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The Critical Thinking Skills of
Practicing Family Physicians:

A Population-Based Cross-Sectional Study

David Ross, MD; Michelle Morros, MD; Efrem Violato, MSc

BACKGROUND AND OBIJECTIVES: Critical thinking (CT) skills are an impor-
tant aspect of clinical reasoning and diagnosis. The goals of this study were to
(1) examine levels of CT skills of practicing family physicians, (2) compare the
CT skills of practicing family physicians to family medicine residents, and (3)
identify individual variables and practice characteristics predictive of CT skills. .

METHODS: We used a population-based, cross-sectional design to compare
practicing and resident family physicians and examine the predictors of CT skills
in practicing family physicians. Sixty-two practicing family physicians were re-
cruited across Canada. We used data from 59 family medicine residents at a
single institution in Canada. We used the California Critical Thinking Skills Test
(CCTST) to measure CT skills. We analyzed data using descriptive and univari-
ate analysis, multivariate analysis of variance, and hierarchical multiple linear
regression. CT skills were further examined in follow-up analysis using polyno-
mial regression.

RESULTS: Residents performed better than practicing physicians on nearly all
aspects of CT (P<.005). Age was the strongest predictor of CT skills in prac-
ticing physicians (P<.005); CT skills declined with age as a quadratic function
(P<.005).

CONCLUSIONS: As a group, practicing family physicians exhibited lower scores
on the CCTST compared to family medicine residents. CT skills showed a de-
cline with age, accelerating after approximately age 60 years. The results of
the study have implications for continuing education and assessment of phy-
sicians’ clinical skills. Further research is required to better understand what
other predictors may be important for CT skills of practicing family physicians.

(Fam Med. 2020;52(9):635-41.)
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some of these biases and errors, it
has been suggested that education,

ognitive errors due to cog-
c nitive and affective biases,

faulty or inaccurate reason-
ing, and misunderstanding probabili-
ties can lead to diagnostic errors and
patient harm, and are some of the
most complex issues surrounding pa-
tient safety.! To begin to ameliorate
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beginning in medical school, teach
physicians analytical and rational
thinking.?® While the processes of
clinical reasoning (CR) are debat-
ed,* it is generally accepted that
the analytical and rational aspects

of CR consist of the ability to iden-
tify a problem, select and evaluate
pertinent information, recognize as-
sumptions, formulate appropriate
hypotheses, and draw valid conclu-
sions and critical inferences.>® These
aspects of CR are proximal to scien-
tific thinking and the cognitive and
metacognitive processes and disposi-
tions to make meaning of informa-
tion.? Scientific thinking is a domain
of the broader construct of critical
thinking (CT),!* with CT being es-
sential for CR. CT consists of six
skills: interpretation, analysis, eval-
uation, inference, explanation, and
self-regulation.!>'?

CT skills serve as a good predictor
of academic success in health care,'>
16 yet it is unknown what the level
of CT skills of practicing physicians
are and how continued develop-
ment of CT skills can be supported.
Critical thinking is essential to the
safe and effective practice of family
medicine, as family physicians (FP)
must diagnose and manage numer-
ous undifferentiated conditions!”
in complex systems!® that require
a broader general knowledge base
than those in a specialist field.!»?
As the initial point of contact with
a patient, it is important for a FP
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to be able to engage CR bolstered
by skillful CT to make an initial di-
agnosis and pursue an appropriate
management plan.'”?! Deficits in CT
skills can contribute to the inability
to make effective clinical decisions
when faced with clinical uncertainty,
a situation with potentially devastat-
ing consequences.?

Previously, CT skills have been
examined in residents, showing no
change between entering and com-
pleting residency.?® The next step is
to examine CT skills in practicing
family physicians. Currently, there
is limited knowledge regarding the
level of CT skills of practicing phy-
sicians, and FPs specifically. It will
be important to examine if change
in CT occurs in practice when com-
pared to residency and understand
what potential variables may be pre-
dictive of CT skills in practicing FPs.

To better understand the CT skills
of practicing FPs, and potential
changes in CT, we designed a pop-
ulation-based, cross-sectional obser-
vational study. Three aims for the
present research were developed:
(1) examine the level of CT skills
of practicing family physicians us-
ing the California Critical Thinking
Skills Test (CCTST), (2) compare the
CT skills of practicing family phy-
sicians with the CT skills of family
medicine residents using a cross-
sectional design to determine group
differences, and (3) identify which in-
dividual variables and practice char-
acteristics are predictive of CT skills.

