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Assessing statistical literacy in medical students and doctors: a survey in South Korea

Abstract

Objective

Healthcare professionals must possess statistical literacy to provide evidence-based care and 

engage patients in decision-making. However, there have been concerns about healthcare 

professionals' inadequate understanding of health statistics. As an initial step in addressing 

the issue, we assessed the statistical literacy of medical students and doctors in South Korea 

by evaluating their comprehension of four statistical concepts: a) single-event probability, b) 

relative risk reduction, c) positive predictive value, and d) 5-year survival rate.

Design

Cross-sectional survey study

Setting 

The survey was conducted from October 2018 to January 2019 in one medical school and one 

teaching hospital in Seoul, South Korea

Participants 

303 medical students from one medical school and 291 doctors from one teaching hospital

Primary and secondary outcome measures

The primary outcome measure was the correct answer rate for each question. The secondary 

outcome measure was the mean number of correct answers across the four statistical literacy 

questions, calculated for each individual.

Results

The correct answer rates for basic numeracy questions were close to 100%. Regarding 

statistical literacy, 95.5% and 83.2% of the participants accurately understood single-event 

probability and relative risk reduction, respectively. However, only 49.3% and 49.2% of 

participants accurately understood the positive predictive value and 5-year survival rate, 

respectively. The correct answer rates for the question about the 5-year survival rate differed 

significantly between students (40.9%) and doctors (57.7%) (p <.001). There were no 
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statistically significant differences in the correct answer rates for other questions, regardless 

of the student's grade level or the doctor's specialty.

Conclusions

Medical students and doctors have weaker statistical literacy than their basic numeracy. 

Therefore, it is essential to implement medical education and professional development 

programs that focus on improving their statistical literacy. These programs should 

specifically address measures of medical test accuracy and the distinction between a 5-year 

survival rate and mortality.
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Strengths and limitations of this study

• This study assessed the statistical literacy of Korean medical students at various 

academic levels and doctors with differing clinical experience and specialties for the 

first time, focusing on areas where statistical literacy may present significant 

challenges in clinical practice.

• A limitation of this study was that participants were recruited from only a single 

medical school and a teaching hospital in South Korea using a convenient sampling 

method. 
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Introduction

Statistical literacy in healthcare entails the ability to critically assess statistics in health 

information and understand statistical concepts in healthcare(1, 2). This competency is 

essential for healthcare professionals practicing evidence-based medicine, where medical 

decisions are guided by the best available evidence—often numerically represented—

alongside clinical expertise and patients’ values and preferences (3, 4) For healthcare 

professionals, statistical literacy serves several critical functions. First, it enables the analysis 

and interpretation of emerging quantitative evidence about the benefits and risks of various 

healthcare options. Second, it allows for accurate statistical inferences from test results, 

aiding in accurate diagnosis and effective treatment planning.(4, 5) Third, it facilitates clear 

explanations of the implications of tests and treatments to patients, supporting informed, 

shared decision-making.(6) Without statistical literacy, healthcare professionals may struggle 

to provide optimal care and effectively involve patients in their healthcare decisions. 

Despite the critical importance of statistical literacy in healthcare, numerous studies 

have identified common misunderstandings and errors among health professionals about 

statistical concepts.(5, 7) For example, healthcare professionals often struggle to comprehend 

and explain statistical concepts such as single-event probability (e.g., there is a 10% chance 

of an allergic reaction to a medication) and relative risk reduction (RRR, e.g., a new drug 

reduces the risk of having a heart attack by 60% when compared to a placebo).(2, 5, 7, 8) 

Moreover, medical students and doctors frequently find it challenging to understand 

conditional probabilities like sensitivity and specificity, and how to combine them with 

disease prevalence to estimate the positive predictive value (PPV: the conditional probability 

of having a disease when a test result is positive) (5, 9-18) Errors in estimating PPV can lead 

to severe consequences. Overestimating PPV can lead to overdiagnosis and overtreatment, 

causing unnecessary anxiety, costs, and harm to patients.(5, 16-19). Conversely, 

underestimating PPV can result in missed opportunities for early intervention and worsen 

patient outcomes. Additionally, healthcare professionals often conflate an increase in the 5-

Page 6 of 25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
7 A

p
ril 2025. 

10.1136/b
m

jo
p

en
-2024-095173 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

6

year survival rate with a reduction in mortality, even though these statistics measure different 

aspects of clinical and epidemiological data.(13, 20) The 5-year survival rate represents the 

proportion of individuals who survive five years after being diagnosed with an illness, 

whereas mortality refers to the annual rate of disease-related deaths within a given 

population. Screening asymptomatic individuals can increase the 5-year survival rate by 

detecting the disease earlier, but it may not reduce mortality if the disease progression or 

treatment outcomes are unaffected. Therefore, relying solely on a 5-year survival rate, or 

confusing it with mortality, can misrepresent the life-saving benefits of screening 

programs.(8, 13, 20, 21) As evidenced in these widespread misunderstandings of fundamental 

statistical concepts, the lack of statistical health literacy among healthcare professionals not 

only impedes accurate assessment of medical interventions but also potentially compromises 

the overall effectiveness of evidence-based medicine. (1, 5, 20, 22)

Although statistical literacy, like other medical knowledge and clinical skills, can 

affect patient health outcomes, the medical education community often overlooks the 

importance of continuously enhancing formal training to foster statistical literacy. To 

introduce improved formal training to medical students and doctors, it is imperative to assess 

their current statistical literacy on major clinical issues highlighted in the literature and 

identify areas for improvement. For a notable example, a study from Germany assessed the 

minimum statistical literacy of 169 final-year medical students, measuring their 

understanding of 10 basic statistics concepts, including sensitivity, specificity, PPV, RRR, 

and mortality.(2) The students’ median percentage of correct answers to these questions was 

50% before brief training, which increased to 90% afterward.

We aimed to assess the statistical literacy of medical students and doctors in South 

Korea, combining the conceptual components of the German study and adapting them to a 

more clinically relevant context.(2) When assessing statistical literacy, we focused on 

understanding four key statistical concepts: a) single-event probability, b) RRR, c) PPV, and 

d) 5-year survival rate. We also assessed their basic numeracy (i.e., an elementary skill to 
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understand and use numbers), which may be a prerequisite for statistical literacy.(5) This 

assessment will help identify which statistical concepts are most challenging for our target 

population and guide the development of improved medical education.

Methods

Study setting

Between October 2018 and January 2019, we conducted a cross-sectional survey among a 

convenience sample of medical students enrolled at one medical school and doctors at one 

teaching hospital in Seoul, South Korea. Medical students from all six years of the program, 

trainee doctors (interns and residents), and attending physicians at the hospital were eligible 

to participate in the study. We contacted student organizations and resident physicians to 

inform them about the study and sought their assistance in recruiting participants. Co-

investigators, who were medical students or doctors-in-training themselves, approached 

potential participants before and after events, such as meetings, classes, and conferences that 

many students and doctors attended. They explained the study and invited individuals to 

participate. Participants who agreed were given a questionnaire on the spot. The entire 

questionnaire included two separate thematic sections: medical statistical literacy (the focus 

of this paper) and patient-centeredness (not reported in this paper) along with key 

demographic information, such as gender, age, students’ year of study or doctor’s grade and 

specialty. The questionnaire took approximately 5–10 minutes to complete. Participants 

received a gift card worth around 4 USD as a token of appreciation. This study was approved 

by the Institutional Review Board of Seoul National University (IRB No. 1808-185-969). 

Sample

Our use of convenience sampling from a single medical school and teaching hospital may 

limit the generalizability of our findings. To mitigate this, we aimed for a diverse sample 

across different years of study for students and different specialties for doctors. For medical 

students, our goal was to survey approximately one-third of students in each grade of the six-
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year medical school program, targeting 50 students per year for a total student sample of 300. 

Due to the expected challenges in surveying hospital doctors, we targeted approximately one-

fourth of the trainee doctors, including both one-year interns and three- or four-year residents, 

as well as 100 attending physicians from a total of nearly 900. Since interns are not yet 

affiliated with a specialty, specialty information was collected only from residents and 

attending physicians. We aimed to survey residents and attending physicians from 13 

specialties out of the 23 clinical specialties, which we classified into three main groups: 

medical (internal medicine, pediatrics, rehabilitation, family medicine, and psychiatry), 

surgical (emergency medicine, obstetrics and gynecology, orthopedics, otorhinolaryngology, 

and general surgery), and service (radiology, laboratory medicine, and anesthesiology). The 

approximate proportion of these groups in our sample was set to 5:3:2 for residents and 

attending physicians, reflecting the proportion of residency openings in these specialties in 

2019. See Supplementary Table 1 for target and actual numbers of participants.

Measures

To assess basic numeracy, we used three fill-in-the-blank questions previously designed to 

evaluate numeracy skills among medical students and doctors.(5) These questions involved 

converting between percentages and frequencies and interpreting chance outcomes. We then 

developed four questions to assess medical statistical literacy, drawing from two previous 

studies.(2, 5) While these questions were based on the concepts presented in the previous 

studies, we incorporated our own experience in clinical medicine and medical education to 

ensure they addressed statistical concepts frequently discussed in real-world clinical 

situations and patient consultations. These questions evaluated participants’ comprehension 

of single-event probability, RRR, PPV, and 5-year survival rate. The question on single-event 

probability was included as it is often confusing due to the lack of a reference class, causing 

diverse misunderstandings. The RRR question aimed to assess participants’ ability to explain 

this concept in the context of comparing new versus conventional chemotherapy. The PPV 

question involved calculating the probability of having breast cancer given a positive 
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mammogram result, using information on sensitivity, specificity, and prevalence. The 

question on the 5-year survival rate was framed around the increased survival rates of thyroid 

cancer in South Korea to evaluate participants’ understanding of the distinction between 

increased survival and reduced mortality.(5, 21) See Box 1 for an English translation of the 

exact wording of the questions and response options.

