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Abstract
Background Educational reform, especially methods of teaching, has been a focus among nursing educators. This study
explored the impact of blended versus offline case-centered learning on academic performance and the development of
critical thinking among undergraduate nursing students.Methods A total of 269 undergraduate nursing students in two
classes were taught Medical Nursing for 1 year. The two classes were randomly allocated to the experimental group (151
students), which undertook blended learning, or the control group (118 students), which undertook offline learning. The
primary outcomes were academic performance and critical thinking ability. The Critical Thinking Disposition InventoryChinese Version (CTDI-CV) was used.Results At baseline, the students in the control group exhibited superior performance to
that observed in the experimental group regarding all seven Professional Basic courses. There was no significant difference in
academic performance in the Medical Nursing course after applying the two teaching methods; however, the median score
was slightly higher in the experimental group than in the control group. In addition, there was no significant difference in the
development of critical thinking ability between the blended and offline learning groups. In the experimental group, there was
significant improvement compared with baseline in one of the seven CTDI-CV dimensions: critical thinking self-confidence
(p<0.05). In the control group, there was significant improvement compared with baseline in the total score (p<0.05) and two
of the seven dimensions: truth-seeking (p=0.001) and systematicity (p=0.010).Conclusions Our study confirms the
effectiveness of blended and offline learning (both based on case-centered learning) for academic performance and
components of critical thinking among undergraduate nursing students. Blended and offline case-centered learning should be
applied to other nursing subjects in future studies. Moreover, further efforts to improve teaching are warranted.

Background
With the development of the social economy and the transition to the modern medical model and concept of health,
developing comprehensive high-quality skills among nursing personnel is increasingly important. However, nowadays, much
of nursing pedagogy relies on a traditional didactic approach that focuses on passive lecture-based delivery of content,
leaving the students as passive participants who largely only take notes. Using this method, students do not have the
opportunity to engage in contemplation, which is necessary during the learning process. Calls to change traditional
educational strategies in order to provide effective and efficient education for nursing students are of increasing importance.
The goals of university nursing education are to teach theoretical knowledge, as well as develop the ability of students to
critically analyze evidence [1]. Critical thinking is an important component of nursing education and integral to the discipline
of nursing [2, 3]. It is currently an essential professional development core skill in nursing education and practice [4].
Worldwide, there is a need for nursing education to assist students in developing critical thinking, clinical reasoning, and
clinical judgment skills [5]. Educational reform, especially regarding methods of teaching, has been a focus among nursing
educators.
Active learning strategies applied to nursing education can enhance student understanding, stimulate inquiry, and encourage
critical thinking [6]. To best engage students and promote learning, there has been a shift toward student-centered learning
and engagement of students as active learners. Case-based learning (CBL) is an instructional method within the context of
student-centered learning for facilitating learning through the use of case studies [7]. It is a long-established pedagogical
method that is defined in a number of ways depending on the discipline and type of “case” employed [8]. McLean’s definition
of CBL is “an inquiry structured learning utilizing live or simulated patient cases to solve, or examine a clinical problem, with
the guidance of a teacher and stated learning objectives” [9]. In nursing education, CBL can be applied to prepare students for
clinical practice through the use of authentic clinical cases [10, 11] and increase their capacity to ask questions, reflect, and
deal with problems [12, 13].
Previous research has indicated that CBL is a more effective technique than traditional didactic lectures for improving
communication skills, problem-solving ability, and motivation in undergraduate nursing students [14, 15]. In addition, the
advantages of using CBL include increased focus on learning objectives, flexibility in the use of the cases, opportunity for the
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teacher to have more input toward the direction of learning, and enabling deeper learning. Owing to these benefits, CBL is
likely to become part of numerous curricula for medical and health professional courses [9].
Nowadays, technological advancements are rapidly changing nursing education in higher education settings. This has led to
a push toward ﬂexible delivery, online delivery, and blended learning. Blended learning refers to an educational approach that
combines traditional classroom face-to-face methods with online materials and activities [16]. Garrison and Kanuka, early
promoters of the blended learning approach, have highlighted several advantages of blended learning [17]. They describe
blended learning as having the potential to transform the educational landscape by giving students more responsibility,
control, and independence, while also increasing their capacities for critical and reflective thinking.
The concept of blended learning is considered crucial for the education of today’s health students [18]. In recent years,
blended learning has been used in nursing and medicine, and many studies have been conducted in this area [19-23].
However, the implementation of blended learning in nursing education remains controversial. Some investigations have
shown that blended learning is favored by undergraduate nursing students, facilitates communication and active learning,
and enhances self-efficacy regarding communication skills [24-26]. On the other hand, some researchers did not find a direct
impact on knowledge acquisition or self-learning readiness [22]. Another study did not show differences regarding overall
satisfaction with the teaching received [19]. Hence, there is concern regarding the outcomes associated with this method.
Although blended learning has been extensively used, there is limited knowledge regarding the effective application of blended
learning in nursing curricula to support critical thinking. Therefore, the main objective of this study was to compare blended
and offline learning (both based on case-centered learning) in terms of their impact on academic performance and the
development of critical thinking among undergraduate nursing students.