Methods

Participants

We recruited family physicians from
Alberta, British Columbia, Ontario,
and Quebec through professional list
serves, at professional conferences,
and by site leads for primary care
networks. Family physicians were
recruited between May and Decem-
ber 2019. An initial contact email
was distributed; interested partici-
pants were sent a consent form and
a link to the CCTST. Participants
completed the test on personal de-
vices. Completion of the test end-
ed participants’ involvement in the
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study. Data collected from residents
in June 2013 at the end of a resi-
dency program at a single institution
(previously presented by Ross et al*®)
were used for comparison purpos-
es. Research Ethics Board 2 at the
University of Alberta granted eth-
ics approval for this study. We used
STROBE cross-sectional reporting
guidelines.?

Measures
We used the CCTST test as a mea-
sure of critical thinking skills. This
34-item test demonstrates strong va-
lidity evidence, is predictive of aca-
demic success in health professions,
and has been used extensively in re-
search in health professions.151625:26
The CCTST is comprised of an
overall score and five subscales,
each measuring a different aspect
of CT.1*12 The overall score describes
strength in using reasoning to form
reflective judgments about what to
believe or what to do (scored: 0-35).
Analytical skills are used to iden-
tify assumptions, reasons, themes,
and the evidence used in making
arguments or offering explanations
(scored: 0-8). Inference skills are the
ability to draw conclusions from rea-
sons, evidence, observations, experi-
ences, or values and beliefs (scored:
0-15). Evaluative skills are used to
assess the credibility of the claims
people make and to assess the qual-
ity of the reasoning people display
when they make arguments or give
explanations (scored: 0-10). Inductive
reasoning relies on estimating like-
ly outcomes and decision making in
contexts of uncertainty (scored: 0-15).
Deductive skills are used to deter-
mine the precise logical consequenc-
es of a given set of rules, conditions,
beliefs, values, policies, principles,
procedures, or terminology (scored:
0-15).2" The CCTST requires approxi-
mately 45 minutes to complete.

Analysis

Data were analyzed using SPSS Ver-
sion 25.28 We used descriptive statis-
tics to examine practicing FP CCTST
scores and demographic character-
istics, and we conducted univariate

analysis on categorical variables.
The primary analysis consisted of
two steps. First, we conducted a
one-way multivariate analysis of
variance (MANOVA) to determine
differences between practicing FPs
and residents on the CCTST and its
subscales. Second, we conducted a
hierarchical multiple linear regres-
sion with the practicing physicians’
data to determine predictor variable
importance for CT skills in practic-
ing physicians.

Assumption Checks. Assumptions
for MANOVA were checked. Exam-
ination of Q-Q plots and Shapiro-
Wilks test indicated multivariate
normality. Residual plots and Q-Q
plots identified a borderline outlier.
One resident was an outlier on per-
centile rank and the induction sub-
scale, though not on other scores; we
decided to remove the participant.
We identified high multicollineari-
ty among the variables, subscale re-
lationships were examined, and we
removed the analysis subscale to car-
ry the test forward.?® Box’s test in-
dicated homogeneity of covariance
matrices, y2 (10), P=.460. We checked
assumptions for regression; residual
plots and Cooks Distance indicated
there were no outliers. We identified
no violations for the Durbin-Watson
test for autocorrelation, variance
inflation factor for collinearity, and
Q-Q plots and measures of skewness
for normality. We deemed the sam-
ple size adequate for the number of
participants per predictor included
in the model.?

Results

Demographics

We recruited 62 practicing family
physicians. The sample was com-
posed primarily of participants of
Caucasian (41, 66%) and Asian (14,
23%) backgrounds. Thirty-six of the
participants were female (58%). The
majority of the sample worked in full
service/broad scope family practice
(33, 53%), followed by solely office-
based family practice (11, 18%). Six-
ty percent (38) of the sample worked
in population centers with >500K
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people; 10% (6) worked in centers of
50K-100K people, 20% (12) worked
in centers with 10K-50K people, and
10% (6) worked in centers of <10K
people. There were 53 Canadian
medical graduates, eight interna-
tional medical graduates, and one
Canadian who had studied abroad.
Twenty-seven percent of the sample
had a graduate degree; two PhDs,
and 15 master’s degrees. Participants
engaged in a wide range of continu-
ing medical education (CME) with
the majority indicating their prima-
ry form of CME was conferences (28)
and self-study (16). For further sam-
ple characteristics see Table 1.

