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Abstract

Background In many dental settings, diagnosis and treatment planning is the responsibility of a single clinician, and
this process is inevitably influenced by the clinician’s own heuristics and biases. Our aim was to test whether collec-
tive intelligence increases the accuracy of individual diagnoses and treatment plans, and whether such systems have
potential to improve patient outcomes in a dental setting.

Methods This pilot project was carried out to assess the feasibility of the protocol and appropriateness of the study
design. We used a questionnaire survey and pre-post study design in which dental practitioners were involved in the
diagnosis and treatment planning of two simulated cases. Participants were provided the opportunity to amend their
original diagnosis/treatment decisions after viewing a consensus report made to simulate a collaborative setting.

Results Around half (55%, n=17) of the respondents worked in group private practices, however most practitioners
(74%, n=23) did not collaborate when planning treatment. Overall, the average practitioners’self-confidence score in
managing different dental disciplines was 7.22 (s.d. 2.20) on a 1-10 scale. Practitioners tended to change their mind
after viewing the consensus response, particularly for the complex case compared to the simple case (61.5% vs 38.5%,
respectively). Practitioners' confidence ratings were also significantly higher (p < 0.05) after viewing the consensus for
complex case.

Conclusion Our pilot study shows that collective intelligence in the form of peers’ opinion can lead to modifica-
tions in diagnosis and treatment planning by dentists. Our results lay the foundations for larger scale investigations
on whether peer collaboration can improve diagnostic accuracy, treatment planning and, ultimately, oral health
outcomes.
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Background

Diagnostic error is a detrimental yet common medical
error in primary healthcare settings and it is estimated
that half of these occurrences have an adverse effect on
the long-term outcome of patient centred care [1, 2].
One reason diagnostic errors may occur is that diagno-
ses of diseases and subsequent treatment planning are
often dictated by a single clinician, and such decisions
are vulnerable to biases and heuristics of the individ-
ual. Judgements made through underlying heuristics
are subject to limitations including recalled informa-
tion, extrapolation, and inaccurate estimations [3]. If
this exclusively prevails over critical thought in clinical
practice, there may be adverse consequences [4].

Collective intelligence, in contrast to individual apti-
tude, is the ability of a group to perform a wide vari-
ety of tasks with remarkable accuracy [5]. This concept,
which can be referred to as “the wisdom of crowds’, is
currently used widely in medical settings to help pool
expert opinions and boasts superiority as it can aggre-
gate the expertise of individual practitioners. It has
been well demonstrated to increase diagnostic accuracy
and thus treatment plans [5—-8]. It has also been shown
that the collective decision making of a group of indi-
viduals could outperform even that of a specialist [9].
Collective intelligence thus may play a key role in
jolting a clinician out of autopilot, heuristic mode
to critical thought whereby patient outcomes are
improved.

There are several approaches to harness collective
intelligence such as the Delphi workflow, where inde-
pendent expert inputs are aggregated to form a group
consensus. This practice is commonly implemented
in the medical field [10-12] and includes, for exam-
ple, multidisciplinary team meetings and ward rounds.
Although the advantage of collective intelligence and
its clinical significance is apparent, methods of har-
nessing collective intelligence have its own limitations.
Its effectiveness can be hindered by groupthink, social
pressure and conformity bias [13, 14]. Hence, further
research into developing collective intelligence meth-
ods to encourage contributions in a more structured
and independent manner is warranted.

Despite the literature indicating the benefit of collec-
tive intelligence in healthcare, dental care is still often
dictated by a single clinician. Currently, there is limited
research exploring collective intelligence in the dental
setting. Hence, this project intends to explore its imple-
mentation in dentistry by exploring the impact of a group
consensus and whether it changes an individual den-
tist’s diagnosis, treatment plan and confidence ratings.
This is the first study of its kind in Australia, therefore
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preliminary data gathered from this pilot research may
aid guiding future research in dentistry within the realms
of harnessing the power of collective intelligence in an
effective and efficient manner.

