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Abstract

Background

Although a substantial number of studies focus on the teaching and application of medical
statistics in China, few studies comprehensively evaluate the recognition of and demand for
medical statistics. In addition, the results of these various studies differ and are insufficiently
comprehensive and systematic.

Objectives

This investigation aimed to evaluate the general cognition of and demand for medical statis-
tics by undergraduates, graduates, and medical staff in China.

Methods

We performed a comprehensive database search related to the cognition of and demand for
medical statistics from January 2007 to July 2014 and conducted a meta-analysis of non-con-
trolled studies with sub-group analysis for undergraduates, graduates, and medical staff.

Results

There are substantial differences with respect to the cognition of theory in medical statistics
among undergraduates (73.5%), graduates (60.7%), and medical staff (39.6%). The demand
for theory in medical statistics is high among graduates (94.6%), undergraduates (86.1%),
and medical staff (88.3%). Regarding specific statistical methods, the cognition of basic
statistical methods is higher than of advanced statistical methods. The demand for certain
advanced statistical methods, including (but not limited to) multiple analysis of variance
(ANOVA), multiple linear regression, and logistic regression, is higher than that for basic sta-
tistical methods. The use rates of the Statistical Package for the Social Sciences (SPSS) soft-
ware and statistical analysis software (SAS) are only 55% and 15%, respectively.
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Conclusion

The overall statistical competence of undergraduates, graduates, and medical staff is insuf-
ficient, and their ability to practically apply their statistical knowledge is limited, which consti-
tutes an unsatisfactory state of affairs for medical statistics education. Because the demand
for skills in this area is increasing, the need to reform medical statistics education in China
has become urgent.

Introduction

Medical statistics is an applied discipline that combines statistical principles and methods for
data collection, collation, analysis, and inference with their applications in medical research
[1-3]. Currently, knowledge of medical statistics is required for clinical medical students
worldwide, particularly in China. Statistics is also a highly practical discipline that is an indis-
pensable tool in many other fields of study. For medical undergraduates and graduates in Chi-
nese colleges and universities, statistics is also a public and compulsory course. In the 21*
century, knowledge of medical statistics has become a required tool for clinicians and research-
ers who engage in clinical work and scientific research [4-7]. However, the ability of clinicians
and medical students to apply their knowledge of medical statistics is unsatisfactory. Because
of an inadequate grasp of medical statistics, these students lack the skills necessary for the ap-
plication of statistical design and analysis. Consequently, they often misuse statistical methods.
This insufficiency results in the failure of their research papers to be accepted and published by
journals because the papers do not meet scientific standards, which results in a waste of valu-
able, specialized resources [8-9]. Therefore, the evaluation of the cognition of and demand for
medical statistics among medical staff and medical students in a manner that reflects the devel-
oping trends in biological medicine and conveys the necessity of a comprehensive understand-
ing of medical statistics has become an urgent issue that must be addressed [10-12].

At present, although many publications have focused on the teaching and application of
medical statistics in China, few studies comprehensively evaluate the cognition of and demand
for medical statistics. In addition, among such studies, results differ and are insufficiently com-
prehensive and systematic. Fortunately, these publications contain strongly representative and
relatively complete data. Therefore, we performed a comprehensive search of the relevant liter-
ature on the cognition of and demand for medical statistics. Using comprehensive comparisons
of the cognition of and demand for medical statistics among undergraduates, graduates, and
medical staff, we conducted a comprehensive review and evaluated the current status of the
cognition of and demand for medical statistics. Finally, we analyzed and summarized current
challenges with respect to medical statistics and proposed a targeted improvement strategy.
This strategy can serve as a reference and basis for innovative education and teaching reform
in medical statistics courses and improves the ability of clinical researchers and medical stu-
dents to use analytical statistical knowledge to solve practical problems in medicine.

Materials and Methods
Inclusion and Exclusion Criteria

The literature inclusion criteria were as follows:

1. All of the included studies were investigations.
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2. The subjects of this study included three types of individual found at the medical university
and hospital: undergraduates, graduates, and medical staff.

3. The study investigated the cognition of and demand for medical statistics methods and the
conditions for using statistics software among undergraduates, graduates, and medical staff
in China.

4. End indicators included the cognition level, the demand level, and the usage level for medi-
cal statistics methods or related software.

