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on medical postgraduates’ perception
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Abstract

Background: Biostatistics is a key but challenging subject in medical curricula that is usually delivered via a
didactic approach in China. However, whether it is the best teaching approach to improve the learner's competency,
especially for medical postgraduates is yet to be proved. Therefore, a block curriculum design was initially developed
to provide selective education to the postgraduates towards the professional career of their interest. A questionnaire
was designed to assess the students’ perceptions toward biostatistics as these affective factors might impact
the learning process. Thus, the present study aimed to detect whether the new block curriculum design
could promote the students’ positive perceptions and further improve the course achievement.

Methods: This cohort study investigated and assessed the perceptions toward biostatistics of the first-year
postgraduates undergoing traditional teaching and block teaching, respectively. Structural equation modeling
was applied to explore the association between perception and course achievement in the block teaching
group.

Results: With a response rate of 97.84 and 96.67% from the two cohorts respectively, 499 block teaching
postgraduates had more positive perceptions as compared to 465 traditionally teaching postgraduates with
Likert 5-point agreement response mean of 3.50 vs. 3.31 for course value, 3.66 vs. 2.97 for course comment,
and 4.29 vs. 4.10 for expectation. Moreover, block teaching students presented superior confidence about
academic statistical knowledge, and therefore, 77.96% of them approved of the new teaching approach. Age,
specialty, research experience, logical thinking capacity, mathematical basics, and computer basics might
influence the postgraduates’ self-assessment ability (all P < 0.05). Structural equation modeling confirmed a
positive correlation between perceptions and the course achievements with a reasonable fit.

Conclusions: The block curriculum design in the biostatistics course improved the postgraduates’ positive
perception and may have had a positive role in improving postgraduates’ achievement in learning
biostatistics.
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Background

The concurrent emphasis on evidence-based care
prompt the medical professionals to apply statistical
tools for providing quality care, which requires an expert
level of understanding the biostatistics for study design,
data analysis, and result interpretation [1]. Therefore,
teaching biostatistics is advocated during the formal
training of medical student in all categories [2].

Although biostatistics is well recognized in medical
curricula in both developed and developing countries, it
is generally considered as a challenging course for teach-
ing and learning [3]. It involves probability theory, math-
ematics, and computer technology, requiring a high level
of logical thinking ability [4]. Compared to the learning
methods in other medical curricula via images and
memorization, such as anatomy [1], it is rather challen-
ging for students to adapt to the learning methods for
biostatistics that which requires a different style of
thinking [5]. In addition, medical students often lack in
research experience, pushing them to feel confused in
understanding statistics without practical experience [6],
as the curriculum usually helps the students to acquire
statistical knowledge, but does not equip them for learn-
ing in a medical environment applicatively .

In the last 30 years, several researchers and faculties
have made efforts to reform the teaching modality in
order to improve the teaching efficacy to satisfy the dif-
ferent needs of the postgraduate students [7]. For ex-
ample, the Australian method of teaching statistics
focused on problem-based learning may guide other
countries [8]. Researchers from England developed a
multi-disciplinary approach to teaching medical statis-
tics, which resulted in superior outcomes regarding
learning and understanding statistics [9]. The Chinese
educators applied blended learning, which combined a
modular object-oriented dynamic learning environment
for improved outcomes in students’ knowledge, atti-
tudes, and practices [10]. The case-discussion methods
utilized by the American educators also garnered success
in mastering the material and positive assessment from
students [11].

Although much attention has been paid to improve
the cognitive aspects of instruction, some affective
factors that can influence the learner’s achievement in
biostatistics, especially the perception toward biostat-
istics continue to persist [12, 13]. The perception rep-
resents the emotional feelings during the learning
process and students’ self-assessment ability including
knowledge, skills, and attitudes [14]. Students’ judg-
ments on the interest, importance, and usefulness of
the course might influence their learning process and
their willingness to engage with the subject. In
addition, the judgment of their capability to perform
academic tasks may exert an impact on their efforts
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and academic achievement [15, 16]. Several studies
have highlighted the significance of students’ percep-
tions in contribution towards their academic achieve-
ment [17, 18]. Zhang et al. demonstrated significant
correlations between course achievement and percep-
tions toward statistics [19]. Khan et al. showed that
high level of motivation for further training of statis-
tical techniques exhibited a satisfactory level of course
achievement [20]. Artino et al. found that enjoyment
critically affected the subsequent achievement out-
comes in medical school and suggested that medical
educators should explicitly address the students’
achievement-related emotions [21]. A meta-analysis
reported the incremental contribution of psychosocial
factors and perceptions in predicting college out-
comes [22]. Another meta-analysis also confirmed
that achievement in statistics was markedly correlated
with attitude component [23].

