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Abstract
The knowledge encapsulation theory (Schmidt & Boshuizen, 1992) predicts that experts
under certain conditions shift from the use of clinical knowledge to elaborated biomedical
knowledge. In normal routine cases, experts process cases with their encapsulated clinical
knowledge. These differences in processing are reflected in clinical case recall. However,
under what specific conditions this shift takes place have never been isolated in a
controlled setting. The experimental manipulations used in this study are case format and
elaborative instruction. Only elaborative instruction in combination with laboratory data
cases resulted in a significant increase of recall and a decrease in recall of encapsulated
concepts of the experts. These results indicate a processing shift to lower level

biomedical knowledge.



Introduction

The classic studies conducted by de Groot (1965), about expertise and recall of chess
positions showed all an monotonically increasing relation between expertise and the
amount of recall. This increasing amount of recall with level of expertise is also found in
many other domains, for example in bridge (Charness, 1979), baseball (Spillich,
Vesonder, Chiesi & Voss, 1979) or computer programming (McKeithen, Reitman, Rueter
& Hirtle, 1981). The nature and the amount of recall are dependent on the activated
knowledge structures (Patel & Groen, 1986). Therefore, it could be expected that experts
recall more information from a case than novices, because they have richer and better
organized knowledge structures to facilitate memory. However, if a medical expert
diagnoses a case and is asked to write down the details of this case, it is often the
intermediate level participant who produces more elaborated recall than novices or
experts. This effect, known as “intermediate effect,” is most frequently seen in the
medical domain and is a robust phenomenon (e.g., Boshuizen, 1989; Boshuizen &
Schmidt, 1992; Cleassen & Boshuizen, 1985; Patel & Groen, 1991; Schmidt &
Boshuizen, 1993a, 1993b; Van de Wiel, Boshuizen & Schmidt, 1994a, 1994b).

The knowledge encapsulation theory (Schmidt & Boshuizen, 1992) was
introduced to explain this intermediate effect; experts use their encapsulated knowledge
and students, on the other hand, make use of their more detailed biomedical knowledge
and this depicts the elaborated recall of the intermediate level expert. This encapsulation
process—<clustering of lower-level biomedical concepts into higher-level clinical
concepts—begins during the internships of the medical students when they encounter real

patients and their diseases.



Despite the fact that this intermediate effect is so robust, some studies have shown
the opposite—an increasing case recall with increasing levels of expertise (e.g., Norman,
Brooks & Allen, 1989). The effortful analysis of the cases consisting of only laboratory
data resulted in a more elaborated recall in the incidental recall condition, according
Norman et al. (1989). Another remarkable aspect of this study was the instruction given.
In Norman’s procedure, the participants had to give a problem formulation and had to
explain how the individual values are related to this formulation. This was done to
establish an expectation that the investigators were primary interested in the manner of
problem formulation instead of recall. The knowledge encapsulation theory predicts that
experts are still capable of using their biomedical knowledge structures, as shown in the
elaborative recall of the above mentioned study. Nevertheless, under what specific
conditions this shift from clinical knowledge to biomedical knowledge takes place, have
never been isolated in an experimental setting.

An attempt of Verkoeijen, Van de Wiel, Kooman, and Schmidt (2001) to replicate
the findings of the study of Norman et al. (1989) and to induce a non-automatic mode in
case processing of experts, showed differences in case recall and processing time between
the expert groups of the routine cases (laboratory data and clinical context) and the
laboratory data only cases. Processing of the lab only cases was more effortful and the
representations of the case recall were more elaborated. Nevertheless, there was no
significant difference in recall between the expert groups of the unusual lab only case
condition; the monotonically increasing effect found in the study of Norman et al. (1989)
was not replicated. A possible explanation given for these findings is the discrepancy in

expert groups between both studies. The experts in the study of Norman et al. (1989)



were al nephrologists, whereas the expert groups of the study of Verkoeijen et al. (2001)
consisted of mostly internists. The laboratory data cases were mainly designed for
nephrologists.

The present study is conducted to isolate what aspects of experimental
manipulation accounts for the processing shift of the experts from clinical knowledge to
biomedical knowledge. That is, the cases of an unusual format (laboratory data only) or
the problem formulation instructions. It was predicted that experts in the control
condition would solve the cases (context and laboratory data) in a fast automatic fashion
with use of clinical knowledge. Experts who were confronted with cases of the unusual
format would process the cases in a more elaborated fashion. The experts who
participated in the elaborative condition (laboratory data cases with elaborative
instruction) would shift from automatic processing towards a non-automatic elaborative
processing with use of biomedical knowledge. The processing shift of the experts would
result in an enhanced recall of the cases and less use of encapsulated concepts in their
recall. A processing shift would also have a reflection on case processing time. As
mentioned before, biomedical case processing is more demanding and therefore more
time consuming. Inducing a processing shift in solving clinical cases would provide
support for the knowledge encapsulation theory what postulates that under certain

conditions, experts could return to their lower level biomedical knowledge structures.