The literature exclusion criteria were as follows:

1. Literature with non-exploitable data or a vague concept of cognition and demand in
the study.

2. Review literature.

3. Literature with serious data omissions.

Literature Search and Selection

» o« » o«

We used “teaching methods” as the title word and “cognition”, “demand” or “need”, “medical
statistics” or “health statistics”, and “biostatistics” or “biometry” as keywords to search the fol-
lowing databases: PubMed, Medline, Chinese Biomedical Literature Database, China Doctoral
Dissertations Full-text Database, Chinese Scientific and Technological Journals Database, Tra-
ditional Chinese Medicine Database, China Doctoral Dissertations Full-text Database, China
Masters’” Theses Full-text Database, and CENTRAL from the Cochrane Library for the period
January 2007 to July 2014. Additionally, we manually searched for relevant information stored
at the Third Military Medical University’s library. The period specified in these searches ranged
from the creation date of each database to July 2014. The format used for the Medline search
was as follows:

#1 teaching methods

#2 cognition

#3 demand or need

#4 medical statistics or health statistics or biostatistics or biometry

#5#1 and #2 and #3 and #4

Quality Assessment

The included observational studies were subjected to a comprehensive quality assessment
using the Newcastle-Ottawa Scale (cross-sectional/prevalence study) as a guide [13]. This qual-
ity evaluation was performed in a blind manner by two researchers (DY and LL) from the sec-
ond research team, who assigned quality scores to the included studies. The studies that were
awarded different quality scores by the two researchers were referred to a third researcher (YZ)
from this research team for evaluation, and a final quality score was obtained (S1 Table).

Data Extraction

Three investigators participated in the data extraction for all of the publications included in the
study. Information regarding the first author, publication year, total number of cases included
in the study, study object, and endpoint evaluation indicators (i.e., the measurement data and
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the enumeration data) was extracted. First, one investigator (GL) performed the data extraction.
Then, the second investigator (LZ) re-examined the publication and verified the results. Differ-
ences were discussed with the third investigator (YW), and consensus was reached by discussion.

In terms of data extraction and quantification, the cognition rate, the demand rate, and the
usage rate were used as end indicators. Cognition refers to the ability to know, understand, or
master a statistical method and apply this method to solve problems. The cognition rate refers
to the percentage of individuals who possess this ability among the surveyed population. De-
mand refers to the degree of demand of a statistical method in solving problems, and the de-
mand rate is the percentage of the individuals who must use this method to solve problems
among the surveyed population. The usage rate is the percentage of the individuals who use
statistical software among the surveyed population.

Statistical Analysis

EpiData 3.1 (The EpiData Association, Odense, Denmark) and Excel were used for data entry
and collation. SPSS 18.0 (SPSS, Inc., Chicago, USA) was used for the statistical processing and
analysis of the data. Stata 11.0 (Stata Corp LP, USA) was used to analyze the collected research
data for meta-analysis. The extracted dichotomous data and multi-category data were uniform-
ly converted to dichotomous variables, which were then expressed as a percentage or constitu-
ent ratio and rate. The endpoint data were evaluated using the pooled rate and 95% confidence
interval (CI) based on the levels of cognition and demand for theory courses and software in
medical statistics. For example, in the survey that targeted the cognition of the t-test, there
were three choices “proficient use” (n;), “general use” (n,), and non-use (ns). The positive data
on “proficient use” (n;) and “general use” (n,) were pooled for analysis, and the cognition rate
of the t-test was obtained as follows: (n;+n;) / (n;+n,+n3). Subgroup meta-analysis for under-
graduates, graduates, and medical staff was also used. If the heterogeneity across the studies
was within the acceptable range (I’<50%), a fixed-effects model was used to combine the stud-
ies. Otherwise, a random-effects model was used. P<0.05 indicated a statistically

significant difference.

Results
Demographic Characteristics of the Studies

In total, 174 research articles on the cognition of and demand for medical statistics were identi-
fied by searching electronic databases and other sources. Based on the inclusion and exclusion
criteria, 98 articles, including duplicate publications, articles with mismatched titles, and arti-
cles with mismatched subjects, were excluded. The remaining 37 articles were thoroughly re-
viewed, and the following 20 studies were excluded: eight articles with non-exploitable results,
six review articles, three articles with missing data, and three articles with vague concepts of
cognition and demand. Thus, 17 studies were included in this study for the systematic review
[14-30]. Fig 1 displays a flowchart of the included studies.