In China, biostatistics at the postgraduate medical
level was primarily delivered by a didactic approach. Stu-
dents often complained about their anxiousness and
confusion during the biostatistics learning process [19].
However, only a few studies have focused on the teach-
ing reform to reduce students’ negative perceptions in
the learning process. In this study, a block curriculum
design was initially proposed with three blocks repre-
senting three different difficulty levels and research di-
rections to ease the learning difficulty and improve the
students’ real-life data analysis and hands-on, active
learning. A questionnaire for medical postgraduates’ per-
ceptions toward biostatistics was developed to investi-
gate two cohorts of postgraduate students: receiving
traditional teaching and block teaching. The study com-
pared the perceptions between the two cohorts and
assessed whether the block design could contribute to
reducing the students’ negative perceptions during learn-
ing biostatistics. This study also explored the association
between the students’ perceptions and course achieve-
ments. Taken together, we aimed to investigate the stu-
dents’ positive perceptions under the block teaching
situation and further improve their course achievement.

Methods

Block curriculum design

As shown in Table 1, traditional biostatistics courses for
Chinese medical postgraduates consisted of 60-70 les-
sons during the first semester, and each lesson was deliv-
ered by a tutor with a 30-40 min PowerPoint
presentation. The curriculum encompassed descriptive
statistics, some key probability distribution concepts,
some methods of parameter estimation, hypothesis test-
ing [t-test, analysis of variance (ANOVA), chi-square
test], nonparametric statistics, and linear correlation and
regression. In block teaching design, the curriculum was
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Table 1 Comparison in curriculum design between the traditional teaching and the block teaching

Traditional teaching(60-70
lessons)

Block teaching(70 lessons)

Basic block(40 lessons)

Intermediate block(20 lessons)

Advanced block(10 lessons)

Study design

Descriptive Statistics
Probability distribution
Sampling error
Parameter estimation
Hypothesis testing

t-test

Analysis of variance
Chi-square test
Non-parametric statistics
Linear correlation and regression

Statistical table and chart

Descriptive Statistics

Probability distribution

Sampling error

Hypothesis testing

t-test

Chi-square test

Non-parametric statistics

Linear correlation and regression

Statistical table and chart

Module I: Experimental study
Experimental study design
Randomization

Sample size estimation

Analysis of variance

Module II: Observational study
Observational study design
Sampling survey

Multivariate linear regression
Logistic regression

Module lll: Clinical trial
Clinical trial design

Bias

Analysis of variance

Survival analysis
Questionnaire design and evaluation

Psychological measurement

Advanced software practice: SigmaPlot

Advanced software practice: Origin

structured by three blocks. (1) Initially, a basic compul-
sory block that consisted of 40 lessons including descrip-
tive statistics and some basic parametric and
nonparametric statistics. (2) Then one of the three inter-
mediate modules, containing 20 lessons, was provided,
that could be selected by postgraduates based on their
professional needs. (3) The three intermediate modules
were mainly focused on statistical design and analysis
for experimental study, observational study, and clinical
trial, which provided knowledge about the study design,
randomization, sample size estimation, and multivariate
statistical analysis. Students who completed the compul-
sory basic and intermediate blocks would receive credits
and could opt for advanced blocks, such as survival ana-
lysis and professional statistical software. The teaching
methods were not only didactic as the conventional style
but blended with a variety of modalities, such as lecture,
problem-based learning, massive open online course,
and inquiry-based learning. Students were divided into
small groups (20 students/group) to undertake a litera-
ture review, participate in group discussion, undergo lab
practice of the software, and undertake research design
outside of the classroom. Therefore, the block curricu-
lum was still 60 lessons for each student, but it was
highly focused on coping with their professional needs.