Method

Participants



The 30 experts in this study were all nephrologists from different hospitals in the
Netherlands. The 24 intermediates were students who had completed their internships in
internal medicine. The 24 novices were all fourth-year medical students. The participants
were divided over the different conditions and received a small compensation for their
participation.
Material
The cases were designed using two different formats and the participants were
divided according to three conditions. In the CL-condition (context and laboratory data),
the cases comprised of two sheets. The first sheet provided a clinical context, i.e. the
medical history of the patient, the results of the physical examination and some additional
findings. The second sheet contained 19 pieces of laboratory data presented in a standard
medical format. The two following sheets were blank response sheets for respectivel);;
diagnoses and recall. The order of the cases was counterbalanced to correct for order
effects. Assignment to one of the three conditions was made random for all participants.
The cases of the L-condition (laboratory data only) and E-condition (laboratory
data only with elaborative instructions) were essentially the same as in the CL-condition,
but without the clinical context. The material of these two conditions was an exact
replication of the cases from the study conducted by Norman et al. (1989) and the study
of Verkoeijen et al. (2001).
Procedure
All participants were informed that six cases would successively be presented and that
they have to read through each case in order to provide a diagnosis. Subsequently, they

were told to write down all the information they remembered for each case. In the CL-



condition, participants were informed that they were allowed to turn pages back and forth
between the clinical context and the laboratory data. There were no time constrains for
the procedure. Although, reading and processing times were recorded. To let the
participants get used to the procedure, a sample case was given in advance. All the
participants were tested separately.

Analysis

Diagnoses made by the participants were recorded with points awarded for correct ones.
The resulting diagnostic accuracy score ranged form O (completely inaccurate) to 10
(completely accurate). The free recall protocols were scored by means of a proposition
analysis method introduced by Patel and Groen (1986). Two independent raters scored
the diagnostic accuracy and free recall of the cases. A Pearson correlation of .857 [p =
.000] and .977 [p = .000], respectively, were found between the raters in a subset of
twelve cases. Data were analysed by using repeated measures (ANOVA). An alpha level

of .05 was used for all statistical analysis.

Results and Discussion
Using the knowledge encapsulation theory as a theoretical framework, it was predicted
that novices and intermediates would process the cases in all three conditions in the same
elaborative way by using their biomedical knowledge structures. The experts, on the
other hand, would only process the routine cases of the CL-condition on an automatic
processing mode, resulting in an intermediate effect between levels of expertise. The lab
data only condition (L-condition) would be more effortful to solve. Furthermore, it was

predicted that experts of the elaborative condition would shift from an automatic



processing towards a non-automatic elaborative processing mode with use of biomedical
knowledge.

The results show no significant effects of condition between the student groups [F
(2, 21) = 4402, MSE = 43.458, p = .025] or intermediate groups [F (2, 21) = 53.083,
MSE = 34.291, p = .236].

Diagnostic accuracy was highest in the CL-condition [F (2, 69) = 9.575, MSE =
5.696, p = .000], and total case recall showed an intermediate effect [F (2, 23) = 5.284,
MSE = 271.873, p = .013]. Figure 1 showed diagnostic accuracy as a function of level of

expertise.

Figure 1. Diagnostic accuracy as a function of level of expertise (CL/L/E-condition).
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A separate analysis of laboratory recall in the L-condition showed no significant effect of
level of expertise just as the study of Verkoeijen et al. (2001) revealed [F (2, 24) = .635,
MSE = 40.177, p = .539]. These results do also not confirm the monotonically increasing

effect found in the study of Norman et al. (1989). The laboratory data processing time of



the experts in the L-condition showed a significant condition effect [F (1, 19) = 10.778,
MSE = 8514.655, p = .004]. The results showed absolutely no laboratory recall
differences of the experts between the CL and L-condition. However, the recalled
summaries of the experts decreased with 57% in the L-condition. Experts of the L-
condition needed more time to process the cases and recalled fewer summaries in
comparison with the experts of the CL-condition. Laboratory data recall as a function of
level of expertise is showed in figure 2.

The processing shift what resulted in an elaborated case representation in the
Norman at al. (1989) study was not caused by the case format. Therefore, the experts’
processing could not be manipulated by the unusual case format. The robustness of the
way experts process cases is worthy of special notice. It was already been shown in other
studies, with different experimental manipulations. For example; motivation (De Bruin,
Van de Wiel, Rikers & Schmidt, 2001), cases from a different medical discipline (Rikers,
Schmidt & Boshuizen, 2000) or intentional versus incidental instructions (Van de Wiel et
al., 1994b).

On the other hand, the experimental manipulation of the elaborative condition (E-
condition) was highly successful. As predicted, the amount of laboratory data recall of the
experts increased from 6 to almost 10 propositions (62%) in comparison with the L-
condition—a significant condition effect [F (1, 18) = 10.052, MSE = 42.206, p = .005],
(see figure 2). The monotonically increasing effect as found in the study of Norman et al.

(1989) is replicated.

Figure 2. Lab data recall as a function of level of expertise (CL/L/E-condition).
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Experts laboratory data processing time increased with 51% [F (1, 18) = 6.089, MSE =
16456.072, p = .024] in comparison with the L-condition and 189% [F (1, 17) = 32.030,
MSE = 11154.530, p = .000] in comparison with the CL-condition. Figure 3 showed the

processing time as a function of level of expertise in all conditions.

Figure 3. Processing time as a function of level of expertise (CL/L/E-condition).
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Furthermore, recalled summaries showed an increase of 70% in comparison with the
experts of the L-condition (see figure 4).
On the basis of the above mentioned results of the E-condition can been concluded that
the experts have processed these cases with use of lower level biomedical knowledge.

In contrary with the explanation given by Norman et al. (1989), is the increased
recall of the experts not a consequence of the effortful analysis of the laboratory data, but

a consequence of a combination of lab only cases with elaborative instructions.

Figure 4. Recalled summaries as a function of level of expertise (CL/L/E-condition)
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In conclusion, experts of the CL-condition processed the cases in an automatic
mode, experts of the L-condition, on the other hand, needed more time to solve the cases
and recalled less summaries what indicated an increase of effort. However, a real
processing shift took place in the E-condition as shown in the case recall representation,
processing time and recalled summaries. Experts can, like the knowledge encapsulation

theory suggests, under certain conditions, shift from an automatic mode of processing

12
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with use of clinical knowledge to an elaborative mode of processing with use of

biomedical knowledge.
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