Methods
Study setting and population
The second-year undergraduate nursing students at the Nursing School of Fujian Medical University (Fuzhou, China) formed
the study population. The students were randomly assigned by a computer into two classes (classes 1 and 2) upon entry to
the university, with 164 and 131 students in class 1 and class 2, respectively. Thus, randomization in this study occurred at the
class level. An administrator employed by the university, who had no information regarding the recruitment or data collection,
was invited to conduct the random allocation. Two labels (numbered 1 and 2) were placed in opaque envelopes, and the
administrator subsequently requested the Medical Nursing teacher to draw one envelope at random. If “number 1” was picked,
class 1 was to be the experimental group; otherwise, class 2 was to be the experimental group. As “number 1” was selected,
there were 164 students in the experimental group and 131 in the control group at the beginning of the study. The
experimental group involved eight subgroups, while the control group involved seven subgroups, with each subgroup
consisting of approximately 20 students.
The general characteristics were compared between the two classes and there were no significant differences (Table 1).
However, there were significant differences between the control and experimental groups in academic performance regarding
all seven Professional Basic courses of the previous academic year (p<0.05) (Table 2).
Teaching approaches
The Medical Nursing course was conducted over 1 academic year (two semesters), with 144 teaching hours in both the
experimental and control groups. The same teacher, textbook, and additional resources were provided to both groups. An
additional file shows the teaching arrangement in both groups in more detail [Additional file 1: Table S1]. The experimental
group underwent blended learning, whereas the control group underwent offline case-centered learning. Although blinding of
the students and teachers was not possible, the data analyst was blinded.
Experimental group
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Teaching arrangement
The teaching arrangement in the experimental group is presented in Supplementary Table 2. The experimental group received
blended learning, which combined online learning with offline flipped classrooms. The teacher prepared the content prior to
each offline flipped classroom (Figure 1).
Figure 1 Tasks of the teacher prior to each offline flipped classroom

Offline flipped classrooms
All students had access to the chaoxing platform (http://i.mooc.chaoxing.com/space/index.shtml), where they watched the
pre-recorded lecture videos and accessed the online quizzes, forums, and study materials. Students were required to watch the
lecture videos, and subsequently divided into groups (approximately five students per group) to discuss the case and the
question that the teacher provided prior to the class. In addition, they recorded their discussion, produced a report, and handed
in the recording and report after the discussion. Questions could be asked in the online forums during the learning process
(Figure 2).
Each offline flipped classroom involved approximately 20 students, and they were divided into four groups (approximately five
students per group) based on the pre-class group discussions. To assess the students’ mastery of the lesson prior to class,
online quizzes, which lasted approximately 10 min, were performed at the beginning of the flipped classroom. Subsequently,
the teacher provided detailed explanations of the quiz questions according to the results, and the students reported what they
had discussed prior to class. After each group completed the reporting, other groups asked questions or provided
supplementary answers. The teacher commented on each report and summarized the results of the group discussions.
Additionally, the teacher pointed out the problems that the students needed to pay attention to in their study, and guided the
students to think and discuss according to the discussions and feedback. Towards the end of the class, the teacher guided the
students to review and summarize the important knowledge points of the lesson. After each class, the students were
requested to submit homework to the platform, raise questions in online forums or review teaching videos (Figure 2). All study
data were recorded via the platform and could be accessed by the teacher.
Figure 2 Blended learning in the experimental group
Control group

Teaching arrangement
All learning resources were identical in the experimental group, except the absence of pre-recorded lecture videos for the
control group.