Methods

This pilot project was carried out to assess the feasibil-
ity of the protocol and appropriateness of the study
design. The study was undertaken in Victoria, Australia,
in accordance with the Declaration of Helsinki principles.
It first aimed to investigate the frequency of collaboration
amongst dental practitioners and their confidence levels
in managing different dental disciplines. Secondly, the
project aimed to measure the influence of a group con-
sensus on individual dentists’ treatment plan and confi-
dence ratings.

Participant recruitment

In essence, sample size calculations are not necessary
for pilot studies and hence sample size was not set. This
pilot study used a convenience sampling approach. Den-
tal practitioners working in private practice in the state
of Victoria were included. Participants were recruited
into the study by directly emailing publicly available Vic-
torian dentists and dental practices and by poster adver-
tising distributed on online forums (dental social media
groups). As an incentive to participate, the first 30 par-
ticipants were given a $100 gift voucher if they had com-
pleted both stages of the project.

Survey

The first stage of the study involved an online survey
(Qualtrics, Provo, Utah) consisting of 24 questions that
assessed general demographic data, workplace, collabora-
tion frequency, and self-confidence ratings ranging from
1 (lowest) to 10 (highest) in managing various dental dis-
ciplines (e.g. Periodontics, orthodontics, oral medicine,
fixed and removable prosthodontics) and interpret-
ing radiographic modalities [e.g. Cone-beam computed
tomography (CBCT) Orthopantomogram (OPG), and
bitewings (BW)] (Supplementary Table 1). The questionnaire
was validated using a two-step process involving assessment
by two experts (one internal (R.M.) and one external to the
study) to evaluate whether the questions effectively captured
the topic under investigation. Subsequently, the survey
was trialled with the members of the Delphi group.

The Delphi group was made up of a panel of 5 den-
tists (3 males and 2 females, 3 to 15 years’ experience)
who were tasked with designing two simulated clini-
cal cases (Case 1 and Case 2) of different complexities.
The development of a consensus report was moderated
by one of the co-authors (M.G.). Case 1 was designed
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to be a “complex” case with more treatment considera-
tions involved (Supplementary Table 2), while Case 2 was
designed to be a “simple” case (Supplementary Table 3).
The cases were identified as simple and complex by the
Delphi group based on two categories: the number of
evidence based clinical observations present and sec-
ondly the intensity of the findings. In the “simple” case,
the number of clinical observations and pathologies were
agreed to be low (as per group consensus among the
Delphi group). The “complex” case had numerous, var-
ied pathologies and clinical observations, with advanced
alveolar bone loss being the high impact clinical obser-
vation where the Delphi group deemed that intervention
was absolutely needed to ensure patient harm prevention.

Pre-post Intervention diagnostic study

Once the participants had finished the online survey, they
were invited to complete the second part of the project
(Fig. 1), which involved the assessment of the two clinical
cases described above. This second stage was a diagnostic
study titled “Wisdom of the crowds” and was conducted
through an online platform custom built for the study
(CoTreat Pty Ltd, Melbourne, Victoria, Australia). By
entering the platforms, participants were able to access
the two simulated clinical cases (Case 1 and Case 2). The
diagnostic study consisted of three main steps (Fig. 1)
and would take approximately 20 min for the participants
to complete. At the beginning, participants were asked to
make preliminary diagnoses and treatment plans individu-
ally and anonymously based on the clinical information
given including radiographs and relevant symptomatology,
presented in the cases. These were open answers and there
were no predetermined options from which participants

Page 3 of 8

selected diagnoses and treatments. Then, they were asked
to rate their diagnosis and treatment planning confidence
on a Likert scale from one (No confidence) to ten (Fully
confident). When those were completed, the participants
were presented with the consensus response which com-
prised the summary of group discussion from the Delphi
group. Following the viewing, participants were allowed to
modify the diagnoses and treatment plans that they made
at the beginning. Then, the participants were asked to rate
their confidence level on a scale from one to ten for the
second time. These two sets of ratings obtained from the
participants, which were the confidence levels of before
and after viewing the consensus response, were evaluated
together with their rate of change-of-mind in diagnosis
and treatment planning.

