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Abstract

systematic statistics course.

them to complete the post-form scale after the course.

Background: In medical training, statistics is considered a very difficult course to learn and teach. Current studies
have found that students’ attitudes toward statistics can influence their learning process. Measuring, evaluating and
monitoring the changes of students’ attitudes toward statistics are important. Few studies have focused on the
attitudes of postgraduates, especially medical postgraduates. Our purpose was to understand current attitudes
regarding statistics held by medical postgraduates and explore their effects on students” achievement. We also
wanted to explore the influencing factors and the sources of these attitudes and monitor their changes after a

Methods: A total of 539 medical postgraduates enrolled in a systematic statistics course completed the pre-form of
the Survey of Attitudes Toward Statistics —28 scale, and 83 postgraduates were selected randomly from among

Results: Most medical postgraduates held positive attitudes toward statistics, but they thought statistics was a very
difficult subject. The attitudes mainly came from experiences in a former statistical or mathematical class. Age, level
of statistical education, research experience, specialty and mathematics basis may influence postgraduate attitudes

toward statistics. There were significant positive correlations between course achievement and attitudes toward
statistics. In general, student attitudes showed negative changes after completing a statistics course.

Conclusions: The importance of student attitudes toward statistics must be recognized in medical postgraduate
training. To make sure all students have a positive learning environment, statistics teachers should measure their
students’ attitudes and monitor their change of status during a course. Some necessary assistance should be
offered for those students who develop negative attitudes.
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Background

Medical statistics is an important branch of statistics. It is
the application of statistical theories and methods in med-
ical and biological research. Medical students are required
to take some medical statistics courses to enable them to
design, analyze and interpret experimental data in their
research areas, or to make and interpret complex clinical
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decisions for patients. Therefore, the teaching of medical
statistics is advocated during the training of all categories
of medical students [1].

In China, medical statistics has traditionally been taught
at the undergraduate level of medical students, usually as a
course or a single unit embedded in a preventive medicine
course. In the postgraduate period, medical students learn
statistics in a stand-alone compulsory course that intro-
duces systematic statistical knowledge to meet their needs
and applications in both research and clinical practice. The
contents of the course include descriptive statistics, some
important probability distributions, some methods of
estimation, hypothesis testing (t-test, analysis of variance,
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Chi-square test), nonparametric statistics, correlation and
regression, factorial experiments, general experimental
design, and the application of SPSS software. After com-
pleting a basic medical statistics course, medical postgra-
duates can select advanced statistics courses, such as
complicated experimental design, survival analysis and
multivariate statistical analysis.

Although medical statistics is very important in the train-
ing of medical students, it is considered to be a course that
is difficult to teach and learn [2]. Most students have com-
plained that statistics is more difficult than other subjects
in medical training.

Many factors may influence learning statistics, such as a
poor mathematical basis or background. However, statistics
teachers have paid more attention to improving the cogni-
tive aspects of instruction and little regard has been given
to non-cognitive aspects, such as student attitudes toward
statistics [3]. The attitudes represent a summation of
emotions and feelings experienced over time in the context
of learning a course. Artino [4,5] highlighted the import-
ance of designing learning environments and confirmed
that medical students’ motivational beliefs and achieve-
ment emotions were important contributors to their
academic achievement. The existing literature has shown
that attitudes play a crucial role in learning statistics.
Students’ attitudes can hinder or assist learning statistics,
especially negative ones, and can influence directly their
understanding of statistical concepts and methods [6,7].
They also can affect whether students will develop useful
statistical thinking skills and apply statistics knowledge in
their future professional careers.

Onwuegbuzie [8] reported that between 75% and 80%
of graduate students tended to develop uncomfortable
levels of statistics anxiety. Green [9,10] reported a small
to moderate relationship between attitudes and achieve-
ment in statistics at the post-secondary level. In our
teaching experiences, negative affective responses to sta-
tistics are common among medical students who have
enrolled in a statistics course. We always hear the fol-
lowing feelings or ideas involving this subject: “Statistics
is a very difficult course”, “I was terrified when I learned
statistics”, “I can’t learn this subject because my math-
ematics basis is very poor”, and “I will never use it, so I
don’t really need to learn it”.