Table 1 presents the basic demographic characteristics of the undergraduates, graduates,
and medical staff in the included studies. The undergraduates included the combined Bachelor
of Science/Doctor of Medicine (BS/MD) Program (i.e., 7- or 8-year) students. The graduates
also included doctor of philosophy (PhD) students. The medical staff also included clinicians,
nursing personnel, and health-service management personnel. In China’s education system,
undergraduates are college students who are pursuing a bachelor’s degree. Graduates are stu-
dents who are pursuing a master’s degree after obtaining a bachelor’s degree. PhD students are
pursuing a doctoral degree after obtaining a master’s degree. Clinicians and nursing personnel
are health-care workers who are employed at a hospital.
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Records identified through Additional records identified
database searching through other sources
(n=174) (n=0)

| l

Records after duplicates removed

(n=135)
Records screened Records excluded
(n=135) (n=98)

|

Full-text articles
assessed for eligibility
(n=37)

|

Studies included in
qualitative synthesis

Full-text articles excluded,
with reasons
(n=20)

-Non exploitable results:8

-Review results:6

-Data missing:3

-Vague concept of
cognition and demand:3

(n=17)

|

Studies included in
quantitative synthesis
(meta-analysis)
(n=17)

Fig 1. Flowchart of the Included Studies.
doi:10.1371/journal.pone.0128721.g001

The study protocol was approved by the Third Military Medical University Ethics Commit-
tee, and informed consent was obtained from all of the participants. This study complied with
the Helsinki Declaration.

Quality of the Included Studies

In the Newcastle-Ottawa Scale (cross-sectional/prevalence study; NOS) results, 70.58% (i.e., 12
of 17) of the included studies achieved more than four NOS-item scores, 23.52% (i.e., 4 of 17)
of the included studies achieved more than seven NOS-item scores, and 5.90% (i.e., 1 of 17) of
the included studies achieved more than NOS-item scores (S1 Table).

Overall Cognition of and Demand for Medical Statistics Competency
Issues

Table 2 shows the overall cognition of and demand for theory and software with respect to
medical statistics competency issues among undergraduates, graduates, and medical staff. Figs
2-5 show the merged results of the meta-analysis of the overall cognition of and demand for
medical statistics theory and software. The results from Table 2 and the figures also reveal the
following: The cognition rates for medical statistics theory in undergraduates, graduates, and
medical staffs were 73.5%, 60.7%, and 39.6%, respectively, and the cognition rates for statistics
software were 63.3%, 80.8%, and 11.5%, respectively. The demand rates for medical statistics
theory among undergraduates, graduates, and medical staff were 86.1%, 94.6%, and 88.3%, re-
spectively, and the demand rates for statistics software were 64.7%, 85.7%, and

66.7%, respectively.

Cognition of and Demand for Statistical Methods and Software

Table 3 presents the meta-analysis of the statistical methods and software with respect to medi-
cal statistics competency issues. (The meta-analysis results of each method are shown in S1-
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Table 2. Overall Cognition and Demand for Medical Statistics Theory and Software.

Objects Cognition Demand
Sample Pooled rate (%) 95%Cl(%) P Sample Pooled rate (%) 95%Cl(%) P

Theory Undergraduates® 1,497 735 60.2-86.8 0.000* 496 86.1 76.4-95.8 0.000*

Graduates® 1,307 60.7 42.7-78.7 0.000* 834 94.6 91.9-97.2 0.000*

Medical staff* 1,130 39.6 31.947.3 0.000* 1,130 88.3 79.1-97.4 0.000*
Software  Undergraduates” 1,238 63.3 40.0-86.5 0.000* 1,113 64.7 48.1-81.2 0.000*

Graduates® 379 80.8 59.7-100.0 0.000* 834 85.7 78.6-92.8 0.000*

Medical staff* 1,080 11.5 6.1-16.9 0.000* 1,092 66.7 52.7-91.5 0.012*

*Statistical significance

# Includes undergraduates, combined BS/MD program (8-year) students, and combined BS/MD program (7-year) students.
o Includes graduates and PhD students.

+ Includes clinicians, medical staff, nursing personnel, and health service management personnel.

doi:10.1371/journal.pone.0128721.t002

S10 Figs) Fig 6 shows the relative rates of change in the cognition of and demand for statistical
methods.

