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eaders in dental education continue to em-

phasize the importance of developing criti-

cal thinking skills in allied dental students.'"
Traditionally, allied dental education has relied on a
teacher-delivered, lecture-based educational approach
along with a performance-based approach to clinical
activities.* Several authors have suggested that these
educational strategies result in discrete, isolated knowl-
edge and performance, while not encouraging the ap-
plication of critical thinking to the clinical environ-
ment.*!! Application of critical thinking in clinical care
is termed clinical reasoning.

Clinical reasoning is characterized as a com-
plex and often unconscious integration of critical
thinking and data-collecting procedures aimed at
patient care.'>! Critical thinking is subsumed in clini-
cal reasoning in that clinicians must analyze infor-
mation, use inductive and deductive reasoning to

generate hypotheses about diagnoses, establish and
prioritize patient care plans, make inferences, and
reach conclusions on the basis of available informa-
tion in order to increase the probability of a desir-
able outcome.!>!3151 The inherent skills required for
clinical reasoning include the ability to sort infor-
mation, select key elements within that information,
and search for and/or recognize relevant patterns.?*?!
Groves et al. demonstrated that content-specific
knowledge and the ability to collect meaningful data
increase with experience, whereas incorrect data in-
terpretation does not. These authors hypothesize that
confirmation bias resulting from past clinical expe-
rience may restrict the reasoning ability of experi-
enced clinicians.?! Confirmation bias is an
individual’s tendency to interpret information in a
way that confirms one’s preconceptions. Several re-
searchers have also suggested that pattern recogni-
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tion and organization of information are necessary
for creating accurate and elaborate structures of
knowledge required to manage patients.?>>> While
allied dental education does focus on teaching stu-
dents a methodical process for approaching patient
care (termed the “dental hygiene process of care”™),
there is little evidence that learning this process trans-
lates into enhanced clinical reasoning skills.'*!* Den-
tal hygiene clinicians routinely make decisions about
patient care under conditions of uncertainty. For ex-
ample, synthesizing an appropriate dental hygiene
treatment and evaluation plan for a patient with an
impaired self-care ability but complex oral needs
requires the ability to make logical determinations
about the potential success of various strategies.

Several authors have suggested that health pro-
fessions students’ preexisting critical thinking (CT)
skills may have utility as a predictor of clinical per-
formance. Additionally, some have proposed that
assessing CT skills of health professions students may
serve as an effective screening mechanism to iden-
tify immature critical thinking ability in order to de-
velop educational strategies for these individuals af-
ter admission to academic programs.'”**35 A recent
study examined the predictive utility of critical think-
ing skills on early clinical decision making in allied
dental education.*® Results reported on 207 students
from seven baccalaureate-level dental hygiene pro-
grams showed that critical thinking skill, as measured
by the California Critical Thinking Skills Test
(CCTST), was a statistically significant predictor of
early clinical reasoning ability. Moreover, the CCTST
was a stronger predictor of early clinical reasoning
than the traditional predictors of entering grade point
average (GPA), number of college hours completed
at entry into the program, and the student’s age. Other
studies have also shown that traditional admissions
criteria such as standardized tests, total GPA, and
science GPA often poorly correlate with measures
of clinical judgment and performance in patient care
tasks.?333537:38 Because of these limitations, there has
been increasing interest in assessing other measures
as predictors of student ability and achievement.
Findings across different age groups and academic
disciplines suggest that metacognitive measures such
as motivation, maturity, disposition, and other affec-
tive measures may also have utility in predicting stu-
dent performance.’***

Although there appears to be a general con-
sensus that direct instruction in teaching critical
thinking is necessary to enhance clinical reasoning,
there is an inherent problem with this solution. The
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rapid increase in scientific and health-related infor-
mation in the health professions has already created
overloaded curricula. Increasing the time necessary
to teach critical thinking will add considerable stress
to an already time-constrained curriculum. Addition-
ally, there is still some confusion about how best to
teach and evaluate critical thinking and clinical rea-
soning skills.*** Tanner et al. cite two significant
problems: first, teaching clinical reasoning takes a
great deal of time before change is observable; and
second, there are limited outcome measures with ac-
ceptable psychometric properties for assessing
change in CT.*#