Individual demographic and academic factors and lear-
ning backgrounds may influence students’ attitudes toward
statistics. Baloglu [11] reported that age was a factor influ-
encing statistics anxiety and that previous mathematics
experience significantly affected undergraduate students’
levels of statistics anxiety. Onwuegbuzie [12] found that
gender might influence students’ attitudes toward statistics.
Camona [13] and Camichael [14] also confirmed that stu-
dents’ previous mathematics experience was an important
source of attitudes toward statistics.
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A few studies have been conducted to measure and
monitor students’ attitudes in the area of statistics [3].
Several scales measuring attitudes toward statistics have
been developed, such as the Attitudes Toward Statistics
scale (ATS) [15] and the Survey of Attitudes Toward Sta-
tistics (SATS) [16]. The most commonly mentioned and
used scale in recent studies was the SATS which was
developed and validated by Schau (Additional file 1). The
SATS is a cross-cultural tool and it has been confirmed
and used with success internationally [13,17,18].

The existing studies have identified and measured
attitudes toward statistics in high school and undergra-
duate students, but no one has focused on postgraduate
attitudes, especially among medical postgraduates. Post-
graduates have different characteristics to high school
students and undergraduates, such as age, educational and
professional backgrounds and research experience. To
understand current attitudes held by medical postgradu-
ates regarding statistics, we conducted a cross-sectional
survey to measure these attitudes and explored their influ-
encing factors. We also explored the relationships between
the attitudes with course achievement and monitored their
changes through the semester. We hope that this study
may contribute to reducing student anxiety about learning
medical statistics and to increasing teacher awareness of
this topic.

Methods

Participants

The participants of this study were medical postgraduates
enrolled in a medical statistics course at the Fourth Military
Medical University (a large metropolitan research univer-
sity). They graduated from more than 30 medical univer-
sities or colleges.

Instruments

We adopted the SATS-28 scale to measure students’ atti-
tudes toward medical statistics (Additional file 1). It con-
sists of 28 seven-point Likert-type items and is divided into
four subscales: Affect (feelings concerning statistics),
Cognitive Competence (attitudes toward intellect and skills
applied to statistics), Value (attitudes toward the usefulness
and relevance of statistics) and Difficulty (attitudes toward
the difficulty of the subject matter). The four subscales are
formed by 6, 6, 9 and 7 items, respectively. Each item is
assessed by a Likert scale with 1 =“strongly disagree” and
7 =“strongly agree” (4 is neutral). According to the directions
of the instrument, the answers of some negatively worded
items should be reversed (1 is replaced by 7, 2 by 6, etc.).
The score of each subscale is defined as the mean score of
the items that constitute the subscale. Higher scores always
mean more positive attitudes. The SATS showed a
good internal consistency across samples. Schau [16]
and other researchers reported the Cronbach’s alpha



Zhang et al. BMC Medical Education 2012, 12:117
http://www.biomedcentral.com/1472-6920/12/117

values ranged from 0.80 to 0.89 for Affect, from 0.77 to
0.90 for Cognitive Competence, from 0.74 to 0.91 for Value,
and from 0.64 to 0.86 for Difficulty [18]. Good convergent
validity has been reported by relating the SATS scale scores
and the Attitude Toward Statistics (ATS) scale [16,19].

The SATS-28 has two forms, a pre-form that is used
before or in the beginning of a statistics course, and a
post-form that is used after a statistics course. The items
on both forms are identical except for some wording
changes related to the timing of assessment (example
items: ‘T will like statistics’ vs. ‘I like statistics’). The avail-
ability of the two forms enables comparison of attitude
status at different time points in the learning process. To
obtain more information about the source of the general
attitude, we added an open-ended question “What are the
main sources that form your general attitudes toward sta-
tistics?” The survey also asks questions about students’
demographic, educational and academic background. All
information was obtained by self-report.

Localization of the SATS-28

The original language of the two forms of the SATS-28
scale is English. In our study, they were translated into
Chinese versions that were semantically and conceptually
as close as possible to the original versions. A panel con-
sisting of the authors and two translators proficient in
English completed this translation task and the consensus
versions were achieved. Following this, the consensus ver-
sions were tested regarding their levels of understanda-
bility, acceptability and clarity. Ten medical postgraduates,
6 men and 4 women, aged 23 to 37 vyears, read the
Chinese versions of the SATS-28 and stated their com-
ments. The goal of this process was to examine the face
validity and cultural acceptability of the scales. In general,
they stated that the Chinese versions were clear, under-
standable and acceptable. Nine of 10 participants were
able to accurately describe what the items meant on the
scales. Eight of 10 participants felt that nothing needed to
be changed to make the scales easier to understand. All
participants felt that there was nothing confusing and
thought that it was easy to choose a response on the
scales. The interviewing process showed that the scales
had good face validity. Finally, according to the feedback
from these participants, the panel discussed and refined
the Chinese versions of the SATS-28.