Questionnaire

The questionnaire design group included biostatistics
educators, professors involved in the questionnaire de-
sign, a psychologist, and postgraduates. Reviewing stand-
ard scales and self-designed questionnaires concerning
perceptions toward statistics [21, 24-27], and a 5-point
Likert-type questionnaire was adopted: 1 = Strongly

disagree to 5=Strongly agree. Ninety first-year post-
graduate students were randomly selected to complete
the pilot/draft in order to assess the questionnaire’s
comprehension, ensure face validity, and provide
comments.

The resulting questionnaire (Additional file 1) was
structured with 24 items in five sections: (A) value, (B)
comment, (C) expectation, (D) reform, and (E) ability.
The course value section was concerned with the stu-
dents’ perceptions of usefulness, difficulty, and worth of
biostatistics in their academic career. The course com-
ment section addressed the students’ feelings and com-
ments during the learning process. The expectation
section investigated their opinions on teaching measures
that might be beneficial to the learning process. Add-
itionally, postgraduates receiving block teaching were re-
quired to complete a reform section concerning
perception towards the block curriculum design. Finally,
an ability section incorporated nine statistical academic
questions to survey the students’ self-assessment of
knowledge levels that was represented by scores as fol-
lows: 1 =never heard, 2 =heard but lacked application,
3 = applied but unaware of rationale, 4 = applied with ra-
tionale, and 5 = applied with rationale and software prac-
tice. The score of each section was defined as the mean
score of items constituted under each section. Higher
scores indicated positive perceptions. In addition, a few
non-Likert-type items were embedded to elucidate the
specific supplementary views. Participants were also re-
quested to provide demographic information with re-
spect to age, gender, specialty, the background of logical
thinking ability, mathematical basics, computer basics,
and research experience.
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Settings and participants
The study was conducted at the Fourth Military Med-
ical University, China, which has a long history of
imparting formal education in biostatistics. Staff and
students originated from a wide variety of cultural
backgrounds encompassing all medical categories.
Next, we assessed the perception towards biostatis-
tics from two cohorts of postgraduates experiencing
different teaching styles. Before the block design was
conducted, we investigated the first-year postgradu-
ates’ perceptions, who received the traditional didactic
teaching in 2013. After the block teaching reform in
2014, another survey was conducted on the first-year
postgraduates who received block teaching in 2015.
Finally, two cohorts were compared to assess the im-
pact of the block approach on students’ perception
towards biostatistics. The Ethics Committee of the
Fourth Military Medical University carefully consid-
ered and approved the project proposal. A written in-
formed consent was obtained from all participants
before enrolment in the study.

Procedures

All the first-year postgraduates from 2013 and 2015 were
invited to participate in the investigation after comple-
tion of the biostatistics curriculum. One week before the
final exam, all participants were requested to complete
the questionnaire individually in an in-class situation
without discussion or collaboration. The students were
assured that their answers would not impact their aca-
demic achievement or future learning process. No names
were registered, and only a control number was allo-
cated that was known only to the principal investigator,
who could track the final examination score of the stu-
dent over the semester.

Statistical analysis

Data were analyzed using SAS 9.2 (SAS Institute Inc.,
USA). Descriptive statistics were applied to present the
characteristics of the two cohorts. Chi-square test re-
vealed the baseline balance between the two groups, and
t-test and ANOVA were used to determine the partici-
pants’ characteristics associated with mean scores related
to perceptions. Multivariable linear regression analysis
identified the effect of teaching approaches on percep-
tions with the imbalance in characteristics between the
two groups as covariates. Structural equation modeling
(SEM) [28], using M-plus (Muthen & Muthen, Mplus,
Version 7), was applied to test the linear relations be-
tween latent perceptions and students’ academic
achievement. A two-tailed P-value of 0.05 was consid-
ered as statistically significant with a 95% confidence
interval (CI).
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Results

A total of 510 postgraduate students receiving block
teaching and 481 receiving traditional teaching partici-
pated in the survey. Finally, 499 and 465 participants
from both cohorts completed the questionnaire, giving
response rates of 97.84 and 96.67%, respectively. Since
the students were not required to answer all the ques-
tions, unanswered questions were considered as missing
data.

