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T

his report describes the findings from a collaborative pilot study on the impact of using the
Dental Diagnostic System (DDS) terminology
(formerly known as EZCodes) in an electronic health
record on the critical thinking skills of predoctoral
dental students. There are many benefits to using
a diagnostic terminology, including facilitating
epidemiologic research, communication, data sharing across providers and facilities, development of
clinical outcomes measures, and development of
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diagnostic skills for students and faculty members.1-5
The investigators and dental students in this study
were from universities affiliated with the Consortium
for Oral Health Research and Informatics (COHRI).6
The academic dental institutions of COHRI share a
common interest in and/use of the axiUm electronic
health record (axiUm, Exan Corporation, Vancouver,
Canada). In addition to being the electronic health
record (EHR) for many dental school patients, this
EHR is comprised of modules that incorporate and
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facilitate clinical training for dental students via a
series of interactive computer screens and electronic
templates.
Recently, and for the first time in dentistry, a
dental diagnostic terminology was developed and
incorporated into the axiUm EHR as DDS terms.3,7,8
COHRI is leading the way for introduction of the
DDS terminology into the treatment planning module
of the axiUm EHR. In 2012, three dental schools
were using the DDS terminology, and additional
schools were preparing to introduce it to their students. Because of this evolving natural experiment
of some schools using and some planning to use the
DDS terms, we had the opportunity to pilot a study
of their impact on students.
In spring of 2013, when this study was conducted, each of the three dental schools had up to
three years of experience using the DDS terms, and
each class had either no experience or some experience with using them. One aim of this pilot study
was to investigate whether use of the EHR with
the DDS terms positively impacted dental students’
critical thinking. We sought to determine this impact
by comparing critical thinking scores on the Health
Sciences Reasoning Test of dental students from
classes exposed to DDS terms with those who had no
exposure. We defined students not exposed to DDS
terms as those with minimal exposure to diagnosis,
differential diagnosis, and assignment of diagnosis
as the steps preceding preparation of treatment plan
options. Our hypothesis was that the dental students
who were exposed to using the DDS terms would
have a higher average overall score compared to dental students who were not exposed. A second major
aim of the study was to use the experience to refine
our measures and protocols for further study of the
DDS and critical thinking skills of dental students.

DDS Terms and Critical
Thinking
Though the dental EHR development is ongoing, the construction and incorporation of DDS terms
into the treatment planning process filled in the vital
missing piece of diagnosis, which had not previously
been a documented part of dental education and practice. Technically, the DDS terms were added to the
Treatment Plans Tab of the axiUm EHR that enables
students to select a diagnosis and provide documentation of that diagnosis. Use of the DDS terms highlights the use of diagnostic terminology as an integral
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step prior to treatment planning. Moreover, the DDS
terms are an interface terminology,9 giving the user
access to a practical, user-friendly terminology that
is granular (e.g., it contains recurrent caries) as well
as flexible: it contains entire complex terms (e.g.,
localized chronic moderate periodontitis) so the user
does not need to build a term by clicking on various
individual concepts. Formal terminologies such as
ICD10 and SNODENT11 are less flexible for use at
chair-side, mainly because they were developed for
different reasons. ICD, a classification mostly used
for billing, does not contain enough oral health terms.
SNODENT is an extensive ontology that contains
more than 7,700 oral health terms and relationships
among them and is now integrated into SNOMED.12
As a reference terminology, SNOMED contains more
than one million terms and relationships, in which the
oral health terms are not separated. As such, using
an interface terminology like the DDS, which uses
SNOMED only as a reference (like a dictionary), is
much more practical for dentists and dental educators who use the EHR chair-side every day. With use
of the DDS in axiUm, diagnosis is now included as
a fundamental and documented step in the clinical
workflow from patient examination to treatment in
the dental school patient EHR.
We believe that the sequence of clinical steps
beginning with examination through diagnosis to
treatment uses the skills of critical thinking. To
measure critical thinking skills in our study, we
chose the Health Sciences Reasoning Test (HSRT).13
Our theoretical model of the proposed relationship
is outlined in Figure 1. The shaded boxes represent
the five skills of critical thinking assessed by the
HSRT scale scores. These shaded boxes are placed
between or at the rise of each step from Examination
to Treatment, illustrating the critical thinking skill
associated with that step. The specific axiUm EHR
tabs (or resource) are listed to the right of each shaded
box. The patient enters through the Initial Examination, and the direction of the sequence of steps from
Examination to Treatment is indicated by arrows
to the left of the shaded boxes. When Treatment is
completed, the patient re-enters through the Periodic
Examination. In clinical dental practice, this model
is utilized repeatedly for a patient during the course
of her or his lifetime.
The sequenced templates in the axiUm EHR
provide the framework for progression from examination to dental treatment that is reasoned from the
evidence. This series of steps from examination to
treatment is guided by using the ordered modules
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Figure 1. Proposed model of critical thinking steps in clinical dentistry with process associated with critical thinking
skills (in shaded boxes) and axiUm electronic health record (EHR) tabs
Note: Patient enters at top left arrow.

