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Abstract

Background: Shared understanding is essential to effective collaborative
learning. Interactive processes occurring in problem- based learning
(PBL) tutorials have been explored to determine their cognitive and social
advantages, but shared understanding is a relatively under-researched
social process of PBL. The objective of this study is to describe how
medical students share understanding in medical problem-based learning
tutorials.

Method: We recruited participants from first-year medical students in
a single institution’s problem-based learning graduate entry curriculum.
Transcripts from full cycles of eight tutorial groups were compiled to
form the study corpus. Small interactional response words as indicators of
shared understanding were measured using the Wmatrix 3 programme, and
concordance lines were analysed manually to determine word functions.

Results: Interactional response words were most prevalent in session 1
and least prevalent in session 2 of the PBL cycle. Interactional response
words were used to mark unexpanded and simple and complex content
expansion functions. While affirmation content expansion functions and
reactive content expansion functions were more prevalent in sessions 1 and
3, negation content expansion functions were more frequent in session2.
The frequency of interactional response words and their functions seem to
align with the focus of each PBL tutorial session.

Conclusions: Demonstrating the feasibility of corpus linguistics
methodology for PBL concept analysis, this study showed that students
in PBL tutorials attained sophisticated levels of shared understanding. We
discussed the implication of the results for interprofessional teamworking
and patient-doctor communication.
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Introduction
Background

Research on problem-based learning (PBL) curricula has evolved into
microgenetic analyses of why and how PBL works [1]. Process-focused
research has studied several aspects of PBL processes including learning
issue generation [2], knowledge construction [3, 4], biomedical reasoning
[5], and conceptual change [6, 7]. Shared understanding processes in PBL
tutorial conversation (talk) have been insufficiently studied, even though
students collaborate in PBL tutorials [8] and shared understanding is essential
to collaboration [9]. These processes result in shared understanding marked
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by evidence of conceptual convergence such as moving to the
next topic, simple affirmative acknowledgement or recitation,
and mutual elaboration or concept completion [10].

The technologies so far applied to talk analysis do not
profile verbal data into grammatical categories, and conducting
an analytic process is difficult [11]. The Wmatrix 3 software
has proved useful for measuring linguistic categories for
further manual analysis [12]. We applied corpus linguistic
methodology to analyse graduate entry medical students’
shared understandings during PBL tutorial talk. We used
Wmatrix 3 to measure small interactional response words as
indicators of shared understanding to answer the following
questions:

1. What is the frequency of common interactional response
words in PBL tutorial transcripts?

2. What are the common functions of small interactional
response words in PBL tutorial transcripts?

3. What level of shared understanding is evident in PBL
tutorial conversation?

4. How is the evidence of shared understanding related to
PBL discourse content across tutorial sessions?

Shared understanding

All knowledge is bound up in social, cultural, and
physical activity [13]. Academic talk has been viewed
as display, confirmation, and repair of knowledge within
active situations [10]. Shared understanding refers to
overlapping understandings among group members brought
about through collaborative negotiation and acceptance of
individual contributions [14]. Shared meaning is a group
achievement attained when discourse participants engage
in collaborative social activity [15]. Shared understanding
involves refining ambiguity and partial meanings through
cycles of display, confirmation, clarification, questioning,
and repairing of shared meaning [16]. The current emphasis
on interprofessional teamwork [17] and patient-doctor shared
decision-making [18] indicates that medical students need to
learn understanding in addition to the acquisition of content
knowledge [19].

Method
Study design

Our previous study [12] demonstrated the suitability of
corpus methodology for the analysis of transcripts of PBL
tutorial discussions more systematically and with less bias.
The present study extends the application of the corpus
analysis methodology to an analysis of PBL talk to assess
evidence of shared understanding.

Setting

Graduate entry PBL at the University of Nottingham
Medical School in Derby is a hybrid curriculum. Students

and facilitators meet for 45 hours weekly, divided into three
sessions (PBL 1, 2, and 3). The first session concerns problem
analysis and learning issue generation for self-study, with
the results of the self-study being presented in the second
session. Students then devise a management plan and reflect
on a specific case in the third session.