Procedure of measurement

A total of 539 medical postgraduates completed the pre-
form SATS-28 scale at the second week of the medical sta-
tistics course taught in the postgraduate program (fall
semester of 2009). In consideration of the logistical diffi-
culty of the study (in completing the medical statistics
course, postgraduates were separated into different depart-
ments and were difficult to convene together), 85
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postgraduates (about 15%) were selected randomly from
the aforementioned 539 and completed the post-form
SATS-28 after the course (spring semester of 2010), and
ultimately 83 of them participated in the post-course
assessment. The response rate was 97.6%.

Ethical approval

No ethical approval was required for this study according
to Chinese law. However, the Ethics Committee of the
Fourth Military Medical University, which reviewed and
approved the project proposal, carefully considered the
ethical issues concerned. There was no potential harm to
participants. We obtained informed consent from all parti-
cipants before conducting our study. Participants were
assured that anything they selected would not influence
their current or future learning. No names were registered
in the survey and a control number was assigned to be
used to track responses over the semester. Only one re-
search assistant had the information that could link an in-
dividual student with their number.

Statistical analysis

All data were analyzed using SPSS version 16 (SPSS Inc.,
Chicago, IL). Descriptive statistics were used to present
characteristics of the study samples. One-way ANOVA
and ¢ test were used to compare the differences of SATS
scores among demographic, educational and academic
factors. Multivariable linear regression analysis was used
to determine influencing factors to the attitude toward
statistics. Pearson correlation coefficients were calcu-
lated to explore the relationships among the scores of
the SATS and its four subscales and achievement on the
examination. The paired-¢ test was used to find changes
of attitudes between pre and post course. Responses to
the open-ended question were analyzed to yield qualita-
tively distinct categories and computed percentages of
frequent response types. All tests were two-tailed. P
values < 0.05 were considered significant.

Results

Sample characteristics

Table 1 summarizes the characteristics as well as the SATS
scores of the participants. Mean age of participants was
26.5 years (M=26.5; SD=3.7, range 21-41), 57.1% were
male, 73.8% had experienced 5 years of medical college
training and 42.1% had taken formal systematic statistical
education (as a course). Most participants (78.9%) were
focused on clinical careers, including academic and nona-
cademic. A majority of them had not had research experi-
ence (65.5%). Most participants reported a good or neutral
mathematics and computer basis or background. This
meant that most participants had mastered the basic
mathematics knowledge that may be used in a statistics
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Table 1 Main characteristics and SATS scores of participants and P values of univariable analysis (n=539)

Characteristic Number of patients (%) SATS score P value*
M SD

Age (years)

<265 344(63.8) 453 0.68 <0.001
2265 195(36.2) 4.20 062

Sex

Male 308(57.1) 442 0.69 0.79
Female 231(42.9) 441 0.66
Year of medical training

Five years 398(73.8) 4.46 0.64 <0.001
Four years 90(16.7) 445 0.65

Three years 51(9.5) 401 0.77

Level of statistical education

None 5009.3) 3.97 0.63 <0.001
A little 262(48.6) 431 067

Systematic§ 227(42.1) 4.63 0.63

Specialty

Clinical, nonacademic 277(514) 445 0.68 <0.001
Clinical, academic 148(27.5) 420 0.65

Research, academic 84(15.6) 4.56 0.61

Nonmedical or otherf 30(5.6) 471 0.70

Research experience

None 353(65.5) 432 0.66 <0.001
A little 179(33.2) 458 067

Experienced 7(1.3) 482 0.62

Mathematics basis

Very poor 18(3.3) 346 045 <0.001
Poor 92(17.1) 4.02 0.62

Neutral 293(544) 440 0.59

Good 128(237) 481 063

Very good 8(1.5) 521 039

Computer basis

Very poor 5(0.9) 454 0.68 <0.001
Poor 83(15.4) 418 0.69

Neutral 344(63.8) 437 0.65

Good 101(18.7) 471 0.68

Very good 6(1.1) 477 0.56

* P value of one-way ANOVA or t test.
§ Statistics has been taught as a course at the undergraduate level.