of the EHR. With repeated use of these sequenced
steps, both within and among patients, we hypothesize that critical thinking skills can be practiced and
strengthened.

Critical Thinking
Critical thinking has been defined as “the ability to think critically” and “involves three things: 1)
an attitude of being disposed to consider in a thoughtful way the problems and subjects that come within
the range of one’s experiences, 2) knowledge of the
methods of logical inquiry and reasoning, and 3)
688

some skill in applying those methods.”14 The American Philosophical Association’s (APA) multiyear
Delphi study resulted in a description that included
both critical thinking skills and the disposition of the
critical thinker.15 The APA Delphi Consensus Statement regarding critical thinking and the ideal critical
thinker noted: “We understand critical thinking to be
purposeful, self-regulatory judgment which results
in interpretation, analysis, evaluation, and inference,
as well as explanation of the evidential, conceptual,
methodological, criteriological, or contextual considerations upon which that judgment is based. [Critical
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thinking] is essential as a tool of inquiry. . . . The
ideal critical thinker is habitually inquisitive, well
informed, trustful of reason, open-minded, flexible,
fair-minded in evaluation, honest in facing personal
biases, prudent in making judgments, willing to
reconsider, clear about issues, orderly in complex
matters, diligent in seeking relevant information, reasonable in the selection of criteria, focused in inquiry,
and persistent in seeking results that are as precise as
the subject and the circumstances of inquiry permit.”
One description of how critical thinking relates
to clinical judgment is that “critical thinking is the
process we use to make a judgment about what to
believe and what to do about the symptoms our patient
is presenting for diagnosis and treatment.”16 Critical
thinking is important to dentistry as documented in
the Commission on Dental Accreditation (CODA)’s
Accreditation Standards for Dental Education
Programs.17 In August 2010, the American Dental
Association (ADA) adopted a resolution that dental
school graduates must be competent in the use of critical thinking. In the accreditation standards, critical
thinking is both one of the principles and also part of
Standard 2, Educational Program. Also, there is the intent that the “educational program should use teaching
and learning methods that support the development of
critical thinking and problem-solving skills.”17
In this study, we hypothesized that the EHR
would support critical thinking by presenting or
providing the framework and sequence of steps that
can involve critical thinking. At each step of the
sequence, options are available in the pull-down
menu, and a student’s selection directs future options
and choices. Making differential diagnoses, and ultimately assigning a diagnostic term, is a crucial new
step that involves critical thinking. We consider that
the dental student uses critical thinking skills as the
way to progress from one step to the next.