Participants

Participant recruitment occurred through the provision of
verbal and written information. We invited the 2009 and 2010
student cohorts to participate in the study. Participation was
voluntary. Of the twelve tutorial groups in each cohort, six of
the 2009 cohort and five from the 2010 cohort participated in
the research. Inclusion criteria were willingness to participate
in the research and completion of consent forms for audio
and video recordings. Exclusion criteria were unwillingness
to participate in the study, refusal to consent to audio and/
or video recording, and being a temporary facilitator.
Recruitment into the study took place after the students had
acquired three months’ experience with the PBL curriculum.

Data collection

The student’s audio- and video-recorded the tutorial
discussions using an Olympus DS-2500 dictation machine and
a Sony HD camcorder, respectively. An external professional
transcriber transcribed the audio recordings verbatim.

Corpus formation

We removed irrelevant conversation from the transcripts.
The first author used video footage to assign transcript
statements to the tutorial participants. Unique codes were
assigned to the participants for identification. The study
corpus consisted of transcripts from eight tutorial groups.
Of the eleven consenting groups, transcripts from three
groups were excluded because of poor transcriptions due
to inaudibility, and multiple incomplete recording because
of equipment failure. Transcripts were compiled by PBL
session. The students’ contributions formed the students’
file, and the whole corpus file contained the contributions
of the students and the facilitators. The transcript files were
converted to plain text files and uploaded to the Wmatrix 3
online software. The students’ file was used for measuring the
interactional word frequency, while the whole corpus file was
used for concordance analysis. The study corpus consisted of
253,145 words: PBL 1 = 86,414, PBL 2 = 108,655, and PBL
3 =58,076. Further information on Wmatrix 3 is available on
the University of Lancaster’s website.

Shared interactional response words

The following small interactional response words have
been considered to mark shared meaning during interactional
conversation [20]:

1. Acknowledgement responses such as continuers (e.g.,
‘uh’, ‘yeah”)
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. Assessment tokens (e.g., ‘gosh’, ‘really”)

. Repair tokens (e.g., ‘I mean’)

. Agreement tokens (e.g., ‘that’s right’, ‘exactly’, ‘I see”)

2

3

4. Attention check tokens (e.g., ‘you know”)

5

6. Appreciation (e.g., ‘thank you’, ‘well done”)
7

. Negation tokens (e.g., ‘No’).
This study adopted these response words in its analysis.
Data analysis

The Wmatrix 3 programme was used to retrieve the
interactional response words from the interjection (UH)
parts- of-speech category. The five most frequently used
words were retrieved, further inspected, and analysed.
Concordance lines were exported to an Excel spreadsheet file.
Manual analysis was done to disambiguate, remove repeated
words, and determine the functions and evidence levels of the
interactional words. The raw and normalised frequencies of
the words were then calculated. Coding of the word functions
followed a directed content analysis procedure [21].

Statistical analysis

The Log-Likelihood calculator was used to calculate
the normalised frequency (per 100 tokens) and normalised
frequency comparison. A p-value of less than 0.05 and a Log-
Likelihood (LL) value greater than 3.84 were considered
significant.

Results
Frequency of interactional response word

There were 4,213 words in the five most frequently used
small interactional responses in the whole corpus, as follows:
non-lexical affirmation word ‘yeah’, 1,722 (40.87%)); lexical
affirmation word ‘yes’, 1,164 (27.63%); negation lexical
word ‘No’, 1,002 (23.78%); and reactive word ‘Oh’/’Ah’,
325 (7.72%)

Overall, the students used more than 1.0 interactional word
per 100 tokens to mark their discourse across PBL sessions,
but the interactional words were less frequent in PBL 2 (1.40
per 100 tokens) than in either PBL 1 (1.96 per 100 tokens) or
PBL 3 (1.79 per 100 tokens). Participants used more than 1.0
affirmation word (“yeah/yes’) per 100 tokens in PBL 1 and
PBL 3 (1.35 and 1.21 per 100 tokens, respectively), but less
than 1.0 per 100 tokens in PBL 2 (0.94 per 100 tokens). The
variation of affirmation words across the PBL sessions was
statistically significant (Table 1 below).