Sample characteristics

The characteristics of the respondents were summarized
in Table 2. The distribution of age in both groups ranged
from 21.28-47.13 years for block teaching students and
21.04—43.00 years for traditionally teaching students. No
significant difference was observed in gender or degree
with respect to the response rate. Block teaching stu-
dents majored less frequently in a clinical career (68.74%
vs. 76.34%, P < 0.01), but more frequently in medical re-
search (18.64% vs. 16.34%, P <0.01). At least 70% of the
participants in both groups reported good or neutral lo-
gical thinking ability, mathematical and computer basics,
which indicated that students held a basic knowledge
and computer operating ability for learning biostatistics.
Moreover, block teaching students had more research
experience concerning biostatistics than traditional
teaching students (61.73% vs. 40.00%, P < 0.01).

Perceptions and attitudes

The cumulative percentage of variance was assessed as
0.76. The internal consistency reliability estimates for
each section were shown in Table 3. All reliability esti-
mates were within the desired range with Cronbach’s a
coefficient 0.70-0.72 [29], except for that in the reform
section.

The perceptions of participants toward biostatistics
were depicted in Table 3. For the inherent differences in
the characteristics of age, specialty, computer basics, and
research experience as shown in Table 2, multivariable
linear regression models were used to identify the im-
pact of teaching approaches on the perceptions where
the score of each perception section was the dependent
variable, and the teaching group was an independent
variable with imbalance characteristics as covariates. The
group variable’s P-values indicated a significant differ-
ence in the perception scores between the two groups,
while the partial regression coefficients indicated the
mean score changes of the perceptions for the block
group compared to the traditional group after adjusting
the imbalance characteristics.

In general, block teaching students showed more posi-
tive perceptions as compared to traditional teaching stu-
dents. Regarding the course value section, more number
of block teaching students were interested in
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Table 2 Demographic characteristic of participants with
traditional teaching and block teaching

Characteristic Traditional teaching Block teaching P value
Number of Number of
participants(%) participants(%)
N =465 N =499
Age
<25 218 (46.88) 142 (28.40) <0.01
225 247 (53.12) 357 (71.60)
Gender
Male 256 (55.05) 298 (59.72) 0.14
Female 209 (44.95) 201 (40.28)
Degree
Academic 321 (69.03) 342 (68.54) 0.87
Professional 144 (30.97) 157 (31.46)
Specialty
Clinical 355 (76.34) 343 (68.74) <0.01
Research 76 (16.34) 93 (18.64)
Others 34 (7.31) 63 (12.63)
Logical thinking ability
Very poor 9 (1.94) 6 (1.20) 0.23
Poor 30 (6.45) 29 (5.81)
Neutral 249 (53.55) 247 (49.50)
Good 159 (34.19) 184 (36.87)
Very good 18 (3.87) 33 (6.61)
Mathemetical basic
Very poor 18 (3.87) 14 (2.81) 0.69
Poor 83 (17.85) 94 (18.84)
Neutral 254 (54.62) 283 (56.71)
Good 96 (20.65) 98 (19.64)
Very good 14 (3.01) 10 (2.00)
Computer basics
Very poor 15 (3.23) 16 (3.21) 0.02
Poor 94 (20.22) 80 (16.03)
Neutral 285 (61.29) 287 (57.52)
Good 60 (12.90) 104 (20.84)
Very good 11 (237) 12 (240)
Research experience
No 279 (60.00) 199 (38.27) <0.01
Yes 186 (40.00) 300 (61.73)

biostatistics course than the traditional teaching students
(3.68 vs. 3.48, P <0.01) and the course value mean score
increased to 0.14 due to the block teaching approach
after adjusting the imbalance characteristics between
two groups. A large number of block teaching students
declared that they gained the knowledge and skills of
biostatistics via the curriculum (3.91 vs. 3.71, P<0.01)
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and understood its application in their future profes-
sional career (3.48 vs. 3.28, P<0.01). Although all stu-
dents in both groups expressed the difficulty level of
biostatistics (2.79 versus 2.88, P= 0.34), more block
teaching students did not feel the obstacles in the learn-
ing process as compared to the traditionally teaching
students (21.84% vs. 17.85%).