Traditional case-centered seminars
The control group received offline case-centered learning via seminars throughout the two semesters. Each seminar involved
approximately 20 students. In class, students formed small groups to discuss the cases under the guidance of the teacher.
Subsequently, the teacher randomly selected groups to answer questions. Comments and explanations were provided by the
teacher according to the answers. Additionally, the teacher guided the students to think, discuss, and summarize the
knowledge points of the class. When class was almost over, quizzes were conducted to monitor the students’ mastery of the
lesson. After class, the students were required to summarize the key knowledge points and submit the summary.
Evaluation of learning outcome

Academic performance
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Both the experimental and control groups underwent the same final exam, quizzes, and homework. The maximum total score
for the course was 100. The total score was determined using the following weights:
(1) Experimental group: final exam, 50%; quiz, 20%; online learning progress requirements, 15%; discussion, 10%; and
homework, 5%.
(2) Control group: final exam, 50%; quiz, 20%; course notes, 15%; discussion, 10%; and homework, 5%.

Assessment of the critical thinking ability of students
Numerous tools, such as the California Critical Thinking Disposition Inventory (CCTDI) [27] and the California Critical Thinking
Skill Test [28], have been designed to measure critical thinking in nursing. The CCTDI has been specifically developed and
used for nursing students [29]. It has been shown to be a valid instrument for assessing critical thinking ability among nursing
students in different cultural contexts [30]. The population included in the present study consisted of Chinese students. Hence,
the California CTDI-Chinese Version (CTDI-CV), which was translated, modified, and validated by Chinese researchers, was
more suitable than the original [31]. The CTDI-CV exhibits a good overall content validity index (0.89) and Cronbach’s alpha
(0.90), indicating satisfactory content validity and internal consistency, respectively [31].
The CCTDI measures overall critical thinking disposition. It consists of seven subscales that measure the following
dispositions: truth-seeking, open-mindedness, analyticity, systematicity, critical thinking self-confidence, inquisitiveness, and
cognitive maturity. Potential scores range from 5 to 60 for each subscale, with a maximum total score of 420. The students in
the two classes completed the questionnaire prior to and following the teaching experiment.
Statistical analysis
All statistical analyses were conducted using the IBM Statistical Package for the Social Sciences (SPSS), Version 22.0 (IBM
Corp., Armonk, NY, USA). Mean and standard deviation were used to represent the normally distributed continuous data, while
median (M) and quartiles (P25, P75) were used to represent the non-normally distributed continuous data. If the continuous
variables were normally distributed and exhibited homogeneity of variance, the t-test was used to assess the difference in
learning outcomes between the two groups. Otherwise, the nonparametric rank-sum test was used. The chi-squared test was
used to compare the baseline characteristics (regarding categorical variables) between the two groups. The significance level
was set at 0.05.

Results
Participant characteristics
Prior to starting the Medical Nursing course, 295 students completed the CTDI-CV questionnaire (164 and 131 in the
experimental and control groups, respectively). However, in the second semester, 24 students changed their major to
Midwifery, three students changed their major to Public Health, and one student discontinued the course. Consequently, at the
end of the Medical Nursing course, 269 students met the inclusion criteria (151 and 118 students, respectively) (Figure 3).
Figure 3 Study flow diagram
Academic performance of participants
Prior to the initiation of the Medical Nursing course, the students in the control group were significantly superior to those in the
experimental group in terms of academic performance regarding the seven Professional Basic courses (p<0.05). After the 1year Medical Nursing course, there was no significant difference in the academic performance between the two classes
(median scores of 81 and 80 in the experimental and control groups, respectively; p=0.112).
Critical thinking ability of participants
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There were no significant differences in the total CTDI-CV or dimension scores between the two classes, prior to or after
participating in the teaching program. In the experimental group, the score for the critical thinking self-confidence dimension
was significantly higher after the teaching experiment. In the control group, there were significant improvements in the total
CTDI-CV score and two of the seven dimensions: truth-seeking and systematicity (Table 3).