[Insert Box 1 about here]

Statistical analysis

The percentage of correct answers for each basic numeracy and statistical literacy question 

was computed. We analyzed the percentage of correct answers for medical students and 

doctors for the four statistical literacy questions, examining variations by students’ grades 

and doctors’ specialty. Differences between subgroups were compared using the chi-square 

test for two groups and ANOVA for three groups. All statistical analyses were conducted 

using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). P-values were based 

on a two-sided significance level of 0.05.

Patient and public involvement

No patients were involved in setting the research question or the outcome measures, nor were 

they involved in developing plans for design or implementation of the study.

Results

A total of 303 medical students and 291 doctors participated in the survey. Table 1 presents 

the characteristics of the participants.

[Insert Table 1 about here]

The correct answer rate for all three basic numeracy questions was close to 100% in 

both the student and doctor groups (Figure 1). The first two statistical literacy questions—the 

single-event probability question and the RRR question—also had high correct answer rates, 

approximately 95% and 83%, respectively. However, the PPV question and the 5-year 

survival rate question had much lower correct answer rates, approximately 49%. There was 

no notable difference in correct answer rates between medical students and doctors, except 
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for the 5-year survival rate question, where doctors had a higher correct answer rate (57.7%) 

than medical students (40.9%, p < 0.001). See Supplementary Table 2 for the distributions of 

answer choices selected for each statistical literacy question.

[Insert Figure 1 about here]

Figure 2 presents the percentage of correct answers given by medical students at 

different grade levels for statistical literacy questions. In general, the correct answer rate 

increased with grade level, although the observed differences were not statistically 

significant. For instance, 46.6% of the third- and fourth-year medical students answered the 

5-year survival rate question correctly, compared to 38.0% of the premedical and first- and 

second-year medical students.

[Insert Figure 2 about here]

Doctors in service specialties consistently demonstrated higher correct answer rates 

than those in medical or surgical specialties, although these differences were not statistically 

significant (Figure 3). Notably, the correct answer rate for the PPV question was higher 

among doctors in service specialties (56.1%) compared to their peers in medical (48.8%) and 

surgical (47.6%) specialties. The overall mean score on the four statistical literacy questions 

was also slightly higher among doctors in service specialties (Supplementary Table 3).

[Insert Figure 3 about here]

Discussion

Despite their high basic numeracy, the medical students and doctors in this study 

demonstrated areas for improvement in key aspects of statistical literacy. While over 80% of 

participants correctly answered questions on single-event probability and RRR, correct 

answer rates were substantially lower for the PPV and 5-year survival rate questions. Both 

groups performed similarly on most questions, except for the 5-year survival question, where 

medical students had a significantly lower correct answer rate than doctors. Notably, 

increasing years in medical school did not result in considerably higher correct answer rates.
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While this study may offer only a snapshot of the statistical literacy of Korean 

medical students and doctors, it serves as a window to examine the current state of medical 

education concerning statistical literacy in South Korea and beyond. Since the students and 

doctors in this study possessed high basic numeracy skills, their underdeveloped statistical 

literacy cannot be attributed to their basic numeracy. The two questions about statistical 

literacy, single-event probability and RRR, had high correct answer rates. This could be 

mainly because they are more closely related to basic numeracy compared to the other two 

questions, PPV and 5-year survival rate. These are areas where medical education can play an 

important role. Previous studies have linked insufficient statistical literacy in doctors to a 

non-transparent presentation of statistical information and to medical schools that do not give 

adequate attention to the importance of teaching risk communication.(2, 5) Therefore, it is 

crucial to introduce medical education and professional development programs that enhance 

statistical literacy among medical students and doctors. In these programs, the main focus 

should be on enhancing the ability to make statistical inferences from medical test results and 

to acquire proficiency in using relevant medical statistics to critically evaluate the effects of 

illness and the life-saving advantages of medical treatments. The following discussion 

focuses on the two areas—PPV and 5-year survival rate, where there is a large room for 

improvement, as demonstrated in this study.

Although the medical students and doctors in this study had a significantly higher 

accuracy rate (approximately 49%) in answering the PPV question compared to their 

counterparts in previous German studies (approximately 20%)(2, 5), this rate is still far from 

satisfactory, particularly from a medical education standpoint. Our results indicated that 

being in higher years in medical school and even currently practicing medicine as a doctor 

was not associated with higher correct answer rates for the PPV question, suggesting both 

undergraduate and postgraduate medical education could improve significantly. Participants 

might have confused the PPV with sensitivity,(11) which was presented as 90% in the 

question. Alternatively, the tendency to overestimate PPVs, as observed in previous studies, 
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(10, 14, 23, 24) might have led to the incorrect answer. Regardless of which explanation is 

more plausible, it is important to remember that overestimating PPVs of medical tests can 

lead to further tests, unnecessary treatments, and potential patient harm.(5) There is ample 

evidence that presenting statistical information in the form of natural frequencies rather than 

probabilities can improve conditional probabilistic reasoning, as it helps with an intuitive 

understanding of conditional probabilities(15, 25-28). The observed effect of the natural 

frequency format was evident in individuals with both high and low numeracy.(26, 29) 

Furthermore, studies have shown that teaching medical students and doctors how to translate 

relevant statistical information presented in probabilities into natural frequencies also 

facilitates conditional probabilistic reasoning.(5, 25, 30, 31) It would be helpful to 

incorporate these research findings more actively when developing training programs to 

improve medical students' and doctors' ability to estimate the predictive values of medical 

tests.

Another major weak area in statistical literacy identified in this study was the 

confusion between 5-year survival rate and mortality. Almost half of medical students and 

one-third of doctors in this study incorrectly believed that an increase in the 5-year survival 

rate of thyroid cancer indicates a decrease in mortality from the disease. The relatively higher 

correct answer rate among doctors compared to medical students is likely due to their 

experience in clinical practice, where the concepts of 5-year survival rates and mortality are 

frequently used and compared. Nevertheless, the correct answer rate was still less than 60% 

among doctors and even lower among medical students, which is concerning because these 

two concepts must be carefully distinguished when assessing the impact of illness and the 

life-saving benefits of medical interventions.(5, 21) Otherwise, healthcare professionals may 

overestimate the life-saving advantages of cancer screening, which could explain the 

overutilization of low-value cancer screenings and the overdiagnosis of cancer. This 

misunderstanding has far-reaching consequences. Indeed, the overuse of low-value cancer 

screenings is contributing to cancer overdiagnosis and overtreatment globally, with South 
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Korea being a particularly notable example of this trend.(32-34) When teaching about the 5-

year survival rate and mortality, it is critical to emphasize their key difference: the 

denominators used in their calculation. For 5-year survival rate, the denominator is the 

number of people diagnosed with the disease, whereas for mortality rate, it is the number of 

people in the general population.(21, 35) Understanding this distinction is essential for 

correctly interpreting these statistics in medical contexts. Utilizing visual aids such as bar 

charts or pie charts can be helpful. These graphics could separately show (i) the proportion of 

people who survived for five years after being diagnosed with a certain disease (5-year 

survival rate), and (ii) the annual rate of disease-related deaths in the population (mortality 

rate). Such visual representations can also facilitate comparing these rates across different 

populations or groups.(19)

This study has several limitations. First, we recruited participants from only a single 

medical school and a teaching hospital in South Korea using a convenient sampling method. 

This approach may have introduced selection bias, potentially limiting the generalizability of 

our findings beyond the specific institutions involved to the broader population of medical 

students and doctors across South Korea. Additionally, participants who chose to respond to 

our survey might have different statistical literacy characteristics than those who didn't 

participate. This could lead to overestimating statistical literacy if those who felt more 

confident in their abilities were more likely to participate. Second, while our work focused on 

key weak areas of statistical literacy among medical students and doctors as highlighted in 

previous research (2, 5), it must be explicitly acknowledged that the questionnaire does not 

comprehensively cover all aspects of statistical literacy relevant to medical practice, as one 

would expect from a validated instrument. Third, we did not investigate factors that may 

influence statistical literacy beyond examining its associations with basic characteristics 

available in the data. 

Despite these limitations, this study provides the first assessment of the statistical 

literacy of Korean medical students in varying grades and doctors with varying clinical 
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experience and specialties. Based on the findings of this study, we designed and carried out 

an educational intervention aimed at improving medical students' statistical literacy, that is 

necessary to understand medical statistics and critically assess the available scientific 

evidence. We believe that this study will inspire further research in improving medical 

education regarding statistical literacy in South Korea and other countries.
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Box 1. Questionnaire to assess basic numeracy and medical statistical literacy
Basic Numeracy
BN Q1. People who take drug A have a 1% chance of having an allergic reaction. If 1000 people 

take drug A, how many people are expected to have an allergic reaction?
Answer: ________ out of 1000 (Correct answer: 10)

BN Q2. 1 out of 1000 people who take drug B may have an allergic reaction. What percentage of 
people who take drug B are expected to have an allergic reaction?
Answer: ________ % (Correct answer: 0.1)

BN Q3. Suppose that a coin is tossed 1000 times. How many times do you expect to get heads out 
of 1000 attempts?
Answer: About ________ times out of 1000 (Correct answer: 500)

Statistical Literacy
SL Q1. Antidepressant C has a 20% risk of causing weight gain. Which of the following is the most 

correct explanation? (Single-event probability)
a. Patients with depression who take C have a 20% increase in weight.
b. 2 out of 10 patients with depression who take C experience weight gain. ***
c. If you take 10 pills of C, 2 of them have a risk of causing weight gain.
d. If you take C for 10 months, you are at risk of weight gain for 2 months.