Personal details of participants which included their
name, emails or phone number were collected to ena-
ble researchers to validate solely their identity through
the Australian Health Practitioner Regulation Agency
(AHPRA) registration database and to contact them for
any follow-up.

Data analysis

Survey responses were exported from Qualtrics. Dupli-
cated and incomplete responses were excluded. The anal-
ysis provides basic descriptive information on questions
with numeric answers, and mean and standard deviation
were calculated with IBM SPSS Statistics for Windows,
version 24 (IBM Corp., Armonk, N.Y., USA).

For the intervention study, raw data were exported
from the CoTreat diagnostic platform. The diagnos-
tic notes and treatment plans were viewed for every
single response. Responses not related to the case were

Assessment of
clinical case

treatment planning.
Confidence rating

Independent diagnosis and

Amendments (if any) to diagnosis
and treatment planning.
Confidence rating

A

v

Viewing of consensus

response

Fig. 1 Flowchartillustrating the workflow of the diagnostic study. (1) Assessment of clinical case: participants were provided with a short

clinical description and relevant radiographs (2) Independent diagnosis, treatment planning, and confidence rating: participants were asked to
anonymously report their individual clinical observations leading to a diagnosis and treatment planning; they also provided a confidence score
(1-10) for their decisions (3) Viewing of consensus response: participants were presented with the consensus response which comprised the
summary of group discussion from a panel of five dentists (Delphi group) (4) Amendments to diagnosis, treatment planning, and confidence rating:
participants were allowed to modify the diagnoses and treatment plans that they made at the beginning, and provided their confidence level for

this final decision
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excluded. Based on the diagnostic notes and treatment
codes before and after viewing the consensus, research-
ers annotated whether or not participants had changed
their mind. The changes were categorized into change
to diagnosis only, change to treatment plan only, and
change to both diagnosis and treatment plan. Further-
more, the change in participants’ confidence ratings
before and after viewing of consensus were recorded and
analysed using one-tailed Wilcoxon’s signed-rank test for
both clinical cases. Data were reported as mean (stand-
ard deviation). Level of statistical significance was set at
p<0.05.

Results

There were 35 survey responses received, of which 31
were completed and included in subsequent analysis.
Two responses were excluded as they were duplicates
of existing responses while another two were only par-
tially complete. For the intervention study, a total of 15
responses were received, but only 13 were included in
the analysis. Two responses were excluded as the answers
were irrelevant to the cases.

Demographic data

Most of the practitioners (90.32%) who responded were
general dentists, while three (9.68%) were dental spe-
cialists. The average number of years respondents have
been practicing was 15.5 (s.d. 12.15) years (range 2—40),
while the average number of days practiced per week was
4.6 (s.d. 0.77) days (range 3-6). The average number of
patients seen per day was 10 (s.d. 3.66), range 2—18.

Work setting and collaboration frequency

Of the 31 respondents, 17 (54.84%) worked in group pri-
vate practices, 11 (35.48%) worked in solo private prac-
tices, two (6.45%) worked in both public and private
sectors, and one (3.23%) worked in the public sector
only. The majority of practitioners (61.29%) did not work
with a dental hygienist or therapists. Most practition-
ers (74.19%) reported not having their treatment plans
audited by a colleague.

On average, survey respondents referred three cases
per week to specialists and received an average of two
patients per week who were seeking second opinions. For
case discussions with colleagues, practitioners discussed
an average of two and three cases per week in a formal
and casual setting, respectively. Practitioners rarely sub-
mitted cases over social media for case discussion, with
less than one case on average submitted per week.