# Medicine or biology-related specialty, such as health management, medical electronic engineering, etc.

course and had learned basic computer operating ability
for some software, such as MS Excel.

Scores on SATS and subscales
Table 2 represents the mean score and standard deviations
for the subscales of the SATS as well as for the entire

SATS. Most medical postgraduates held positive attitudes
toward statistics so that the mean score of the SATS was
4.41 (SD=0.68). Because the mean score was above neutral
(mean score of 4 on a 7-point scale), we thought that the
class as a group did not have an attitude problem. But the
scores on the four subscales were diverse. High scores on
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the Affect and Cognitive Competence subscales indicated
that students had positive feelings concerning statistics
and had basic knowledge and skills when they learned and
applied statistics. The remarkably high score on the Value
subscale (M=5.45 SD=0.84) indicated that students
thought statistics was very useful in their personal and
professional life. Unfortunately, the Difficulty subscale had
a very low score (M=2.92, SD=0.77), that is, students
thought statistics was a very difficult subject.

The internal consistency of scores

The Cronbach’s alpha of the entire scale was estimated to
be 0.86, and the values of the four subscales were esti-
mated to be 0.82 for Affect, 0.83 for Cognitive Compe-
tence, 0.77 for Value and 0.74 for Difficulty. The values of
our instrument were similar to Schau’s original scale and
other studies [16,18]. Because the values range between
0.74- and 0.86, these alpha coefficients are sufficiently high
to indicate scale reliability.

Factors associated with students’ attitude toward
statistics
We regressed the SATS score on pre-specified demo-
graphic, educational and academic background variables.
Because there were too many variables, we conducted
univariable analysis first and then included significant
univariable factors into the multivariable model. The
results of univariable analysis are presented in Table 1.
The results showed that students’ age (age was dichoto-
mized with mean as a cut-off), year of medical training,
level of statistical education, research experience, spe-
cialty, mathematical basis, and computer basis were sig-
nificantly associated with their attitudes toward statistics.
Table 3 shows the multivariable regression results for
the aforementioned seven factors. Age entered the model
as a binary variable, specialty entered the model as 3
dummy variables (reference category was ‘clinical, aca-
demic’), and other variables entered the model as continu-
ous variables. The results showed that younger students
had more positive attitudes toward statistics than older
students. Students with higher levels of statistical educa-
tion and with research experience tended to have more

Table 2 Mean scores and standard deviations for the
subscales of as well as the SATS (n=539)

Subscales M SD
Affect 4.50 1.04
Cognitive Competence 479 091
Value 545 0.84
Difficulty 292 0.77
Totalt 441 0.68

1 SATS score, average of four subscales.
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positive attitudes. Students with a better mathematics
basis were also more positive than those with a poor basis.
Moreover, with reference to ‘clinical, academic, other
categories of specialty appeared to have a positive effect
on attitudes toward statistics. In other words, students
with clinical academic specialties tended to have more
negative attitudes than other students. Multivariate ana-
lysis confirmed most of the aforementioned univariable
analysis results, but the year of medical training and com-
puter basis became statistically nonsignificant in this
model.

The relationship between students’ attitudes and course
achievement

At the end of the semester, students took a final exami-
nation of the medical statistics course. The examination
was objective and based on quantitative criteria. Thus,
achievement on the examination could be used as an in-
dicator to evaluate the level of knowledge mastery. The
mean mark on the examination was 72.7 (SD=11.1, hun-
dred mark system).

Table 4 presents the Pearson correlation coefficients
among the scores of the SATS and its four subscales and
achievement on the examination. There was a positive
correlation between achievement on the examination and
SATS score (r=0.44, 95% CI: 0.37-0.51), that is, students
with more positive attitudes toward statistics tended to
perform better on the examination. Moreover, the achieve-
ment was moderately related to the Affect (r=0.40, 95%
CIL: 0.33-0.47), Cognitive Competence (r=0.43, 95% CI:
0.36-0.50) and Value (r=0.32, 95% CI: 0.24-0.39) subscales.
Although the correlation between achievement and the
Difficulty subscale was also significant (r=0.17, 95% CIL:

Table 3 Regression model of variables associated with
students’ attitude toward statistics

Model” B Beta P value
Constant 2460 <0.001
Age -0.154 -0.113 0.003
Year of medical training 0.061 0.039 0.122
Level of statistical education 0.191 0.185 <0.001
Research experience 0.098 0.075 0.041
Mathematics basis 0.329 0.387 <0.001
Computer basis 0.074 0.073 0.057
Specialtyt

Clinical, nonacademic 0.159 0.120 0.007
Research, academic 0.198 0.109 0014
Nonmedical or other 0.291 0.101 0.012

R square of the model is 0.41.