SL Q2. A new chemotherapy drug reduces the risk of vomiting (as a side effect) by 60% compared 
to conventional chemotherapy. Which of the following is the most correct explanation? 
(Relative risk reduction)
a. When using the new chemotherapy, the risk of vomiting is reduced to 40%.
b. When using the new chemotherapy, vomiting occurs in 40 of 100 patients.
c. Among 100 patients, the number of patients experiencing vomiting is reduced by 60 when 

using the new chemotherapy compared to conventional chemotherapy.
d. If vomiting occurs in 50 out of 100 patients when using conventional chemotherapy, 

vomiting occurs in 20 out of 100 patients when using the new chemotherapy. ***
SL Q3. The prevalence of breast cancer for women in their 60s is 1%. A woman with breast cancer 

has a 90% chance of being positive on a mammogram, and a woman without breast cancer has 
a 9% chance of testing positive on a mammogram. Which of the following is the closest to the 
probability that a woman with a positive mammogram actually has breast cancer? (Positive 
predictive value)
a. 81%
b. 9 out of 10
c. 1 out of 10 ***
d. 1%

SL Q4. The 5-year survival rate of thyroid cancer in South Korea has improved compared to the 
past. Which of the following is the most correct explanation? (5-year survival rate)
a. It is possible that the incidence of thyroid cancer has decreased.
b. An improvement in the 5-year survival rate of thyroid cancer means an improvement in the 

cure rate of thyroid cancer.
c. An improvement in the 5-year survival rate of thyroid cancer means a reduction in mortality 

due to thyroid cancer.
d. Early detection of thyroid cancer may increase the 5-year survival rate, but may not reduce 

mortality. ***
Notes. *** denotes the correct answer. The questionnaire was administered in Korean; this is an 
English translation. Italicized words were not included in the questionnaire but are shown here for 
clarity.

Page 17 of 25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
7 A

p
ril 2025. 

10.1136/b
m

jo
p

en
-2024-095173 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

17

Table 1. Characteristics of study participants
Total 

(N=594)
Medical Students 

(n=303)
Doctors
(n=291)

n % n % n %
Age group

–19 37 6.2 37 12.2 0 0.0
20–29 371 62.5 265 87.5 106 36.4
30–39 140 23.6 1 0.3 139 47.8
40–49 44 7.4 0 0.0 44 15.1
50+ 2 0.3 0 0.0 2 0.7

Gender
Male 355 59.8 179 59.1 176 60.5
Female 239 40.2 124 40.9 115 39.5

Student’s grade
Premedical 100 33.0
Medical 203 67.0

Doctor’s grade
Intern 40 13.7
Resident 146 50.2
Attending 105 36.1

Doctor’s specialty
Medical 125 43.0
Surgical 84 28.9
Service 41 14.1
Missing 1 0.3

Note. See the text for the classification of medical specialties.
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Figure 1. Correct answer rates for basic numeracy and medical statistical literacy questions

Notes. BN Q1: Converting a percent to a proportion, BN Q2: Converting a proportion to a percent, BN Q3: 
Familiarity with chance outcome, SL Q1: Single-event probability, SL Q2: Relative risk reduction, SL Q3: 
Positive predictive value, SL Q4: 5-year survival rate.
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Figure 2. Correct answer rates for medical statistical literacy questions by student grade

Notes. Q1: A single-event probability, Q2: Relative risk reduction, Q3: Positive predictive value, Q4: 5-year 
survival rate.
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Figure 3. Correct answer rates for medical statistical literacy questions by specialty

Notes. Q1: A single-event probability, Q2: Relative risk reduction, Q3: Positive predictive value, Q4: 5-year 
survival rate. See the text for the classification of medical specialties. Interns are not included in this analysis. 
The response from one attending physician who did not specify specialty was excluded from the analysis.
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Assessing statistical literacy in medical students and doctors: a survey in South Korea

Supplementary Table 1. Target and actual numbers of participants

Target number 
of participants

Actual number 
of participants % of goal

Student Premedical 1st year 50 50 100.0
2nd year 50 50 100.0

Medical 1st year 50 50 100.0
2nd year 50 50 100.0
3rd year 50 53 106.0
4th year 50 50 100.0

Total 300 303 101.0
Doctor Intern — 40 40 100.0

Resident Medical 68 68 100.0
Surgical 40 51 127.5
Service 24 26 108.3

Attending Medical 62 57 91.9
Surgical 30 33 110.0
Service 16 15 93.8
Missing — 1 —

Total 280 291 103.9
Total 580 594 102.4

Note. See the text for the classification of medical specialties. 
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Supplementary Table 2. Distribution of answer choices selected to medical statistical literacy questions by medical students and doctors (%)
Choice Single-event probability Relative risk reduction Positive predictive value 5-year survival rate

Students
(n=303)

Doctors
(n=291)

Students
(n=303)

Doctors
(n=291)

Students
(n=303)

Doctors
(n=291)

Students
(n=303)

Doctors
(n=291)

1 1.7 2.1 5.0 4.8 11.6 11.3 1.7 0.3
2 95.7 95.2 0.3 0.0 24.8 25.4 8.3 9.6
3 2.3 2.7 12.2 11.3 49.8 48.8 49.2 32.3
4 0.3 0.0 82.5 83.8 13.5 14.1 40.9 57.7

Missing 0.3 0.3
Notes: The correct answers are in bold.
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Supplementary Table 3. Mean scores of medical statistical literacy by characteristics of 
study participants

Total 
(N=594)

Medical Students
(n=303)

Doctors
(n=291)

n Mean SD n Mean SD n Mean SD
Total 2.8 0.9 2.7 0.9 2.9 1.0
Age group

–19 37 2.4 0.9 37 2.4 0.9
20–29 371 2.8 0.9 265 2.7 0.9 106 3.1 1.0
30–39 140 2.6 0.9 1 4.0 — 139 2.6 0.9
40–49 44 3.1 0.9 44 3.1 0.9
50+ 2 3.0 1.4 2 3.0 1.4

Gender
Male 355 2.9 0.9 179 2.8 0.9 176 3.0 1.0
Female 239 2.6 0.9 124 2.5 0.9 115 2.7 0.9

Student's grade
Premedical 100 2.6 0.9
Medical 203 2.7 0.9

Doctor's grade
Intern 40 2.8 1.2
Resident 146 2.8 1.0
Attending 105 3.0 0.8

Doctor's specialty
Medical 125 2.9 0.9
Surgical 84 2.8 1.1
Service 41 3.1 0.7
Missing 1 4.0 —

Note. The total number of correct responses to the four medical statistical literacy questions 
(range: 0–4). See the text for the classification of medical specialties.
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Assessing statistical literacy in medical students and doctors: a single-center, cross-

sectional survey in South Korea

Abstract

Objective

Healthcare professionals must possess statistical literacy to provide evidence-based care and 

engage patients in decision-making. However, there have been concerns about healthcare 

professionals' inadequate understanding of health statistics. As an initial step in addressing 

the issue, we assessed the statistical literacy of medical students and doctors in South Korea 

by evaluating their comprehension of four statistical concepts: a) single-event probability, b) 

relative risk reduction, c) positive predictive value, and d) 5-year survival rate.

Design

Cross-sectional survey study

Setting 

The survey was conducted from October 2018 to January 2019 in one medical school and one 

teaching hospital in Seoul, South Korea

Participants 

303 medical students from one medical school and 291 doctors from one teaching hospital

Primary and secondary outcome measures

The primary outcome measure was the correct answer rate for each question. The secondary 

outcome measure was the mean number of correct answers across the four statistical literacy 

questions, calculated for each individual.

Results

The correct answer rates for basic numeracy questions were close to 100%. Regarding 

statistical literacy, 95.5% and 83.2% of the participants accurately understood single-event 

probability and relative risk reduction, respectively. However, only 49.3% and 49.2% of 

participants accurately understood the positive predictive value and 5-year survival rate, 
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respectively. The correct answer rates for the question about the 5-year survival rate differed 

significantly between students (40.9%) and doctors (57.7%) (p <.001). There were no 

statistically significant differences in the correct answer rates for other questions, regardless 

of the student's grade level or the doctor's specialty.

Conclusions

Medical students and doctors have weaker statistical literacy than their basic numeracy. 

Therefore, it is essential to implement medical education and professional development 

programs that focus on improving their statistical literacy. These programs should 

specifically address measures of medical test accuracy and the distinction between a 5-year 

survival rate and mortality.
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Strengths and limitations of this study

• This study assessed the statistical literacy among medical students at different stages of their 

education.

• This study assessed the statistical literacy among practicing doctors across various clinical 

experiences and specialties.

• We measured statistical literacy using survey questions adapted to a more clinically relevant 

context.

• Participants were recruited from only a single medical school and one of its affiliated teaching 

hospitals in South Korea using a convenience sampling method.
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Introduction

Statistical literacy in healthcare entails the ability to critically assess statistics in health 

information and understand statistical concepts in healthcare[1, 2]. This competency is 

essential for healthcare professionals practicing evidence-based medicine, where medical 

decisions are guided by the best available evidence—often numerically represented—

alongside clinical expertise and patients’ values and preferences [3, 4] For healthcare 

professionals, statistical literacy serves several critical functions. First, it enables the analysis 

and interpretation of emerging quantitative evidence about the benefits and risks of various 

healthcare options. Second, it allows for accurate statistical inferences from test results, 

aiding in accurate diagnosis and effective treatment planning.[4, 5] Third, it facilitates clear 

explanations of the implications of tests and treatments to patients, supporting informed, 

shared decision-making.[6] Without statistical literacy, healthcare professionals may struggle 

to provide optimal care and effectively involve patients in their healthcare decisions. 