Measuring Critical Thinking with
the HSRT
The validated HSRT instrument is designed
to measure critical thinking skills and is specifically
calibrated for trainees in health sciences educational
programs and for professional health science practitioners in all settings.13 The HSRT was developed
from the findings of the APA Delphi study that
resulted in descriptions of both critical thinking
skills and the disposition of the critical thinker.15
The HSRT measures “high-stakes reasoning and
decision-making processes.”13
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Test items range in difficulty and complexity
and provide a measure of overall critical thinking
as well as measures of five separate skills of critical
thinking. The response frame is 33 items in a multiple-choice format. These items are from the item
pool of the California Critical Thinking Skills Test
(CCTST).18 This item pool has evolved over the past
40 years with extensive national and international
testing. The HSRT is available in eight languages
and has percentile norms for specific test populations
including dentistry. The graduate dentistry norms
were individuals tested at graduate dental programs
(admitted but not yet graduated) in the United States.
The specific dentistry norms are relatively new (first
issued in 2012) and are re-examined every 12 to 24
months.19
HSRT results are reported as an overall score
and five scale scores. The overall score describes
overall strength in reasoning to form reflective
judgments about what to believe or what to do and
predicts the “capacity for success in educational or
workplace settings which demand reasoned decision
making and thoughtful problem solving.”13 The overall score is not the sum of the five scale scores. The
five scale scores on Evaluation, Analysis, Deduction,
Reasoning, Inference, and Induction identify specific
critical thinking skills. For definitions of the five
skills in a popular dictionary compared with those
in the HSRT test manual, see Table 1.

Methods
The study was approved by the Institutional
Review Board at each of the three institutions: Medical University of South Carolina, The University of
Texas School of Dentistry at Houston, and Harvard
School of Dental Medicine. The study design was a
natural experiment with two groups for comparisons
(those with some exposure and those not exposed to
the DDS terms). The three dental schools involved
represented a convenience sample of predoctoral
dental students who had varying exposures to using
the DDS terms. The dental students who constituted
the study population were designated by year of
graduation: Class of 2013 through Class of 2017.
Based upon the school’s curriculum, these classes of
students were assigned by the researchers as either
exposed or not-exposed to the DDS terms. The newly
matriculated Class of 2017 at each of the schools was
included as a control group.
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Table 1. Definitions for five scales of critical thinking on Health Sciences Reasoning Test (HSRT)
Scale

Free Dictionary

HSRT Test Manual

Evaluation

1. To ascertain or fix the value or worth of;
2. to examine and judge carefully; appraise.

Describes the skills that enable assessment of the credibility
of and claims by sources of information. By applying this
skill one judges the “quality of analyses, interpretations,
explanations, inferences, options, opinions, beliefs, ideas,
proposals, and decisions.”

Analysis

a. The separation of an intellectual or material
whole into its constituent parts for individual
study; b. the study of such constituent parts and
their interrelationships in making up a whole.

Analytical reasoning skills enable people to identify assumptions, reasons, and claims and to examine how they
interact in the formation of arguments. People with strong
analytical skills attend to patterns and to details.

Deduction

In logic: a. the process of reasoning in which a
conclusion follows necessarily from the stated
premises; inference by reasoning from the general to the specific; b. a conclusion reached by
this process.

Decision making in precisely defined contexts; deductive
reasoning moves with exacting precision from the assumed
truth of a set of beliefs to a conclusion that cannot be false
if those beliefs are true.

Inference

a. The act or process of deriving logical conclusions from premises known or assumed to be
true; b. the act of reasoning from factual knowledge or evidence.

Inference skills enable us to draw conclusions from reasons
and evidence. Inference skills indicate the necessary or
the very probable consequences of a given set of facts and
conditions.

Induction

In logic: a. the process of deriving general
principles from particular facts or instances;
b. a conclusion reached by this process.

Decision making in contexts of uncertainty relies on inductive reasoning. We use inductive reasoning skills when we
draw inferences about what we think must probably be
true based on analogies, case studies, prior experience,
statistical analyses, simulations, hypotheticals, and familiar
circumstances and patterns of behavior.

Sources: For Free Dictionary, see www.thefreedictionary.com; for HSRT Test Manual, see Health sciences reasoning test manual. San
Jose, CA: California Academic Press, 2013:14.

