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Purpose: The framing effect refers to a phenomenon wherein, when the same problem is presented using different representations of
information, people make significant changes in their decisions. This study aimed to explore whether the framing effect could be re-
duced in medical students and residents by teaching them the statistical concepts of effect size, probability, and sampling for use in the
medical decision-making process.

Methods: Ninety-five second-year medical students and 100 second-year medical residents of Austral University and Buenos Aires
University, Argentina were invited to participate in the study between March and June 2017. A questionnaire was developed to assess
the different types of framing effects in medical situations. After an initial administration of the survey, students and residents were
taught statistical concepts including effect size, probability, and sampling during 2 individual independent official biostatistics courses.
After these interventions, the same questionnaire was randomly administered again, and pre- and post-intervention outcomes were
compared among students and residents.

Results: Almost every type of framing effect was reproduced either in the students or in the residents. After teaching medical students
and residents the analytical process behind statistical concepts, a significant reduction in sample-size, risky-choice, pseudo-certainty,
number-size, attribute, goal, and probabilistic formulation framing effects was observed.

Conclusion: The decision-making of medical students and residents in simulated medical situations may be affected by different frame
descriptions, and these framing effects can be partially reduced by training individuals in probability analysis and statistical sampling
methods.
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Introduction

Background/rationale
Errors in clinical reasoning are a consequence of cognitive bias-
es, knowledge deficits, and dual-process thinking. To date, at least

38 cognitive biases have been described, most of which are associ-
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ated with diagnostic errors [1]. A type of bias known as the fram-
ing effect refers to a phenomenon wherein, when the same prob-
lem is presented using different representations of information,
people make significant changes in their decisions or even reverse
their decisions [2]. Six types of framing effects have been de-
scribed: risky-choice framing, attribute framing, goal framing,
pseudo-certainty effect, and sample-size, and number-size fram-
ing [3,4]. Risky-choice framing generates more positive evalua-
tions when treatment options are described in terms of survival
rates instead of mortality rates [3]. Attribute framing is the posi-

tive versus the negative description of the specific attribute of a
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state, such as the chance of getting better with treatment versus
the chance of not getting better with the same treatment. Goal
framing is the description of the consequences of performing or
not performing an act as a gain versus a loss; for example, “if you
undergo a screening test for cancer, your survival will be pro-
longed” versus “if you don’t undergo a screening test, your survival
will be shortened” [4]. Number-size framing reflects that people
are, for example, more sensitive to the numerical change from 1 to
2 than to the change from 101 to 102. The pseudo-certainty effect
highlights the contrast between reduction and elimination of risk.
Finally, the sample-size framing effect appears when individuals
fail to appreciate that statistical parameters from smaller samples
are more variable than those from larger samples.

Several studies have shown that the framing effect also occurs in
the medical field, even among physicians, who are formally
trained in medical decision-making [2,3,5]. Strategies directed at
reducing the effect of cognitive biases can be designed to educate
participants about possible biases, with the assumption that this
awareness will reduce diagnostic errors [6,7]. Only a few studies
have examined the effects of educational interventions designed
to teach participants to recognize specific cognitive biases in diag-
nostic reasoning [8-10]. In particular, most medical students have
difficulty in reasoning about chance events and maintain miscon-
ceptions regarding probability [11]. Other investigators have ex-
plored how a low ability to understand and use numerical infor-
mation distorts risk and benefit perceptions, both in members of
the general public and among doctors [12]. However, recent re-
search reported that it is possible to reduce some types of framing
effects in adults by encouraging analytical processing and teaching
them “to think like a scientist” to solve experimental decision tri-
als [13].

In addition to statistics, an understanding of probability is es-
sential to informed decision-making in medicine; however, many
biostatistics classes in medical schools worldwide prioritize teach-
ing exploratory data analysis over probability [ 11]. Probability is a
rather counterintuitive idea, and since most types of framing ef-
fects are related to the concepts of probability, chance, and sam-
pling size, framing effects may largely arise from a knowledge defi-

cit in these topics.

Objectives

Based on this theoretical framework, our principal assumption
was that some medical errors are a consequence of framing biases,
which could be reduced via instruction. The purpose of this study
was to explore whether the framing effect could be reduced in
medical students and residents by teaching them the statistical
concepts of effect size, probability, and sampling for use in the
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medical decision-making process.

Methods

Ethics statement

Participants were assured that the completed questionnaire
would be anonymous and confidential. After being informed of
the purpose of the study, respondents participated in the survey
and expressed their consent by completing the corresponding
form. The heads of the medical training institutions provided ac-
cess to the student population after ethical approval of the proto-
col (IRB 26(1)-201603).

Study design
This was a survey-based single-group pre- and post-test inter-
ventional study.