Although the students generally used fewer than 1.0
negation word per 100 tokens across the PBL sessions, the
least prevalence was noted in PBL 2 (0.36 per 100 tokens).
There was no significant difference in the negation frequency
in PBL 1 and PBL3 (0.41 vs 0.44 per 100 tokens, LL — 1.16).
However, the negative words were significantly overused in
PBL 3 compared to PBL 2 (0.44 vs 0.36 per 100 tokens, LL
+5.93). Likewise, less than 1.0 reactive word per 100 tokens
was used across the PBL sessions, the reactive words having
about the same prevalence in PBL 1 and 3 (0.16 vs 0.14 per
100 tokens, LL + 0.84) but being least used in PBL 2 (0.10
per 100 tokens). The results suggest that PBL1 was the most
interactive session, and PBL2 the least.

Functions of small interactional response words. The
analysis of interactional response words showed various
functions. However, due to limitations of space, only
functions that occurred in tens or more in each tutorial session
have been reported, as follows: 3,509 (83.29%) of the total
4,213 words: PBL 1 = 1,387, PBL 2 = 1,288, and PBL 3 =
834 (Table 2 below).

The figures in Table 2 (below) reflect the distinctive
feature of PBL session 1 (PBL 1), that affirmation functions
(viz., acknowledgement, confirming, restatement, addition,
commenting, contrasting and question preface) were more
prevalent than in either PBL 2 or PBL 3. Also, negation
function (viz., addition) and reactive functions (viz., recall
and information orientation) were more frequent in PBL 1
than in PBL 2 or 3.

Table 1: Identifying shared understanding: Raw and normalised frequencies per 100 tokens of occurrence of the five top small interaction
response tokens indicating shared understanding and their log-likelihood values in each problem-based learning session

Interactional response words

Word PBL 1 PBL 2

RF NF RF NF RF
Yeahlyes 1169 1.35 1017 0.94 700
No 350 0.41 395 0.36 257
Oh/Ah 137 0.16 107 0.1 81
Total 1656 1.96 1519 1.4 1038

Log Likelihood (LL) value Combined PBL

PBL 3

groups
NF Tvs2 2vs3 1vs3 RF NF
1.21 +73.99* | -26.04* +5.89* 2,886 1.14
0.44 +216NS| -5.93* |-1.16NS 1,002 0.4
0.14 +13.76* -547* | +0.84NS 325 0.13
1.79 +90.95* | -36.56* + 5.57* 4213 1.66

The number of small interactional response words indicating shared understanding was measured by using the Wmatrix 3 tag ‘interjections’
(UH); PBL = problem-based learning; 1, 2 and 3 = sessions 1, 2 and 3; NS = not significant; RF = raw frequency; NF = normalised frequency per

100 tokens; *P < 0.05; critical value = 3.84; vs, versus.
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However, addition type of affirmation function was more
frequent in PBL 2 (0.21 per 100 tokens) than in either PBL 1
(0.15 per 100 tokens) or PBL 3 (0.18 per 100 tokens). While
the addition function was significantly overused in PBL 2,
there was no significant difference in its prevalence in PBL 1
and PBL 3 (0.18 vs 0.15 per 100 tokens, LL — 1.90). Although
students used about 0.1 affirmation words per 100 tokens:
acknowledgement (0.11 per 100 tokens), confirming (0.12 per
100 tokens) and restating (0.10 per 100 tokens) in PBL 2, the
figures were significantly less than those recorded in PBL 1
and PBL 3 (Table 2 below). The students used fewer than 0.1
affirmation words per 100 tokens to mark other affirmation
functions. In PBL 2, less than 0.1 negation words per 100
tokens were used to mark negation functions. However, the
prevalence of simple negation (0.09 per 100 words) and
disagreement (0.09 per 100 tokens) functions was close to
0.1 per 100 tokens. While there was no significant variation
in the prevalence of simple negation function across PBL
sessions, the disagreement function was significantly more
prevalent in PBL 2 (0.09 per 100 tokens) than in PBL 1 (0.06
per 100 tokens, LL + 6.38) and PBL 3 (0.04 per 100 tokens,
LL + 13.39). Similarly, PBL discourse participants used less
than 0.1 interactional reactive words per 100 tokens to mark
orientation (0.04 per 100 tokens) and recall (0.01 per 100
tokens) functions in PBL 2. The prevalence of these functions
was significantly less than in PBL 1 (0.08 vs 0.04, LL +10.91;
0.04 vs 0.01, LL + 15.15). The difference between these
functions in PBL 2 and PBL 3 was not significant in relation to
orientation function (0.06 vs 0.04, LL + 1.31) but significant
with regard to recall function (0.02 vs 0.01, LL + 6.02).

