervision and feedback. It 

therefore appears as if active learning activities, as described above, may have levelled the 

playing field between males and females in an academic setting. 

Limitations of the study 

The above-mentioned inferences should only be interpreted considering the quasi-

experimental design whereby the clinical reasoning outcomes of different student cohorts 

were compared (42). Such experimental designs are not ideal because the learning 

environment may change over time. Cohorts may be inherently different (42), as for example 

indicated by differences in the standard deviations of Oral Biology scores (Table 2) in the 
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current study. These variances can be explained by the fact that the 2009 fourth year cohort 

had a few more struggling students in Oral Biology in the third year of study compared to the 

other cohorts. Due to ethical considerations the quasi-experimental design was the best 

available design that allowed for a comparison between students exposed to different 

instructional designs. Moreover, Oral Biology tests differed over the years that may have 

introduced measurement error. It could, however, be argued that the standard and level of 

difficulty, indicated by the similarity of the mean scores in Oral Biology (Table 2) remained 

consistent across cohorts for the duration of the study. 

The stratification of SES may also have led to some degree of measurement error. Using this 

method it was assumed that the SES of the students in each stratum was the same, which is 

obviously not accurate on an individual level. The related results should therefore only be 

interpreted on a socio-demographic population-level (33). 

The way in which the clinical reasoning outcomes were determined by means of the 32-

question progress test can also only be regarded as a simulation exercise, which may differ 

from a real clinical context. 

Despite these limitations, the researchers are of the opinion that the methods that were 

employed over a three-year study period and adequate sample sizes allowed for inferences to 

be drawn with some confidence. 

 

Conclusion 

The empirical evidence gathered in this study provides support for the hypotheses that 

inductive teaching and learning methods such as CBTL would render superior clinical 

reasoning ability compared to LBTL. The findings support the use of scaffolded preclinical 

CBTL. 

The results also support the hypothesis that knowledge in Oral Biology may be important to 

ensure that students are able to reason accurately in a clinical setting, although reading ability 

may be a confounding factor in this association. It is suggested that relevant BMS knowledge 

be integrated with CBTL and that the development of reading ability be pursued early in the 

curriculum in the South African context. 

The hypothesis that SES may play a role in the acquisition of clinical reasoning skills could 

not be confirmed with confidence. A need may exist to scaffold and support the learning of 

students who are performing at a lower level throughout the duration of their undergraduate 

studies in the South African context. 
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