With respect to the course comment section, stu-
dents’ perceptions significantly transformed from
negative to positive after the block teaching reform
(mean score of the Likert 5-point question for this
section: 3.66 vs. 2.97, P<0.01). For example, 46.02%
of the traditionally teaching students considered the
course content to be inadequate for their require-
ments, and 67.31% stated that the course did not pro-
vide a balance between theory and practice. However,
in the block teaching group, 60.52% of the students
considered the curriculum to be highly scientific and
reasonable, and 74.75% considered the course content
as appropriate. Also, the students provided comments
and suggestions about the course. For instance,
41.08% of the students considered that the curriculum
should emphasize the study design and interpretation
of the statistical results. Furthermore, approximately
1/5th of them suggested that software practice lessons
should be scheduled corroborating the theory lessons.

In the expectations section, block teaching students
showed a high frequency in accepting suggestions bene-
ficial to their learning. For example, many supported
public lectures introducing hot statistical issues (4.25 vs.
4.02, P<0.01). Additionally, 77.96% of the block teach-
ing students approved of the teaching reform, and
82.77% were willing to attend other intermediate mod-
ules in addition to their selected module. However, a few
students indicated some unreasonable issues in the cur-
riculum structure, such as content duplication between
intermediate modules (4.41%).

Furthermore, the students’ self-assessment ability
with academic statistical knowledge was also investi-
gated. The responses were detailed as percentages in
Fig. 1 and the statistical significance was presented
with asterisk using the chi-square test. The block
teaching students were rather acquainted with
descriptive  statistics, internal estimation, ¢-test,
chi-square test, and linear regression and correlation.
Compared to the traditional teaching group, almost
25% more students in the block group could apply
the knowledge with rationale and software practice.
However, no statistically significant difference was ob-
served in the self-assessment ability regarding the
knowledge of analysis of variance and nonparametric
test between the two groups. For survival analysis and
multiple linear regressions, more than half the stu-
dents showed lack of application-based statistical skill,
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Table 3 Mean score of perceptions towards biostatistics for postgraduates receiving traditional teaching and block teaching®

Survey sections Mean Score (SD) @ Mean Partial P
Teaching Teaching T (95%C1)°
Section A: Value(0.71°) 3.31 (0.50) 3.50 (0.56) 0.19 0.14 (0.07,020) <001
Al. 1 am interested in biostatistics 348 (0.72) 3.68 (0.76) 020
A2. 1 have no obstacle in learning biostatistics 2.79 (0.82) 2.88 (0.84) 0.09
A3. | gained useful statistical knowledge and skills by taking this course 3.71 (0.64) 391 (0.65) 0.25
A4. | know how to use statistical knowledge in my professional career 3.28 (0.70) 348 (0.75) 020
Section B: Comment(0.74 °) 2.97 (0.55) 3.66 (0.58) 0.69 067 (0.59,0.74) <001
B1. This course introduced adequate knowledge to satisfy my practical 2.66 (0.85) 346 (0.82) 0.80
career goals
B2. The course framework is scientific and reasonable 3.28 (0.83) 3.50 (0.85) 022
B3. The theory and practice are well combined in the teaching modality 2.65 (0.94) 3.87 (0.71) 122
B4. The course content is appropriate 3.29 (0.71) 3.80 (0.72) 051
Section C: Expectation(0.70 °) 4.01 (047) 4.29 (0.46) 0.28 025 (0.18,031) <001
C1. Need more software practice lessons 397 (062) 4,07 (0.73) 0.10
C2. Need more practical workshop for research design and analysis in real 4,09 (0.60) 439 (0.58) 030
study
(C3. Provide comprehensive guide handbook for biostatistics like other 401 (0.77) 446 (0.59) 045
medical subjects
C4. Give public lecture introducing the latest and hot issues relating to 402 (0.63) 4.25 (0.65) 023
biostatistics
Section D: Reform(045 °) 3.84 (049)
D1. 1 would like to take other intermediate modules in addition to my 402 (0.63)
selected module
D2. | approve of the block teaching approach in biostatistics 3.90 (0.70)
D3. The course contents in each block is scientific and appropriate 3.64 (0.77)

2All items were measured on a Likert 5-point agreement response scale(1 = strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; 5 = strongly agree)

PCronbach’s alpha for internal consistency

“Partial regression coefficient and its P value predicted the mean score change for the block group compared to the traditional group after adjusting the

imbalance characteristics between two groups

which should be addressed, and hence, comprehen-
sible lessons should be provided in the future work.