Setting/participants

Between March and June 2017, a prospective, quantitative, ex-
perimental study with a single-group pre-post-test design was
conducted at 2 schools of medicine of Argentina: Austral Univer-
sity and Buenos Aires University. A total of 95 second-year medi-
cal students and 100 second-year medical residents were included
in the study using a convenience sampling strategy. The total
number of students and residents were recruited from 2 mandato-
ry official biostatistics courses, which lasted a semester for medical
students (undergraduate course), and 2 months for residents
(postgraduate course). The study design included an initial ad-
ministration of the survey to assess the presence of the framing ef-
fect. After the initial survey, students and residents were taught
statistical concepts including effect size, probability, and sampling
during the 2 independent official biostatistics courses. No direct
reference to the administered baseline questionnaire was made
during the courses. After these interventions, the same question-
naire was randomly administered again, and pre- and post-inter-
vention outcomes were separately compared for students and res-

idents.

Data source/measurement

The administered questionnaire was developed using previous-
ly explored questions to assess the different types of framing ef-
fects in medical situations [3,14]. Eight representative questions
with 1§ alternative formulations were selected and randomly in-
cluded in the questionnaire. The first 2 questions, which assessed
the sample-size and risky-choice framing effects, were answered
through a dichotomous or trichotomous choice selection. The
rest of the questions, which assessed the attribute, goal, pseu-
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do-certainty, probabilistic formulation, and number-size framing
effects, had responses on a 6-point Likert scale. The questionnaire
structure and the corresponding Likert scale categories are shown
in Supplement 1. Questions 1 and 2 were evaluated in the popula-
tion as a whole; whereas paired formulations of the remaining
questions were assessed in 2 independent groups by randomly di-
viding the total population. The questionnaire was self-adminis-
tered in hard copy and the data obtained were anonymously in-
cluded and processed in a database. A summary of the study de-
sign is shown in Fig. 1.

Statistical methods

Categorical data were expressed as absolute frequencies and per-
centages. Univariate comparison of dichotomous variables was
performed using the chi-square test or the 2-tailed Fisher exact test,
as appropriate. In these cases, expected observations were calculat-
ed by assigning an equal probability to each category of questions 1
and 2. Due to the questionnaire structure, the ceiling effect was ex-
pected to occur, and the non-Gaussian distribution of scores was
assessed with the Kolmogorov-Smirnov goodness-of-fit test. The
median score and the interquartile range (in percentiles) were used
as representative values; nevertheless, the mean and standard devi-
ation (SD) were calculated for effect size assessment. The 2-tailed
Mann-Whitney U non-parametric test was used to compare
non-normal score distributions. The odds ratio (OR), with 95%
confidence intervals (Cls), was utilized to assess the effect size for
questions with categorical answers. Trichotomous responses for
question 1 were collapsed to dichotomous (right/wrong) answers,
and independent pre- and post-intervention odds were calculated.
The effect size for questions with Likert-scale responses was as-
sessed with the Cohen d index and its derived r coefficient. The

Eligible population:
95 Second-year students

Questionnaire 100 Second-year residents Withdrawals:
development » 6 Students
v 2 Residents
| Pre-intervention surgery |
A4
Questionnaire v
validity and | I
abili ntervention: training in statistics
reliability 9 Withdrawals:
» 10 Students
y 5 Residents
Post-intervention surgery |
A4

Pre-post intervention outcomes
comparison

Fig. 1. Diagram summarizing the study design.
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sample size was calculated with a power of 0.80 and a significance
level of 0.05 based on expected differences in the Likert-scale re-
sponses, assuming an SD of 2.5 and a difference to be detected
equal to 1.S. The calculated sample size consisted of a total of 87
subjects, individually for student and resident cohorts. Principal
component analysis (PCA) and confirmatory factor analysis
(CFA) were used to explore construct validity. For PCA, only fac-
tors with eigenvalues greater than 1.2 were retained, and factor co-
efficients greater than 0.40 were required for the interpretation of
factor structure, using varimax rotation. The PCA criteria for iden-
tifying factor structure were examined using the Kaiser-Mey-
er-Olkin (KMO) test. To establish whether the data set was suit-
able for factor analysis, a KMO index greater than 0.50 was re-
quired. LISREL ver. 9.20 (Scientific Software International Inc.,
Skokie, IL, USA) software was used to test the 2-factor structure of
the questionnaire by CFA, which investigates how the data fit into
a predetermined and constructed model by presenting the rela-
tionship between model data and estimated errors. Assessment of
model-data fit was done using model chi-square goodness-of-fit
and approximate fit indices. A nonsignificant chi-square test
(P>0.05) indicates model fit. The additional approximate fit indi-
ces employed included the goodness-of-fit index (GFI), the adjust-
ed GFI (AGFI), the normed fit index (NFI), the non-NFI (Tuck-
er-Lewis index; NNFI), the relative fit index (RFT), the incremen-
tal fit index (IFI), and the comparative fit index (CFI). Values >0.9
arising from the GFI, AGFI, NFI, NNFI, RF], IF], and CFI indi-
cate model fit; conversely, values > 0.85 represent acceptable mod-
el fit. Other indices calculated were the root mean square error of
approximation (RMSEA) and the root mean square residual
(RMR), in which values <0.08 indicate a reasonable model fit.
The internal consistency of the questionnaire was assessed with
Cronbach a coefficients based on standardized items and in-
ter-item correlation. An a value greater than 0.60 was considered to
indicate acceptable reliability. For validity and reliability analyses,
questions 1 and 2 were excluded from the questionnaire since their
responses were not based on a Likert scale. Except for CFA, all sta-
tistical analyses were performed using SPSS Statistics for Windows
ver. 17.0 (SPSS Inc., Chicago, IL, USA), and a P-value less than