Despite the critical importance of statistical literacy in healthcare, numerous studies 

have identified common misunderstandings and errors among health professionals about 

statistical concepts.[5, 7-9] For example, healthcare professionals often struggle to 

comprehend and explain statistical concepts such as single-event probability (e.g., there is a 

10% chance of an allergic reaction to a medication) and relative risk reduction (RRR, e.g., a 

new drug reduces the risk of having a heart attack by 60% when compared to a placebo).[2, 5, 

7, 10] Moreover, medical students and doctors frequently find it challenging to understand 

conditional probabilities like sensitivity and specificity, and how to combine them with 

disease prevalence to estimate the positive predictive value (PPV: the conditional probability 

of having a disease when a test result is positive) [5, 11-20] Errors in estimating PPV can lead 

to severe consequences. Overestimating PPV can lead to overdiagnosis and overtreatment, 

causing unnecessary anxiety, costs, and harm to patients.[5, 18-21]. Conversely, 

underestimating PPV can result in missed opportunities for early intervention and worsen 

patient outcomes. Additionally, healthcare professionals often conflate an increase in the 5-
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year survival rate with a reduction in mortality, even though these statistics measure different 

aspects of clinical and epidemiological data.[15, 22] The 5-year survival rate represents the 

proportion of individuals who survive five years after being diagnosed with an illness, 

whereas mortality refers to the annual rate of disease-related deaths within a given 

population. Screening asymptomatic individuals can increase the 5-year survival rate by 

detecting the disease earlier, but it may not reduce mortality if the disease progression or 

treatment outcomes are unaffected. Therefore, relying solely on a 5-year survival rate, or 

confusing it with mortality, can misrepresent the life-saving benefits of screening 

programs.[10, 15, 22, 23] As evidenced in these widespread misunderstandings of 

fundamental statistical concepts, the lack of statistical health literacy among healthcare 

professionals not only impedes accurate assessment of medical interventions but also 

potentially compromises the overall effectiveness of evidence-based medicine. [1, 5, 22, 24]

Although statistical literacy, like other medical knowledge and clinical skills, can 

affect patient health outcomes, the medical education community often overlooks the 

importance of continuously enhancing formal training to foster statistical literacy. To 

introduce improved formal training to medical students and doctors, it is imperative to assess 

their current statistical literacy on major clinical issues highlighted in the literature and 

identify areas for improvement. For a notable example, a study from Germany assessed the 

minimum statistical literacy of 169 final-year medical students, measuring their 

understanding of 10 basic statistics concepts, including sensitivity, specificity, PPV, RRR, 

and mortality.[2] The students’ median percentage of correct answers to these questions was 

50% before brief training, which increased to 90% afterward.

We aimed to assess the statistical literacy of medical students and doctors in South 

Korea, combining the conceptual components of the German study and adapting them to a 

more clinically relevant context.[2] When assessing statistical literacy, we focused on 

understanding four key statistical concepts: a) single-event probability, b) RRR, c) PPV, and 

d) 5-year survival rate. We also assessed their basic numeracy (i.e., an elementary skill to 
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understand and use numbers), which may be a prerequisite for statistical literacy.[5] This 

assessment will help identify which statistical concepts are most challenging for our target 

population and guide the development of improved medical education.

Methods

Study setting

Between October 2018 and January 2019, we conducted a cross-sectional survey among a 

convenience sample of medical students from a single medical school and doctors from one 

of its affiliated public teaching hospitals in Seoul, South Korea. South Korean medical 

education consists of a comprehensive 6-year program. The medical school conducting this 

study admits approximately 135 students per academic year, with students completing their 

clinical clerkships at affiliated research hospitals in their fifth and sixth years. The teaching 

hospital has a capacity of 1,800 beds and serves a significant patient population, handling 2.4 

million outpatient visits and 560,000 inpatients each year. Medical students from all six years 

of the program, trainee doctors (interns and residents), and attending physicians at the 

hospital were eligible to participate in the study. We contacted student organizations and 

resident physicians to inform them about the study and sought their assistance in recruiting 

participants. Co-investigators, who were medical students or doctors-in-training themselves, 

approached potential participants before and after events, such as meetings, classes, and 

conferences that many students and doctors attended. They explained the study and invited 

individuals to participate. Participants who agreed were given a questionnaire on the spot. 

The entire questionnaire included two separate thematic sections: medical statistical literacy 

(the focus of this paper) and patient-centeredness (not reported in this paper) along with key 

demographic information, such as gender, age, students’ year of study or doctor’s grade and 

specialty. The questionnaire took approximately 5–10 minutes to complete. Participants 

received a gift card worth around 4 USD as a token of appreciation. This study was approved 

by the Institutional Review Board of Seoul National University (IRB No. 1808-185-969). 
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Sample

Our use of convenience sampling from a single medical school and teaching hospital may 

limit the generalizability of our findings. To mitigate this, we aimed for a diverse sample 

across different years of study for students and different specialties for doctors. For medical 

students, our goal was to survey approximately one-third of students in each grade of the six-

year medical school program, targeting 50 students per year for a total student sample of 300. 

Due to the expected challenges in surveying hospital doctors, we targeted approximately one-

fourth of the trainee doctors, including both one-year interns and three- or four-year residents, 

as well as 100 attending physicians from a total of nearly 900. Since interns are not yet 

affiliated with a specialty, specialty information was collected only from residents and 

attending physicians. We aimed to survey residents and attending physicians from 13 

specialties out of the 23 clinical specialties, which we classified into three main groups: 

medical (internal medicine, pediatrics, rehabilitation, family medicine, and psychiatry), 

surgical (emergency medicine, obstetrics and gynecology, orthopedics, otorhinolaryngology, 

and general surgery), and service (radiology, laboratory medicine, and anesthesiology). The 

approximate proportion of these groups in our sample was set to 5:3:2 for residents and 

attending physicians, reflecting the proportion of residency openings in these specialties in 

2019. See Supplementary Table 1 for the target and actual numbers of participants.

Measures

To assess basic numeracy, we used three fill-in-the-blank questions previously designed to 

measure basic numeracy across various populations in prior studies.[5, 25] These questions 

involved converting between percentages and frequencies and interpreting chance outcomes. 

To assess statistical literacy, we developed four questions based on two previous studies 

regarding the statistical literacy of medical students and professionals that identified four 

commonly misunderstood statistical concepts: single-event probability, RRR, PPV, and 5-

year survival rate.[2, 5] Our research team, consisting of experts in clinical medicine and 

medical education, initially formulated questions to evaluate comprehension of the four 
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concepts based on their definitions. The question on single-event probability was included as 

it is often confusing due to the lack of a reference class, causing diverse misunderstandings. 

The RRR question aimed to assess participants’ ability to explain this concept in the context 

of comparing new versus conventional chemotherapy. The PPV question involved calculating 

the probability of having breast cancer given a positive mammogram result, using 

information on sensitivity, specificity, and prevalence. The question on the 5-year survival 

rate was framed around the increased survival rates of thyroid cancer in South Korea to 

evaluate participants’ understanding of the distinction between increased survival and 

reduced mortality.[5, 23] The wording of the formulated questions was further refined 

through an iterative process involving both medical students and physicians to improve 

readability and real-world clinical relevance. The final set of questions was evaluated and 

revised until consensus was reached. See Box 1 for an English translation of the exact 

wording of the questions and response options.

[Insert Box 1 about here]

Statistical analysis

The collected data was converted into an anonymized database and analyzed. The percentage 

of correct answers for each basic numeracy and statistical literacy question was computed. 

We analyzed the percentage of correct answers for medical students and doctors for the four 

statistical literacy questions, examining variations by students’ grades and doctors’ specialty. 

Differences between subgroups were compared using the chi-square test for two groups and 

ANOVA for three groups. All statistical analyses were conducted using SAS software, 

version 9.4 (SAS Institute Inc., Cary, NC, USA). P-values were based on a two-sided 

significance level of 0.05.

Patient and public involvement

No patients were involved in setting the research question or the outcome measures, nor were 

they involved in developing plans for design or implementation of the study.
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Results

A total of 303 medical students and 291 doctors participated in the survey. Table 1 presents 

the characteristics of the participants.

[Insert Table 1 about here]

The correct answer rate for all three basic numeracy questions was close to 100% in 

both the student and doctor groups (Figure 1). The first two statistical literacy questions—the 

single-event probability question and the RRR question—also had high correct answer rates, 

approximately 95% and 83%, respectively. However, the PPV question and the 5-year 

survival rate question had much lower correct answer rates, approximately 49%. There was 

no notable difference in correct answer rates between medical students and doctors, except 

for the 5-year survival rate question, where doctors had a higher correct answer rate (57.7%) 

than medical students (40.9%, p < 0.001). See Supplementary Table 2 for the distributions of 

answer choices selected for each statistical literacy question.

[Insert Figure 1 about here]

Figure 2 presents the percentage of correct answers given by medical students at 

different grade levels for statistical literacy questions. In general, the correct answer rate 

increased with grade level, although the observed differences were not statistically 

significant. For instance, 46.6% of the third- and fourth-year medical students answered the 

5-year survival rate question correctly, compared to 38.0% of the premedical and first- and 

second-year medical students.

[Insert Figure 2 about here]

Doctors in service specialties consistently demonstrated higher correct answer rates 

than those in medical or surgical specialties, although these differences were not statistically 

significant (Figure 3). Notably, the correct answer rate for the PPV question was higher 

among doctors in service specialties (56.1%) compared to their peers in medical (48.8%) and 

surgical (47.6%) specialties. The overall mean score on the four statistical literacy questions 

was also slightly higher among doctors in service specialties (Supplementary Table 3).
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[Insert Figure 3 about here]

Discussion

Despite their high basic numeracy, the medical students and doctors in this study 

demonstrated areas for improvement in key aspects of statistical literacy. While over 80% of 

participants correctly answered questions on single-event probability and RRR, correct 

answer rates were substantially lower for the PPV and 5-year survival rate questions. Both 

groups performed similarly on most questions, except for the 5-year survival question, where 

medical students had a significantly lower correct answer rate than doctors. Notably, 

increasing years in medical school did not result in considerably higher correct answer rates.