Factors associated with perceptions in the block group
The factors associated with the perception scores for the
block teaching students with univariate analysis were

presented in Table 4. No significant difference was observed
in the perceptions between males and females.
Students < 25 years of age were more confident about
academic knowledge (3.52 vs. 3.34, P<0.01) than
those >25 years, who were eager to improve their
learning according to the expectation section (4.33 vs.

100%

~N

80%

60%

40%

20%

0%

W Rationale and software practice known well
M Used and know rationale

= Used but unaware of rationale

M Heard of but lacking application

m Never heard of that

A=Traditional teaching

B=Block teaching

A B A B A B A B A B A B

Fig. 1 Frequencies for self-assessment ability of statistical knowledge between the traditional teaching group and block teaching group

A B A B A B
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Table 4 The characteristics associated with the perceptions of the block teaching students with univariate analysis
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Independent variable Value Comment Expectation Reform Ability
Mean(SD)  P-value Mean(SD) P-value Mean(SD) P-value Mean(SD) P-value Mean(SD) P-value
Sum 3.50(0.56) 366 (0.58) 4.29 (0.46) 3.84(0.49) 3.39 (0.63)
Age <25 3.54 (0.45) 035 3.70 (048) 029 4.19(040) <001 381(041) 045 352(051) <001
225 349 (0.54) 3.64 (0.56) 433 (043) 3.85 (0.46) 3.34 (0.60)
Gender Male 352058 016 367(059 032 431(044) 046 385(050) 043 345(063) 029
Female 344 (0.53) 361 (0.59) 4.27 (048) 3.81 (049) 3.38 (0.58)
Degree Academic 349 (056) 046 366 (057) 077 429(045 091 386(048) 0.17 344(063) 001
Professional 3.53 (0.57) 3.64 (0.61) 430 (0.48) 3.79 (049) 3.29 (0.61)
Specialty Clinical 334 (0.62) 0.01 346 (0.54) 001 3.63 (0.60) 072 427 (045 002 3.83(048) 0.84
Research 3.56 (0.58) 365 (0.63) 3.70 (0.62) 440 (048) 3.84 (0.55)
Others 340 (0.68) 350 (0.52) 3.64 (0.61) 4.21 (047) 3.86 (0.40)
Logical thinking Poor and very poor  3.19 (0.55) <001 359 (0.55) 001 4.14(0.38) 010 377035 013 307(053) <001
Neutral 342 (0.55) 3.59 (0.59) 4.29 (0.46) 3.80 (0.49) 3.32 (0.64)
Good and very good  3.65 (0.54) 3.75(0.58) 431 (047) 3.89 (0.50) 3,54 (0.59)
Mathmetical basics ~ Poor and very poor ~ 3.31 (0.53) <001 3.51(0.56) <001 430 (045) 046 376 (048)  0.11 3.18 (066) <0.01
Neutral 352 (051) 3.66 (0.60) 4.30 (047) 3.87 (048) 3.38 (0.60)
Good and very good 3.66 (0.67) 3.78 (0.55) 4.24 (0.46) 3.83 (049) 3.64 (0.58)
Computer basics Poor and very poor 330 (0.66) <001 3.55(057) 038 4.21 (044) 018 381045 076 3.06(066) <001
Neutral 3.53 (0.50) 3.66 (0.58) 4.30 (0.46) 3.85(047) 346 (0.59)
Good and very good 3.60 (0.59) 3.72 (0.58) 432 (047) 3.84 (0.55) 349 (0.60)
Research experience  None 338(054) <001 365 (055) 087 420(048) <001 380(046) 0.16 3.24(060) <001
Yes 3.58 (0.56) 3.66 (0.61) 4.35 (044) 3.86 (0.50) 3.50 (0.62)

4.19, P<0.01). For the specialty, students majoring in
medical research had the most positive attitudes on
course value, course comment, and block teaching
approach. Moreover, students with sufficient logical
thinking, mathematics, and computer basics were more
positive than those with poor basics (P<0.05). In
addition, the research experience aided the students in
obtaining maximum course value (3.58 vs. 3.38, P<
0.01), positive expectations (4.35 vs. 4.20, P < 0.01) and
superior applicability on academic knowledge (3.50 vs.
3.24, P<0.01).