Cognition of Statistical Methods. Among the basic statistical methods, the highest cogni-
tion was for descriptive statistics (85.4%), followed by the t-test (83.4%) and one-way ANOVA
(77%). The lowest cognition was for correlation and regression (59%) and the nonparametric
test (60.5%), and the cognition for experimental and survey design was only 64.5%. Among the
advanced statistical methods, the highest cognition was for multiple ANOVA (48.3%), followed
by logistic regression (39%) and survival analysis (32.6%). The lowest cognition was for princi-
pal component analysis and factor analysis (PCA & FA) (14.2%).

Demand for Statistical Methods. Among the basic statistical methods, the highest de-
mand was for the nonparametric test (69.3%), followed by one-way ANOVA (68.5%) and the
chi-square test (67.4%). The lowest demand was for statistical graphs and tables (58.5%), and
the demand for experimental and survey design reached up to 61.4%. Among the advanced

Study Cognition %

ID rate (95% Cl) Weight
Undergraduates E

Yangi Zhang (2012) == 0.45 (0.33, 0.56) 6.09
Yalin Sun (2009) —_— 0.55(0.33,0.77) 526
Yan Zhu (2013) = 0.64 (0.61,0.67) 6.44
Lixia Li (2013) ] - 0.92(0.87,0.97) 6.40
Juan Wu (2011) ! -+ 0.90 (0.85,0.95) 6.40
Yazhou Wu# (2014) ! “+ 0.87(0.83,091) 6.42
Subtotal (I-squared = 97.3%, p = 0.000) < 0.74(0.60,087) 37.01
3 |

Graduates |

Guangzi Qi (2011) - 0.61(0.54, 0.67) 6.34
Hong Meng (2009) - | 0.41(0.34, 0.47) 6.34
Xiugiang Ma (2009) ! - 0.93(0.89,097) 6.42
Dongmei Hu (2011) —— ' 0.27 (0.18, 0.36) 6.23
Yanfang Zhao (2013) |- 0.68 (0.64, 0.72) 6.42
Yazhou Wu* (2014) | - 0.73 (0.66, 0.80) 6.33
Subtotal (I-squared = 98.3%, p = 0.000) <> 0.61(0.43, 0.79) 38.07

Medical staff

Juan Tang (2011) -
Yugui Fang (2011) ->
Haiyan Ma (2011) ——
Huayan Zhang (2011) —_——
Subtotal (I-squared = 77.3%, p = 0.004) <

0.42(0.35,0.49) 6.33
0.33 (0.30, 0.36) 6.44
0.49 (0.39, 0.59) 6.19
0.36 (0.23, 0.49) 5.96
0.40 (0.32, 0.47) 24.92

Overall (I-squared = 98.6%, p = 0.000) <> 0.60 (0.48, 0.72) 100.00

NOTE: Weights are from random effects analysi
T

T
-.973 0 973

Fig 2. Overall Cognition of Theory in Medical Statistics Courses. (I-squared and P were the
heterogeneity test criteria; opooled cognition rate;—m—, cognition rate and 95% confidence interval).

doi:10.1371/journal.pone.0128721.g002
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Study Demand %

ID rate (95% Cl) Weight

Undergraduates i

Yangi Zhang (2012) — ! 0.59 (0.48,0.71) 4.00

Yalin Sun (2009) ——— 085(0.69,1.01) 247

Lixia Li (2013) < 0.96(0.92,099) 948

Yazhou Wu# (2014) + 0.96(0.94,099) 10.64

Subtotal (I-squared = 92.9%, p = 0.000) Q 0.86 (0.76,0.96) 26.59
I

- 0

Graduates L

Guangzi Qi (2011) + 0.95(0.92,098) 10.08

Hong Meng (2009) + 092(0.88,096) 947

Xiugiang Ma (2009) -+ 0.94(0.90,0.98) 934

Dongmei Hu (2011) —+ 092(0.86,097) 7.79

Yazhou Wu* (2014) + 0.98(0.96,1.00) 10.68

Subtotal (I-squared = 68.3%, p = 0.013) € 095(0.92,097) 47.37
0

5 0

Medical staff .