0.05 was considered to indicate statistical significance.

Results

The raw data of responses from 79 students and 93 residents to

the questionnaires are presented in Dataset 1.

Student cohort outcomes
Among 95 eligible medical students, 79 (83.2%) completed the
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questionnaire with no missing data. The baseline pre-intervention
framing effect outcomes related to sample-size (question 1) and
risky-choice for candidate equivalent options (question 2) ob-
served in the medical student cohort are shown in the first col-
umn of Table 1. The other types of framing effects in the same
population are presented in Table 2. The initial administration of
the questionnaire to medical students showed a significant occur-
rence of the sample-size, risky-choice, pseudo-certainty, num-
ber-size, probabilistic formulation, and attribute framing effect
types. Only the goal framing effect and the risky-choice framing
effect presented with non-equivalent options (question 3), were
not observed in the pre-intervention assessment. The pre-inter-
vention effect size for each type of framing effect in the medical
student cohort is shown in the upper half of Table 3; for method-
ological reasons, it includes only questions with responses on a
Likert scale. The effect size quantification using the Cohen d in-
dex demonstrated that the number-size framing effect had a large
effect size, whereas the pseudo-certainty, attribute, and probabilis-

tic formulation effects had a medium effect size. The risky-choice

and goal framing effects did not have significant effect sizes (see
P-values in Table 2). As a measure of effect size, the OR associated
with the risky-choice (equivalent options) effect was 1.84 (95%
CI, 0.93-3.65), while the OR related to the sample-size framing
effect was 3.65.

After the intervention, a significant reduction in the sam-
ple-size, risky-choice for equivalent options, and probabilistic
formulation framing effects were observed (first 2 columns of
Table 1 and Table 2). The pseudo-certainty, number-size, and at-
tribute effects were only partially reduced. As in the baseline as-
sessment, neither the goal framing effect nor the risky-choice ef-
fect for non-equivalent options appeared after the intervention.
Table 3 presents the magnitude of effect size reduction; excluding
the risky-choice effect, all Cohen d indices decreased in the
post-intervention evaluation, though the number-size framing ef-
fect still had a rather large effect size. Furthermore, the effect size
associated with the risky-choice effect with equivalent options
was reduced to an OR of 0.85 (95% CI, 0.44-1.63), and the OR

related to the sample-size framing effect decreased to 0.65.

Table 1. Framing effect outcomes of questions 1 and 2 after initial and final administrations of the questionnaire to the medical student

cohort and the medicalresident cohort

Students Residents
Question Pre-intervention Post-intervention Pre-intervention Post-intervention
No. (%)  P-value No. (%)  P-value No. (%)  P-value No. (%)  P-value
Question 1. Which size hospital reported more ba-
bies' births? (sample-size framing effect)
Responses:
(a) A larger hospital 19 (24) 9 (1) 13 (14) 23 (25)
(b) A smaller hospitala’ 17 (22) 48 (61) 15 (16) 24 (26)
(o) Ahbo]ut the same (that is, within 5% of each 43 (54) 0.0004 22(28) <0.0001 64 (70) 0.0001 46 (49) 0.082
other,
Question 2. Which program is better to combat
H1N1? (risky-choice framing effect; equivalent
options)
Responses: (positive)
(a) If pdrogram A is adopted, 200 people will be 52 (66) 43 (54) 52 (56) 43 (46)
saved.
(b) If program B is adopted, there is 1/3 proba- 21 (27) 0.0003 32 (41) 0413 33(35) 0.164 44 (48) 0.879

bility that 600 people will be saved, and 2/3
probability that no people will be saved.

Observations: students considering both op- 6(7)
tions to be equivalent”

Responses: (negative)
(a) If program C is adopted, 400 people will die.

(b) If program D is adopted, there is 1/3 proba-
bility that nobody will die, and 2/3 probability
that 600 people will die.

