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Abstract 
Medical doctors need to keep abreast of new developments in medicine. This is often done 

by reading medical journals and carrying out research activities that require an understanding of 
statistical methods. This study was designed to assess the knowledge of statistics among doctors in 
Thailand. A pretested, self-administered questionnaire with nine multiple-choice questions on basic 
statistical issues was used. In a survey of university hospital staff, there were 365 doctors, including 
156 specialists, 152 residents and 57 final year medical students (ex terns). The overall response rate 
was 40.0 per cent. The overall median number of correct answers was 4.0 (95% CI 3.0, 4.0). Spe­
cialists had a significantly higher median score, 4.0 than residents, and externs, 3.0's, (p = 0.02). 
Respondents who had previously attended statistical workshops had a significantly higher median 
score (5.0) than those who had not (3.0) (p < 0.01). These results indicate that doctors in our hospital 
have insufficient knowledge of the basic statistical concepts that are commonly used in medical 
journals. Continuing education in statistics for doctors during residency and post doctoral training 
must be given serious consideration. 

To be a competent professional in clinical 
work, doctors need to keep abreast of new deve­
lopments in medicine, usually by reading medical 
journals. They should also be able to critically eva­
luate the results of original research. Medical re-

search is one of the main foundations of medical 
knowledge, influencing diagnosis and treatment. 
Research that is badly designed or misleadingly 
analyzed may lead to wrong diagnostic or therapeu­
tic decisions and so put patient health or even lives 
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at risk( I). Moreover, a high proportion of papers in 
the medical journals involve some form of statis­
tical analysis. Several researchers(2-8) have re­
viewed the statistical techniques used in medical 
publications, and they have shown frequent errors 
and misuse of statistics. Misuse of statistical tech­
niques may lead to incorrect conclusions, which 
may then be widely and uncritically reported, thus 
adversely affecting subsequent research and patient 
care. Furthermore, some doctors also carry out 
researches and are responsible for statistical ana­
lyses themselves. Thus, it is clear that doctors need 
an understanding of fundamental statistical methods. 

Fundamental statistical concepts, such as 
standard deviation (SD), standard error (SE), p­
value, confidence interval (CI), correlation coeffi­
cient (r), indices of performance for diagnostic test 
(such as sensitivity and positive predictive value) 
and relative risk, are commonly presented in medi­
cal journals. A number of studies on the statistical 
knowledge of doctors have been conducted in some 
developed countries. They have all suggested that 
doctors' statistical knowledge of basic methods 
and concepts is poor0-13). There is, however, no 
information about the level of statistical knowledge 
of doctors in developing countries. 

In Thailand, members of the medical pro­
fession, especially in medical schools, are becoming 
increasingly interested in reading medical papers 
and doing research. Similar to most other develop­
ing countries and developed countries, Thai medical 
schools include an introductory biostatistics course 
in the preclinical years. Doctors usually need the 
statistical concepts for appraising medical papers 
and doing research during their clinical rotation 
and residency training, but by that time, they tend 
to have forgotten these concepts. To reorganize 
the medical curriculum and arrange continuing edu­
cation in biostatistics during residency training, we 
require information on this issue for Thai doctors. 
The present study was designed to assess the know­
ledge level of doctors at Srinagarind Hospital, a 
teaching hospital of Khon Kaen University, Thai­
land. The emphasis was on elementary statistical 
concepts frequently encountered in medical journals. 