HSRT Administration and Data
Management
Demographic questions were added to the
HSRT to collect information on potential confounders of age, gender, English as a first language, race/
ethnicity, and highest education level completed
before dental school. For the Classes of 2013 through
2016, the HSRT was administered between March
and June 2013; the newly matriculated classes (Class
of 2017) took the same HSRT between June and
September 2013.
Two schools administered the HSRT using Insight Assessment’s Online E-Testing software, while
one school administered it using paper-and-pencil
hard copy test booklets with the Insight Assessment
CapScore response form.13 For the two schools using online testing, one school allowed scratch paper
for students’ use during the test, and one did not. All
data were entered via Insight Assessment into an
administrator-accessible database. The dataset was
exported to Microsoft Excel for additional analyses
using SAS software, Version 9.3 (SAS Institute Inc.,
Cary, NC, USA) of the SAS system for Windows.
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Data Analyses
Response rates were calculated overall and
separately by class and by school using the total count
of predoctoral dental students registered for each
class as the respective denominator. Students who
answered fewer than 60% of the 33 multiple-choice
questions (n=4) and those who spent less than 15
minutes on test-taking (n=21) were excluded from
further analyses because their records were considered invalid.13 Unless otherwise noted, the sample
size used for analyses of the classes was N=361 (386
minus 25 who did not meet the inclusion criteria).
Characteristics of the students who were exposed and not-exposed were compared via t-tests and
chi-square tests, as appropriate. To test the major hypothesis, the exposed and not-exposed dental classes
were compared for the outcome of overall critical
thinking score. Generalized linear models were used
to evaluate the relationship between exposure and
overall critical thinking score as well as the five scale
scores (Evaluation, Analysis, Deduction, Inference,
and Induction). Each model included other covariates (potential confounders) that were individually
removed from the model in a backwards stepwise
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approach until only statistically significant covariates
remained in the models at a p<0.10 level (due to the
preliminary nature of this study). To adjust for the
effect of the school, two options were considered:
option 1 used school as a covariate and not including
covariates of option to take notes (notes variable) and
online versus hard copy (test mode variable); option
2 excluded the school covariate and used the Class
of 2017 mean score (for each outcome per school)
as a covariate along with the notes and test mode
variables. Because the ability to take notes and the
test mode were consistent for a given school, these
two variables uniquely identified school, so there was
no need to also include school in option 2.
Other covariates included class year, gender,
race/ethnicity, having a master’s degree prior to dental school, English as a first language, and age. We
also included an interaction term between ethnicity
and English as a first language as this was identified
as a significant predictor in a previous study of dental students using the HSRT.20 A sensitivity analysis
was performed using only data from the Classes of
2013-15 to evaluate the fit of the final models. This
sensitivity analysis modeled each of the outcomes
using general linear models and the covariates previously determined to be significant predictors (201316 data) to evaluate the stability of the beta/standard
error estimates. Similar beta/standard error estimates
would imply the model was relatively stable, even
after removing a potentially naïve group that could
be skewing the model estimates.

Results
The overall response rate of the dental students
for Classes of 2013 through 2017 at the three dental
schools was 39.3% (386/982). For Classes of 2013
through 2016, the overall response rate was 40%
(309/772), and for the newly matriculated Class of
2017, the response rate was 36.6% (77/210). The

overall response rates by dental school were 24.0%
(44/183), 41.4% (189/457), and 44.7% (153/342).
Table 2 shows the exposure status and HSRT response rates for the 361 students by school and by
class who were used for further analyses. Response
rates for the Classes of 2013-16 by exposure were
36.0% (160/444) for the not-exposed and 38.4%
(126/328) for the exposed. Response rate for the
Class of 2017 was 35.7% (75/210).
Participants from the Classes of 2013-17 were
48% female, and the mean (± standard deviation)
age for the graduating Class of 2013 was 27.1±2.5
years and 23.8±3.2 years for the incoming Class
of 2017. Overall, the population was 63% White,
20% Asian, 10% Hispanic, and 7% Black/American
Indian/other (with 14 missing values). English was
the first language for 83% of these students (with
seven missing values). The highest education level
achieved before entering dental school was 92%
with bachelor’s degrees, 6% with master’s degrees,
and 2% with either an associate or doctoral degree
(with seven missing values). We divided the highest
education level into having a master’s degree versus
not having a master’s degree (bachelor’s or associate
or doctorate). This was done to control for potential
confounding from the master’s programs designed
to prepare students for dental school. There was a
general trend for a higher mean overall score for each
class for 2013 through 2016, with an overall mean
score difference between the Class of 2013 and Class
of 2016 of 1.67 points (data not shown).
We also compared the exposed and not-exposed
students for the Classes of 2013-16 (Table 3). For
these classes, there was no statistically significant
difference between the exposed and not-exposed
groups by gender. As would be expected, there was
a difference in age between the two groups, for the
students who were not-exposed were more likely to
be in the beginning years of the four-year program.
There were differences between the exposed and not-