Juan Tang (2011) < 0.93(0.89,0.97) 959

Yugui Fang (2011) * 097(0.96,098) 11.14

Haiyan Ma (2011) e 0.70 (0.61,0.79) 5.32

Huayan Zhang (2011) | ¢ 1.00(1.00,1.00) 0.00

Subtotal (I-squared = 95.0%, p = 0.000) Q 0.88(0.79,0.97) 26.05
I

Overall (l-squared =88.6%, p = 0.000) é 0.92(0.89,0.95) 100.00
0

NOTE: Weights are from random effects analysis H

T T
-1.01 0 1.01

Fig 3. Overall Demand for Theory in Medical Statistics Courses. (I-squared and P were the heterogeneity
test criteria; opooled demand rate;—®—, demand rate and 95% confidence interval).

doi:10.1371/journal.pone.0128721.g003

statistical methods, the highest demand was for multiple ANOVA (85.1%), followed by multi-
ple linear regression (70%) and survival analysis (69.6%). The lowest demand, which was for
discriminant analysis, reached up to 48.5%.

Use of Statistical Software. The usage rates for the SPSS software and SAS were only 55%
and 15%, respectively.

Discussion
Problems Discovered

Table 2 reveals that there are substantial differences with respect to the cognition of medical
statistics theory and software among undergraduates, graduates, and medical staff. In

Study Cognition %
D Rate (95% Cl) Weight

T
Undergraduates H

'
Yanqi Zhang (2012) ' —+— 0.91(0.84, 0.97) 11.12
Yalin Sun (2009) —— 0.15(-0.01,0.31)  10.78

1

I

I

'

'

Yan Zhu (2013) - 0.55(0.52,0.59)  11.18
Yazhou Wu# (2014) +  088(0.84,092) 1117
Subtotal (l-squared = 98.8%, p = 0.000) < 0.63(0.40,0.87)  44.25
Graduates

Guangzi Qi (2011) —-— 0.70 (0.64,0.76)  11.13

Yazhou Wu* (2014)
Subtotal (l-squared = 96.9%, p = 0.000)

+ 091(087,09) 11.16

<> 081(060,1.02) 2230

Medical staff

Juan Tang (2011) - 0.13(0.08,0.18)  11.16
Yugui Fang (2011) - 0.07 (0.08, 0.09) 11.19
Haiyan Ma (2011) —- 0.16(0.09,0.23)  11.11
Subtotal (I-squared = 78.7%, p = 0.009) 1o 0.12(0.06,0.17)  33.46

Overall (I-squared = 99.7%, p = 0.000) L 0.50(0.23,0.76)  100.00
4
:
!
:

NOTE: Weights are from random effects analysis
T

T
-1.02 0 1.02

Fig 4. Overall Cognition of Statistical Software. (I-squared and P were the heterogeneity test criteria;
opooled cognition rate;—=®—, cognition rate and 95% confidence interval).

doi:10.1371/journal.pone.0128721.g004
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Study Demand %
D rate (95% Cl) Weight

Undergraduates

Yan Zhu (2013) <> 0.73(0.70,0.76)  11.18

Yalin Sun (2009) T . 1.00 (1.00, 1.00)  0.00
'

Changing Yu (2011) i 4 0.40 (0.30,0.50)  10.89

Juan Wu (2011) == 0.79(0.72,0.86) 11.08

Subtotal (I-squared = 95.4%, p = 0.000) O 0.65(0.48,0.81) 33.13
1

Graduates

Guangzi Qi (2011) - 0.77(0.71,0.82)  11.11

Xiugiang Ma (2009) = 0.91(0.87,0.96) 11.14
I

Yanfang Zhao (2013) |- 0.88(0.85,0.91) 11.18

Subtotal (I-squared = 88.0%, p = 0.000) RS 0.86(0.79,0.93) 33.43
0

s I

Medical staff i

Juan Tang (2011) i 0.92(0.88,0.95) 11.16

Xiuhong Yang (2012) HiE 0.88(0.82,0.94) 11.09

Yugui Fang (2011) <> i 0.21(0.18,0.23) 11.18

Subtotal (I-squared = 99.8%, p = 0.000) <>- 0.67(0.15,1.19)  33.44
o

2 i

Overall (I-squared = 99.5%, p = 0.000) Q 0.72(0.53,0.92)  100.00
'

NOTE: Weights are from random effects analysis i

T T
-1.19 [ 1.19

Fig 5. Overall Demand for Statistical Software. (I-squared and P were the heterogeneity test criteria;
opooled demand rate;—m—, demand rate and 95% confidence interval).