PARTICIPANTS AND METHOD 
The study population consisted of all the 

365 doctors working at Srinagarind Hospital, in­
cluding 156 specialists, 152 residents and 57 externs 
(final year medical students) from February to June 

1992. A questionnaire was developed in the Thai 
language with a goal of testing the subject's know­
ledge of some statistical concepts frequently encoun­
tered in medical journals. The questionnaire had 
two parts. The first part asked three questions 
related to the amount of formal course-work in sta­
tistics the subjects had received during their under­
graduate and postgraduate medical training, and the 
subject's perception of statistical roles in their cli­
nical practice. The second part asked nine multi­
ple-choice questions aimed at assessing knowledge 
of several basic statistical concepts (presented in 
Appendix). Of these questions, three were modified 
from the 1983 survey of Danish physicians03), one 
question was modified from the survey of physi­
cians at Harvard Medical School teaching hospi­
tals(14), the other five questions were developed 
by us. The questions addressed the meanings of 
standard deviation (SD), standard error (SE), cor­
relation coefficient (r), sensitivity and positive pre­
dictive value of a diagnostic test, the interpretation 
of a p-value, relative risk for a risk factor and a 
protective factor, and the calculation of positive 
predictive value. The subject received one mark for 
each correct answer. 

Three biostatisticians from the Depart­
ment of Biostatistics and Demography in the faculty 
of Public Health and one faculty, trained in clinical 
epidemiology, from the faculty of Medicine in Khan 
Kaen University reviewed the statistical questions 
for clarity and appropriateness. After refining the 
questionnaire according to their suggestions, a pre­
test was conducted to assure its clarity. A final ver­
sion of the questionnaire, with a covering letter 
explaining the purpose of the study was distributed 
to each subject in March, 1992. We expected to 
receive the anonymous replies within one month. 
As the response rate was so low, we had to extend 
a deadline of the replies to four months (June, 
1992). Because of the anonymous replies, we c_ould 
not know the characteristics of the nonrespondtmts. 

By using the Lilliefors test05), we found 
that overall number of correct answers was not nor­
mally distributed, but had positive skewness (Fig. 
1 ). Therefore, medians and 95 per cent confidence 
intervals (CI) for the medians< 16) were used to 
describe the level of statistical knowledge. The 
Median test was employed to assess the statistical 
significance of the differences between two or 
more median differences at a level of 5 per cent. 
After analyzing the data, we distributed pamphlets 
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Fig. 1. Percentage distribution of respondents by 
number of correct answers. 

that discussed in detail the correct and incorrect 
answers for each question, with a letter of apprecia­
tion to each respondent. 

RESULTS 
An overall response rate of 40 per cent 

(146 out of 365 subjects) was achieved, with dif­
ferent response rates among three groups of sub­
jects (Table 1 ). The percentage of correct responses 
to individual questions ranged from 18.6 in the 
question concerning p-value to 88.3 in the question 
concerning sensitivity (Table 2). The median num­
ber of correct answers from the set of nine ques­
tions was 4.0 (95% CI 3.0, 4.0). Two respondents 
( 1. 7%) scored 8 points, the highest value attained. 
Seventy per cent of all respondents had scores less 
than 5.0 (Fig. 1). Table 3 (a) shows the specialists 
had a median score of 4.0 which was statistically 
significant higher than the median score of 3.0 for 
the residents and the externs (p = 0.02). 
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Table 1. Percentages of respondents by level of 
professional practice. 

Per cent Level of 
professional practice (No. of response/total subjects) 

Specialist 
Resident 
Extern* 

34.0 (53/156) 
38.2 (58/152) 
61.4 (35/57) 

Total 40.0 (146/365) 

• Extern = final year medical student 

Table 2. Percentage of correct answers of res­
pondents by statistical concept. 

Statistical concept (Question number) 

- interpretation of p value(3) 
-calculation of positive predictive value (PPVj(7) 
- meaning of SE(2) 
- meaning of correlation coefficient( 4) 
-interpretation of relative risk for a risk factor(8) 
- meaning of so(!) 