Table 2. Exposure status and Health Sciences Reasoning Test response rates for students by dental school and by class
(N=361)
Dental School

Class of 2017

Class of 2016

Class of 2015

Class of 2014

Class of 2013

1
		

Not-exposed
47/74 (63.5%)

Not-exposed
17/71 (23.9%)

Not-exposed
42/70 (60.0%)

Not-exposed
39/71 (54.9%)

Not-exposed
7/56 (12.5%)

2
		

Not-exposed
10/36 (27.8%)

Not-exposed
6/36 (16.7%)

Not-exposed
10/37 (27.0%)

Exposed
11/37 (29.7%)

Exposed
4/37 (10.8%)

3
		

Not-exposed
18/100 (18.0%)

Not-exposed
39/103 (37.9%)

Exposed
44/84 (52.4%)

Exposed
39/84 (46.4%)

Exposed
28/86 (32.6%)
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Table 3. Characteristics of participating students by exposure status (Classes of 2013-16)
Variable

Exposed
n=126

Not-Exposed
n=160

p-value

Gender (number)			
Female
61
77
Male
63
80

>0.9

Age (mean±SD)			
Years
26.7±3.4
25.1±2.7

<0.0001

Race/ethnicity (number)			
Asian
37
21
Hispanic
19
9
Black, Am. Indian, other
5
14
White
61
108

<0.0001

English 1st language (number)			
Yes
95
130
No
31
23

0.04

Highest education (number)			
Master’s degree
9
7
Not having master’s
117
149

0.3

Test mode (number)			
Online
126
55
Hard copy
0
105

<0.0001

Notes (number)			
Yes
15
121
No
111
39

<0.0001

HSRT score (mean±SD)			
Overall
20.0±4.1
22.6±4.8
Evaluation
4.7±1.3
5.0±1.2
Analysis
4.3±1.2
4.5±1.2
Deduction
5.9±2.0
7.2±2.3
Inference
2.6±1.0
3.7±1.4
Induction
7.3±1.7
7.7±1.7

exposed groups by race/ethnicity, English as a first
language, and whether the students had a master’s
degree. Variables “Test Mode” and “Notes” in Table
3 provide evidence of a significant school effect that
is not accounted for in the comparison of exposed
to not-exposed.
Generalized linear models were used to evaluate the relationship between exposure and overall
score for the HSRT. Table 4 shows the results of using school as a covariate (and not including notes or
test mode variables). Table 5 shows the results when
excluding school as a covariate and using the mean
score for the Class of 2017 (per school) as a covariate
in each model along with the notes. In general, the
dental students who were not-exposed scored lower
than the students who were exposed. After adjusting
for other significant covariates, exposure was signifi-
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<0.0001
0.1
0.2
<0.0001
<0.0001
0.1

cantly related to overall score (p=0.01) with those
who were not-exposed having lower mean overall
scores than those who were exposed.
Table 6 shows the results for significance for
models of the overall and five scale scores for option
2 (similar to Table 5). Though the beta estimates are
not presented, after adjusting for other covariates,
exposure was significantly related to the Induction
scale score (p<0.01), with those who were not-exposed having lower mean induction scale scores than
those who were exposed. The relationships between
exposure and the following scales were not significant: Evaluation scale score (p>0.9), Analyses scale
score (p=0.3), and Deduction scale score (p=0.07).
Though the relationship between exposure and the
scale scores of Evaluation, Analyses, and Deduction
were not significant, those exposed had higher mean
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Table 4. Students’ overall HSRT score with school as covariate
			