doi:10.1371/journal.pone.0128721.g005

particular, medical staff exhibit less cognitive ability. For example, the surveys reported by
Tang Juan and others indicate that 95.5% of clinicians cannot use more complex, advanced sta-
tistical methods, such as multiple linear regression and survival analysis, and only 13.0% of cli-
nicians are familiar with SPSS or software or SAS [22]. Table 2 also shows that graduate
students have more demand for medical statistics theory and software than undergraduates
and medical staff. Such results indicate that it is critical for graduates to master and apply sta-
tistics during their graduate training. Ma’s research also reveals that the vast majority of PhD
students realize that medical statistics is highly important for medical scientific research and
believe that they should learn some course-related statistics during the doctoral stage [18].
Wang et al. consider it to be crucial for graduate students to correctly apply statistical methods
to effectively conduct scientific research and to improve the quality of their medical degree the-
ses [31].

Table 3 and Fig 6 show that the cognition of basic statistical methods is higher than that of
advanced statistical methods. In contrast, the demand for certain advanced statistical methods,
such as multiple ANOVA, multiple linear regression, and logistic regression, is higher than for
basic statistical methods. However, the survey results also reveal certain differences because the
study subjects were different. For example, the survey by Meng et al. indicates that 50% of PhD
students believe they only need a simple review of statistics knowledge, whereas 63.5% of PhD
students believe that advanced statistical methods should be explained in detail [19]. In the sur-
vey by Qi et al., 80% of graduate students believe that basic statistical methods should be ex-
plained in detail. However, fewer than 55% of graduates express a demand for advanced
statistical methods [20].

These results suggest that among undergraduates, graduates, and medical staff with differ-
ent education levels, many understood of and could apply commonly used, basic statistical
methods. However, their overall ability to practically apply their statistical knowledge was in-
sufficient, which was primarily apparent in their overall insufficient application of statistical
design and advanced statistical methods, their lack of familiarity with basic statistical methods,
and their lack of critical thinking and software application in the scientific context. Chen and
Hu et al. believe that compared with other medical courses, medical statistics includes abstract
concepts, numerous formulas, and a strong logic component, which are closely related to
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Table 3. Meta-analysis of Statistical Methods and Software in Medical Statistics.

Statistical method and software

Basic statistical
methods

Advanced statistical
methods

Statistical software

*Statistical significance
Athe usage rate.

Descriptive statistics
t-test

One-way ANOVA
Chi-squared test
Nonparametric test
Correlation and

regression
Statistical graph &

table

Statistical design
Multiple ANOVA
Analysis of covariance
Multiple linear
regression

Logistic regression
Survival analysis
Discriminant analysis

Clustering analysis

PCA & FA

SPSS
SAS

doi:10.1371/journal.pone.0128721.t003

Pooled rate

Cognition
Sample
(%)
2,745 85.4
1,886 83.4
1,791 77.0
1,886 76.7
1,886 60.5
2,745 59.0
1,886 78.1
637 64.5
1,327 48.3
1,232 29.3
1,232 30.4
1,327 39.0
1,327 32.6
1,212 20.4
1,212 19.0
1,212 14.2
Sample
1,353
1,082

95% Cl
(%)
79.0-
91.8

76.1—
90.7

65.5—
88.5

66.0—
87.4

40.8—
80.2

43.4—
74.4

68.5—
87.7

49.3—
79.7

18.6—
77.9

5.6-53.1
8.8-51.9
17.2-

60.9
12.4-

52.9
7.8-33.1
7.5-30.5

6.3-22.1

P

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.001*

0.015*

0.006*

0.000*

0.002*

0.002*

0.001*

0.000*

Rate” (%)

55.0
15.0

Demand
Sample Pooled rate
(%)

576 61.9
576 64.6
576 68.5
576 67.4
576 69.3
576 66.8
1,352 58.5
1,709 61.4
576 85.1
576 68.0
576 70.0
576 69.4
576 69.6
576 48.5
576 51.8
576 68.7