Confidence ratings
Overall, mean practitioners’ ratings of their confidence
across treating patients of various dental disciplines and
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interpreting radiographs were 7.22 (s.d. 2.20) and 7.59
(s.d. 2.51), respectively. Practitioners were least confi-
dent with oral medicine and orthodontic patient con-
cerns with a mean confidence of 5.32 (s.d. 2.6) and 5.94
(s.d. 2.64) out of 10, both with wide variations (1 to 10).
Among radiographic techniques, interpretation of CBCT
scored lowest [5.53 (s.d. 3.36)]. Practitioners were most
confident with bitewing interpretation and restorative
dentistry with mean confidence of 9.03 (s.d. 0.95) and 8.9
(s.d. 1.08) out of 10. Along with periodontal, fixed pros-
thodontic concerns and OPG interpretation, responses
to these five areas had a relatively smaller range with
all confidence ratings being at least 5 or higher with the
smallest variation being in BW interpretation (range of 7
to 10) (Fig. 2).

The majority of practitioners surveyed (64.52%) were
satisfied with their provision of treatment in their daily
practice with the rest reporting they were somewhat sat-
isfied. Nevertheless, there was an overwhelming agree-
ment that a more collaborative approach in diagnosis and
treatment planning was needed in dentistry, with 30 out
of 31 practitioners agreeing.

Change of mind and confidence rates

For Case 1 (“complex” case), the majority of respondents
(n=8; 61.5%) recorded a change in either their initial
diagnosis and/or treatment after viewing the consensus.
Of those who changed their minds, one changed both
their diagnosis and treatment plan; five changed their
treatment plans only; and two only changed their diagno-
sis (Supplementary Fig. 1).

For Case 2 (“simple” case), five responses (38.5%)
recorded a change in either their initial diagnosis and/
or treatment upon viewing the consensus. The five par-
ticipants who changed their minds consisted of one who
changed both their diagnosis and treatment plan and
four who changed their treatment plans (Supplementary
Fig. 2).

Overall, based on the data collected for Case 1, the
confidence levels of practitioners increased significantly
(p<0.05) after viewing the consensus (mean difference
0.87). An increase in the mean confidence level, although
not statistically significant, was also present for Case 2
(p>0.05, mean difference 0.51).

Discussion

In the present study, we provide the first demonstra-
tion, albeit preliminary, that collective intelligence has
the potential to modify diagnoses and treatment plan-
ning in a sample of Victorian dentists. Other healthcare
fields have acknowledged the potential benefit of col-
laboration and have attempted to mobilise it in clinical
care [9, 15]. Some commonly documented applications
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Fig. 2 Boxplot showing the confidence ratings of participants on patient concerns across various dental disciplines and types of radiographic
interpretation. OPG =orthopantomogram, BW = bitewing, CBCT = cone-beam computed tomography

of collaboration are in the management of patients with
complex medical conditions in a hospital setting and the
rate of implementation of a multidisciplinary team deci-
sion [16—19]. The study presented here is a first attempt
of applying these concepts to general dental practice in
Australia and, most importantly, measuring the impact of
collective intelligence in modifying diagnosis and treat-
ment planning. Our results lay the foundations for larger
scale investigations on whether peer collaboration can
improve diagnostic accuracy, treatment planning and,
ultimately, oral health outcomes.