Classes of 2013-16			

Classes of 2013-15		

Variable		

Beta

SE

p-value

Beta

SE

p-value

Exposure

Not exposed

-1.64

0.66

0.01

-2.73

1.55

0.08

Ethnicity

Asian
Hispanic
Other

-2.57
-1.47
-0.34

0.86
>0.9
0.96		
1.12		

-3.19
-1.21
1.32

0.86
1.03
1.27

0.4

Master’s

No master’s

2.16

1.07

0.04

3.07

1.22

0.01

Language

Non-English

-4.02

1.34

0.003

-2.29

1.37

0.1

School

2
1

3.75
5.46

0.83
<0.0001
0.74		

3.89
6.87

1.03
1.60

<0.0001

Ethnicity*English				
0.05			
0.0004
Note: 2013-15 comparisons were based on sensitivity analyses.

Table 5. Students’ overall score with mean of Class of 2017 and notes as covariates
			

Classes of 2013-16			

Classes of 2013-15		

Variable		

Beta

SE

p-value

Beta

SE

p-value

Exposure

Not exposed

-1.64

0.66

0.01

-2.73

1.55

0.08

Ethnicity

Asian
Hispanic
Other

-2.57
-1.47
-0.34

0.86
>0.9
0.96		
1.12		

-3.19
-1.21
1.32

0.86
1.03
1.27

0.4

Master’s

No master’s

2.16

1.07

0.04

3.07

1.22

0.01

Language

Non-English

-4.02

1.34

0.003

-2.29

1.37

0.001

Class of 2017 mean		

-6.51

3.50

0.06

-11.39

4.73

0.02

Notes

-21.90

9.20

0.02

-35.67

13.22

0.008

Not available

Ethnicity*English				
0.05			
0.0004
Note: 2013-15 comparisons were based on sensitivity analyses.

Table 6. Overall significance (p-values) from all models using mean of Class of 2017 and notes as covariates
Classes of 2013-16
Variable

Level

Exposure

Not-exposed

Reference

Overall

Evaluation

Analyses

Deduction

Inference

Induction

Exposed

0.01

>0.9

0.3

0.07

0.08

<0.01

Ethnicity		

White

>0.9

n/a

n/a

0.8

0.06

<0.01

Master’s

No master’s

Master’s

0.04

n/a

n/a

n/a

n/a

n/a

Language

Non-English

English

<0.01

n/a

0.02

0.01

n/a

n/a

Class		

n/a

0.06

n/a

n/a

n/a

n/a

Class of 2017 mean			

0.06

>0.9

>0.9

0.02

<0.01

0.8

Notes

No

2016

0.02

0.09

0.3

<0.01

<0.01

0.2

Age			

Yes

n/a

0.05

n/a

n/a

n/a

n/a

Ethnicity*English			

0.05

n/a

n/a

0.07

n/a

n/a

n/a=variable not included in final model
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scale scores than the not-exposed (data not shown)
and were in the same direction as the overall and
Induction scores.
For the Inference scale scores (using either
option for adjusting for school), after adjusting for
other covariates, exposure was not significantly
related (p=0.08). The Inference models were not robust when performing the sensitivity analysis, as the
estimates for the exposure variable changed direction,
so those results should be viewed with caution. For
all sensitivity models in which exposure was significantly related to outcome, the beta estimates for the
variables remained relatively stable (and in the same
direction), indicating fairly robust estimates for these
models. When exposure was not significantly related
to the outcome, the beta estimates varied, and in the
case of the Inference scale score, the estimate also
changed direction. Options 1 and 2 for adjusting for
school effect showed similar results.