Correlations between perceptions and academic
achievement
At the end of the semester, postgraduates took a final
exam that was objective and quantitative. Therefore, the
examination score was applied as the academic achieve-
ment to evaluate the level of knowledge mastered in this
course. The mean scores on the examination were 69.49
with a standard deviation of 8.79 for the block cohort
and 65.32 with a standard deviation of 11.47 for the
traditional cohort (hundred-mark system).

Assuming that the five sections in the questionnaire
were five latent perception constructs reflected by their

respective items, a confirmatory factor analysis (CFA)
[30] using SEM [31] was conducted to assess the linear
association between perception and examination achieve-
ment in the block teaching group. Maximum likelihood
estimation was utilized to estimate the parameters, and sev-
eral indices from a chi-square test were considered to assess
the model fit [32]. The items in the questionnaire were
statistically significant (P <0.05) in the resulting SEM,
of which, the chi-square test was statistically signifi-
cant (y3s, = 654.905, P <0.0001), the comparative fit
index (CFI) was (0.968) >0.90, the root-mean-square
error of approximation (RMSEA) was (0.055) < 0.06,
and the degree of freedom ratio was (2.45) < 3.0.
These results were detailed in Fig. 2. As indicated, the
course comment, block teaching reform, and course
expectation were positively related to one another (stan-
dardized regression coefficient 5 =0.581,5=0.215, and
B =0.215). Moreover, the course comment and expect-
ation were positively affected by course value (5=
0.498 and f=0.297, respectively). Then, the course
value positively affected the self-assessment ability level of
statistical knowledge (5 = 0.404). Finally, the latent ability
variable positively affected the achievement score (8=
0.094). For the explanatory power of the SEM, the course
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Fig. 2 Parameter estimates (standard regression coefficients) of the structure equation model for the linear relationship between students’

J

comment and expectation accounted for 40% of the vari-
ance in the course value. Value perceptions accounted for
16.30% of the variance related to the self-assessment abil-
ity variable. However, the ability resulted in only 9.4% of
the variance in the exam score, which indicated the pres-
ence of other latent factors that might be linked to the
achievement score.

Discussion

Medical students often complain that biostatistics is
difficult and confusing [19, 33], as it required to acquire
an in-depth knowledge of mathematics and calculation.
Herein, we conducted a block curriculum design on a
biostatistics course. This study identified that the block
design could reduce the students’ negative perceptions
while learning biostatistics, thereby further improving
their course achievement.

Compared to the traditional teaching approach, the
innovations of the block teaching approach lie in the
curriculum design and teaching style. In the block
curriculum, the syllabus and constructions were
redesigned to consist of three different difficulty levels
and research directions. The basic block was
concerned with introductory statistics that are rela-
tively simple and critical in shaping students’ beliefs
and attitudes [34]. Along with the recommendations

by Evans [35] and Mintz [36], mathematics and com-
plicated formulae were reduced, and the teaching
propagated real examples [9, 37, 38]. For the inter-
mediate block, highlighting the students’ professional
needs and providing selective directions might encour-
age the students to be open and positive towards un-
derstanding and applying statistics. The advanced
block combined new technology and pragmatic health
issues such that statistical thinking could be embedded in
interpretation and critical judgment. Moreover, we maxi-
mized the strategy to provide blended learning styles using
a variety of media and materials, such as lectures, soft-
ware, and videos, especially, by increasing the small-group
problem-solving component in the teaching, wherein stu-
dents explore the statistical concepts in great detail; this
phenomenon was in line with the recommendations of
several researchers. The survey of two cohorts with a rela-
tively large sample showed that postgraduates experien-
cing block teaching tended to hold positive perceptions
and improved self-assessment ability in biostatistics. More
than half of them planned for further improvement in
their statistical skills for the academic career. Therefore,
the block teaching reform might obtain the desired learn-
ing outcomes.