Observations: students considering both op- 4(5)
tions to be equivalent”

43 (54)
32 (41) 0.204

4 (5) 8(9) 6 (6)

46 (58)
29(37)  0.147

36 (39)
45 (48) 0.529

33(35)
55 (60) 0.095

4(5) 12 (13) 5(5)

ICorrect answer. "Since options (a) and (b) in question 2 are equivalent, we added an additional open choice (observations) where respondents could indi-

cate that they considered both options were equivalent.
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Table 2. Framing effect outcomes of questions 3 to 9 after initial and final administrations of the questionnaire to the medical student
and resident cohorts (2 independent groups)

Students Residents
Pre-intervention Post-intervention Pre-intervention Post-intervention

Median Median Median Median
(IQR) P-value (I0R) P-value (IQR) P-value (I0R) P-value

Question

Question 3. Which treatment is better to treat cancer?
(risky-choice framing effect; non-equivalent options)

Responses: (positive) 5 (4-6) 4 (2-5) 5 (2-6) 45 (2.8-6)
Responses: (negative) 5(4-6) 0.909 5(2-6) 0.085 5(2-6) 0.975 4(2.8-5) 0340

Question 4. Which vaccine is better to protect the popu-
lation? (pseudo-certainty framing effect)

Responses: (probabilistic certainty) 5(3-6) 5 (2-6) 5(3.5-6) 45 (4-6)
Responses: (pseudocertainty) 6(5-6) 0.008 6 (5-6) 0.045 6 (5-6) 0.194 5 (3-6) 0.992
Question 5. Diet to reduce cardiovascular risk (goal fram-
ing effect)
Responses: (positive) 1(1-2) 1(1-2) 2 (1-3.8) 1(1-2)
Responses: (negative) 1(1-2)  0.361 1(1-2) 0.934 1(1-2) 0.005 2 (1-3) 0.098

Question 6. Whether to prefer potential sequelae after
eye surgery (number-size framing effect)

Responses: (framing 1) 3(1-4) 2(1-4) 3(2-5) 2.5(1.8-5)
Responses: (framing 2) 5(3-6) <0.0001 4 (2-5) 0.003 6(5-6) <0.0001 5 (3-6) 0.005

Question 7. How to evaluate a drug effect (attribute
framing effect)

Responses: (positive) 4 (4-5) 4 (4-4.5) 5 (4-5) 5 (4-5)
Responses: (negative) 4(4-4)  0.006 4(3-4) 0.007 4(3-5) 0.005 4(3-5  <0.0001

Question 8. Which vaccine is better for children? (proba-
bilistic formulation framing effect)

Responses: (probability) 5 (4-5) 5 (5-6) 5.5 (5-6) 5 (4-6)
Responses: (raw data) 5 (5-6) 0.032 5 (4-6) 0.114 6 (4-6) 0.805 5 (3-6) 0.086
IQR, interquartile range.

Table 3. Effect size indexes of each type of framing effect for the medical student and resident cohorts

Cohort Category Risky-choice ~ Pseudo-certainty Goal Number-size Attribute Probabilistic
Student cohort  Pre-intervention
Cohen d 0.01 0.66 0.28 0.87 0.65 0.45
r coefficient 0.01 0.31 0.14 0.40 0.31 0.22
Post-intervention
Cohen d 0.29 0.55 0.02 0.70 0.55 0.40
r coefficient 0.15 0.27 0.01 0.33 0.26 0.20
Resident cohort  Pre-intervention
Cohen d 0.04 0.28 0.69 0.98 0.71 0.03
r coefficient 0.02 0.14 0.33 0.44 0.33 0.02
Post-intervention
Cohend 0.21 0.00 0.35 0.62 1.03 0.36
r coefficient 0.11 0.00 0.17 0.30 0.46 0.18
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Resident cohort outcomes

Among the 100 eligible medical residents, 93 (93.0%) complet-
ed the questionnaire with no missing data. Baseline pre-interven-
tion framing effect outcomes related to the sample-size (question
1) and risky-choice for candidate equivalent options (question 2)
observed in the medical resident cohort are shown in the third
column of Table 1. The other types of framing effects in the same
population are presented in Table 2. The initial administration of
the questionnaire to medical residents showed a significant occur-
rence of the sample-size, goal, number-size, and attribute framing
effect types. On the contrary, the risky-choice, pseudo-certainty,
and probabilistic formulation framing effects were not observed
in the pre-intervention assessment. The pre-intervention effect
size for each type of framing effect in the medical resident cohort
is shown in the bottom half of Table 3; for methodological rea-
sons, it includes only questions with responses on the Likert scale.
The effect size quantification using the Cohen d index demon-
strated that the number-size framing effect had a large effect size,
while the goal and attribute framing effects had a medium effect
size. The risky-choice, pseudo-certainty, and probabilistic formu-
lation framing effects did not have significant effect sizes (see
P-values in Table 2). The effect size associated with the risky-
choice effect with equivalent options was shown by an OR of 1.67
(95% CI, 0.91-3.07), while the OR related to the sample-size
framing effect was 5.13.