While this study may offer only a snapshot of the statistical literacy of Korean 

medical students and doctors, it serves as a window to examine the current state of medical 

education concerning statistical literacy in South Korea and beyond. Since the students and 

doctors in this study possessed high basic numeracy skills, their underdeveloped statistical 

literacy cannot be attributed to their basic numeracy. The two questions about statistical 

literacy, single-event probability and RRR, had high correct answer rates. This could be 

mainly because they are more closely related to basic numeracy compared to the other two 

questions, PPV and 5-year survival rate. These are areas where medical education can play an 

important role. Previous studies have linked insufficient statistical literacy in doctors to a 

non-transparent presentation of statistical information and to medical schools that do not give 

adequate attention to the importance of teaching risk communication.[2, 5] Therefore, it is 

crucial to introduce medical education and professional development programs that enhance 

statistical literacy among medical students and doctors. In these programs, the main focus 

should be on enhancing the ability to make statistical inferences from medical test results and 

to acquire proficiency in using relevant medical statistics to critically evaluate the effects of 

illness and the life-saving advantages of medical treatments. The following discussion 

focuses on the two areas—PPV and 5-year survival rate, where there is a large room for 
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improvement, as demonstrated in this study.

Although the medical students and doctors in this study had a significantly higher 

accuracy rate (approximately 49%) in answering the PPV question compared to their 

counterparts in previous German studies (approximately 20%)[2, 5], this rate is still far from 

satisfactory, particularly from a medical education standpoint. Our results indicated that 

being in higher years in medical school and even currently practicing medicine as a doctor 

was not associated with higher correct answer rates for the PPV question, suggesting both 

undergraduate and postgraduate medical education could improve significantly. Participants 

might have confused the PPV with sensitivity,[13] which was presented as 90% in the 

question. Alternatively, the tendency to overestimate PPVs, as observed in previous studies, 

[12, 16, 26, 27] might have led to the incorrect answer. Regardless of which explanation is 

more plausible, it is important to remember that overestimating PPVs of medical tests can 

lead to further tests, unnecessary treatments, and potential patient harm.[5] There is ample 

evidence that presenting statistical information in the form of natural frequencies rather than 

probabilities can improve conditional probabilistic reasoning, as it helps with an intuitive 

understanding of conditional probabilities[8, 17, 28-31]. The observed effect of the natural 

frequency format was evident in individuals with both high and low numeracy.[29, 32] 

Furthermore, studies have shown that teaching medical students and doctors how to translate 

relevant statistical information presented in probabilities into natural frequencies also 

facilitates conditional probabilistic reasoning.[5, 28, 33, 34] . However, given that statistical 

literacy skills improved after training can deteriorate within one to two months without 

reinforcement, medical schools and boards should implement regular statistical training and 

assessments to maintain these crucial competencies.[9, 35] It would be helpful to incorporate 

these research findings more actively when developing training programs to improve medical 

students' and doctors' ability to estimate the predictive values of medical tests.

Another major weak area in statistical literacy identified in this study was the 

confusion between 5-year survival rate and mortality. Almost half of medical students and 
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one-third of doctors in this study incorrectly believed that an increase in the 5-year survival 

rate of thyroid cancer indicates a decrease in mortality from the disease. The relatively higher 

correct answer rate among doctors compared to medical students is likely due to their 

experience in clinical practice, where the concepts of 5-year survival rates and mortality are 

frequently used and compared. Nevertheless, the correct answer rate was still less than 60% 

among doctors and even lower among medical students, which is concerning because these 

two concepts must be carefully distinguished when assessing the impact of illness and the 

life-saving benefits of medical interventions.[5, 23] Otherwise, healthcare professionals may 

overestimate the life-saving advantages of cancer screening, which could explain the 

overutilization of low-value cancer screenings and the overdiagnosis of cancer. This 

misunderstanding has far-reaching consequences. Indeed, the overuse of low-value cancer 

screenings is contributing to cancer overdiagnosis and overtreatment globally, with South 

Korea being a particularly notable example of this trend.[36-38] When teaching about the 5-

year survival rate and mortality, it is critical to emphasize their key difference: the 

denominators used in their calculation. For 5-year survival rate, the denominator is the 

number of people diagnosed with the disease, whereas for mortality rate, it is the number of 

people in the general population.[23, 39] Understanding this distinction is essential for 

correctly interpreting these statistics in medical contexts. Utilizing visual aids such as bar 

charts or pie charts can be helpful. These graphics could separately show (i) the proportion of 

people who survived for five years after being diagnosed with a certain disease (5-year 

survival rate), and (ii) the annual rate of disease-related deaths in the population (mortality 

rate). Such visual representations can also facilitate comparing these rates across different 

populations or groups.[21]

This study has several limitations. First, we recruited participants from only a single 

medical school and a teaching hospital in South Korea using a convenient sampling method. 

This approach may have introduced selection bias, potentially limiting the generalizability of 

our findings beyond the specific institutions involved to the broader population of medical 
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students and doctors across South Korea. Additionally, participants who chose to respond to 

our survey might have different statistical literacy characteristics than those who didn't 

participate. This could lead to overestimating statistical literacy if those who felt more 

confident in their abilities were more likely to participate. Second, while our work focused on 

key weak areas of statistical literacy among medical students and doctors as highlighted in 

previous research [2, 5], it must be explicitly acknowledged that the questionnaire does not 

comprehensively cover all aspects of statistical literacy relevant to medical practice, as one 

would expect from a validated instrument. Third, we did not investigate factors that may 

influence statistical literacy beyond examining its associations with basic characteristics 

available in the data. 

Despite these limitations, this study provides the first assessment of the statistical 

literacy of Korean medical students in varying grades and doctors with varying clinical 

experience and specialties. Based on the findings of this study, we designed and carried out 

an educational intervention aimed at improving medical students' statistical literacy, that is 

necessary to understand medical statistics and critically assess the available scientific 

evidence. We believe that this study will inspire further research in improving medical 

education regarding statistical literacy in South Korea and other countries.
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Box 1. Questionnaire to assess basic numeracy and medical statistical literacy
Basic Numeracy
BN Q1. People who take drug A have a 1% chance of having an allergic reaction. If 1000 people 

take drug A, how many people are expected to have an allergic reaction?
Answer: ________ out of 1000 (Correct answer: 10)

BN Q2. 1 out of 1000 people who take drug B may have an allergic reaction. What percentage of 
people who take drug B are expected to have an allergic reaction?
Answer: ________ % (Correct answer: 0.1)

BN Q3. Suppose that a coin is tossed 1000 times. How many times do you expect to get heads out 
of 1000 attempts?
Answer: About ________ times out of 1000 (Correct answer: 500)

Statistical Literacy
SL Q1. Antidepressant C has a 20% risk of causing weight gain. Which of the following is the most 

correct explanation? (Single-event probability)
a. Patients with depression who take C have a 20% increase in weight.
b. 2 out of 10 patients with depression who take C experience weight gain. ***
c. If you take 10 pills of C, 2 of them have a risk of causing weight gain.
d. If you take C for 10 months, you are at risk of weight gain for 2 months.

SL Q2. A new chemotherapy drug reduces the risk of vomiting (as a side effect) by 60% compared 
to conventional chemotherapy. Which of the following is the most correct explanation? 
(Relative risk reduction)
a. When using the new chemotherapy, the risk of vomiting is reduced to 40%.
b. When using the new chemotherapy, vomiting occurs in 40 of 100 patients.
c. Among 100 patients, the number of patients experiencing vomiting is reduced by 60 when 

using the new chemotherapy compared to conventional chemotherapy.
d. If vomiting occurs in 50 out of 100 patients when using conventional chemotherapy, 

vomiting occurs in 20 out of 100 patients when using the new chemotherapy. ***
SL Q3. The prevalence of breast cancer for women in their 60s is 1%. A woman with breast cancer 

has a 90% chance of being positive on a mammogram, and a woman without breast cancer has 
a 9% chance of testing positive on a mammogram. Which of the following is the closest to the 
probability that a woman with a positive mammogram actually has breast cancer? (Positive 
predictive value)
a. 81%
b. 9 out of 10
c. 1 out of 10 ***
d. 1%

SL Q4. The 5-year survival rate of thyroid cancer in South Korea has improved compared to the 
past. Which of the following is the most correct explanation? (5-year survival rate)
a. It is possible that the incidence of thyroid cancer has decreased.
b. An improvement in the 5-year survival rate of thyroid cancer means an improvement in the 

cure rate of thyroid cancer.
c. An improvement in the 5-year survival rate of thyroid cancer means a reduction in mortality 

due to thyroid cancer.
d. Early detection of thyroid cancer may increase the 5-year survival rate, but may not reduce 

mortality. ***
Notes. *** denotes the correct answer. The questionnaire was administered in Korean; this is an 
English translation. Italicized words were not included in the questionnaire but are shown here for 
clarity.
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Table 1. Characteristics of study participants
Total 

(N=594)
Medical Students 

(n=303)
Doctors
(n=291)

n % n % n %
Age group

–19 37 6.2 37 12.2 0 0.0
20–29 371 62.5 265 87.5 106 36.4
30–39 140 23.6 1 0.3 139 47.8
40–49 44 7.4 0 0.0 44 15.1
50+ 2 0.3 0 0.0 2 0.7

Gender
Male 355 59.8 179 59.1 176 60.5
Female 239 40.2 124 40.9 115 39.5

Student’s grade
Premedical 100 33.0
Medical 203 67.0

Doctor’s grade
Intern 40 13.7
Resident 146 50.2
Attending 105 36.1

Doctor’s specialty
Medical 125 43.0
Surgical 84 28.9
Service 41 14.1
Missing 1 0.3

Note. See the text for the classification of medical specialties.
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Figure legends

Figure 1. Correct answer rates for basic numeracy and medical statistical literacy questions

Figure 2. Correct answer rates for medical statistical literacy questions by student grade

Figure 3. Correct answer rates for medical statistical literacy questions by specialty
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Assessing statistical literacy in medical students and doctors: a survey in South Korea