The students used more than 0.1 interactional response
words per 100 tokens to mark acknowledgement (0.19 per 100
tokens), agreement (0.17 per 100 tokens), confirming (0.12
per 100 tokens) and addition (0.18 per 100 tokens) functions
in PBL 3. However, the frequency of acknowledgement and
confirming functions in PBL 3 was significantly less than in
PBL 1 (LL + 8.50 and LL +45.92 respectively), whereas there
was no significant difference in the frequency of addition
function between PBL 1 and PBL 3 (LL — 1.90). PBL 3 was,
however, distinctive because, unlike PBL 1 and PBL 2, the
students overused affirmation words to sequence (0.08 per
100 tokens) and specify (0.04 per 100 tokens) talk and preface
agreement (0.17 per 100 tokens), cause-effect (0.07 per 100
tokens) and question (0.05 per 100 tokens) functions (Table
2). Furthermore, the students overused negation interactional
words to mark correction (0.03 per 100 tokens) and cause-
effect (0.02 per 100 tokens) function in PBL 3 compared
to PBL 1 and PBL 2 (Table 2). The students used reactive
interactional words to mark idea orientation (0.06 per 100
tokens) and recall (0.02 per 100 tokens) functions in PBL 3.
While there was no significant difference in the prevalence of
idea orientation function in PBL 1 and PBL 3 (0.08 vs 0.06
per 100 words, LL + 1.31), the students significantly overused
reaction interactional words to mark idea recall function in
PBL 1 than in PBL 3 (0.04 vs 0.02 per 100 tokens, LL + 6.02).
Generally, the results suggest that the interactional response
functions were most frequent in PBL 1, less frequent in PBL
3 and least prevalent in PBL 2.

Table 2: Patterns of shared understanding codes: Normalised frequencies per 100 tokens and Log Likelihood values for frequent expansions

of small interactional response words indicating shared understanding

NF per 100 words

Word Function PBL1 PBL2
Acknowledgement 0.27 0.11
Talk sequence 0.03 0.04
Agreement 0.01 0.09
Confirming 0.28 0.12
Comment 0.18 0.04
Affi " Restate 0.15 0.1
(Y;;':;g; Specify 0.01 0.01
Addition 0.15 0.21
Contrast 0.08 0.05
Cause-effect 0.06 0.06
Preface question 0.04 0.03
Question token 0.02 0.03
Simple negation 0.08 0.09
Addition 0.04 0.03
. Correction 0.01 0.02
Negation (No) Disagreement 0.06 0.09
Cause-effect 0.01 0.01
Reactive (Oh/ | Orientation 0.08 0.04
Ah) Recall 0.04 0.01