Discussion
One purpose of this pilot study was to test our
hypothesis that the use of the EHR with DDS terms
would positively impact dental students’ critical
thinking. Our finding was that the students who
were exposed to using the DDS terminology in the
treatment planning module of the axiUm EHR had
a significantly higher mean HSRT overall score for
critical thinking than the students who had not been
exposed. To address whether these differences in
scores have clinical significance, we relate our findings to a published report comparing novices and
experts with the HSRT. That study was designed to
demonstrate the construct validity of the HSRT, and
those researchers’ major finding was a difference in
the mean overall scores of 1.57 between novices and
experts.21 The score difference we found between
the not-exposed and exposed groups exceeded that
finding; however, further study is needed before assigning clinical significance.
Our preliminary findings, though of great interest, must be tempered with limitations of the pilot
study. Our anticipation of such limitations led us to
the second, and perhaps more important, purpose
of the study: to provide evidence to refine protocols
for future study of the relationship among critical
thinking skills, clinical dentistry from examination
to treatment plan selection, and the EHR in dental
education. A limitation to the level of evidence provided by this pilot study was the natural experiment
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design and our inability to compensate for the lack
of random assignment of exposure.22 Our results
were also affected by response bias as the student
participation rates were lower than expected at all
three dental schools. At the onset, we felt confident
that we would achieve relatively high response rates
with our varied invitation methodology and food and
beverage incentives. However, we finished in the
middle when compared to response rates in similar
studies that ranged from a low of 22% for U.S. dental
students20 to a high of 56% for U.K. dental students.23
A unique post-HSRT administration finding for us
via Insight Assessment was that the students’ use of
scratch paper or ability to make notes during testtaking could significantly impact one’s score. At that
time we had no choice but to control for this in the
analyses. Future studies can preclude this situation
by providing equal opportunity for the students to
make notes during test-taking.
There are two additional sources of confounding we likewise had to control for in the analyses.
The first was students’ exposure to critical thinking
skills both before and during dental school. As would
be expected, we found that the overall and scale
scores did reflect the year of schooling. There was
the general trend for a higher mean overall score
from the Classes of 2016 to 2013. The second source
was the students’ exposure, both before and during
dental school, to diagnosis methodology and especially assigning a diagnosis. We controlled for these
potentially confounding effects in the multivariable
analyses by using the dental school and then the
Class of 2017 (newly matriculated) as covariates. In
both of those analyses, the dental students exposed to
use of the DDS terminology had significantly higher
overall scores (Tables 4 and 5). We also used different
cohort classes (2013-16 and 2013-15) to show the
stability of the models when excluding the potential
naïve Class of 2016. We did not, however, control for
variability in the amount of exposure with use of the
DDS terms. All students in a given class at a particular school were assigned as exposed or not-exposed.
Exposure or not to the use of DDS terminology was
assumed to be equal for all students in a class based
upon whether or not the DDS terminology was turned
on for use in the EHR. In ad hoc discussion with some
of the exposed students, variations in the amount of
individual student exposure time and use of the DDS
terminology in an exposed class became apparent.
Strengths of this pilot study included the cooperation and administrative support from the three
dental schools. Another strength was the demon-
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strated ease of administration of the HSRT either
in hard copy or online. There is the opportunity for
dental schools to administer the HSRT at the class
or at the individual level on a periodic basis. An additional strength of this pilot study is the timeliness
of the topic, with critical thinking now an evaluated
item for dental school accreditation. More and more
dental students will soon be using the treatment planning module with DDS terminology in the axiUm
EHR. These sequenced modules provide a structure
for the development of students’ diagnostic abilities.
As shown in our proposed model of critical thinking
in clinical dentistry with process-associated critical
thinking skills, the HSRT may be a useful metric
to monitor the growth and development of specific
critical thinking skills for dentistry.

Conclusion
Our collaborative pilot study demonstrated a
positive impact of using the DDS terminology in
the axiUm electronic health record on the critical
thinking skills of predoctoral dental students in three
COHRI schools as measured by overall scores on
the HSRT. These preliminary findings support future
research to further evaluate our proposed model of
critical thinking in clinical dentistry. Lessons learned
from this pilot study will also strengthen future research. Our suggestions include the following: 1) to
utilize an experimental design with longitudinal data
collection to evaluate the impact on critical thinking
skills by using the DDS terminology in the axiUm
EHR; 2) to change the HSRT administration to
mandatory rather than voluntary as a way to improve
response rates for greater representativeness of the
results; 3) to provide scratch paper to all students during HSRT administration, regardless of mode of test
(hard copy or online); 4) to refine (both qualitative
and quantitative) evaluation of an individual student’s
exposure to critical thinking skills prior to and during dental school; and 5) to refine (both qualitative
and quantitative) evaluation of students’ exposure to
diagnostic methodology and DDS terminology prior
to and during dental school.
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