After the intervention, a significant reduction in the goal fram-
ing effect was observed (third and fourth columns of Table 1 and
Table 2). The sample-size and number-size effects were only par-
tially reduced, and conversely, the attribute framing effect was not
reversed after the intervention. As in the baseline assessment, the
risky-choice, pseudo-certainty, and probabilistic formulation
framing effects did not appear after the intervention. Table 3 pres-
ents the magnitude of the effect-size reduction; all significant Co-
hen d indices decreased in the post-intervention evaluation, ex-
cept for the attribute framing effect, the effect-size index of which
increased. Furthermore, the effect size associated with the risky-
choice effect with equivalent options remained unchanged, with
an OR of 1.64 (95% CI, 0.89-3.01), and the OR related to the

sample-size framing effect decreased to 2.83.

Psychometric characteristics of the questionnaire

The KMO measure of sampling adequacy was 0.85 and the
Bartlett test of sphericity was significant (x*= 580, P=0.000), in-
dicating that the data set was suitable for factor analysis. The 12-
item PCA yielded a 2-factor model that accounted for 84.8% of
the variance (Table 4). CFA was also conducted to determine the
construct validity of the questionnaire. An adequate goodness-of-
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fit statistic was indicated by a nonsignificant maximum likelihood
ratio chi-square (P=0.990). An adequate fit was also observed for
the following indices: GFI (0.991), AGFI (0.987), NFI (0.990),
RFI (0.988), CFI (1.000), all with values >0.90. The RMSEA
(0.001) and RMR (0.031) also indicated a suitable fit. The Cron-
bach a coefficient based on standardized items was 0.61. The ab-
solute values of inter-item correlations ranged from 0.447 to
0.837, with a mean value of 0.711.

Discussion

Key results

Medical students and residents showed different types of fram-
ing effects after answering a questionnaire that presented pairs of
equivalent simulated clinical situations. After training individuals
in probability analysis and sampling methods, some types of fram-

ing effects were reduced.

Interpretation

In the present study, almost every type of framing effect was re-
produced either in the students or in the resident population be-
fore the intervention. However, teaching medical students and
residents the analytical process behind statistical notions seemed
to have encouraged critical thinking to solve the simulated medi-
cal situations presented in the questionnaire. Insensitivity to sam-
ple size was explored with question 1, and the observed framing
effect was significantly reduced after training students in statistical

Table 4. Principal component analysis of items in the framing ef-
fect questionnaire

[tem Factor 1 Factor2 Communalities
Question 3 (positive) 0.752 - 0.70
Question 3 (negative) = 0.919 0.88
Question 4 (probabilistic certainty) ~ 0.735 - 0.96
Question 4 (pseudo-certainty) 0.767 = 0.84
Question 5 (positive) -0.887 - 0.98
Question 5 (negative) 0.836 = 0.90
Question 6 (framing 1) 0.799 - 0.78
Question 6 (framing 2) 0.844 = 0.72
Question 7 (positive) -0.663 - 0.87
Question 7 (negative) = -0.910 0.89
Question 8 (probability) 0.709 - 0.91
Question 8 (raw data) 0.790 = 0.76
Eigenvalues 8.97 1.21

% of variance 74.7 10.1

Rotation method: varimax with Kaiser normalization. Questions 1 and 2
were excluded from the analysis since their responses were not based on a
Likert scale.
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sampling methods and confidence boundary principles. In this
case, training the residents only achieved a partial reduction of the
sample-size framing effect. The pre-intervention outcomes for
question 2 (risky-choice with equivalent options) replicated the
typical finding of risk aversion with positive frames, and risk-seek-
ing with negative frames. After learning probability concepts, stu-
dents reversed this effect. Although the risky-choice framing effect
with candidate equivalent options was not significant in medical
residents, the rather high pre-intervention odds ratio suggested
that some degree of effect size remained after the intervention.
The lack of the framing effect associated with the risky-choice ef-
fect presented with non-equivalent options is harder to explain.
Based on the complex formulation of question 3, the possibility of
construction bias should not be discarded. The probabilistic pro-
tection of a hypothetical vaccine was contrasted with a pseu-
do-certainty-based formulation of its protective effect. In the stu-
dent cohort, the pseudo-certainty framing effect observed in
question 4 highlighted the contrast between reduction and elimi-
nation of risk. Although the pseudo-certainty framing effect was
reduced, it maintained a moderate effect size after the interven-
tion in medical students. Since the medical students may have in-
corporated the basic principles of primary prevention, the formu-
lation of question S in terms of reducing or increasing the possibil-
ity of suffering from a disease might have resulted in an indistin-
guishable outcome. This may explain the non-occurrence of the
goal framing effect. Nevertheless, the medical residents clearly
showed the goal framing effect, which reversed after the interven-
tion. The number-size formulation had the highest effect size
among all types of framing effects explored, and it was difficult to
eliminate despite the intervention, both for students and medical
residents. Question 8 confronted the effect of presenting data
based on probabilities or as raw data. Again, this framing effect ap-
peared in the baseline survey of medical students and decreased
after the intervention.