Further, while the concept of critical thinking
is widely embraced in education, there is little agree-
ment on its operational definition and most appro-
priate means for measuring it. Several existing mea-
sures (Watson Glaser Critical Thinking Appraisal
instrument and the Cornell Critical Thinking test)
have been criticized for being narrow in scope, lack-
ing a component that assesses disposition, or not
meeting the Standards for Educational and Psycho-
logical Testing.!#19-3045

The Delphi Research project on critical think-
ing (American Philosophical Association, 1990)
gave researchers the first cross-disciplinary concep-
tual definition of general critical thinking.***¢ Forty-
six theoreticians from the United States and Canada
representing several academic fields comprised the
panel of experts who generated a consensus defini-
tion of critical thinking. This definition embraced a
wider range of criteria while still being compatible
with previous definitions in the critical thinking lit-
erature. The Delphi panel also characterized the core
set of general critical thinking skills and attitudes
on which the California Critical Thinking Skills and
Disposition inventories were based. Additionally,
faculty need to better understand the premises un-
derlying critical thinking and need guidance in
methods for fostering good clinical judgment.®#647
Behar-Horenstein et al. showed that dental faculty
rely primarily on teacher-dominated instruction or
coaching techniques such as questioning and hy-
pothesis generation to foster critical thinking skills
and do so only 2.2 percent of the time in the clini-
cal environment.*’

Literature from various health professions sug-
gests that students’ existing critical thinking ability
may be an important predictor of success and clinical
judgment.*® Given that sufficient time and teaching
strategies are not always available to effectively teach
critical thinking skills/clinical reasoning skills after
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students enroll in an academic program, an alterna-
tive is to require that students possess these skills at a
sufficient level upon entry into the program. How-
ever, there is a need to establish the utility of such
measures as predictors and provide evidence to sup-
port their use. To date, no research has examined the
predictive validity of critical thinking skills and a dis-
position for critical thinking for traditional outcomes
in dental hygiene education. Therefore, the purpose
of this study was to determine the predictive validity
of critical thinking skills and critical thinking disposi-
tion for National Board Dental Hygiene Examination
Scores (NBDHE) in a sample of dental hygiene stu-
dents from three baccalaureate programs.

Methods

A convenience sample of baccalaureate-level,
dental hygiene students from three dental hygiene
programs (N=78) participated in this study. Institu-
tions were selected based on their willingness to par-
ticipate in the study, and student volunteers were of-
fered the opportunity to participate during their first
week of entry into their respective dental hygiene
programs. The three participating institutions were
the University of Colorado Health Sciences Center,
the University of Missouri-Kansas City, and Loma
Linda University. Students from baccalaureate den-
tal hygiene programs housed within dental schools
were selected to control for potential confounding
variables of different curricula and preprofessional
education.'*?’# Institutional Review Board approval
was obtained from the participating institutions.
There were no incentives offered to students for par-
ticipating; however, a pizza party was given at the
completion of the study at each institution.

A site coordinator was recruited from each in-
stitution to ensure standardization of procedures
throughout the study. Site coordinators met for a two-
day calibration and training session on study imple-
mentation and administration of critical thinking
measures to reduce variation in study procedures
between sites.

The California Critical Thinking Skills Test
(CCTST) and the California Critical Thinking Dis-
positions Inventory (CCTDI) were administered to
participants during the first week of their entry into
the dental hygiene program and again at the comple-
tion of their two-year educational program. Total
scores for each of the measures were computed for
the two separate administrations. The CCTST and

CCTDI are both standardized, norm-referenced tests
that assess the context-general critical thinking skills
and core critical thinking dispositions.***! Both have
been shown to be psychometrically sound instru-
ments. The CCTST reports a total score based on
analysis, inference, evaluation, inductive reasoning,
and deductive reasoning. The California Critical
Thinking Disposition Inventory (CCTDI) assesses
seven dispositional constructs: inquisitiveness,
systematicity, analyticity, truth-seeking, open-
mindedness, self-confidence, and maturity.

Program directors provided the following data
for each participant: entering GPA, total college hours
at entry, students’ age at entry, initial and final CCTST
and CCTDI scores, and NBDHE scores for the Mul-
tiple-Choice Component (NBDHE MC) and Case-
Based Component (NBDHE CB). Data were coded
to ensure anonymity while concomitantly allowing
for matching of data.