Per cent 
correct 

- interpretation of relative risk for a protective factor(9) 

18.6 
19.7 
22.8 
27.1 
35.7 
37.2 
46.5 
69.9 
88.3 

-meaning of ppy(6) 
- meaning of sensitivity(5) 

Table 3. Median and 95 per cent Cis for median 
number of correct answers. 

a). by professional level 
Specialist 
Resident 
Extern 

Median 

4.0 
3.0 
3.0 

b). by prior attendance at statistical workshop 
Ever 5.0 
Never 3.0 

95% CI 
for median 

3.0, 5.0 
2.0,4.0 
3.0, 4.0 

4.0, 6.0 
3.0, 4.0 

All respondents stated that they had taken 
an introductory course in statistics, mostly in the 
first undergraduate year. However, only 24 per cent 
reported prior attendance at statistical workshops 
during their clinical practice; this group had a 
median score of 5.0, which was statistically signi­
ficant higher than the median score of 3.0 for the 
respondents who had not attended a workshops (p 
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< 0.01). The 95 per cent Cis for the median scores 
of the two groups are also presented in Table 3 
(b). Ninety-six per cent of respondents stated that 
they needed statistical knowledge for their work. 
Of these, 92 per cent further reported that their 
statistical knowledge was not enough to interpret 
the results of statistical analysis found in medical 
journals. 

DISCUSSION 
Similar to other studiesC7 -13), our find­

ings suggest that most doctors have inadequate 
knowledge of elementary statistics to correctly inter­
pret the results of statistical analyses frequently 
found in medical journals. 

interpretation of p-values, a concept that is fre­
quently encountered in medical journals. Our find­
ings accord well with those of Wulff et al(13) who 
found a corresponding figure of only 13 per cent 
among Danish doctors. This problem is very im­
portant, because most doctors often use p-values to 
summarize their study results but incorrectly under­
stand their meaning. In an attempt to avoid the 
misuse of p-values, many journals are now requir­
ing that results be expressed in terms of confi­
dence intervals (CI), rather than p-values07). 

Less than 20 per cent of the respondents 
correctly answered the question concerning the 

Standard deviations and standard errors 
are also used in many medical papers but our sur­
vey revealed that most doctors are unable to inter­
pret these concepts. Our results also support the 
finding of BrownClO), who showed that the authors 
of medical papers seemed to know as little about 

Appendix: Statistical questions 

I. In a study of 100 diabetics, they were characterized as "age 35 years± 5 years (mean± standard 
deviation)". Which of the following statements is the most correct answer? (N = 146) 

%Answers 

a. The true mean age of diabetics lies within the interval25-45 years with 95 per cent confidence. 17.9 
b. Most of the diabetics were aged 35 years, the remainder were aged between 30 years and 40 years. 37.9 
c. Approximately 95 per cent of the diabetics were aged between 25 years and 45 years. 37.2 
d. I do not understand the expression. 7.0 

Answer c. 

2. A study of 200 patients with heart disease showed that "the systolic blood pressure was 120 mmHg ± 5 mmHg 
(mean± standard error)". Which of the following statements is the most correct answer? (N = 146) 
a. Approximately 95 per cent of the patients had systolic blood pressure between 115 and 125 mmHg. 49.0 
b. Mean systolic blood pressure of the patients was between II 0 and 130 mmHg. 15.9 
c. We are 95 per cent confident that the true mean systolic blood pressure of the patients with 22.8 

heart disease lies somewhere within the interval 110 to 130 mmHg. 
d. I do not understand the expression. 12.3 

Answer c. 

3. A controlled trial of a new treatment led to the conclusion that "it is significantly better than placebo : 
p value< 0.05". Which of the following statements do you prefer? (N = 146) 
a. It has been proved that the treatment is better than placebo. 
b. If the treatment is not effective, there is less than a 5 per cent chance of obtaining such results. 
c. The observed effect of the treatment is so large that there is less 

than 5 per" cent chance that the treatment is not better than placebo. 
d. I do not really know what a p value is and do not understand what statistical significance means. 

Answer b. 

4. Which correlation coefficient below shows the strongest relationship between two variables? (N = 133) 
a. +0.50 
b. + 0.85 
c. + 1.25 
d. -0.95 

Answer d. 