Limitations

First, medical residents were not asked about their previous for-
mal training in statistics, so this factor could not be considered
during the analysis of data. Notwithstanding, undergraduate sta-
tistics programs in most local schools of medicine are absent, or
are at best limited to basic concepts. Consequently, some relevant
topics on probability, effect size, and sampling potentially useful
for interpreting the different types of framing effects are rarely ad-
dressed. Second, some inconsistencies were found between the
student and resident outcomes; however, all types of framing ef-
fects were reproduced in one or the other cohort, and at least, a
partial reversal after the intervention was obtained in every case,
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except for the attribute framing effect in the residents’ cohort.
Third, since the courses given to students and residents were dif-
ferent in length, a possible bias favoring medical student post-in-
tervention performance may be expected. The incorporation of
an additional control group that received no training in statistics (a
true control pre-post-test design) would have been an alternative
design that might have provided more solid evidence [15]. Since
anonymized data were collected, no paired pre-post-test analysis
was done; and consequently, there was no possibility to account
for dependency in the data. Since both medical students and resi-
dents were in their second year, it should be considered that
sometimes, younger students and residents do not make decisions
by themselves, but have to follow a teacher or senior resident or
staff member; hence, subject selection could have been biased.
Comparison with previous studies Many studies have suggest-
ed that framing effect is a widespread and robust phenomenon
that regularly appears in various fields of decision-making prob-
lems, such as the economy, life-saving decisions, resource alloca-
tion, management, medicine, and even daily life. Some investiga-
tions have indicated that the framing effect varies according to
gender roles in different task domains [ 16]. Additionally, younger
adults are more likely than older ones to choose the risky option
for negatively framed high-amount mortality-based decision sce-
narios [ 17]. Furthermore, the framing effect can be influenced by
pleasant or unpleasant feelings [ 18], sleep deprivation [19], “big
5” personality traits, and even genetic factors [20]. For instance,
individuals homozygous for the short allele at the serotonin trans-
porter gene-linked polymorphic region (S-HTTLPR) and Met
allele of COMT Val158Met polymorphism (rs4680) carriers have
been described to be more sensitive to framing. Since a pre-post-
test analysis was done on the same individuals, these previously
mentioned potential confounders were theoretically neutralized

in the current study.

Conclusions

The present study suggests that the decision-making of medical
students and residents in simulated medical situations may be af-
tected by different frame descriptions and that some types of
framing effects can be partially reduced by training individuals in
probability analysis and statistical sampling methods. After the in-
tervention, significant to modest reductions were obtained for the
sample-size, risky-choice, goal, attribute, pseudo-certainty, num-
ber-size, and probabilistic formulation effects, either in medical
students or in-training young physicians. Nevertheless, the attri-
bute and number-size framing effects may be the most difficult
cognitive biases to eliminate. Training in statistical methods and
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probability seems to be a useful tool to preclude or reduce some

types of framing effects in medical decision-making.

ORCID

Raul Alfredo Borracci: https://orcid.org/0000-0003-2503-
9887; Eduardo Benigno Arribalzaga: https://orcid.org/0000-
0002-8735-7912; Jorge Thierer: https://orcid.org/0000-0001-
7249-3957

Authors’ contributions

Conceptualization: RAB, EBA. Data curation: RAB, EBA, JT.
Formal analysis: RAB, EBA. Methodology: RAB, EBA, JT. Proj-
ect administration: RAB, JT. Visualization: EBA, JT. Writing—
original draft: RAB, EBA. Writing-review & editing: RAB, EBA,
JT.

Conflict of interest

No potential conflict of interest relevant to this article was re-

ported.

Funding

None.

Data availability

Data files are available from Harvard Dataverse: https://doi.
org/10.7910/DVN/BBDHH]

Dataset 1. Raw data of responses from 79 students and 93 resi-
dents to the questionnaires.

Acknowledgments

None.

Supplementary materials

Data files are available from Harvard Dataverse: https://doi.
org/10.7910/DVN/BBDHH]

Supplement 1. Questionnaire structure to assess the different
types of the framing effect.

Supplement 2. Audio recording of the abstract.

www.jeehp.org

References

1. Norman GR, Monteiro SD, Sherbino J, Ilgen JS, Schmidt HG,
Mamede S. The causes of errors in clinical reasoning: cognitive
biases, knowledge deficits, and dual process thinking. Acad Med
2017;92:23-30. https://doi.org/10.1097/ACM.000000000
0001421

2. Peng J, Li H, Miao D, Feng X, Xiao W. Five different types of
framing effects in medical situation: a preliminary exploration.
Iran Red Crescent Med J 2013;15:161-165. https://doi.org/
10.5812/ircmj.8469

3.Peng]J, Jiang Y, Miao D, Li R, Xiao W. Framing effects in medical
situations: distinctions of attribute, goal and risky choice frames.
J Int Med Res 2013;41:771-776. https://doi.org/10.1177/
0300060513476593