Supplementary Table 1. Target and actual numbers of participants

Target number 
of participants

Actual number 
of participants % of goal

Student Premedical 1st year 50 50 100.0
2nd year 50 50 100.0

Medical 1st year 50 50 100.0
2nd year 50 50 100.0
3rd year 50 53 106.0
4th year 50 50 100.0

Total 300 303 101.0
Doctor Intern — 40 40 100.0

Resident Medical 68 68 100.0
Surgical 40 51 127.5
Service 24 26 108.3

Attending Medical 62 57 91.9
Surgical 30 33 110.0
Service 16 15 93.8
Missing — 1 —

Total 280 291 103.9
Total 580 594 102.4

Note. See the text for the classification of medical specialties. 
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Supplementary Table 2. Distribution of answer choices selected to medical statistical literacy questions by medical students and doctors (%)
Choice Single-event probability Relative risk reduction Positive predictive value 5-year survival rate

Students
(n=303)

Doctors
(n=291)

Students
(n=303)

Doctors
(n=291)

Students
(n=303)

Doctors
(n=291)

Students
(n=303)

Doctors
(n=291)

1 1.7 2.1 5.0 4.8 11.6 11.3 1.7 0.3
2 95.7 95.2 0.3 0.0 24.8 25.4 8.3 9.6
3 2.3 2.7 12.2 11.3 49.8 48.8 49.2 32.3
4 0.3 0.0 82.5 83.8 13.5 14.1 40.9 57.7

Missing 0.3 0.3
Notes: The correct answers are in bold.
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Supplementary Table 3. Mean scores of medical statistical literacy by characteristics of 
study participants

Total 
(N=594)

Medical Students
(n=303)

Doctors
(n=291)

n Mean SD n Mean SD n Mean SD
Total 2.8 0.9 2.7 0.9 2.9 1.0
Age group

–19 37 2.4 0.9 37 2.4 0.9
20–29 371 2.8 0.9 265 2.7 0.9 106 3.1 1.0
30–39 140 2.6 0.9 1 4.0 — 139 2.6 0.9
40–49 44 3.1 0.9 44 3.1 0.9
50+ 2 3.0 1.4 2 3.0 1.4

Gender
Male 355 2.9 0.9 179 2.8 0.9 176 3.0 1.0
Female 239 2.6 0.9 124 2.5 0.9 115 2.7 0.9

Student's grade
Premedical 100 2.6 0.9
Medical 203 2.7 0.9

Doctor's grade
Intern 40 2.8 1.2
Resident 146 2.8 1.0
Attending 105 3.0 0.8

Doctor's specialty
Medical 125 2.9 0.9
Surgical 84 2.8 1.1
Service 41 3.1 0.7
Missing 1 4.0 —

Note. The total number of correct responses to the four medical statistical literacy questions 
(range: 0–4). See the text for the classification of medical specialties.
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Assessing statistical literacy in medical students and doctors: a single-centre, cross-

sectional survey in South Korea

Abstract

Objective

Healthcare professionals must possess statistical literacy to provide evidence-based care and 

engage patients in decision-making. However, there have been concerns about healthcare 

professionals' inadequate understanding of health statistics. As an initial step in addressing 

the issue, we assessed the statistical literacy of medical students and doctors in South Korea 

by evaluating their comprehension of four statistical concepts: a) single-event probability, b) 

relative risk reduction, c) positive predictive value, and d) 5-year survival rate.

Design

Cross-sectional survey study

Setting 

The survey was conducted from October 2018 to January 2019 in one medical school and its 

affiliated teaching hospital in Seoul, South Korea

Participants 

303 medical students from all six grades and 291 doctors from various specialties

Primary and secondary outcome measures

The primary outcome measure was the correct answer rate for each question. The secondary 

outcome measure was the mean number of correct answers across the four statistical literacy 

questions, calculated for each individual.

Results

The correct answer rates for basic numeracy questions were close to 100%. Regarding 

statistical literacy, 95.5% and 83.2% of the participants accurately understood single-event 

probability and relative risk reduction, respectively. However, only 49.3% and 49.2% of 

participants accurately understood the positive predictive value and 5-year survival rate, 
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respectively. The correct answer rates for the question about the 5-year survival rate differed 

significantly between students (40.9%) and doctors (57.7%) (p <.001). There were no 

statistically significant differences in the correct answer rates for other questions, regardless 

of the student's grade level or the doctor's specialty.

Conclusions

Medical students and doctors have weaker statistical literacy than their basic numeracy. 

Therefore, it is essential to implement medical education and professional development 

programs that focus on improving their statistical literacy. These programs should 

specifically address measures of medical test accuracy and the distinction between a 5-year 

survival rate and mortality.
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Strengths and limitations of this study

• This study assessed the statistical literacy among medical students at different stages 

of their education.

• This study assessed the statistical literacy among practicing doctors across various 

clinical experiences and specialties.

• We measured statistical literacy using survey questions adapted to a more clinically 

relevant context.

• Participants were recruited from only a single medical school and its affiliated teaching 

hospital in South Korea using a convenience sampling method.
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Introduction

Statistical literacy in healthcare entails the ability to critically assess statistics in health 

information and understand statistical concepts in healthcare.1 2 This competency is essential 

for healthcare professionals practicing evidence-based medicine, where medical decisions are 

guided by the best available evidence—often numerically represented—alongside clinical 

expertise and patients’ values and preferences 3 4 For healthcare professionals, statistical 

literacy serves several critical functions. First, it enables the analysis and interpretation of 

emerging quantitative evidence about the benefits and risks of various healthcare options. 

Second, it allows for accurate statistical inferences from test results, aiding in accurate 

diagnosis and effective treatment planning.4 5 Third, it facilitates clear explanations of the 

implications of tests and treatments to patients, supporting informed, shared decision-

making.6 Without statistical literacy, healthcare professionals may struggle to provide optimal 

care and effectively involve patients in their healthcare decisions. 

Despite the critical importance of statistical literacy in healthcare, numerous studies 

have identified common misunderstandings and errors among health professionals about 

statistical concepts.5 7-9 For example, healthcare professionals often struggle to comprehend 

and explain statistical concepts such as single-event probability (e.g., there is a 10% chance 

of an allergic reaction to a medication) and relative risk reduction (RRR, e.g., a new drug 

reduces the risk of having a heart attack by 60% when compared to a placebo).2 5 7 10 

Moreover, medical students and doctors frequently find it challenging to understand 

conditional probabilities like sensitivity and specificity, and how to combine them with 

disease prevalence to estimate the positive predictive value (PPV: the conditional probability 

of having a disease when a test result is positive) 5 11-20 Errors in estimating PPV can lead to 

severe consequences. Overestimating PPV can lead to overdiagnosis and overtreatment, 

causing unnecessary anxiety, costs, and harm to patients.5 18-21. Conversely, underestimating 

PPV can result in missed opportunities for early intervention and worsen patient outcomes. 

Additionally, healthcare professionals often conflate an increase in the 5-year survival rate 
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with a reduction in mortality, even though these statistics measure different aspects of clinical 

and epidemiological data.15 22 The 5-year survival rate represents the proportion of 

individuals who survive five years after being diagnosed with an illness, whereas mortality 

refers to the annual rate of disease-related deaths within a given population. Screening 

asymptomatic individuals can increase the 5-year survival rate by detecting the disease 

earlier, but it may not reduce mortality if the disease progression or treatment outcomes are 

unaffected. Therefore, relying solely on a 5-year survival rate, or confusing it with mortality, 

can misrepresent the life-saving benefits of screening programs.10 15 22 23 As evidenced in 

these widespread misunderstandings of fundamental statistical concepts, the lack of statistical 

health literacy among healthcare professionals not only impedes accurate assessment of 

medical interventions but also potentially compromises the overall effectiveness of evidence-

based medicine. 1 5 22 24

Although statistical literacy, like other medical knowledge and clinical skills, can 

affect patient health outcomes, the medical education community often overlooks the 

importance of continuously enhancing formal training to foster statistical literacy. To 

introduce improved formal training to medical students and doctors, it is imperative to assess 

their current statistical literacy on major clinical issues highlighted in the literature and 

identify areas for improvement. For a notable example, a study from Germany assessed the 

minimum statistical literacy of 169 final-year medical students, measuring their 

understanding of 10 basic statistics concepts, including sensitivity, specificity, PPV, RRR, 

and mortality.2 The students’ median percentage of correct answers to these questions was 

50% before brief training, which increased to 90% afterward.

We aimed to assess the statistical literacy of medical students and doctors in South 

Korea, combining the conceptual components of the German study and adapting them to a 

more clinically relevant context.2 When assessing statistical literacy, we focused on 

understanding four key statistical concepts: a) single-event probability, b) RRR, c) PPV, and 

d) 5-year survival rate. We also assessed their basic numeracy (i.e., an elementary skill to 
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understand and use numbers), which may be a prerequisite for statistical literacy.5 This 

assessment will help identify which statistical concepts are most challenging for our target 

population and guide the development of improved medical education.

Methods

Study setting

Between October 2018 and January 2019, we conducted a cross-sectional survey among a 

convenience sample of medical students from a single medical school and doctors from its 

affiliated teaching hospital on the same campus in Seoul, South Korea. South Korean medical 

education consists of a comprehensive 6-year program. The medical school in this study 

admits approximately 135 students per academic year, with students completing their clinical 

clerkships at the medical school’s affiliated teaching hospitals in their fifth and sixth years. 

The teaching hospital on the same campus has a capacity of 1,800 beds and serves a large 

patient population, handling 2.4 million outpatient visits and 560,000 inpatients each year. 