Findings from SEM also provided some support for
the positive association between perceptions and course
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achievements [18, 39]. Specifically, course value is a
positive predictor of self-assessment ability of biostatis-
tics and course achievement, which was in agreement
with the control-value theory [17, 18]. The results sug-
gested that students who considered the course to be in-
teresting, significant, and useful were more likely to
enjoy the knowledge gained. Also, those who were
confident about learning the course material were less
likely to experience course-related anxiety [16]. Enjoy-
ment, confidence, and positive emotions might impact
the achievement outcomes. In this study, although the
overall effects of the SEM accounted for only 9.4% vari-
ation in the exam score, the medium effect sizes are in
line with the limited empirical evidence [18, 20]. These
results suggest that statistical educators should consider
and explicitly address the students’ course-related per-
ceptions, which play a critical role and are moderately
linked to their academic achievement.

Although several scales measuring perceptions toward
statistics have been developed, such as the Survey of At-
titudes Toward Statistics (SATS) [25] and the Attitudes
Toward Statistics scale (ATS) [24], we developed a ques-
tionnaire to survey the medical students’ perceptions. In
a previous study [19], we validated the importance of at-
titudes toward statistics in postgraduate medical training
using the SATS scale. In this study, we aimed to assess
the contribution of block curriculum design in reducing
the students’ negative perceptions. Also, we expected
additional suggestions relating the block teaching reform
from students to further optimize the curriculum design.
Therefore, the expectation and reform sections towards
the block design were restructured, and the ability sec-
tion incorporated nine statistical academic questions to
assess the mastery of knowledge. The survey showed ac-
ceptable validity and reliability of the instrument. With
some semi-open questions, the participants in the survey
offered crucial feedback in terms of our teaching strat-
egy. For example, they wanted to understand the latest
technology concerning biostatistics, such as diagnostic
tests, meta-analysis, clinical trial design, and real re-
search. These findings provided valuable suggestions to
biostatistics educators for improving the course content,
teaching methods, and block curriculum schemes.

Limitations

Compared to the traditional group, more students in
the block group had prior research experience, and
thus, may grasp some basic ability of statistical ana-
lysis and recognize the importance of biostatistics,
which might promote the students’ positive percep-
tions toward biostatistics. A stratification analysis in
the appendix (Additional file 2) showed that the block
teaching students exhibited positive perceptions irre-

spective of the research experience. Although
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statistical methods were applied to adjust the bias,
these could not account for all the confounders be-
tween the groups.

Furthermore, an author-designed questionnaire was
employed for measuring the perceptions rather than
using the existing instruments; for example, SATS. The
survey results could not be compared with other studies
using standard scales.

Also, the perceptions were collected using the 5-point
Likert style, and the absolute differences in the percep-
tion scores were numerically small and their practical
significance of the small absolute difference may be
limited.

Conclusion

Statistical education is not just to impart knowledge by a
didactic approach but also to provide students with a
comprehensive statistical thinking and self-perceived
confidence. The current innovation of block curriculum
design improved the postgraduates’ positive perceptions
and may exert a positive role in improving the postgrad-
uates’ achievement of learning biostatistics. However,
practical technology in the curriculum design of biostat-
istics should be under intensive focus. An enhanced se-
lective curriculum covered different difficulty levels that
could cope with the students’ professional needs. Diverse
statistical design and analysis methods should be empha-
sized specifically for different research directions. These
measures may improve the students’ real-life data ana-
lysis and ease their fear and anxiety of learning about
biostatistics. Moreover, effective teaching styles and in-
terventions are also welcomed to improve the students’
positive perceptions for developing their self-directed
learning and life-long learning for a future career.

Additional files

Additional file 1: The self-administered questionnaire concerning per-
ceptions towards biostatistics (DOCX 24 kb)

Additional file 2: Stratification analysis of perceptions towards
biostatistics with or without research experience (DOCX 21 kb)
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