Log Likelihood (LL) Combined

PBL3 Tvs2 2vs3 1vs3 NF

0.19 +69.93* -19.38* + 8.50* 0.1

0.08 -0.35NS -12.01* - 14.44* 0.05
0.17 -61.25* - 16.69* - 113.58* 0.08
0.12 +66.48* -0.00 NS +45.92¢ 0.17
0.06 +89.35* -1.42 NS +45.49* 0.09
0.09 +10.19* + 0.09 NS +8.75* 0.12
0.04 +0.12 NS - 16.38* -12.57 0.02
0.18 -7.28** +0.93 NS -1.90 NS 0.18
0.07 +5.11* -1.27 NS +0.71 NS 0.06
0.07 - 0.09 NS -0.41 NS -0.77 NS 0.06
0.02 +1.07 NS +0.56 NS +2.49 NS 0.03
0.05 -0.29NS -4.70* - 6.38* 0.03
0.09 -0.72NS - 0.06 NS -0.92 NS 0.08
0.04 +1.17 NS - 0.44 NS +0.04 NS 0.04
0.03 - 3.66 NS -0.31 NS - 4.80* 0.02
0.04 - 6.38* +13.39% +2.02 NS 0.07
0.02 -0.14 NS -0.15NS - 0.47 NS 0.01
0.06 +10.91* -3.02NS +1.31 NS 0.06
0.02 +15.15* -0.73NS +6.02* 0.02

The number of small interactional response words indicating shared understanding was measured by using the Wmatrix 3 tag ‘interjections’
(UH); PBL = problem-based learning; 1, 2 and 3 = sessions 1, 2 and 3; NS = not significant; RF = raw frequency; NF = normalised frequency

per 100 tokens; *P < 0.05; critical value = 3.84; vs, versus.
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Shared understanding evidence

The affirmation interactional functions. The figures in
Table 3 (below) show that, overall, more affirmation words
(0.40 per 100 tokens) were used for interactional responses
without content expansion than for interactional responses
with complex (0.33 per 100 tokens) and simple (0.29 per 100
tokens) expansions and least used to mark questions (0.06
per 100 tokens). The interactional responses without content
expansion (acknowledgement and continuative) and simple
content expansion responses (agree, restate, comment and
confirm) were significantly more frequent in PBL 1 (0.58
and 0.34 per 100 tokens respectively) but less prevalent in
PBL2 (0.26 and 0.24 per 100 tokens respectively). While
there is no significant difference in the prevalence of simple
content expansion in PBL 1 and PBL 3, the variation in the
prevalence of unexpanded content responses across PBL
groups was significant. Interactional responses with complex
expansions (addition, contrast, specify and cause-effect) and
questioning responses were more prevalent in PBL 3 (0.36
and 0.07 per 100 tokens, respectively) than in PBL 1 and 2.
While the variation of the questioning function across the
PBL sessions was not significant, complex content expansion
functions were significantly more prevalent in PBL 3.

Negation interactional functions

Generally, the negation words were more frequently
used for complex content expansion functions (0.14 per 100
tokens) than for unexpanded content functions (0.08 per 100
tokens). Unexpanded content (simple negation) functions
have equal prevalence in PBL 2 (0.09 per 100 tokens) and
PBL 3 (0.09 per 100 tokens) but slightly less in PBL 1 (0.08
per 100 tokens). However, there is no significant difference
in the variation of unexpanded functions across the PBL
sessions. The complex content expansion functions (viz.,
addition, contradiction and correction) were significantly
more prevalent in PBL 2 (0.16 per 100 tokens) than in

either PBL 1 (0.13 per 100 tokens) or PBL 3 (0.13 per 100
tokens).

Reaction interactional functions

The reaction interactional words were used predominantly
for unexpanded functions (0.08 per 100 tokens) than for
simple content expansion functions (0.04 per 100 tokens).
Both reaction interactional functions were frequent in PBL
1 (0.08 and 0.04 per 100 tokens), less prevalent in PBL 3
(0.06 and 0.02 per 100 tokens) and occurred least in PBL
2 (0.04 and 0.01 per 100 tokens). The unexpanded function
was significantly more prevalent in PBL 1 than PBL 2 (LL
+ 10.91), but there was no significant prevalence difference
between PBL 1 and PBL 3 (LL + 1.31). The simple content
expansion function was significantly more prevalent in PBL 1
than in PBL 2 (LL + 15.15) or PBL 3 (LL + 6.02).