Several analyses were used to examine the data.
Descriptive analyses characterized baseline data for
students at each of the participating institutions. Cor-
relations among predictor variables and NBDHE
component scores were examined to determine the
degree of relationship among measures.

To assess the primary research question—“To
what degree do students’ preexisting critical think-
ing skills and disposition uniquely predict perfor-
mance on the NBDHE”—a series of hierarchical
multiple regression analyses were used to examine
the variance explained by the CCTST and CCTDI
beyond that explained by traditional measures of in-
coming GPA, age, and total college credit hours. The
hierarchical structure utilized in the regression analy-
ses forced the dummy-coded institution variable into
the model first to effectively control for the poten-
tial confounding effect of different curricula and
coursework among the institutions. Part r* coeffi-
cients were then computed to allow for the examina-
tion of unique variance explained by the effects of
the traditional predictors and CCTST and CCTDI.

Results

Baseline data on age, entering GPA, and num-
ber of college credit hours at program entry, along
with CCTST and CCTDI total scores are displayed
in Table 1. Overall, participants ranged in age from
nineteen to fifty-five with an overall mean age of
25.4 (£6.3). Participants’ mean ages were compa-
rable among institutions. Entering GPA for all par-
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Table 1. Distribution of predictor and criterion measures by institution

Institution Age GPA Hours CCTST CCTDI CCTST  CCTDI  NBDHE NBDHE
Initial Initial Final Final MC CB
Institution 1 Mean 25.6 3.42 89.3 15.1 303.2 16.1 297.5 88.8 99.2
n=20 S.D. 5.7 0.35 31.2 3.6 31.0 3.2 32.8 4.2 7.8
Institution 2 Mean 25.0 3.33 73.1 15.0 293.0 16.1 281.5 84.3 91.0
n=34 S.D. 5.8 0.31 33.9 4.0 25.8 4.6 23.8 5.0 10.4
Institution 3 Mean 25.8 3.13 79.9 14.5 315.1 13.0 312.8 83.5 96.0
n=22 S.D. 7.7 0.38 20.3 5.0 23.8 4.6 28.0 3.5 8.4
All Participants  Mean 25.4 3.30 79.3 14.9 302.1 15.1 295.4 85.2 94.6
S.D. 6.3 0.35 30.2 4.2 28.0 4.4 30.4 4.8 9.8

ticipants ranged from 2.02 to 3.96, with an overall
mean GPA of 3.30 (+£0.35). Entering mean GPA was
similar among institutions and ranged from 3.13 to
3.42. With respect to the number of college credit
hours at entry into the dental hygiene programs, the
mean number of entering college credit hours for all
participating students was 79.3 (£30.2). The large
standard deviations for all institutions demonstrate a
wide variability of students’ academic preparation
prior to entry into dental hygiene, irrespective of in-
stitutional affiliation.

The baseline CCTST score for the sample was
14.9 (+4.2). Overall, mean scores for participants at
each institution were comparable, ranging from 14.5
to 15.1. Scores for the final administration of the
CCTST were similar to those obtained at baseline.
The CCTDI baseline scores for all subjects ranged
from 241.0 to 367.0, with an overall mean score of
302.1 (£28.0). Institution-level CCTDI scores for
subjects ranged from 293.0 to 315.1. Scores for the
final administration of the CCTDI were slightly lower

Table 2. Correlation among predictor and criterion variables

Predictor Variables

than initial scores across all institutions, but the dif-
ferences across the two-year time frame are well
within the range of normal variability.

National Board Dental Hygiene Examination
(NBDHE) scores were obtained for students at each
participating institution. The overall mean scores for
participants on the multiple-choice and case-based
components were 85.2 and 94.6, respectively. Al-
though the NBDHE scores were similar across the
three institutions, Institution 1 had slightly higher
scores for both components.

