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Abstract

Introduction: Statistics is a science that deals with collecting, managing,
summarizing, and presenting data. An adequate understanding will help in
making decisions [1]. Physicians were found to have limited knowledge of
statistics. Objective: To assess the knowledge, familiarity, and competency of
statistical concepts among physicians. Methods: It’s a cross-sectional study
that was conducted in Riyadh, Saudi Arabia. A convenient sample of 440
physicians was identified and contacted through a digital survey. A question-
naire was used to obtain statistical familiarity and competency among physi-
cians. Results: This study found that more than half of the participants were
interested in research with at least one publication. More than half learned
statistics in undergraduate and postgraduate years. Physicians were found to
have limited competency toward statistical concepts. Conclusion: Physi-
cians were found to have sufficient information about the basic principles
of statistics which are commonly used in medical research articles. Steps
should be taken to educate trainees by conducting revisions, and statistical
courses.
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1. Introduction

Statistics is a science that deals with collecting, analyzing, and presenting data. On
the other hand, familiarity and competency measured by the ability to acquaintance
knowledge through sensory input plus the ability to practice this knowledge, are “a
combination of sensory input—familiarity and output—competency” [1] [2] [3]
[4].

Clinicians report a low level of confidence and negative attitude towards sta-
tistics. Despite the fact, undergraduate medical schools and postgraduate educa-
tion curriculum involve statistical courses but, still, many people feel deficit,
stress, and frustration in calculation; affect their competence in statistics [4] [5]
(6] [7] [8].

To elaborate more, a study reported 69% cannot understand and explain to
others, and 79% are unable to critically appraise research. A research review
found one-fourth concluding i.e.: wrong interpretation in research, ignoring the
sample size, data distribution, incorrect summary, measurement, and choosing
the wrong statistical test [8] [9].

Multiple articles have been observed that many medical professionals have a
negative attitude toward statistics and are unable to interpret basic as well as ad-
vanced statistical concepts. But, no articles find the gap between physician fami-
liarity and competency to answer correctly [9] [10] [11].

They need to be aware of this diversity in familiarity, and competency is a ne-
cessity for growth in a medical environment where the end product is
well-trained collaborative science, scientists and funded research.

This study aims to assess the familiarity and competency of statistical concepts

among physicians in Saudi Arabia.

2. Method

The frame was a cross-sectional study, convenience sampling used to identified
population include (program directors, trainers, and residents, general practi-
tioner), and an electronic survey conducted using the “Survey Monkey” platform
[Appendix 1] in each hospital by their email addresses in six governmental local
hospitals in Saudi Arabia, Riyadh beginning of December in 2018 till end of
February in 2019.

A questionnaire [Appendix 1] was structured, and pre-tested in a pilot study
on a sample of 20 participants then finalized. Results of the piloted question-
naires were not included in the analysis and validated by two statistician authors.

The survey includes three basic sections: the demographics, familiarity toward
statistics, and competency of statistical concepts, consist of 13 basic and advance
statistical questionnaire.

The first section involved personal data. The second part addressed percep-
tion familiarity questions preformed on a five-point scale, range (extremely fa-
miliar till not familiar at all). The last section involved questions on statistical

knowledge in the form of statistical calculation.
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Statistical Analysis:

Participant characteristics described by tabulation, frequency, and propor-
tions. For analysis purposes the familiarity Likert-scale was dichotomized as
“Not familiar” or “Familiar” with the two categories of “Moderately familiar”
and “Extremely familiar” being allocated to “Familiar. We analyzed and com-
pared by McNemar”s test of proportion (“Number of Familiarity” and “Correct
answer of knowledge-based questionnaire”). A p-value of 0.000 used for statis-
tical significance. SPSS version 24 used for analysis.

Patient and Public Involvement:

No patient involved.

3. Results

A total of 440 participants, full respond through their email. Show equal gender
participation, with different medical specialties in Table 1.

More than half of participants showed their interest in conducting research,
more than half of them conducted research as co-authors and 38% as principle
investigator, less in data collection, data entry, and analysis process. From the
total participants; more than a quarter published at least two articles.

Table 2 shows: half of them learned statistics in their undergraduate and
postgraduate years. Around two-fifth enrolled in biostatistics courses as: re-
search method, Evidence-based medicine, YouTube sessions, and less in statis-

tical books.

Table 1. Baseline characteristics of the study participants (N = 440).