Our research is novel in the sense that no studies to
date have examined the application of collective intel-
ligence for diagnosis and treatment planning in a dental
setting in Australia. This has salient clinical implications
for the profession because the scope of responsibility
and demarcation of duties between general practition-
ers and specialists in dentistry differ from those in medi-
cine [20]. Dentists are in a unique position as they can
be regarded as both general practitioners and specialists
and, in compliance with their scope of practice, may or
may not choose to seek additional input depending on
the perceived complexity of the case. Moreover, there
may be many treatment modalities for a single presen-
tation which may add to the variance. Advice seeking
behaviour among dentists is not widely prevalent. In a
study from Canada, the overwhelming proportion of gen-
eral dentists referred 5 or less patients per week for spe-
cialist care [21]. A recent study from Australia shows that

only a small percentage (14.7%) of dentists that provide
endodontic care were very confident in providing this
type of care [22], yet those who were not very confident
did not refer their patients to a specialist endodontist.
In the survey portion of our study, it was observed that
21% of cases in private dental practices were reviewed
collaboratively, either in the form of a specialist referral,
second opinion, internet forums, or peer discussion (cas-
ual or formal). Referral was the most popular method of
collaboration, followed by peer discussions while internet
forums were the least popular. Results from a systematic
review suggest that dentists prefer to seek the advice of
familiar and trusted peers, rather than assessing scien-
tific evidence from literature reviews [23] or posting to a
forum of dentists who are of unknown background and
training. However, the effectiveness of each collabora-
tion method is not known with respect to improvement
in patient management. Therefore, further research is
required into what forms of collaboration will be most
effective and beneficial to the general dental practitioner
and their patients.

The beneficial impact of collaboration seems to be
recognised by dentists, with all but one survey respond-
ent in our cohort believing that collective intelligence
has a place in dentistry. Currently, the advantages of
collaboration have been most clearly demonstrated
through increased radiographic diagnostic accuracy [6,
8]. Given that radiography is a mainstay of dentistry,
it is imperative that all dentists should be comfortable
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with interpreting diagnostic imaging. Our survey results
indicated that clinicians were most confident with inter-
preting 2D radiographs with small field of view (e.g. bite-
wing radiographs) compared with 3D diagnostic imaging.
Improving a clinician’s certainty in interpreting radio-
graphs by inviting peers to review the same image may
improve treatment outcomes. In a meta-analysis by Kur-
vers et al.,, the confidence of the clinician’s diagnosis was
correlated with increased levels of sensitivity and speci-
ficity [24]. Although assessment of diagnostic accuracy
was outside the scope of this study, the effect of collective
intelligence on the relationship between confidence and
diagnostic accuracy should be further investigated in a
dental context.

The second part of the study sought to explore the
effect of collective intelligence in diagnosis and treat-
ment planning. It was observed that participants were
more prone to changing their treatment plans when
given a “complex” case involving multiple diagnoses and
treatment elements. It was observed that more dentists
changed their own treatment plans after viewing treat-
ment plans of their peers to include more elements that
they previously did not consider. Changes to diagnoses
and treatment planning, especially with complex cases,
was likely the result of having access to a wider range of
options that that were not previously available. There-
fore, collaboration with peers may lead to more thorough
treatment planning by dentists. This is particularly rel-
evant if we consider that huge variations exist in clinical
decision-making in dentistry [25], including orthodon-
tics [26], restorative dentistry [27] and periodontics [28].
These discrepancies may be due to the fact that while
clinical decision-making is a complex process, individual
clinical judgements are often made intuitively on limited
heuristics to simplify decision making. A recent scoping
review identified six major recurring themes that influ-
ence dental practitioners’ clinical decision-making: clini-
cal factors, clinical experience, patient preferences and
perceptions, heuristics and biases, artificial intelligence
and informatics, and existing guidelines [29]. With the
application of collective intelligence, not only are dentists
more thorough with their treatment plans, but they are
also exposed to a wider range of treatment with less out-
lying treatments. As a result, the patient benefits from a
holistic and thoroughly considered treatment. Moreover,
our findings suggests that dentists may feel more reas-
sured after receiving additional input from other dentists.