*Age entered the model as a binary variable, Specialty entered the model as 3
dummy variables, and other variables entered the model as continuous
variables.

tReference category was ‘clinical, academic’.
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Table 4 Correlations among the SATS, subscales scores and the achievement of examination
Affect Cognitive Competence Value Difficulty SATS
Cognitive Competence 074"
Value 049" 049"
Difficulty 037" 040 003
SATS 086" 086 073 055"
Achievement 040" 043" 032" 017" 044"

*Pearson correlation coefficients were significant at p<0.05.

0.09-0.25), the small correlation coefficient indicated that
there was no substantial correlation between them.

The inter-relationships among subscales were all posi-
tive. The Affect and the Cognitive Competence subscales
were strongly related to each other. The Value and the Dif-
ficulty subscales were moderately related to the Affect and
Cognitive Competence subscales, but were not related to
each other. Students seemed to value statistics regardless
of the perceived difficulty.

The sources of students’ attitudes toward statistics
According to the open-ended question about the source
of the general attitude toward statistics, we concluded that
the students’ attitudes mainly came from experiences in
the former statistical or mathematical class (63.1%, 340/
539). Some students believed statistics was a part of math-
ematics and so their attitudes toward mathematics were
merely transferred to statistics. Other sources included
colleagues’ and senior students’ influence (18.9%, 102/539)
and students’ previous experiences of the application of
statistics in medical research or reading literature (7.6%,
41/539). In 10.4% (56/539), the students answered other
varied sources, such as out-of-school lives.

Continuous monitoring of students’ attitudes toward
statistics

The results of 83 paired data showed that there were only
slight changes on the attitudes after completing the
medical statistics course (Table 5). All the changes were
negative. The SATS score decreased 0.28 points (M=-0.28,
SD=0.32, about 6.4%). The Affect, Cognitive Competence
and Difficulty scores showed significant negative changes,

while the change on the Value score was non-significant.
The Affect score showed the largest change (M=-0.30,
SD=0.80), which indicated students developed more stress-
ful and uncomfortable feelings after the course. The nega-
tive change of Cognitive Competence (M=-0.22, SD=0.81)
and Difficulty scores (M=-0.26, SD=0.83) indicated that
students encountered more troubles and perceived more
difficulties in statistics. The non-significant very minor
change of the Value score (M=-0.09, SD=0.70) indicated
that students still felt statistics was very useful in their pro-
fessional career and everyday life.

Discussion
The results of this study suggest that medical postgradu-
ates hold relatively positive attitudes toward statistics with
the exception of the difficulty aspect. Unlike other studies,
the participants in our study were postgraduates who
knew more about their professional requirements. Many
participants had taken an introductory statistics course
and had experience of the application of statistics. These
characteristics may help them to form positive attitudes
toward statistics, especially in terms of the value aspect.
We confirmed that some demographic and academic
factors and learning backgrounds could affect students’
attitudes toward statistics. We found that younger post-
graduates held more positive attitudes than older ones.
The result was consistent with other studies that demon-
strated attitude differences between age groups, although
those studies were based on different students [11,20].
The older students may encounter more difficulties than
younger students in understanding and grasping statistics.
We did not find attitude differences in gender, whereas
Onwuegbuzie [12] found that women’s attitudes were
more negative than men’s. The results about gender in the

Table 5 Changes of attitudes between pre and post course (n=83)