Variable Demographic data (n = 440) Categories N/440 (%)

Female 225  (51.1)
Gender
Male 215 (48.9)
>25 94 (21.4)
Age groups 30 - 26 232 (52.7)
(Years)
31+ 114 (25.9)
Saudi 408 (92.7)
Nationality
Non-Saudi 32 (7.3)
1 64  (14.5)
2 63 (14.3)
3 85 (19.3)
(Years) of Graduation from Medical School

4 57 (13)
5 48  (10.9)

6+ 123 (28)

MBBS 110 (25)

PhD/Master 26 (5.9)
Certificate\Highest degree Resident 205  (46.6)
Board Certified 77 (17.5)

Consultant 22 (5)
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1 135 (30.7)
2 123 (28)

How many years from last highest degree/certificate
3 83 (18.9)
4+ 99 (22.5)
Family Medicine 165  (37.5)
Internal Medicine 57 (13)
Surgery 67 (15.2)
Emergency 21 (4.8)
Specialty Pediatric 41 9.3)
Ob/Gyn 14 (32)

Pathology/Radiology 11 (2.5)
General Practitioner 39 (8.9)

Other specialties 25 (5.7)

Table 1: Shows the years since graduation from medical school, 28% of the study physicians had graduated
more than 6 years ago while 19.3% graduated recently ie. 1 - 3 years back. Among them, 30.7% took the last
highest qualification within the last one-year time frame, 28% in the past two years and the rest of the par-
ticipants received the highest certification more than three years back.

Table 2. Sources of knowledge about statistics.

Source of knowledge N/440 (%)
Undergraduate 285 (65)
Postgraduate 273 (62)
Extra curriculum long-term course > 5 days 118 (27)
Watching statistical YouTube sessions non-systematically 113 (26)
Reading a statistical book 94 (21)
Extra curriculum short-term course < 5 days 63 (14)
Extra curriculum short-term online course < 5 days 20 (5)
Extra curriculum long-term online course > 5 days 16 (4)

Table 2: Regarding the source of knowledge gain; more than half 65% - 62% learned statistics during their
undergraduate and postgraduate period respectively, plus 27% from long-term courses for more than 5
days. Around 41% enrolled in Biostatistics courses like Research method, EBM domain, others (21%) chose
to read statistical books.

The main aim is to assess the familiarity towards different statistical concepts
in Figure 1 showing: 50% familiar to basic concepts in -Descriptive Statistics-
includes (Scales of measurement, Graphical exploration of data, characteristics
for a variable). And less than one-third familiar to advance statistical concepts
include (Estimation, Confidence interval, hypothesis testing principle, Power
analysis).

Figure 2 showed competency and understanding in answering different level

of a questionnaire: half of them they understand the basic knowledge of statistics
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Figure 1. Familiarity towards different statistical concepts. Show understanding of participates to-
wards statistical concepts; 50% were found to be familiar to median, 47% null hypothesis, 45% knew
about variables, confident interval was understood by 44%, the rest of statistical concepts were per-
ceived by less than 40% of the study population.

in a simple calculation, around two-fifth answer correctly in advance statistics
questionnaire.

In the last part of the analysis we found the gap difference between statistical
familiarity concepts toward corrected answers in Table 3: represent the gap dif-
ference between statistical familiarity concepts toward corrected answers: that
means (-47%) underestimated their knowledge and their ability to answer cor-

rectly, were (19%) confident to their knowledge and able to answer correct.

4. Discussion

The result of this convenient sample includes medical program directors, trai-
nees and residents concluded; that they know better than they think about statis-
tics especially basic concepts but, in an advance statistics was poor; same refer-
ence to competency questions. Interestedly more than half of them had at least
one published research. Moreover, the gap difference between attitudes percep-
tion towards number corrected answers showed that the majority of participants
underestimated themselves as a result of previous negative understanding, expe-
rience, and practice.

To review more statistical concepts; median concept in the present study was

more prevalent in both familiarity and competency as well as in variables. While
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ROC curve is a plot for (1-specificity & sensitivity)
When to use binary logistic regression (when the outcome
variable has only 2 categories)
In diagnostic study, the result shows 38% sensitivity, and 69%
specificity;Positive likelihood ratio= (1.2258)

Which one of Confidence interval is the widest in (99%)
The p-value means (Probability to reject the null hypothesis
when it's true )

When to use Pearson correlation coefficient in (measure
association between two numerical)
ANOVA is ( To compare mean between different groups)
What is the first Quartile (splits oft the lowest 25% of data
from the highest 75%)

From previous image calculate the odds ratio (2*4) / (2*2)=
)
If you reject the null hypothesis at 10% then (It could be
rejected or acepted at 5%)

The previous image stand for (kaplan Meier curve)

Find the median (3, 4,2, 1,6,9,7)

Which one of the variable is numerical (Gender, BMI,
Nationality, specialty)

28%
A 39%

I

—

81%

85%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 2. Percentage of correct answers for the knowledge questions. Demonstrate the proportion of study participants according
to the correct answers given about statistical methods. It showed that 85% gave correct answers about variables, 81% knew me-
dian, 69% recognized Kaplan-Meier curve image, 66% had knowledge about null hypothesis and 60% could calculate of odd ratio,
56% knew the meaning of first Quartile and 52% had used ANOVA. The rest of 6 questions regarding (P-value, Confidence inter-
val, likelihood ratio, Pearson correlation coefficient, binary logistic regression, ROC curve) had lowest correct answer by <47%

participants.