Secondary data from 60 residents
was available from the Ross study.??
Thirty-five (56%) of the residents
were female with a mean (SD) age
of 27.9 (5.1) years.

Initial Analysis

Family medicine residents and prac-
ticing FPs exhibited a wide distribu-
tion of scores on overall CCTST score
and the subscales. Residents tend-
ed to perform better than practicing
physicians on all measures, except
for the analysis subscale (Table 2)
and scored higher on mean percen-
tile rank (Table 2). Percentile rank
is a norm referenced score based on
an aggregated sample of test tak-
ers.’* We conducted univariate anal-
ysis on the categorical demographic
variables, and found no significant
differences for overall CCTST score
or the subscales on any categorical
variables. The second highest scor-
ing participant, scoring in the 97th
percentile, was 64 years old; only one
resident scored higher, scoring in the
98th percentile.

Main Analysis I: MANOVA—
Comparison of Practicing Family
Physicians and Residents
We ran a one-way MANOVA (inde-
pendent variable: practicing physi-
cians vs residents and dependent
variables: inference, evaluation,
induction and deduction). Re-
sults indicated there was a signif-
icant difference between residents
and practicing family physicians
on the subscales of the CCTST (F
[4,116]=4.75; Wilk’s =.86; P<.001).
Follow-up univariate tests iden-
tified significant differences on the
evaluation subscale (F [1,119]=14.56;
P<.001), and induction subscale (F
[1,119]=9.92; P=.002; Table 2). There
were no significant differences on
the analysis subscale (¥ [1,119]=.20,
P=.659), but there were differenc-
es on the overall CCTST score (F
[1,119]=5.02, P<.027); and percen-
tile rank (F[1,119]=4.97, P<.028).
Subscale effect sizes indicate small
to large effects for the subscales and
overall score, except for analysis.

Main Analysis II: Hierarchical
Multiple Linear Regression—
Predictor Variables of CT Skills
in Practicing Family Physicians
We used only data from practicing
FPs for a series of hierarchical mul-
tiple regressions with overall CCTST
score and each subscale as depen-
dent variables. We used age, clinical
days per week, patients per day, re-
search hours per week, and hours of
teaching per week as predictor (in-
dependent) variables. Overall model
fit was significant for overall score,
evaluation, and induction. Age was
found to be a significant predictor of
lower CT scores for overall score and
for each subscale, except for analysis.
Research hours per week and clinical
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days per week were also predictive
of lower scores on evaluation and in-
duction, respectively (Table 3).

Follow-up Analysis

As age was the most common and
powerful predictor of CT skills, we
conducted a follow-up analysis to
better understand the relationship
between age and CT. For comparabil-
ity across subscales, all scores were
scaled (z score, mean=0, SD=1). We
used polynomial regression to test
nonlinear relationships, quadratic,
cubic, and quartic. Results indicat-
ed that the data were best fit by a
quadratic model for all scores, except
for analysis. Analysis displayed no
significant linear or nonlinear rela-
tionships (Table 4). No other higher
order polynomials were significant.
The parameters of the quadratic re-
gression were used to predict scores
on the overall and subscale scores at
5-year age intervals (Figure 1). The
follow-up analysis indicates a nega-
tive quadratic relationship between
age and CT skills.

Discussion

We found that family medicine res-
idents and practicing FPs differ
in CT skills. Practicing physicians
generally exhibited lower scores on
the CCTST compared to residents,
with age as the strongest negative
predictor of CCTST scores. Group
differences are likely due to the ho-
mogeneity of age for the resident
sample compared with the hetero-
geneity of age amongst the practic-
ing physicians. CT skills appear to
decline at the greatest rate after 60
years of age. It appears the cogni-
tive demands of the medical profes-
sion do not protect against normal
age-related decline in the aspects of

Table 1: Demographic Characteristics of Practicing Family Physicians’ and Residents’ Age

Residents FP Age Years in Patients Clinical Days | Research Hours | Hours Teaching
Age (Years) (Years) Practice per Day per Week per Month per Week
Mean 279 47.7 17.9 20.9 3.97 3.50 12.2
SD 5.1 12.0 12.9 7.61 1.42 7.68 13.6
Range - 27-73 2-43 0-40 0-7 0-50 0-80

Abbreviation: FP, family physician.
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Table 2: Results of a One-Way MANOVA and t Tests®