Scales Mean Difference SD (paired) t-value (paired) P value
Affect -030 0.80 -3416 0.001
Cognitive Competence -022 0.81 -2.511 0014
Value -0.09 0.70 -1.190 0.238
Difficulty -026 0.83 —-2.903 0.005
SATS -0.28 032 -7974 <0.001
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published literature are not consistent. About one half of
the studies found attitude differences by gender, while the
other one half did not [21]. We found that research
experience affected students’ attitudes toward statistics. It
may be that students with research experience have rea-
lized the value of statistics and have grasped some ability
with basic statistical analysis during their research. The
influences of students’ statistical education level and math-
ematics basis on their attitudes have been confirmed by
similar studies [3,13]. Students who experienced a higher
level of statistical education or had a better mathematics
basis tended to hold a more positive attitude toward statis-
tics. In the literature about statistics education, it is gene-
rally agreed that one important source of the attitudes
toward statistics is previous experience in mathematics
[3,13,14]. Unexpectedly, we found that specialty was a sig-
nificant influencing factor associated with students’ atti-
tudes toward statistics. The attitudes of students with
clinical academic specialties were the worst. It was an
interesting phenomenon and the mechanism of influence
was ambiguous. Although computer basis was no longer
significant in the multivariable model, there was a positive
correlation trend between computer basis and attitude.
Statistics concerns complicated computations, therefore,
students with a better computer basis should have more
confidence in the computational aspects of statistics. The
year of medical training was also nonsignificant in the
multivariable model, but the students with only three
years of medical training held more negative attitudes than
those with longer medical training.

We found that achievement on the examination was
positively related to the attitude toward statistics with the
exception of the difficulty aspect. It confirmed that positive
and effective attitudes can be associated with improved
student statistics performance. These findings were con-
sistent with those obtained by Schau, who reported similar
relationships between course grade and attitude scores on
the Affect, Cognitive Competence, and Value subscales of
the SATS [16]. However, other studies found that the Value
subscale was not related with course achievement [13,22].
An interesting finding was the very weak relationship be-
tween the Difficulty subscale and achievement on the
examination. It is generally believed that students who per-
ceive more difficulties in learning seem to obtain worse
course achievement, but our study did not confirm this
supposition. Might students who perceive more difficulties
make more efforts to study?

We found that the global attitude and its components
presented negative changes after the course except for the
value aspect, although some students already had experi-
ence of learning statistics at the graduate level. This may
be attributed to teaching quality to a certain extent, such
as improper teaching methods, but we thought that this
was not the main reason. In our opinion, these negative
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changes may be as the result of students learning more
advanced statistical knowledge in the postgraduate statis-
tics course. This more complex statistical knowledge influ-
enced the students’ feelings and confidence with statistics.
Although they encountered more difficulties, postgraduates
still recognized the value of statistics in their future profes-
sional careers. This perhaps explains the non-significant
very minor change in the value aspect of statistics. Schau
found similar negative changes in his study although the
study was not paired [23]. Thus it can be seen that these
negative changes were not special cases.

Improving students’ attitudes toward statistics may have
a direct positive effect on learning statistics. Accordingly,
an important issue for teachers is how to improve stu-
dents’ attitudes toward statistics, especially, how to reduce
the fear and anxiety in learning statistics. Many studies
have explored the feasibility of improving students’ atti-
tudes by establishing innovative pedagogical strategies,
such as using course-related materials, journal writing,
and avoiding the use of statistical terminology and com-
plex statistical formulae [8,17,22,24]. Several studies have
also demonstrated that the use of advanced technology
can enhance learning environments, such as adopting
integrated technologies and using an online environment
[25-27]. In our teaching experiences, we thought that both
innovative pedagogical strategies and advanced technolo-
gies may improve students’ attitudes toward statistics to a
certain extent, but substantially reducing students’ stress,
anxiety and frustration with statistics is difficult.

Conclusions

Statistical knowledge and skills are essential for medical
postgraduates’ academic or professional careers. Our find-
ings emphasize the importance of students’ attitudes
toward statistics in the medical postgraduate training
process because they can influence the learning of statis-
tics significantly. The characteristics of medical postgradu-
ates resulted in different responses to statistics from other
types of students. Teachers should pay more attention to
these characteristics and provide appropriate curriculum
adjustments or interventions for students with negative
attitudes. In particular, more effective interventions are
needed to help students overcome their fear and anxiety
toward statistics. Future studies should consider develo-
ping and testing such interventions.

Limitations

This study surveyed medical postgraduates at a single in-
stitution and had a small sample size. These limitations
may affect the generalizability of our findings although the
participants in our study represented a broad range of
medical education backgrounds from around China.



Zhang et al. BMC Medical Education 2012, 12:117
http://www.biomedcentral.com/1472-6920/12/117

Additional file

Additional file 1: The SATS-28 is available from the author:
Candace Schau (CS Consultants, LLC, Albuquerque, NM 87111;
cschau@comcast.net). The pretest versions of the SATS-28 can be
viewed at: http://www.evaluationandstatistics.com.
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