Table 3. Gap difference between familiarity towards number of corrected answers.

N of familiarity N of knowledge

Diffe P-val

/440 (%) 1440 (%) ifference value

Variables 196 (44.5) 373 (84.8) —-40% <0.001
Median 233 (53) 354 (80.5) -28% <0.001

Null Hypothesis 206 (46.8) 244 (55.5) -9% 0.003
P-value 112 (25.5) 182 (41.4) -16% <0.001
Confidence interval 194 (44.1) 288 (65.5) -21% <0.001
Quartile 190 (43) 244 (56) -13% <0.001
0Odds ratio 170 (38.6) 265 (60.2) -22% <0.001
Pearson correlation 98 (22.3) 205 (46.6) —24% <0.001
Logistics regression 94 (21.4) 172 (39.1) -18% <0.001
Kaplan Meier curve 95 (21.6) 302 (68.6) —-47% <0.001
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Likelihood Ratio 260 (59.1) 176 (40) 19% <0.001
ROC curve 105 (23.9) 122 (27.7) —-4% 0.281
ANOVA 134 (305 228  (51.8) —21% <0.001

Table 3: Represent the gap difference between statistical familiarity concepts toward corrected answers: that
means (—47%) minimize their knowledge and their ability to answer correct, were (19%) confident to their
knowledge and ability to answer correctly.

in null hypothesis, familiarity was weak but higher in competency question. The
similar result obtained for Confident interval, likelihood ratio, number needed
to treat, ANOV A, odd ratio, Kaplan Meier curve, and Pearson correlation.

Understanding of logistic regression was also low in familiarity and compe-
tency. Which it happened to ROC (receiver operating curve), even though it’s
part of sensitivity and specificity; the participants are familiar to both concepts
in an individual way; but, as a whole concept, they were confused. The same
thing happened to P-value concept which is commonly used in articles.

Multiple articles show fair understanding of statistical concepts; suggesting
that the problem is not specific to particular specialty but it’s an endemic issue
within medical education. Further analysis, the mean correct answers of our par-
ticipants to a statistics questionnaire scores more than half; which is not influ-
enced by gender, years elapsed from graduation, other advanced degrees, or year
of study [9] [12] [13] [14] [15] [16].

Despite that, the majority of participants have attended statistical training
during undergraduate medical school, and postgraduate it should consider, sim-
ilar finding in other studies [7] [8] [13]. These reports used different sets of
questions compared to this study, thus hindering direct comparisons.

A study showed 76.7% clinicians were unable to identify appropriate statistical
tests and 72% were not confident in designing their own study. Other articles
report higher familiarity with statistical concepts, and low in competency ques-
tions [9] [10] [11] [12] [13].

This goes with a study: suggested that independent courses in statistics are un-
likely to resolve clinicians’ research abilities and skills. In contrast, the integrat-
ing approach of statistics and research methods will positively affect clinicians’
research abilities and patient care decisions [17] [18].

This study presented important findings of the understanding of physicians in
statistics to the existing pool of knowledge that many of the clinicians have
knowledge about basic statistics at least to the level of it commonly used in re-
search articles.

But, challenges expected: A recent systematic review proved; the complex of
applying for such programs, limited effectiveness of many journal clubs, and
motivated trainee [9] [10]-[21].

Another obstacle: to asses knowledge of the statistical concept that claims it
measured by one simple question; a correct answer to one question does not
prove that the concept is fully understood. As what an English historian Edward
Gibbon said “the laws of probability so true in general so fallacious in particular”
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[19].

This highlights the importance of planning and implementing new interactive,
integrated, and self-directed policies [9] [10]-[21].

To the best of our knowledge, the present study is the first to investigate sta-
tistical concepts in health care professionals in different specialties, with varying
lengths of time since qualification and levels, and a good number in feedback.

Discussion, revision, and open ended questions are encouraged in journal
clubs, research projects, and self-directed learning to minimize their hesitancy

towards statistical practices.