24.1 
18.6 
47.6 

9.7 

21.8 
20.3 
30.8 
27.1 
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%Answers 

5. Which of the following statements is the meaning of sensitivity? (N = 145) 
a. The proportion of persons with a positive test who are disease - free. 
b. The proportion of persons with a negative test who are disease - free. 
c. The proportion of persons with the disease who have a positive test result. 
d. The proportion of persons with a negative test who have disease. 

Answer c. 

6. Which of the following statements is the meaning of positive predictive value? (N = 143) 
a. The proportion of persons without disease having a positive test result. 
b. The proportion of persons with a positive test who actually have the disease of interest. 
c. The proportion of persons with a positive test who are actually normal 
d. The proportion of persons with the disease having a positive test result 

Answer b. 

7. "A test with 80 per cent sensitivity is applied to detect a disease whose prevalence is 5/1,000, it has a 
false positive rate of 5 per cent" Which of the following statements is the most correct answer? (N = 142) 
a. The positive predictive rate is less than 8 per cent. 
b. The false negative rate is less than 8 per cent. 
c. The specificity is less than 8 per cent. 
d. I do not understand the statements above. 

Answer a. 

8. A study of risk factors of preterm delivery found that the smoking mothers were 1.5 times as likely to have a 
preterm delivery as nonsmoking mothers which is not statistically significant at 5 per cent level. 
Which of the following statements is the most correct answer? (N = 129) 

4.1 
4.8 

88.3 
2.8 

4.2 
69.9 
4.2 

21.7 

19.7 
15.5 
9.9 

54.9 

a. One is 95 per cent confident that the relative risk of preterm delivery for 24.8 
smoking mothers lies between 0.25 and 1.15 

b. One is 95 per cent confident that the relative risk of preterm delivery for 35.7 
smoking mothers lies between 0.75 and 3.55 

c. One is 95 per cent confident that the relative risk ofpreterm delivery for 15.5 
smoking mothers lies between 1.21 and 4.65 

d. One is 95 per cent confident that the relative risk of preterm delivery for 24.0 
smoking mothers lies between -0.50 and 1.76 

Answer b. 

9. A controlled trial of a new vaccine for preventing influenza revealed that members of the study group were 
0.5 times as likely to have had an influenza as members of the control group, which is statistically significant 
at 5 per cent level. Which of the following statements is the most correct? (N = 127) 
a. One is 95 per cent confident that the relative risk of influenza for 11.0 

vaccinated people lies between 0.28 and 7.56 
b. One is 95 per cent confident that the relative risk of influenza for 29.1 

vaccinated people lies between 2.30 and 5.00 
c. One is 95 per cent confident that the relative risk of influenza for 13.4 

vaccinated people lies between -2.15 and 0.90 
d. One is 95 per cent confident that the relative risk of influenza for 46.5 

vaccinated people lies between 0.23 and 0.89 

Answer d. 

Question I, 2 were modified from Wulff et ai (1987). 
Question 3 was the same as that of Wulff et al ( 1987). 
Question 7 was modified from Casscell et al ( 1978). 
Question 4, 5, 6, 8 and 9 were developed by ourselves. 
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the correct interpretation of SD and SE as their 
readers. 

Our results show that more than 70 per 
cent of the respondents answered the question on 
correlation incorrectly. The most commonly chosen 
response option (selected by 30.8% of respondents) 
gave a correlation value of + 1.25 (see Appendix, 
answer C to Q.4). This indicates that most doctors 
do not understand the concept of a correlation, 
whose value cannot exceed 1.0. Our finding is 
similar to those of Friedman and PhillipsOO who 
found that many paediatric residents in the United 
States were unable to answer a simple question con­
cerning the magnitude of correlation coefficients. 
Less than 20 per cent of the residents correctly 
chose the numerical value of correlation that shows 
the strongest association between two variables. 

More than half of the doctors could not 
correctly interpret the numerical value of relative 
risk in relation to the concepts of confidence inter­
val and statistical significance. This might be 
because the question in our study was too difficult. 
To answer the question, the respondents had to 
understand not only the concept of relative risk but 
also the relationship between confidence interval 
and statistical significance for the relative risk. 
Our finding is in contrast to those of Weiss and 
Samet(l8) who found that 97 per cent of physicians 
in a teaching hospital in the United States under­
stood the concept of relative risk. 