95% CI (%)
21.4-88.7
1.5-28.5

95%Cl P
(%)
22.0- 0.002*
100.0
26.0- 0.001%
100.0
33.2-100  0.000*
30.6-100  0.000*
35.4-100  0.000*
32.6-100  0.000*
17.8- 0.005*
99.1
28.2- 0.000*
94.6
71.1- 0.000*
99.2
43.0- 0.000*
92,9
50.9- 0.000*
89.2
46.3- 0.000*
925
41.2- 0.000*
98.0
17.4- 0.002*
79.7
24.2- 0.000*
795
53.6- 0.000*
83.9
P
0.001%
0.029*

mathematics, and the course is generally considered to be more difficult to study by Chinese

students [32]. Hu et al.’s survey results reveal that teachers do not focus on the memorization
and derivation of calculus formulas and that they should emphasize the application of statisti-
cal methods and the operation of statistical software in future lectures [14]. In brief, more than
90% of medical staff members and medical students recognized the practical importance of
medical statistics and the necessity of offering a medical statistics course. However, their under-
standing and mastery of statistical methods, cognition of statistical software, and capacity for

research design were deemed unsatisfactory.
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Fig 6. Relative Rate of Change in the Cognition of and Demand for Basic and Advanced Statistical
Methods. (Basic statistical methods: descriptive statistics, t-test, one-way ANOVA, chi-squared test,
nonparametric test, correlation and regression, statistical graphs and tables as well as statistical design.
Advanced statistical methods: multiple ANOVA, analysis of covariance, multiple linear regression, logistic
regression, survival analysis, discriminant analysis, clustering analysis, and PCA & FA.).

doi:10.1371/journal.pone.0128721.g006

These results also suggest the following: The demand of medical students, particularly grad-
uates, for an increased knowledge of medical statistics was manifested in their desire to increase
the course offerings and quality of teaching in research design, advanced statistical methods,
and statistical software application. The demands of medical staff centered on improving their
ability to solve practical clinical problems, and a majority of subjects wished to gain statistical
knowledge through continuing education.

Adopting Strategies

Although this study is a comprehensive evaluation of various investigations, based on the con-
ditions existing at the time of this study and the demand for medical statistics among medical
students and medical staff, the following concrete strategies to improve medical statistics teach-
ing and education in China are proposed:

First, attention should be paid to the cultivation of statistical thinking. During the pro-
cess of studying and applying medical statistics, one should convert practical problems into sta-
tistical problems. It is particularly important to employ statistical thought processes. However,
the cultivation of statistical thinking cannot be separated from statistical applications [33-36].
Only when statistical thought processes and applications have been used to solve practical
problems can we intensify, solidify, and improve statistical thinking. Therefore, medical statis-
tics courses should increase their focus on practicality and case analyses to improve student
abilities to rigorously apply statistical methods and scientific thinking [14, 26].

Second, content regarding statistical design and advanced statistical methods should be
improved. The percentage of medical students who wish to study experimental design and to
gain familiarity with advanced statistical methods is relatively high, which suggests that these
students are no longer satisfied with only using simple statistical methods to process data.
Therefore, we can use flawed cases in research design to explain the principles of statistical de-
sign and thereby improve the research design skills of medical students (particularly master’s
degree students) [22, 27, 37-39]. We should also combine medical cases and select commonly
used advanced statistical analyses for medical research to teach the students, expand their hori-
zons, and enhance their understanding of and ability to apply these difficult statistical methods
[17, 40-42].
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Again, the ability to use statistical software and to apply statistics to practical and clini-
cal applications should be enhanced. Medical statistics education not only concerns teaching
statistical theories and methods but also training students to apply these theories to solve prac-
tical problems. Therefore, we should strengthen statistical software training and incorporate a
large variety of case studies and statistical software demonstrations to emphasize the real-life
conditions in which statistical methods and thinking processes are applied [19, 23, 43]. This
approach will enhance medical student competency regarding the use of statistical software to
process and explain statistical results [43, 44].

Finally, we should attempt to make the teaching methods flexible and the teaching styles
diverse. For medical students, the teaching process should focus on the student’s subjective
initiative. In addition, diversified teaching methods should be developed. Case-based learning
(CBL) [33, 45-46] and problem-based learning (PBL) should be applied [47-48] to provide op-
portunities for interactive interest in the coursework [19, 49]. For medical staff, various con-
tinuing education strategies should be considered, such as guest lectures or short-term training
sessions [14, 17, 24].

Study Limitations

First, although the sampled research subjects were relatively representative (i.e., clinicians, PhD
students, graduates, combined BS/MD program (7- or 8-year) students, and undergraduates),
these subjects were studied at a single institute. In addition, the number of surveyed samples
was not sufficiently large or representative of the actual population. However, the surveyed stu-
dents and personnel were natives of many and various regions of China, which is a strength of
this study. Moreover, the questionnaire results in the original studies might be subjective, and a
certain amount of exaggeration may occur if a respondent does not wish to appear ignorant.