Score Residents PPI:;::;T;:gs Effect
(n=59) (n=62) Size ¥

Mean 69th 61st

Percentile rank* SD 18.1 21.2 041
Range 30-98 6-97
Mean 23.9 22.3

Overall* SD 3.83 4.35 0.41
Range 16-32 11-31
Mean 4.97 5.06

Analysis SD 1.25 1.20 0.08
Range 2-7 2-7
Mean 119 114

Inference SD 2.03 2.58 0.2
Range 8-15 5-16
Mean 7.08 5.82

Evaluation™** SD 1.78 1.85 0.70
Range 3-11 1-9
Mean 12.8 11.7

Induction™* SD 1.87 2.14 0.55
Range 8-16 7-15
Mean 11.1 10.6

Deduction SD 2.91 2.91 0.17
Range 6-17 4-17

Abbreviation: MANOVA, multivariate analysis of variance.

#P<.05; **P<.01; ***P<.001.

¥Cohen’s d: small=.2, medium = .5, large = .8"

@ Analysis was also conducted with the borderline resident outlier in the data set (n=60, M=23.8,
SD=4.09). Results of the ¢ test varied marginally for overall score, ¢ (120)=1.93, P=.056, d=.3, and
percentile rank ¢ (120)=1.89, P=.061, d=.34. Results of the MANOVA were not affected.

cognition related to CT skills. The re-
sults of this present study converge
with other findings on aging and cog-
nition showing a normal pattern of
senescence, especially when consid-
ering the quadratic relationship.?-3
Deficits in the cognitive skills re-
lated to CT are most strongly relat-
ed to declines in working memory
(WM).?2 Though the sample used was
restricted to family physicians, it can
be hypothesized that the results are
generalizable to other specialties in
medicine.

Practicing physicians performed
similarly to residents on the anal-
ysis subscale. Analysis measures

OCTOBER 2020 - VOL. 52, NO. 9

the ability to identify assumptions,
reasons, themes, and the evidence
used in making arguments or offer-
ing explanations. These skills are
concordant with the use of pattern
recognition and illness scripts in the
diagnostic process and are more reli-
ant on knowledge.** As humans age
and fluid intelligence declines, crys-
tallized intelligence remains fairly
stable until approximately the eighth
decade.?® The amount of knowledge
that a person has, and can develop,
does not decline at the same rate as
WM and so the aspects of CT that do
not rely on WM remain more stable.

Though individual variance is
important when considering aging
and CT skills, as shown in Figure 1,
CT skills are not as strong after age
60. Previously, a small but signifi-
cant negative relationship has been
found between diagnostic accuracy
and age.?3¢ Lower diagnostic accu-
racy and consideration of the need
for CT skills in CR,! and the need to
engage System II processing for CT,*
indicate that it is important to as-
sess CT skills longitudinally; stabil-
ity in pattern recognition may not be
protective for optimal diagnostic ac-
curacy. Declining CT skills could be a
harbinger of reduced clinical ability.

Three unexpected findings were
identified in the present study. The
first two are the negative relation-
ship between research hours and
evaluation, and clinical days worked
and induction. It could be expected
the two variables would be positively
related with CT skills as engaging in
research and spending more time in
the clinic may hone CT skills. How-
ever, patients seen per day was not
correlated with clinical days worked,
so spending more time in the clinic
may not increase the opportunity to
practice CT skills. It is possible more
time spent in the clinic is related to
less time engaged in reading or other
activities that would support induc-
tion skills, and may be concurrent-
ly associated with greater fatigue,
which can negatively impact cogni-
tive abilities.?®*° The negative rela-
tionship between research hours and
evaluation scores is also counterintu-
itive. More investigation is required
to understand how conducting re-
search in conjunction with practic-
ing medicine influences CT skills.
Finally, no relationship was found
between population size served and
patients seen per day and no differ-
ences were found for CT skills based
on population size served; therefore,
based on the current data, it does not
appear these variables interact. Fur-
ther investigation of the influence of
clinical days worked, research hours,
and populations served is necessary.
A more granular approach along
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Table 3: Results of Hierarchical Multiple Linear Regressions for the CCTST and Its Subscales*