4. Akl EA, Oxman AD, Herrin J, Vist GE, Terrenato I, Sperati F,
Costiniuk C, Blank D, Schunemann H. Framing of health infor-
mation messages. Cochrane Database Syst Rev 2011 ;(12):
CD006777. https://doi.org/10.1002/14651858.CD006777.
pub2

5. GongJ, Zhang Y, Yang Z, Huang Y, Feng ], Zhang W. The fram-
ing effect in medical decision-making: a review of the literature.
Psychol Health Med 2013;18:645-653. https://doi.org/10.108
0/13548506.2013.766352

6. Reilly JB, Ogdie AR, Von Feldt JM, Myers JS. Teaching about
how doctors think: a longitudinal curriculum in cognitive bias
and diagnostic error for residents. BMJ Qual Saf 2013;22:1044-
1050. https://doi.org/10.1136/bmijqs-2013-001987

7. Ogdie AR, Reilly JB, Pang WG, Keddem S, Barg FK, Von Feldt
JM, Myers JS. Seen through their eyes: residents’ reflections on
the cognitive and contextual components of diagnostic errors in
medicine. Acad Med 2012;87:1361-1367. https://doi.org/
10.1097/ACM. 0b013e31826742c9

8. Sherbino J, Yip S, Dore KL, Siu E, Norman GR. The effective-
ness of cognitive forcing strategies to decrease diagnostic error:
an exploratory study. Teach Learn Med 2011;23:78-84. https://
doi.org/10.1080/10401334.2011.536897

9. Sherbino J, Kulasegaram K, Howey E, Norman G. Ineffective-
ness of cognitive forcing strategies to reduce biases in diagnostic
reasoning: a controlled trial. CJEM 2014;16:34-40. https://doi.
org/10.2310/8000.2013.130860

10. Smith BW; Slack MB. The effect of cognitive debiasing training
among family medicine residents. Diagnosis (Berl) 2015;2:117-
121. https://doi.org/10.1515/dx-2015-0007

11. Masel J, Humphrey PT, Blackburn B, Levine JA. Evidence-based
medicine as a tool for undergraduate probability and statistics
education. CBE Life Sci Educ 2015;14:ar42. https://doi.

(page number not for citation purposes) 8



http://orcid.org/0000-0003-2503-9887
http://orcid.org/0000-0003-2503-9887
http://orcid.org/0000-0002-8735-7912
http://orcid.org/0000-0002-8735-7912
http://orcid.org/0000-0001-7249-3957
http://orcid.org/0000-0001-7249-3957
https://doi.org/10.1097/ACM.0000000000001421
https://doi.org/10.1097/ACM.0000000000001421
https://doi.org/10.1097/ACM.0000000000001421
https://doi.org/10.1097/ACM.0000000000001421
https://doi.org/10.1097/ACM.0000000000001421
https://doi.org/10.5812/ircmj.8469
https://doi.org/10.5812/ircmj.8469
https://doi.org/10.5812/ircmj.8469
https://doi.org/10.5812/ircmj.8469
https://doi.org/10.1177/0300060513476593
https://doi.org/10.1177/0300060513476593
https://doi.org/10.1177/0300060513476593
https://doi.org/10.1177/0300060513476593
https://doi.org/10.1002/14651858.CD006777.pub2
https://doi.org/10.1002/14651858.CD006777.pub2
https://doi.org/10.1002/14651858.CD006777.pub2
https://doi.org/10.1002/14651858.CD006777.pub2
https://doi.org/10.1002/14651858.CD006777.pub2
https://doi.org/10.1080/13548506.2013.766352
https://doi.org/10.1080/13548506.2013.766352
https://doi.org/10.1080/13548506.2013.766352
https://doi.org/10.1080/13548506.2013.766352
https://doi.org/10.1136/bmjqs-2013-001987
https://doi.org/10.1136/bmjqs-2013-001987
https://doi.org/10.1136/bmjqs-2013-001987
https://doi.org/10.1136/bmjqs-2013-001987
https://doi.org/10.1097/ACM.0b013e31826742c9
https://doi.org/10.1097/ACM.0b013e31826742c9
https://doi.org/10.1097/ACM.0b013e31826742c9
https://doi.org/10.1097/ACM.0b013e31826742c9
https://doi.org/10.1097/ACM.0b013e31826742c9
https://doi.org/10.1080/10401334.2011.536897
https://doi.org/10.1080/10401334.2011.536897
https://doi.org/10.1080/10401334.2011.536897
https://doi.org/10.1080/10401334.2011.536897
https://doi.org/10.2310/8000.2013.130860
https://doi.org/10.2310/8000.2013.130860
https://doi.org/10.2310/8000.2013.130860
https://doi.org/10.2310/8000.2013.130860
https://doi.org/10.1515/dx-2015-0007
https://doi.org/10.1515/dx-2015-0007
https://doi.org/10.1515/dx-2015-0007
https://doi.org/10.1187/cbe.15-04-0079
https://doi.org/10.1187/cbe.15-04-0079
https://doi.org/10.1187/cbe.15-04-0079