Medical students from all six years of the program, trainee doctors (interns and residents), 

and attending physicians at the hospital were eligible to participate in the study. We contacted 

student organizations and resident physicians to inform them about the study and sought their 

assistance in recruiting participants. Co-investigators, who were medical students or doctors-

in-training themselves, approached potential participants before and after events, such as 

meetings, classes, and conferences that many students and doctors attended. They explained 

the study and invited individuals to participate. Participants who agreed were given a 

questionnaire on the spot. The entire questionnaire included two separate thematic sections: 

medical statistical literacy (the focus of this paper) and patient-centredness (not reported in 

this paper) along with key demographic information, such as gender, age, students’ year of 

study or doctor’s grade and specialty. The questionnaire took approximately 5–10 minutes to 

complete. Participants received a gift card worth around 4 USD as a token of appreciation. 

This study was approved by the Institutional Review Board of Seoul National University 
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(IRB No. 1808-185-969).

Sample

We aimed to obtain a diverse sample of medical students across different years of study and 

doctors from various specialties within the teaching hospital. For medical students, our goal 

was to survey approximately one-third of students in each grade of the six-year medical 

school program, targeting 50 students per year for a total student sample of 300. Due to the 

expected challenges in surveying hospital doctors, we targeted approximately one-fourth of 

the trainee doctors, including both one-year interns and three- or four-year residents, as well 

as 100 attending physicians from a total of nearly 900. Since interns are not yet affiliated with 

a specialty, specialty information was collected only from residents and attending physicians. 

We aimed to survey residents and attending physicians from 13 specialties out of the 23 

clinical specialties, which we classified into three main groups: medical (internal medicine, 

paediatrics, rehabilitation, family medicine, and psychiatry), surgical (emergency medicine, 

obstetrics and gynaecology, orthopaedics, otorhinolaryngology, and general surgery), and 

service (radiology, laboratory medicine, and anaesthesiology). The approximate proportion of 

these groups in our sample was set to 5:3:2 for residents and attending physicians, reflecting 

the proportion of residency openings in these specialties in 2019. See Supplementary Table 1 

for the target and actual numbers of participants.

Measures

To assess basic numeracy, we used three fill-in-the-blank questions previously designed to 

measure basic numeracy across various populations in prior studies.5 25 These questions 

involved converting between percentages and frequencies and interpreting chance outcomes. 

To assess statistical literacy, we developed four questions based on two previous studies 

regarding the statistical literacy of medical students and professionals that identified four 

commonly misunderstood statistical concepts: single-event probability, RRR, PPV, and 5-

year survival rate.2 5 Our research team, consisting of experts in clinical medicine and 

medical education, initially formulated questions to evaluate comprehension of the four 
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concepts based on their definitions. The question on single-event probability was included as 

it is often confusing due to the lack of a reference class, causing diverse misunderstandings. 

The RRR question aimed to assess participants’ ability to explain this concept in the context 

of comparing new versus conventional chemotherapy. The PPV question involved calculating 

the probability of having breast cancer given a positive mammogram result, using 

information on sensitivity, specificity, and prevalence. The question on the 5-year survival 

rate was framed around the increased survival rates of thyroid cancer in South Korea to 

evaluate participants’ understanding of the distinction between increased survival and 

reduced mortality.5 23 The wording of the formulated questions was further refined through an 

iterative process involving both medical students and physicians to improve readability and 

real-world clinical relevance. The final set of questions was evaluated and revised until 

consensus was reached. See Box 1 for an English translation of the exact wording of the 

questions and response options.

[Insert Box 1 about here]

Statistical analysis

The collected data was converted into an anonymised database and analysed. The percentage 

of correct answers for each basic numeracy and statistical literacy question was computed. 

We analysed the percentage of correct answers for medical students and doctors for the four 

statistical literacy questions, examining variations by students’ grades and doctors’ specialty. 

Differences between subgroups were compared using the chi-square test for two groups and 

ANOVA for three groups. All statistical analyses were conducted using SAS software, 

version 9.4 (SAS Institute Inc., Cary, NC, USA). P-values were based on a two-sided 

significance level of 0.05.

Patient and public involvement

No patients were involved in setting the research question or the outcome measures, nor were 

they involved in developing plans for design or implementation of the study.
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Results

A total of 303 medical students and 291 doctors participated in the survey. Table 1 presents 

the characteristics of the participants.

[Insert Table 1 about here]

The correct answer rate for all three basic numeracy questions was close to 100% in 

both the student and doctor groups (Figure 1). The first two statistical literacy questions—the 

single-event probability question and the RRR question—also had high correct answer rates, 

approximately 95% and 83%, respectively. However, the PPV question and the 5-year 

survival rate question had much lower correct answer rates, approximately 49%. There was 

no notable difference in correct answer rates between medical students and doctors, except 

for the 5-year survival rate question, where doctors had a higher correct answer rate (57.7%) 

than medical students (40.9%, p < 0.001). See Supplementary Table 2 for the distributions of 

answer choices selected for each statistical literacy question.

[Insert Figure 1 about here]

Figure 2 presents the percentage of correct answers given by medical students at 

different grade levels for statistical literacy questions. In general, the correct answer rate 

increased with grade level, although the observed differences were not statistically 

significant. For instance, 46.6% of the third- and fourth-year medical students answered the 

5-year survival rate question correctly, compared to 38.0% of the premedical and first- and 

second-year medical students.

[Insert Figure 2 about here]

Doctors in service specialties consistently demonstrated higher correct answer rates 

than those in medical or surgical specialties, although these differences were not statistically 

significant (Figure 3). Notably, the correct answer rate for the PPV question was higher 

among doctors in service specialties (56.1%) compared to their peers in medical (48.8%) and 

surgical (47.6%) specialties. The overall mean score on the four statistical literacy questions 

was also slightly higher among doctors in service specialties (Supplementary Table 3).
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[Insert Figure 3 about here]

Discussion

Despite their high basic numeracy, the medical students and doctors in this study 

demonstrated areas for improvement in key aspects of statistical literacy. While over 80% of 

participants correctly answered questions on single-event probability and RRR, correct 

answer rates were substantially lower for the PPV and 5-year survival rate questions. Both 

groups performed similarly on most questions, except for the 5-year survival question, where 

medical students had a significantly lower correct answer rate than doctors. Notably, 

increasing years in medical school did not result in considerably higher correct answer rates.

While this study may offer only a snapshot of the statistical literacy of Korean 

medical students and doctors, it serves as a window to examine the current state of medical 

education concerning statistical literacy in South Korea and beyond. Since the students and 

doctors in this study possessed high basic numeracy skills, their underdeveloped statistical 

literacy cannot be attributed to their basic numeracy. The two questions about statistical 

literacy, single-event probability and RRR, had high correct answer rates. This could be 

mainly because they are more closely related to basic numeracy compared to the other two 

questions, PPV and 5-year survival rate. These are areas where medical education can play an 

important role. Previous studies have linked insufficient statistical literacy in doctors to a 

non-transparent presentation of statistical information and to medical schools that do not give 

adequate attention to the importance of teaching risk communication.2 5 Therefore, it is 

crucial to introduce medical education and professional development programs that enhance 

statistical literacy among medical students and doctors. In these programs, the main focus 

should be on enhancing the ability to make statistical inferences from medical test results and 

to acquire proficiency in using relevant medical statistics to critically evaluate the effects of 

illness and the life-saving advantages of medical treatments. The following discussion 

focuses on the two areas—PPV and 5-year survival rate, where there is a large room for 
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improvement, as demonstrated in this study.

Although the medical students and doctors in this study had a significantly higher 

accuracy rate (approximately 49%) in answering the PPV question compared to their 

counterparts in previous German studies (approximately 20%)2 5, this rate is still far from 

satisfactory, particularly from a medical education standpoint. Our results indicated that 

being in higher years in medical school and even currently practicing medicine as a doctor 

was not associated with higher correct answer rates for the PPV question, suggesting both 

undergraduate and postgraduate medical education could improve significantly. Participants 

might have confused the PPV with sensitivity,13 which was presented as 90% in the question. 

Alternatively, the tendency to overestimate PPVs, as observed in previous studies, 12 16 26 27 

might have led to the incorrect answer. Regardless of which explanation is more plausible, it 

is important to remember that overestimating PPVs of medical tests can lead to further tests, 

unnecessary treatments, and potential patient harm.5 There is ample evidence that presenting 

statistical information in the form of natural frequencies rather than probabilities can improve 

conditional probabilistic reasoning, as it helps with an intuitive understanding of conditional 

probabilities.8 17 28-31 The observed effect of the natural frequency format was evident in 

individuals with both high and low numeracy.29 32 Furthermore, studies have shown that 

teaching medical students and doctors how to translate relevant statistical information 

presented in probabilities into natural frequencies also facilitates conditional probabilistic 

reasoning.5 28 33 34 . However, given that statistical literacy skills improved after training can 

deteriorate within one to two months without reinforcement, medical schools and boards 

should implement regular statistical training and assessments to maintain these crucial 

competencies.9 35 It would be helpful to incorporate these research findings more actively 

when developing training programs to improve medical students' and doctors' ability to 

estimate the predictive values of medical tests.