Discussion content

Generally, students used 1.5 interactional response words
to mark knowledge talk, about 1.0 interactional response
words to preface task plan and fewer than 1.0 interactional
response words to mark physical action, humour and reflection
talk (Table 4 below). Also, while there was no significant
difference in the overall frequency of theinteractional
discourse contents in PBL 1 and PBL 3 (1.92 vs 1.79 per
100 tokens, LL + 3.12), the interactional discourse contents
were less prevalent in PBL 2 when compared to PBL 1 (1.40
vs 1.92, LL - 78. 83) and PBL 3 (1.40 vs 1.79, LL - 36.56).
Table 4figures show that students generally used more than
1.0 interactional response word to mark knowledge discourse
across the tutorial sessions. The knowledge discourse has
the highest prevalence in PBL 3 (1.65 per 100 tokens) but
there was no difference in the prevalence of knowledge talk
marked with the interactional response words in PBL 1 and
PBL 3 (1.57 vs 1.65 per 100 tokens, LL — 1.43), implying
that knowledge talk was the least prefaced with interactional

Table 3: Commonly occurring standards of shared understanding: Normalised frequencies per 100 tokens and Log Likelihood values for

frequent degrees of interactional responses

NF per 100 words

PBL1 PBL2

Without content expansion 0.58 0.26

With simple content expansion 0.34 0.24
Affirmation

With complex content expansion 0.3 0.33

Mark question 0.06 0.05

Without content expansion 0.08 0.09
Negation

With complex content expansion 0.13 0.16

Without content expansion 0.08 0.04
Reactive

With simple content expansion 0.04 0.01

Log Likelihood (LL) Combined
PBL3 1vs 2 2vs 3 1vs 3 NF
0.39 +119.75* | -19.06* | +25.66* 0.4
0.32 +20.06* -9.58* | +0.32NS 0.29
0.36 -119NS | -1.15NS | -3.84* 0.33
0.07 +0.19NS | -1.32NS | -0.53NS 0.06
0.09 -0.72NS | -0.06 NS | -0.92NS 0.08
0.13 -431* | +323NS | -0.00NS 0.14
0.06 +10.91* | -3.02NS | +1.31NS 0.08
0.02 +15.15* | -0.73NS | +6.02* 0.04

The number of small interactional response words indicating shared understanding was measured by using the Wmatrix 3 tag ‘interjections’
(UH); PBL = problem-based learning; 1, 2 and 3 = sessions 1, 2 and 3; NS = not significant; RF = raw frequency; NF = normalised frequency per

100 tokens; *P < 0.05; critical value = 3.84; VS, versus.
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response words in PBL 2. The interactional response words
were significantly overused to mark task plan talk in PBL 1
(0.21 per 100 tokens),

whereas the task plan talk had an equal frequency in PBL
2 and 3 (0.003 per 100 tokens each, LL — 0.63). The physical
activity talk marked with interactional response words varied
significantly across tutorial sessions, but were most prevalent
in PBL 1 (0.11 per 100 tokens) and least frequent in PBL
2 (0.01 per 100 tokens). Also, interpersonal humour marked
with interactional response words was most prevalent in
PBL 1 (0.02 per 100 tokens), whereas reflection marked with
interactional response words was limited to PBL 3.

Discussion

In this study, we applied corpus linguistic methodology to
explore graduate entry medical students’ shared understanding
in medical PBL tutorial conversations.

The interactional response words indicating shared
understanding showed certain noteworthy features. The
low prevalence of non-lexical ‘oh/ah’ response words,
overall and in each PBL session, suggests that the students
engaged in active interactive conversations, as one would
expect in a PBL situation, and invested more in collaborative
efforts, with less emphasis on non-vocal reactions. Shared
understanding is attained through a collaborative process
that requires effort from discourse participants [22, 23].
The affirmation interactional response words contained a
mixture of ‘“yeah’ and ‘yes’ words. The prevalence of ‘yeah’
interactional response words could suggest that the students
pronounced the lexical form ‘yes’ informally, which supports
the likelihood of a more relaxed collegial discourse within
participants’ interactive responses that generally characterises
a tutor- led classroom.
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In general, data analysis results suggest that interactional
response words were most frequent in PBL 1, and least
prevalent in PBL 2. This finding suggests that most
interactional-response-word-prefaced conversation may have
occurred in PBL 1, perhaps meaning that the students were
engaged in trying to understand what was required and the
perspectives involved concerning the new case problem.
The participants in this study were mature learners with rich
educational, work, and life experiences that they could bring
to bear collectively. Any ensuing conflicts, which perhaps
needed resolving to attain a shared understanding, may have
resulted in the overuse of interactional response words to
preface their discourse. Moreover, the low prevalence of
interactional response words in PBL 2 seems reasonable;
the students might have resolved conflicts due to contrasting
understandings in PBL 1, and PBL 2 could have been devoted
to long stretches of discourse as they presented the results of
their self-directed learning. The prevalence of interactional
response words in PBL 3 followed the PBL 1 pattern. This
finding suggests that the students marked their discourse with
interactional response words as they negotiated the pros and
cons of management plans and expressed individual views
about the case scenario, their input, and how the PBL cycle
had been conducted.