J Educ Eval Health Prof 2020;17:25 e https://doi.org/10.3352/jeehp.2020.17.25

Jeehp

org/10.1187/cbe.15-04-0079

12. Borracci RA, Pineiro DJ, Arribalzaga EB. Effects of presenting
risk information in different formats to cardiologists: a Latin
American survey. Arch Cardiol Mex 2015;85:3-8. https://doi.
org/10.1016/j.acmx.2014.09.003

13. Thomas AK, Millar PR. Reducing the framing effect in older
and younger adults by encouraging analytic processing. J
Gerontol B Psychol Sci Soc Sci 2012;67:139-149. https://doi.
org/10.1093/geronb/gbr076

14. Bigman CA, Cappella JN, Hornik RC. Effective or ineffective:
attribute framing and the human papillomavirus (HPV) vac-
cine. Patient Educ Couns 2010;81 Suppl:S70-S76. https://doi.
org/10.1016/j.pec.2010.08.014

15. Cook DA. If you teach them, they will learn: why medical edu-
cation needs comparative effectiveness research. Adv Health Sci
Educ Theory Pract 2012;17:305-310. https://doi.org/10.
1007/510459-012-9381-0

16. Huang Y, Wang L. Sex differences in framing effects across task

www.jeehp.org

domain. Pers Individ Dif 2010;48:649-653. https://doi.org/
10.1016/j.paid2010.01.005

17. Best R, Charness N. Age differences in the effect of framing on
risky choice: a meta-analysis. Psychol Aging 2015;30:688-698.
https://doi.org/10.1037 /20039447

18. Seo MG, Goldfarb B, Barrett LF. Affect and the framing effect
within individuals over time: risk taking in a dynamic invest-
ment simulation. Acad Manage J 2010;53:411-431. https://doi.
org/10.5465/AM]J.2010.49389383

19. Sundelin T, Bayard F, Schwarz J, Cybulski L, Petrovic P, Axels-
son J. Framing effect, probability distortion, and gambling ten-
dency without feedback are resistant to two nights of experi-
mental sleep restriction. Sci Rep 2019;9:8554. https://doi.
org/10.1038/s41598-019-44237-9

20. Zhen S, Yu R. All framing effects are not created equal: low con-
vergent validity between two classic measurements of framing.
SciRep 2016;6:30071. https://doi.org/10.1038/srep30071

(page number not for citation purposes) 9



https://doi.org/10.1187/cbe.15-04-0079
https://doi.org/10.1016/j.acmx.2014.09.003
https://doi.org/10.1093/geronb/gbr076
https://doi.org/10.1093/geronb/gbr076
https://doi.org/10.1093/geronb/gbr076
https://doi.org/10.1093/geronb/gbr076
https://doi.org/10.1016/j.pec.2010.08.014
https://doi.org/10.1016/j.pec.2010.08.014
https://doi.org/10.1016/j.pec.2010.08.014
https://doi.org/10.1016/j.pec.2010.08.014
https://doi.org/10.1007/s10459-012-9381-0
https://doi.org/10.1007/s10459-012-9381-0
https://doi.org/10.1007/s10459-012-9381-0
https://doi.org/10.1007/s10459-012-9381-0
https://doi.org/10.1016/j.paid.2010.01.005
https://doi.org/10.1016/j.paid.2010.01.005
https://doi.org/10.1016/j.paid.2010.01.005
https://doi.org/10.1037/a0039447
https://doi.org/10.1037/a0039447
https://doi.org/10.1037/a0039447
https://doi.org/10.5465/amj.2010.49389383
https://doi.org/10.5465/amj.2010.49389383
https://doi.org/10.5465/amj.2010.49389383
https://doi.org/10.5465/amj.2010.49389383
https://doi.org/10.1038/s41598-019-44237-9
https://doi.org/10.1038/s41598-019-44237-9
https://doi.org/10.1038/s41598-019-44237-9
https://doi.org/10.1038/s41598-019-44237-9
https://doi.org/10.1038/s41598-019-44237-9
https://doi.org/10.1038/srep30071
https://doi.org/10.1038/srep30071
https://doi.org/10.1038/srep30071

	Introduction 
	Background/rationale 
	Objectives 

	Methods 
	Ethics statement 
	Study design 
	Setting/participants  
	Data source/measurement 
	Statistical methods 

	Results 
	Student cohort outcomes 
	Resident cohort outcomes  
	Psychometric characteristics of the questionnaire 

	Discussion 
	Key results 
	Interpretation  
	Limitations 

	Conclusions 
	ORCID 
	Authors’ contributions 
	Conflict of interest 
	Funding 
	Data availability 
	Acknowledgments 
	Supplementary materials 
	References 