Dependent . . o 9
Variable Predictor Variables b (95% CI) SE S (95% ClI) P
-.14 (-.23, -.005) .05 -40 (-.66, -.14) .03
Overall Age
F (5,53)=2.34, P=.05, R?=.18, RzAdjusted='1
-.07 (-.06, -.01) .03 | -.31 (-.58, -.05) .023
Inference Age 2 2
F (5,53)=1.43, P=.23, R?>=.12, R’ A(1].%3‘1:.04
Age -.06 (-.10, -.02) .02 -41 (-.66, -.15) .002
Evaluation Research hours/week -.04 (-.06, -.003) .02 -.28 (-.53, -.03) .03
F (5, 53)=2.95, P=.02, R?>=.22, RZAM:M
Age -.07 (-.11,-.03) .02 -40 (-.65, -.15) .002
Induction Clinical days/week -42 (-.80, -.04) .18 -.28 (-.54, -.03) .03
F (5,53)=3.07, P=.02, R?=.22, RZAM=.15
. -.07 (-.13, -.007) .03 -.30 (-.57, -.03) .03
Deduction Age " "
F (5,53)=1.30, P=.28, R?>=.11, R’ A(M='O3
Abbreviation: CCTST, California Critical Thinking Skills Test.
*Only significant results are shown, for results of all variables see the supplemental material.
Table 4: Results of a Quadratic Regression
Score Intercept b SE P Value R?
Overall 7.4e-17 -.300 .092 .003 0.20
Analysis* 4 -.008 .010 440 0.01
Inference 1.8e-16 -.300 .094 .003 0.15
Evaluation 1.3e-16 -.230 .094 .020 0.16
Induction 1.1e-16 -.260 .091 .005 0.21
Deduction 6.6e-17 -230 .096 .020 0.11

*Linear regression

Figure 1: Quadratic Regression for Prediction of Scaled CCTST Scores

Overall

55 60
Age (years)

1 Analysis
Inference
05 Evaluation
- Induction
o I = Deduction
\.. ...........................
©-0.5 B
<]
A
- -1
<@
©
A-1.5
-2
-2.5
-3
35 40 45 50 65 70 75 80

Abbreviation: CCTST, California Critical Thinking Skills Test.
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with purposeful sampling is likely
required to target these issues.

Future Directions

It is important to assess CT skills
longitudinally across physician popu-
lations due to the importance of CT
skills in the diagnostic process and
the potential negative implications
of declining CT skills for diagnostic
accuracy. Large sample frames and
longitudinal data collection could
employ data mining techniques to
better identify the contributing fac-
tors to CT and changes in CT skills.
Consistent assessment of CT skills
could be used to inform physicians
of changes in their cognitive skill
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set and identify physicians that may
need continued professional devel-
opment and support to remain in
practice, or ultimately direction away
from clinical practice. A measure of
CT alone would not be appropriate
for this but would function as one
aspect of a broader evaluation of a
physician’s practice.

The present study sampled family
physicians exclusively. It is reason-
able to expect that since the pattern
of decline is comparable to samples
from the general population, simi-
lar results would be observed across
medical specialties. Further research
on a wider range of specialties is nec-
essary to address this hypothesis.
Finally, direct comparisons to the
general population or among other
professions should provide further
insights for physician CT skills.

Limitations

This study has four main limitations.
First, there was a relatively small
sample size. Nevertheless, there
were robust effect sizes for the dif-
ferences between residents and prac-
ticing physicians indicating adequate
statistical power for these analyses.
Secondly, we assumed that the en-
tire sample of family physicians was
healthy with no neurodegenerative
disorders. At present it is not possi-
ble to know if any of the participants
had any age-related or other patholo-
gies that may have influenced scores.
Thirdly, the environmental testing
conditions were not identical be-
tween residents and FPs. Residents
completed the test during protected
time while FPs completed the test at
their own discretion. However, test
forms, instructions, and allotted time
to complete the test were identical.
Finally, all residents were from a sin-
gle institution. At present it is not
possible to know if the CT skills of
residents between institutions is uni-
form, limiting generalizability.

Conclusion

CT skills are an essential consider-
ation in clinical competency. Changes
in CT skills in practicing family phy-
sicians reflect normal human aging
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indicating CT assessment could be
a diagnostic method for identifying
potential declines in physician per-
formance. CT skills should not be the
only consideration, or the ultimate
determinant, as individuals will vary
in clinical performance. It may also
be possible to develop external sup-
ports and cues to help older doctors
remain effective in practice when it
is expected CT skills may be declin-
ing. Further research on CT skills
employing other physician special-
ties, other professions, and the pop-
ulation in general may be highly
instructive of life span changes in
cognitive skills.
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