Shared meaning in interactive talk progresses and
accumulates incrementally through processes of refinement
and monitoring [10, 24]. The various affirmation interactional
response functions in this study suggest that the students
appear to have engaged in interactional responses in which
they agreed explicitly with peers’ contributions, checked
and monitored mutual understanding, as well as confirmed,
reasserted, repaired, and expanded peers’ ideas and
information to achieve shared meaning. The prevalence of
negation interactional response functions, overall and across

Table 4: Discourse content: Raw and normalised frequency per 100 tokens and Log Likelihood value for the commonly occurring discourse

content in each problem-based learning session

PBL session Log Likelihood (LL) All PBL
ions
Content PBL 1 PBL 2 PBL 3 combined
1vs2 2vs3 1vs3

RF NF RF NF RF NF RF NF
Knowledge 1358 1.57 1474 1.36 960 1.65 +15.24 -22.36% - 1.43NS 3792 1.5
Task plan 184 0.21 28 0.03 19 0.03 +166.90* | - 0.63 NS +97.63* 231 0.09
Physical action 99 0.11 9 0.01 14 0.02 + 109.79* - 6.45* +42.64* 122 0.05
Interpersonal humour 15 0.02 8 0.01 1 0 +4.07* +2.68 NS +9.76* 24 0.01
Reflection 0 0 0 0 44 0.08 +0.00NS | -92.81* -80.21* 44 0.02
Total 1656 1.92 1519 1.4 1038 1.79 +78.83* - 36.56* +3.12NS | 4213 1.66
PBL = problem-based learning; 1, 2 and 3 = sessions 1, 2 and 3; NS = not significant; RF = raw frequency; NF = normalised frequency per 100
tokens; *P < 0.05; critical value 2 3.84; vs, versus.
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the PBL sessions, suggests that the students engaged in
discussions involving contending views in relation to their
knowledge and ideas, and provided sophisticated evidence for
their disagreements in the form of corrections, additions, and
cause-effect relationships. Reactive interactional response
words were used to orientate students to peers’ contributions
and recall previous knowledge and ideas. Orientation to
information and information recall are considered to be
associated with the creation of shared knowledge [25].

Further analysis of interactional response words provided
various levels of evidence to show how the students shared
an understanding in their tutorial conversation. Affirmation
interactional response words were used for a mixture of
unexpanded and simple and complex content expansion talk.
Although interactional response functions without content
expansion, such as acknowledgement and talk sequence (in
instalments and continuatively) may constitute lower-order
evidence of shared meaning, they are essential in that they
indicate the attention and mutual support that students give
to each other during talk-in-interaction [26]. These functions
were more prevalent in PBL 1, where the focus was on
hypothesis generation with limited criticism, than in other
PBL sessions. Interactional response functions with content
expansion could be simple or complex. Simple content
expansion provided more developed evidence of shared
meaning through confirming, restatement, paraphrasing,
and comment on ideas and perspectives. More sophisticated
and complex forms of content expansion were also evident
in the students’ conversation, as the students extended
the contribution of a prior speaker through the addition of
further information, contrasting of ideas, the development
of specificity through refining previous contributions, and
cause-effect enhancement [10]. This process of shared
understanding aligned with integration- oriented consensus
building as described by Weinberger and Fischer [27].