For cases perceived as “simple’; the influence of collec-
tive intelligence may be diminished. This may be because
the approach for management of simpler cases has fewer
acceptable options, and dentists are generally more
confident with their treatment plan even before view-
ing the consensus. Nonetheless, even in “simple” cases,
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variation in the treatment plans was noted. Furthermore,
in cases where dentists’ treatment plans were different
to the consensus, some dentists kept their original plan
(e.g., to restore certain lesions instead of monitoring and
remineralisation that was suggested by the consensus).
In summary, although the influence of collective intelli-
gence was less prominent in “simple” cases, the effect is
not negligible, with more than one third of participants
changing their minds when presented with the consen-
sus treatment. Hence, collective intelligence may have a
potentially beneficial role in dentistry to improve clinical
outcomes.

The main limitations of our research study relate to
the design and implementation of the intervention study.
Firstly, the consensus report was created by a panel
of five external dentists moderated by one of the co-
authors (M.G.). While the size of this Delphi group may
be regarded as small, published studies in health appli-
cations have used panel sizes from as low as 4 individu-
als, bearing in mind that size “should be governed by the
purpose of the investigation” [30]. Also, collective intel-
ligence benefits from anonymous decision-making, but
the consensus treatment plan was obtained via open dis-
cussion. This research study design was necessary to sim-
plify the research workflow. It is worth noting that in our
pilot study, “collective intelligence” was rendered by the
Delphi group, not by the pooled responses of individual
dentists. However, it is possible that collective responses
from dentists can be taken as a model of collective intel-
ligence in future studies. Secondly, as the study was com-
pleted during the 2021 pandemic, there was difficulty in
engaging with dentists across Victoria, Australia. A small
sample size of 13 participants completed both parts of
the study, and some questions may have yielded different
results due to the reduced number of patients that could
be seen during lockdowns. Although it was not the main
outcome of this pilot trial, the sample size may not have
had enough power to detect changes. As such, the results
from our study cannot be readily generalizable to real-
life clinical settings. Besides that, the limitations of recall
inaccuracies may have also affected results of collabora-
tion frequencies. Thus, any results are not definitive of
any outcome (either positive or negative). As the diagnos-
tic study was a simulated clinical setting, the Hawthorne
effect may also have predisposed some participants to
provide a diagnosis and treatment plan that may not have
been as thorough in a private setting. Additionally, con-
formity bias may be in play, with individual practitioners
deciding to readily change their diagnosis and treatment
plan to suit the consensus report especially as they are
aware that they are being part of a research study. This
may mean that data collection may not be representative
of reasoning undertaken in the dental clinic. Interestingly,
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a statistically significant increase in confidence levels
seen in Case 1 (complex case) of the diagnostic study sug-
gests that the consensus treatment plan may add to the
clinicians’ confidence that they are providing a standard
of care on par with their peers. However, it must be noted
that participants who did not change their mind were not
given a chance to record their confidence level after view-
ing the consensus. As only matched pairs could be ana-
lysed, the resulting sample size was even smaller. Finally,
while patient outcomes could be improved, feasibility
(time) and viability (costs) remain challenges to imple-
menting collective intelligence to daily practice. Despite
these limitations, this pilot study clearly points towards
a potential usefulness of collective intelligence and group
diagnosis in dental care.

Conclusion

Our study has provided insight into the extent of collabo-
ration in dentistry, with limited collaborative effort cur-
rently being employed in dental diagnosis and treatment
planning. Our pilot study shows promising results that
collective intelligence could potentially lead to a more
thorough diagnosis and treatment planning by dentists,
resulting in better patient care and treatment outcome.
Moreover, it may also potentially provide reassurance
to practitioners’ confidence in diagnosis and treatment
planning. Larger studies with more clinicians from dif-
ferent backgrounds, diagnosing cases of different den-
tal disciplines and of varying complexities anonymously
are warranted, to allow for extrapolation of the effects of
collective intelligence in allowing for better clinical out-
comes for different cases. Additionally, more studies into
the methods of implementation of collective intelligence
in the dental clinic should also be explored if we are to
improve clinical outcomes for patients via collective
intelligence.
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