The distribution was relatively broad, and the assorted institutes (or centers) all used ran-
domized methods to conduct the surveys, which might compensate for the study’s shortcom-
ings. Second, the survey questionnaires used in the many and various consulted studies were
not completely unified in style. However, overall, the survey content of the various question-
naires was relatively consistent. In addition, we searched the literature that was focused on the
cognition of the importance of and demand for medical statistics and performed a data extrac-
tion and a comprehensive comparative analysis, thus strengthening our description of the re-
search problem. Finally, the reform of medical statistics education and teaching in China
proposed in this paper must be tested in practice and requires additional extensive and in-
depth investigation.

Conclusions

Based on the demand of medical students and medical staff members for medical statistics edu-
cation in China, these individuals are aware that their competency in terms of practical applica-
tions is insufficient. However, their recognition of the importance of medical statistics is
increasing, and the demand for training in its practical applications is expanding. We believe
that medical statistics education and its reforms should be based on the practical demands of
medical staff and medical students to improve their capacity to apply medical statistics to their
clinical and research practices.

Supporting Information

S1 Fig. Meta-Analysis of Cognition of Basic Statistical Methods (Descriptive statistics and
t-test) in Medical Statistics. (I-squared and P were the heterogeneity test criteria; opooled
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cognition rate;—®—, cognition rate and 95% confidence interval).
(TIF)

S2 Fig. Meta-Analysis of Cognition of Basic Statistical Methods (One-way ANOVA and
Chi-squared test) in Medical Statistics. (I-squared and P were the heterogeneity test criteria;
opooled cognition rate;—®—, cognition rate and 95% confidence interval).

(TIF)

S3 Fig. Meta-Analysis of Cognition of Basic Statistical Methods (Nonparametric test and
Correlation and Regression) in Medical Statistics. (I-squared and P were the heterogeneity
test criteria; opooled cognition rate;—™—, cognition rate and 95% confidence interval).
(TTF)

S4 Fig. Meta-Analysis of Cognition of Basic Statistical Methods (Statistical Graph &
Table and Statistical Design) in Medical Statistics. (I-squared and P were the heterogeneity
test criteria; opooled cognition rate;—™—, cognition rate and 95% confidence interval).
(TIF)

S5 Fig. Meta- Analysis of Cognition of Advanced Statistical Methods (Multiple ANOVA,
Analysis of Covariance, Multiple Linear Regression and Logistic Regression) in Medical
Statistics. (I-squared and P were the heterogeneity test criteria; opooled cognition rate;—8—,
cognition rate and 95% confidence interval).

(TIF)

S6 Fig. Meta-Analysis of Cognition of Advanced Statistical Methods (Survival Analysis,
Discriminant Analysis, Clustering Analysis and PCA & FA) in Medical Statistics. (I-
squared and P were the heterogeneity test criteria; opooled cognition rate;—™—, cognition rate
and 95% confidence interval).

(TIF)

S7 Fig. Meta-Analysis of Demand for Basic Statistical Methods (Descriptive Statistics, t-
test, One-way ANOVA, Chi-squared Test, Nonparametric Test, Correlation and Regres-
sion) in Medical Statistics. (I-squared and P were the heterogeneity test criteria; opooled de-
mand rate;—®—, demand rate and 95% confidence interval).

(TIF)

S8 Fig. Meta- Analysis of Demand for Statistical Methods (Statistical Graphs & Tables, Sta-
tistical Design, Multiple ANOV A, Analysis of Covariance, Multiple Linear Regression, and
Logistic Regression) in Medical Statistics. (I-squared and P were the heterogeneity test crite-

ria; opooled demand rate;—™—, demand rate and 95% confidence interval).

(TTF)

S9 Fig. Meta-Analysis of Demand for Advanced Statistical Methods (Survival Analysis, Dis-
criminant Analysis, Clustering Analysis, and PCA & FA) in Medical Statistics. (I-squared
and P were the heterogeneity test criteria; opooled demand rate;—™—, demand rate and 95%
confidence interval).

(TTF)

S10 Fig. The Usage Rates for Statistical Software (SPSS and SAS). (I-squared and P were the
heterogeneity test criteria; opooled usage rate;—™—, usage rate and 95% confidence interval).
(TIF)

S1 File. PRISMA 2009 Checklist.
(DOC)
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