Correlations among predictor and criterion
variables, displayed in Table 2, show that bivariate
correlations varied in strength and direction. The
majority of correlations between predictor variables
were weak and nonsignificant; however, the rela-
tionship between number of college hours com-
pleted and age was statistically significant (r=.316),
as was the correlation between initial CCTDI and
CCTST scores (r=.291). Additionally, the relation-
ships between the initial and final administrations

Criterion Variables

GPA Hrs CCTST CCTDI CCTST CCTDI NBDHE MC NBDHE CB
Initial Initial Final Final
Age 104 316* .018 -177 .207 .065 -.032
GPA -.218 .084 224 .250 .400* .190
Hours -.077 -.058 -.006 -.082 -.044 -.087
CCTST Initial 291* .612%* .086 .353* A472%
CCTDI Initial .100 .793% .041 .254%
CCTST Final .019 .302%* .330*
CCTDI Final 211 .396*
NBDHE MC .778%*

*Statistically significant p<.05
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Table 3. Regression model: relationship of predictor variables to NBDHE MC scores

Variables in the Model Model R R? Change F Change p
Institution 443 .196 8.90 .0001
Institution, Age, GPA, Credit Hours 542 .098 3.24 .027
Institution, Age, GPA, Credit Hours, CCTDI 542 .000 .022 .883
Institution, Age, GPA, Credit Hours, CCTDI, CCTST .632 .105 11.94 .001

Table 4. Unique variance in NBDHE MC scores by
predictive measures

Predictor Variable Part r* p value
Institution 129 .001
Age, GPA, Credit Hours .087 .026
CCTST .105 .001
CCTDI .008 .352

of the CCTST and CCTDI were fairly strong at
r=.612 and .793, respectively. These values suggest
that these critical thinking constructs are relatively
stable across the two-year academic program pe-
riod. The relationship between initial CCTST scores
and NBDHE component scores was stronger for the
case-based component (r=.472) than for the mul-
tiple-choice component (r=.353). Not surprisingly,
the relationship between NBDHE component scores
was high, with r=.778.

Descriptive data suggested several preliminary
analyses were appropriate to examine the degree to
which relationships among measures might attenu-
ate or otherwise affect examination of the primary
hypotheses. A primary assumption underlying criti-
cal thinking skills and disposition is that these con-
structs are largely unaffected by traditional curricu-
lar courses, but do tend to increase as a function of
general education and/or a specific logic course. 84445
Therefore, separate regression analyses were used
to examine the contribution of scores from the final
administration of the CCTST when entered last in
the model for each outcome measure while control-
ling for institution and initial CCTST scores. Simi-
larly, the final administration of the CCTDI was
modeled in the same manner. These results showed
that the final administration of the critical thinking
measures had a very small effect on the criterion
measures, with R? change values ranging from .005
to .022. Based on these results, the final administra-
tion of the CCTST and CCTDI was eliminated from
subsequent regression models.

Descriptive data identified institutional differ-
ences on the two criterion measures; therefore, a se-
ries of regression analyses were performed to deter-
mine the degree to which the differential effect of
institution with predictor variables influenced each
of the criterion measures. For each analysis, the pre-
dictor variable was entered first into the regression
model followed by the dummy-coded institution vari-
able. Cross-product variables between predictor and
institution were entered last to test for the equality
of slopes in the prediction equations across institu-
tions. Regression line slopes for the three institutions
were found to be comparable when modeling the
predictors’ relationship with NBDHE multiple-choice
(NBDHE MC) and NBDHE case-based (NBDHE
CB) examinations.

To evaluate the primary research question re-
garding the predictive validity of CCTST and
CCTDI, a series of hierarchical multiple regression
analyses were conducted to examine the explained
variance contributed by the baseline critical think-
ing measures (CCTST and CCTDI) beyond that ex-
plained by traditional measures of incoming GPA,
age, and total college credit hours. In each model,
institution was entered in the first step to control for
potential differences in curricular content. Improve-
ment in each model was determined based on the R?
change and significance for each step.