5. Conclusion

Many of these clinicians were competent. But; there was a gap between compe-
tence and familiarity. Therefore, various strategies are required to enhance their
confidence in statistical interpretations such as practical courses, involvement in
research work, data analysis, improving teaching methods, and software skills.
This will benefit in a medical decision relevant to clinical practice and for aca-

demic career growth.

Limitation

This study is limited to self-selected physicians in Riyadh, Saudi Arabia; these
results cannot be generalized on the national level but, it was an initiative to

highlight the issue. Another issue is response bias and multiple statistical testing.

Strengths and Limitations of This Study

e It’s a cross-sectional study: descripted plus analytic; by assessing the associa-
tion between different questioners.

e Show prevalence of statistical knowledge in Saudi Arabia.

o First to investigate statistical concepts in health care professionals in different
specialties, with varying lengths of time since qualification and levels, with
good number in feedback.

e This study limited to self-selected physicians (representatives).

Practical Implications

e Physicians were found to have limited knowledge of statistics.
e Higher familiarity with statistical concepts, and low in competency questions.
e Minimize their hesitance towards statistics by conducting interactive session,

and enhance their confidence.
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Appendix 1: Questionnaire

1) What is your Gender: Female Male

2) What is your age ................ years

3) What is Nationality .......ccccecvureneee.

4) Years of graduation from medical school ............ years

5) Highest certification;

MBBS Resident Board certified

Master Consultant PhD

other (specify) ..............

6) How many years from the last highest last degree/Certification ......... years

7) What is your specialty .......c.ccceuuue.

8) Your interest in research

Very interested somehow interested Not
interested

9) Did you participate in research as ....

Principle investigator Co-author Data analysis
Data collection None
other ...........

10) How many publication do you have .....................
11) What the source for your statistical knowledge
Undergraduate postgraduate

Extra curriculum long-term course > 5 days

Extra curriculum short-term course < 5 days

Extra curriculum long-term online course > 5 days
Extra curriculum short-term online course < 5 days
Reading a statistical book

Watching statistical YouTube session non-systematically

other (please specify) ..............

12) What was the course domain (name):

Public health Epidemiology Evidence based medicine
Research methodology Biostatistics Health informatics
Bio-informatics other (please specify) ..............

13) To what extend you consider yourself familiar with the following statistics

concept:

Slightly Somewhat  Moderately  Extremely

Statistical concepts Not Familiar
P Familiar Familiar Familiar Familiar

Variables
Median
Null hypothesis
P-value
Confident interval

0dd ratio
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Continued

person correlation
logistic regression
Kaplan-Meier curve
likelihood ratio
ROC curve
ANOVA

Quartile

14) Which one of the variable is numerical:

a) Gender

b) BMI

¢) Nationality

d) specialty

15) Find the median; 3, 4,2, 1,6,9,7

a)9

b) 7

c)4

16) What is the first quartile:

a) splits off the lowest 25% of data from the highest 75%
b) cuts data set > 50%

c) splits off the highest 50% of data from the lowest 25%
17) Which one of Confidence interval is the widest:

a) 90%

b) 95%

c) 98%

d) 99%

18) If you reject the null hypothesis at 10% then:

a) It will be reject at 5%

b) It could be rejected or accepted at 5%

c) It can’t be reject at 5%

19) The p-value means:

a) Probability to reject the null hypothesis when it’s true.
b) Chance of accept null hypothesis when it’s true.

c) Probability of reject alternative when it’s true.

20) Calculate the odd ratio (from image):

a) 2
b) 8
c) 16
Risk Disease
Yes NO
smoker 4 2
Non-smoker 2 2
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21) When to use Pearson correlation coefficient in:
a) measure association between two categorical.

b) measure association between two numerical.

¢) measure association between categorical and numerical.
22) When to use binary logistic regression:

a) when outcome variable is continues.

b) when outcome variable is more than 2 category.
c) when the outcome variable is numerical.

d) when the outcome variable is only 2 category.
23) This image stand for which of following:

a) Kaplan-Meier curve

b) kappa curve

c) forest plot

100

Gene A signature

=
2
»
z
»n 50
E
e Gene B signature
o

0

1 2 3
Years

24) In a diagnostic study the result shows 38% sensitivity, and 69% specificity.
Find the positive likelihood ratio:

a) 0.5362

b) 0.5588

¢) 0.3422

d) 1.2258

25) ROC curve is a plot for:

a) (1-specificity).

b) X, Y-axis are sensitivity.

¢) (1-specificity & sensitivity)

26) ANOVA is:

a) To measure frequency in multiple data.

b) To compare prevalence between different groups.

¢) To compare mean between different groups.
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