Conflict is a potent stimulus for knowledge development
and attainment of shared understanding, in that it can
generate explanation, justification, and reflection [26]. While
students engaged in simple negation responses in all tutorial
groups in this study, they were also involved in content
expansion conflict-oriented talk. There was disagreement
about ideas and correction of perspectives with the potential
for conceptual change and shared meaning. This finding
suggests the presence of conflict-oriented consensus building
talk [27] in the tutorial groups, primarily in PBL 2. Overall,
disagreement functions were more prevalent in PBL 2, and
this finding concurs with the focus of the session, where
students were expected to challenge each other’s ideas
and critically scrutinise the credibility and sources of the
knowledge emanating from self-study.

The presence of reactive interactional response information
orientation and recall functions is also noteworthy. Heritage
[28] and Goffman [29] have observed that information

orientation and recall evoked by peers’ contributions lead
to understanding convergence through aligning a listener’s
understanding with that of the speaker. Schiffrin [25] also
observed that orientation to information and information
recall are associated with shared knowledge.

The interactional processes in this study were mainly
knowledge-based. Physical action and task coordination were
more prevalent in PBL 1 than in either PBL 2 or PBL 3. This
finding was expected, because the students planned tasks and
engaged in writing on the blackboard in PBL 1. It is also not
surprising that interactional response words were used to
mark reflection talk in PBL 3, since this type of discourse
activity was confined to this session.

Conclusions

This study was process-focused, conducted in a natural
educational setting, used a systematic corpus analysis
methodology to analyse transcripts involving full cycles
of eight PBL tutorial groups, and explored a fundamental
concept of PBL, namely, shared understanding. Moreover,
through the methodology, we were able to detect statistically
significant differences in relative frequencies between PBL
sessions, thus enabling us to relate the differences to the
learning focus of the sessions.

However, the study has some limitations. First, shared
understanding lies in the minds of discourse participants.
Since it is impossible to examine human minds directly to
establish whether an understanding is shared, discourse
content has been used as a surrogate for this. The discourse
participants in this study may have used discourse tokens
of shared understanding as face-saving tactics without
necessarily agreeing with peers. Second, the results of the
study may not be readily generalizable to other institutions,
since PBL transcripts from only one institution have been
analysed. Third, the results of the study may also not be
generalized to an undergraduate PBL curriculum, as the
study participants were graduate students. However, the
goal of the study was to enable generalizability in relation to
PBL theory and not regarding the participants [30]. Fourth,
participation in this study was voluntary. It is impossible to
know whether students who did not participate had a similar
pattern of shared understanding in the tutorial discourse.
Fifth, we only investigated frequent small interactional
response words as indicators of shared understanding.
Shared understanding could be attained through many other
linguistic tokens [20, 31] that were not investigated in this
study. Shared understanding could also be achieved through
nonverbal gestures. However, analysis of nonverbal gestures
was not the focus of this research. Finally, the reliability of
coding of interactional response word functions has not been
assessed in this study for practical reasons, although other
researchers have applied a similar procedure to the corpus
analysis methodology [32, 33].
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Many questions remain to be answered in future research.
More work is needed to explore how other linguistic tokens
and nonverbal gestures are used to achieve shared meaning in
PBL tutorial discourse. Future research could also explore the
effect of group composition on the evidence levels of shared
understanding. The findings of this study have numerous
theoretical and practical implications. Theoretically, this
study explored shared understanding as an essential PBL
concept, and practically, it provided insight into how medical
students’ shared understanding developed at different phases
of the PBL cycle by describing and analysing linguistic
tokens of shared understanding.

This study showed that the extent of verbalization
influences the quality of shared understanding. The
interactional response tokens enriched with expanded content
provided sophisticated evidence of shared understanding
compared to unexpanded tokens. Practically, suggestions
that are relevant to educational practice could be derived
from this finding. Facilitators need to encourage students to
expand their interactional responses and urge quieter students
to verbalise their ideas. Medical educators also need to train
students on how to communicate with understanding as this
is very important for interprofessional practice and effective
patient- doctor decision-making process.
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