Table 3 displays the model regressing NBDHE
MC component scores on institutional affiliation, tra-
ditional predictor variables, and initial critical think-
ing variables. Results suggest that institution affilia-
tion explained the largest proportion of variance (R?
change=.196) in the criterion measure. CCTST was a
statistically significant predictor (R? change=.105), as
were traditional predictors (age, GPA, and number of
college hours completed). Traditional predictors col-
lectively explained 9.8 percent of variance in NBDHE
MC scores. The contribution of initial CCTDI was
not meaningful (R? change=.00). The unique propor-
tion of variance in NBDHE MC component scores
explained by each of the predictors (Part r?) is shown
in Table 4. In order of contribution, institutional af-
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Table 5. Regression model: relationship of predictor variables to NBDHE CB component scores

Variables in the Model Model R R? Change F Change Sig
Institution .363 132 5.55 .006
Institution, Age, GPA, Credit Hours 430 .053 1.53 215
Institution, Age, GPA, Credit Hours, CCTDI 458 .024 2.14 .148
Institution, Age, GPA, Credit Hours, CCTDI, CCTST .628 184 20.66 .0001

filiation was the single largest predictor, with CCTST
ranking second, and traditional predictors explaining
the least amount of variance.

Linear regression modeling of the relationship
of CCTST and CCTDI to NBDHE CB component
scores is displayed in Table 5. As with the NBDHE
MC component scores, these results demonstrate a
statistically significant effect of institution on
NBDHE CB of students (R?>=.132). A small and non-
significant increase in explained variance was noted
for traditional variables (R? change=.053), whereas
CCTST scores explained 18.4 percent of variance in
the outcome measure (p=.0001). CCTDI did not con-
tribute a significant proportion of variance in
NBDHE CB (R? change=.024). Overall, the propor-
tion of variance accounted for in NBDHE CB scores
for this model was 39.4 percent.

Summary data for the unique variance (Part r?)
accounted for by institutional affiliation, traditional
predictors and critical thinking variables for this
model are displayed in Table 6. The unique variance
explained by the baseline CCTST was the largest
contributor to NBDHE CB component scores (Part
r’=.184). Institutional affiliation predicted the next
largest amount of unique variance (Part r’=.132).
Traditional predictors (GPA, number of college hours
at entry, and student age) were not statistically sig-
nificant, nor was CCTDI, in predicting student per-
formance on the case-based portion of the NBDHE.

Discussion

Critical Thinking Measures as
Predictors

The primary purpose of this investigation was
to examine the predictive validity of two critical
thinking measures on National Board Dental Hygiene
Examination component scores: the multiple-choice,
knowledge-based component and the clinical, case-
based component. Results of this investigation sug-
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Table 6. Unique variance in NBDHE CB by predictive
variables

Predictor Variable Part r? p value
Institution 129 .001
Age, GPA, Credit Hours .036 .269
CCTST .184 .0001
CCTDI .000 .889

gest that preexisting critical thinking skill, as mea-
sured by the CCTST, was a more consistent predic-
tor of student performance on both the NBDHE MC
and NBDHE CB scores than traditional predictors
(age, GPA, and number of college hours at entry into
dental hygiene). Additionally, the low correlations
between CCTST and CCTDI, entering GPA, and
number of college hours suggest that these constructs
are different from traditional measures of academic
achievement. These results are consistent with our
previous study that showed CCTST had predictive
validity in predicting students’ early clinical perfor-
mance.*® As with the previous study, institutional
affiliation of the students was a predictor of student
examination performance for both components. It is
probable that differences among institutions with
respect to student selection criteria, course content,
and faculty and student characteristics were collec-
tively responsible for the large proportion of vari-
ance explained in NBDHE performance.

A surprising finding was that CCTST was the
single best predictor of performance on the case-
based component of NBDHE. This suggests that stu-
dents’ context-general ability to reason has utility in
predicting their context-specific clinical reasoning
as measured by the case-based component of the
NBDHE. These results are consistent with previous
studies that have demonstrated the general critical
thinking ability to sort information, search for pat-
terns, and select key features is necessary in the clini-
cal reasoning process.’**>32 The NBDHE is a highly
standardized and validated examination that requires
candidates to review medical/dental history, radio-
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graphic, and clinical data; select key features in the
data; work through logical hypotheses related to the
case; and then determine appropriate dental hygiene
care. This clinical reasoning process can be framed
as the application of context-general thinking skills
to context-specific patient cases.