Although most of the doctors understood 
the definition of sensitivity and positive predictive 
value (PPV), the percentage of correct responses to 
the question concerning the calculation of PPV was 
very low (19.7%). This might be because the ques­
tion was too complicated; indeed more than half of 
the respondents selected the answer "I do not un­
derstand the statement above". However, our result 
is similar to that of Casscells et al(l4) who found 
that only 18 per cent of physicians at Harvard Medi­
cal School teaching hospitals were able to calcu­
late PPV correctly. 

Doctors who had previously attended a 
statistical workshop scored higher and so may be 
better prepared to assess medical journals. The 
workshops appear to have had some impact on 
the statistical knowledge of doctors in our hospi­
tal, although selection bias of the participants into 
the workshop might be another possible explana-

tion. Most of them had been to the statistical work­
shop that is a one week course annually organized 
by the Clinical Epidemiology Unit in the Faculty of 
Medicine. The participants are the first 40 appli­
cants from the health sciences faculties of Khon 
Kaen University and health agencies of the ministry 
of Public Health. The course covers some common 
descriptive statistics, confidence intervals and sig­
nificance testing, inference on means and propor­
tions, relative risk and odds ratio, and diagnostic 
test evaluation. 

Two potential limitations of the results 
must be considered. First, the overall response rate 
was only 40.0 per cent in spite of repeated attempts 
to obtain better participation. We speculate that the 
non-respondents would have scored even lower 
than the respondents. Unfortunately, with anony­
mous replies, we could not examine the comparabi­
lity of the respondents and the non-respondents. 
In fact, some of the non-respondents indicated that 
they did not know any statistical concepts and tech­
niques, and were reluctant to be tested in this 
study. Some also stated that the statistical ques­
tions were so difficult that they preferred not to 
respond. Second, the questionnaire measured only 
limited aspects of statistical knowledge. However, 
the statistical concepts and expressions included in 
the questionnaire were those that are used most 
commonly in medical journals. Thus, we believe 
this study is sufficient to demonstrate the inade­
quate knowledge level of elementary statistics of 
doctors in Srinagarind Hospital. Since curricula of 
medical schools in Thailand and even other deve­
loping countries are very similar, we believe that 
the findings of this survey are generalizable to 
other developing countries. 

In conclusion, the results of this study 
reaffirm that doctors have insufficient knowledge 
of the basic statistical concepts that are commonly 
used in medical journals. Continuing education in 
statistics for doctors during residency training and 
clinical rotation must be given serious considera­
tion. 
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hiLAm'li'lftJnl'ifll.J'i;.J'Yll~~l'U~ii&;;fi~iJfil:!Tl'irJjl'U 3.0 A!:LL'U'U flcil~iJUtJ~lA{}!'Yll~~ii&i (P < 0.01) 

"llne< l'l'll!Nm'iAnMlifLL~(;J~ 1'ti'mltJllLL W'YltJL 'U T 1~w mtJll'lA1"UA1"U'Ylfil All;.~fm~~l'U~ii&i~'U!!l"UY11 'lfufl t1 

1 'U~l'Ul~ti'Yll~~l'Unl'iLL W'YlrJl~L oWrJ~Wfl \il~J'U ~~Al'l'W"ll'irul~(;J'YI;n~lil'inl'ifll.J'i;.J'\'ll~~l'U~ii&i 1'f1LLrlbb W'YltlU'i!:~lUl'U 
({ I I .J 

LLG'l!:LL W'YlrJLQWl!:'Yll~flrJl~lilm 'Ufl~ 

• l'lru::m!lTmJ'!'lii'Tl~lil{ 

** l'lnJ::LLWYl~f'!l~lil-f l-I'Yillmmi"!'l'llil\JLLrl\J, 'llil\JLLrl\J 40002 
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