Another major weak area in statistical literacy identified in this study was the 

confusion between 5-year survival rate and mortality. Almost half of medical students and 
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one-third of doctors in this study incorrectly believed that an increase in the 5-year survival 

rate of thyroid cancer indicates a decrease in mortality from the disease. The relatively higher 

correct answer rate among doctors compared to medical students is likely due to their 

experience in clinical practice, where the concepts of 5-year survival rates and mortality are 

frequently used and compared. Nevertheless, the correct answer rate was still less than 60% 

among doctors and even lower among medical students, which is concerning because these 

two concepts must be carefully distinguished when assessing the impact of illness and the 

life-saving benefits of medical interventions.5 23 Otherwise, healthcare professionals may 

overestimate the life-saving advantages of cancer screening, which could explain the 

overutilisation of low-value cancer screenings and the overdiagnosis of cancer. This 

misunderstanding has far-reaching consequences. Indeed, the overuse of low-value cancer 

screenings is contributing to cancer overdiagnosis and overtreatment globally, with South 

Korea being a particularly notable example of this trend.36-38 When teaching about the 5-year 

survival rate and mortality, it is critical to emphasise their key difference: the denominators 

used in their calculation. For 5-year survival rate, the denominator is the number of people 

diagnosed with the disease, whereas for mortality rate, it is the number of people in the 

general population.23 39 Understanding this distinction is essential for correctly interpreting 

these statistics in medical contexts. Utilising visual aids such as bar charts or pie charts can 

be helpful. These graphics could separately show (i) the proportion of people who survived 

for five years after being diagnosed with a certain disease (5-year survival rate), and (ii) the 

annual rate of disease-related deaths in the population (mortality rate). Such visual 

representations can also facilitate comparing these rates across different populations or 

groups.21

This study has several limitations. First, we recruited participants from only a single 

medical school and its affiliated teaching hospital in South Korea using a convenient 

sampling method. This limits the generalisability of our findings beyond these specific 

institutions to the broader population of medical students and doctors across South Korea. 
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Even within the single centre, participants who chose to respond to our survey might have 

different statistical literacy characteristics than those who did not participate, potentially 

leading to an overestimation of statistical literacy if those who felt more confident in their 

abilities were more likely to participate. Additionally, the exact response rate could not be 

calculated, as the survey was conducted with a target number of participants based on the 

proportion of students and doctors, and data collection ended once the target was reached. 

Second, while our work focused on key weak areas of statistical literacy among medical 

students and doctors as highlighted in previous research 2 5, it must be explicitly 

acknowledged that the questionnaire does not comprehensively cover all aspects of statistical 

literacy relevant to medical practice, as one would expect from a validated instrument. Third, 

we did not investigate factors that may influence statistical literacy beyond examining its 

associations with basic characteristics available in the data. 

Despite these limitations, this study provides the first assessment of the statistical 

literacy of Korean medical students in varying grades and doctors with varying clinical 

experience and specialties. Based on the findings of this study, we designed and carried out 

an educational intervention aimed at improving medical students' statistical literacy, that is 

necessary to understand medical statistics and critically assess the available scientific 

evidence. We believe that this study will inspire further research in improving medical 

education regarding statistical literacy in South Korea and other countries.
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Box 1. Questionnaire to assess basic numeracy and medical statistical literacy
Basic Numeracy
BN Q1. People who take drug A have a 1% chance of having an allergic reaction. If 1000 people 

take drug A, how many people are expected to have an allergic reaction?
Answer: ________ out of 1000 (Correct answer: 10)

BN Q2. 1 out of 1000 people who take drug B may have an allergic reaction. What percentage of 
people who take drug B are expected to have an allergic reaction?
Answer: ________ % (Correct answer: 0.1)

BN Q3. Suppose that a coin is tossed 1000 times. How many times do you expect to get heads out 
of 1000 attempts?
Answer: About ________ times out of 1000 (Correct answer: 500)

Statistical Literacy
SL Q1. Antidepressant C has a 20% risk of causing weight gain. Which of the following is the most 

correct explanation? (Single-event probability)
a. Patients with depression who take C have a 20% increase in weight.
b. 2 out of 10 patients with depression who take C experience weight gain. ***
c. If you take 10 pills of C, 2 of them have a risk of causing weight gain.
d. If you take C for 10 months, you are at risk of weight gain for 2 months.

SL Q2. A new chemotherapy drug reduces the risk of vomiting (as a side effect) by 60% compared 
to conventional chemotherapy. Which of the following is the most correct explanation? 
(Relative risk reduction)
a. When using the new chemotherapy, the risk of vomiting is reduced to 40%.
b. When using the new chemotherapy, vomiting occurs in 40 of 100 patients.
c. Among 100 patients, the number of patients experiencing vomiting is reduced by 60 when 

using the new chemotherapy compared to conventional chemotherapy.
d. If vomiting occurs in 50 out of 100 patients when using conventional chemotherapy, 

vomiting occurs in 20 out of 100 patients when using the new chemotherapy. ***
SL Q3. The prevalence of breast cancer for women in their 60s is 1%. A woman with breast cancer 

has a 90% chance of being positive on a mammogram, and a woman without breast cancer has 
a 9% chance of testing positive on a mammogram. Which of the following is the closest to the 
probability that a woman with a positive mammogram actually has breast cancer? (Positive 
predictive value)
a. 81%
b. 9 out of 10
c. 1 out of 10 ***
d. 1%

SL Q4. The 5-year survival rate of thyroid cancer in South Korea has improved compared to the 
past. Which of the following is the most correct explanation? (5-year survival rate)
a. It is possible that the incidence of thyroid cancer has decreased.
b. An improvement in the 5-year survival rate of thyroid cancer means an improvement in the 

cure rate of thyroid cancer.
c. An improvement in the 5-year survival rate of thyroid cancer means a reduction in mortality 

due to thyroid cancer.
d. Early detection of thyroid cancer may increase the 5-year survival rate, but may not reduce 

mortality. ***
Notes. *** denotes the correct answer. The questionnaire was administered in Korean; this is an 
English translation. Italicised words were not included in the questionnaire but are shown here for 
clarity.
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Table 1. Characteristics of study participants
Total 

(N=594)
Medical Students 

(n=303)
Doctors
(n=291)

n % n % n %
Age group

–19 37 6.2 37 12.2 0 0.0
20–29 371 62.5 265 87.5 106 36.4
30–39 140 23.6 1 0.3 139 47.8
40–49 44 7.4 0 0.0 44 15.1
50+ 2 0.3 0 0.0 2 0.7

Gender
Male 355 59.8 179 59.1 176 60.5
Female 239 40.2 124 40.9 115 39.5

Student’s grade
Premedical 100 33.0
Medical 203 67.0

Doctor’s grade
Intern 40 13.7
Resident 146 50.2
Attending 105 36.1

Doctor’s specialty
Medical 125 43.0
Surgical 84 28.9
Service 41 14.1
Missing 1 0.3

Note. See the text for the classification of medical specialties.
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Figure legends

Figure 1. Correct answer rates for basic numeracy and medical statistical literacy questions
Notes. BN Q1: Converting a percent to a proportion, BN Q2: Converting a proportion to a percent, BN Q3: 
Familiarity with chance outcome, SL Q1: Single-event probability, SL Q2: Relative risk reduction, SL Q3: 
Positive predictive value, SL Q4: 5-year survival rate.

Figure 2. Correct answer rates for medical statistical literacy questions by student grade
Notes. Q1: A single-event probability, Q2: Relative risk reduction, Q3: Positive predictive value, Q4: 5-year 
survival rate.

Figure 3. Correct answer rates for medical statistical literacy questions by specialty
Notes. Q1: A single-event probability, Q2: Relative risk reduction, Q3: Positive predictive value, Q4: 5-year 
survival rate. See the text for the classification of medical specialties. Interns are not included in this analysis. 
The response from one attending physician who did not specify specialty was excluded from the analysis.
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Assessing statistical literacy in medical students and doctors: a survey in South Korea

Supplementary Table 1. Target and actual numbers of participants

Target number 
of participants

Actual number 
of participants % of goal

Student Premedical 1st year 50 50 100.0
2nd year 50 50 100.0

Medical 1st year 50 50 100.0
2nd year 50 50 100.0
3rd year 50 53 106.0
4th year 50 50 100.0

Total 300 303 101.0
Doctor Intern — 40 40 100.0

Resident Medical 68 68 100.0
Surgical 40 51 127.5
Service 24 26 108.3

Attending Medical 62 57 91.9
Surgical 30 33 110.0
Service 16 15 93.8
Missing — 1 —

Total 280 291 103.9
Total 580 594 102.4

Note. See the text for the classification of medical specialties. 
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Supplementary Table 2. Distribution of answer choices selected to medical statistical literacy questions by medical students and doctors (%)
Choice Single-event probability Relative risk reduction Positive predictive value 5-year survival rate

Students
(n=303)

Doctors
(n=291)

Students
(n=303)

Doctors
(n=291)

Students
(n=303)

Doctors
(n=291)

Students
(n=303)

Doctors
(n=291)

1 1.7 2.1 5.0 4.8 11.6 11.3 1.7 0.3
2 95.7 95.2 0.3 0.0 24.8 25.4 8.3 9.6
3 2.3 2.7 12.2 11.3 49.8 48.8 49.2 32.3
4 0.3 0.0 82.5 83.8 13.5 14.1 40.9 57.7

Missing 0.3 0.3
Notes: The correct answers are in bold.
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Supplementary Table 3. Mean scores of medical statistical literacy by characteristics of 
study participants

Total 
(N=594)

Medical Students
(n=303)

Doctors
(n=291)

n Mean SD n Mean SD n Mean SD
Total 2.8 0.9 2.7 0.9 2.9 1.0
Age group

–19 37 2.4 0.9 37 2.4 0.9
20–29 371 2.8 0.9 265 2.7 0.9 106 3.1 1.0
30–39 140 2.6 0.9 1 4.0 — 139 2.6 0.9
40–49 44 3.1 0.9 44 3.1 0.9
50+ 2 3.0 1.4 2 3.0 1.4

Gender
Male 355 2.9 0.9 179 2.8 0.9 176 3.0 1.0
Female 239 2.6 0.9 124 2.5 0.9 115 2.7 0.9

Student's grade
Premedical 100 2.6 0.9
Medical 203 2.7 0.9

Doctor's grade
Intern 40 2.8 1.2
Resident 146 2.8 1.0
Attending 105 3.0 0.8

Doctor's specialty
Medical 125 2.9 0.9
Surgical 84 2.8 1.1
Service 41 3.1 0.7
Missing 1 4.0 —

Note. The total number of correct responses to the four medical statistical literacy questions 
(range: 0–4). See the text for the classification of medical specialties.
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