The utility of context-general skills in context-
specific patient care has been an area of interest in
numerous health professions over the past two de-
cades. Although some studies have failed to find a
significant relationship between critical thinking and
clinical reasoning,’*>* other findings are consistent
with our results.!?2+25:283442 Studies failing to show a
relationship between critical thinking and clinical
reasoning, in general, have employed a single and
subjective measure of clinical reasoning. In contrast,
studies showing a link between the context-general
skills and applied clinical reasoning have employed
measures with established psychometric qualities
(validity and reliability) and frequently have used
multiple outcome measures to enhance gener-
alizability of results.

Critical thinking and clinical reasoning are
clearly complex constructs that require multiple abili-
ties. Errors related to any of these abilities have the
potential to negatively affect decision making.
Groves et al. showed that the most common errors
made in clinical reasoning included inadequate iden-
tification of relevant information, poor interpretation
of data, and/or flaws in hypothesis generation.?!
Groves et al., along with other authors, suggest that
this might result in poor pattern recognition and an
impaired thinking framework or organizational abil-
ity.?!» Moreover, Brailovsky et al. demonstrated that
students who possess the ability to organize clinical
information early in their training go on to develop
good clinical reasoning skills.* Collectively, the lit-
erature suggests that preexisting skills in general criti-
cal thinking may predispose individuals to better
clinical reasoning skills.

A primary goal of allied dental education is to
produce clinicians with the ethics, skills, and knowl-
edge to provide optimum and individualized oral
health care. Thus, it seems logical that entry qualifi-
cations for these programs should include a variety
of measures aimed at capturing the skills needed to
produce effective clinicians. From a practical per-
spective, one might argue that the overall contribu-
tion of CCTST to predicting NBDHE scores was only
moderate. However, critical thinking skills did show
utility in predicting case-based outcomes that ex-

ceeded all other covariates, including traditional en-
try criteria.

The cost-benefit balance of using the CCTST
as an admission criterion was not considered in this
investigation, nor was the predictive validity of
CCTST on clinical competency as measured by re-
gional and state qualifying examinations. It is an-
ticipated that the characteristics of students seeking
admission into dental hygiene will change as career
opportunities either increase or decrease. Tracking
the cognitive and affective critical thinking attributes
of successive classes might also assist educators in
selecting and/or meeting the needs of student popu-
lations as they change.

It should be cautioned that these preliminary
results were obtained from a small sample of stu-
dents who were enrolled in baccalaureate-granting
dental hygiene programs. Clearly, there is a need for
additional studies on larger and more varied student
populations. There remains a need for both quantita-
tive and qualitative research to further clarify the
mechanisms by which critical thinking is related to
clinical reasoning, as well as to determine how best
to develop clinical reasoning skills of students for
all educational program types. In nursing and occu-
pational therapy, qualitative research has been used
to examine decision making and clinical judgment
skills of students and of inexperienced and experi-
enced clinicians.**** In general, these studies have
clarified the mental processes used to arrive at clini-
cal decisions and suggest that processes become more
refined and rapid with experience. Similar studies in
dental hygiene and dental education would help elu-
cidate how critical thinking and clinical reasoning
processes continue to develop and be refined as cli-
nicians move from competency to proficiency to
mastery. This in turn could enhance the pedagogical
processes in allied dental and dental education.

Conclusions

Results from the current investigation suggest
that critical thinking skills, as measured by the
CCTST, explain a statistically significant proportion
of variance in the multiple-choice and case-based
component scores of the NBDHE. Additionally, the
degree to which CCTST explains variance in the
outcomes exceeded that predicted by entering GPA,
number of college hours, and the student’s age. The
CCTST was especially effective as a predictor of the
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case-based portion of the NBDHE. Critical thinking
disposition (CCTDI) was not valuable as a predictor
of board examination scores. With the current em-
phasis on educating students who are capable of good
clinical reasoning in allied dental and dental educa-
tion, coupled with the early evidence that faculty do
little to teach clinical reasoning,’” continued research
in this area is warranted. This may have implications
for student selection and retention, faculty develop-
ment, and pedagogical practices. As dental educa-
tors improve their understanding of how students
develop clinical reasoning skills, the learning envi-
ronment can be modified to foster growth in these
areas. Pedagogical practices that facilitate the devel-
opment of critical thinking and clinical reasoning
skills can then be implemented and evaluated.
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