Discussion
Effect on academic performance
In this study, we compared the academic performance between the experimental and control groups in terms of the
Professional Basic courses of the previous year, and found significant differences in all seven topics. This indicated that the
students in the control group exhibited generally superior academic performance compared with those in the experimental
group. However, after the 1-year Medical Nursing course, there was no significant difference in academic performance
between the two classes. However, it is noteworthy that the median score of the experimental group (81) was slightly higher
than that reported in the control group (80), suggesting that blended learning may improve academic performance.
The majority of previous studies have compared blended learning with traditional didactic teaching, and the effect of blended
learning on academic performance remains controversial. Some researchers found a significant increase in the academic
performance of students taught using blended learning [32]. In contrast, other researchers did not report a significant increase
in academic performance [33]. This may be partly explained by the inconsistency in the use of instruments to assess student
performance. In our study, a more comprehensive assessment was adopted to evaluate student learning outcomes.
Nevertheless, there were no significant differences found in academic performance between the two types of teaching
methods.
Effect on critical thinking ability
As shown in Table 4, there were no significant differences in the overall critical thinking ability (based on the total CTDI-CV
score) or the scores of the seven dimensions between the two classes, either prior to or after the course. Therefore, there was
no difference in the improvement of critical thinking ability between the blended and offline case-centered learning groups.
However, after blended learning, the experimental group scored significantly higher for the critical thinking self-confidence
dimension compared with baseline. The control group achieved significant improvements in the total CTDI-CV score and the
dimensions of truth-seeking and systematicity. This indicates that blended learning improved the self-confidence of students
regarding critical thinking. Notably, offline case-centered learning improved the ability of students regarding truth-seeking and
systematicity, and their overall critical thinking ability (based on the total CTDI-CV score). These results are consistent with
those of other studies conducted among nursing students, which showed improvements in critical thinking skills based on
effective teaching methods [29, 34-36].
Blended learning focused on the subject status of the students, and provided opportunities to express themselves in class.
Students who expressed their ideas in the process of learning and discussion gained recognition from teachers and
classmates, thereby enhancing their confidence and increasing their willingness to express themselves in subsequent classes.
Offline case-centered learning employed the use of case studies. The students were divided into small groups to explore and
solve problems regarding the cases. During this process, the teacher provided guidance and assistance to improve the logical
reasoning and problem-solving ability of students. Subsequently, the teacher summarized the key points from the seminar.
After the seminar, the students were requested to summarize their knowledge in a timely manner, which can improve critical
thinking ability.
In this study, offline case-centered learning led to improvements in two CTDI-CV dimensions, while blended learning only
improved one. This may be attributable to the different teaching methods and teaching schedules between the two classes.
Offline case-centered learning focused on holistic learning with 74 lecture hours, while blended learning emphasized
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fragmented learning with 26 lecture hours. Additionally, the blended learning discussions were conducted prior to each class
by the students themselves, while the offline case-centered learning discussions were performed under the instruction of the
teacher. Thus, the systematicity of students was improved by the offline case-centered learning. A previous study supported
the use of scientific discussions as beneficial educational tools to develop critical thinking [37]. However, further studies
should assess the discussion strategies used in blended learning.
There were certain limitations in this study. Firstly, the study was conducted for only two semesters in one subject, which may
limit the validity and reliability of the findings regarding the promotion of critical thinking. Thus, studies assessing the
effectiveness of blended learning in other nursing subjects are necessary. Secondly, we did not interview students regarding
their feelings and experiences. Therefore, qualitative research is also warranted. Moreover, it would be useful to follow up the
students in this study, and evaluate their performance in clinical practice.
In summary, the findings of our study imply that blended and offline case-centered learning have great potential for promoting
critical thinking. Optimization of the teaching design in future studies is vital to explore the effects of blended learning among
undergraduate nursing students.

Conclusions
This study investigated the effects of blended versus offline learning (both based on case-centered learning) on academic
performance and the development of critical thinking among undergraduate nursing students. The results confirm that
components of critical thinking are improved by both blended and offline case-centered learning. In the future, blended and
offline case-centered learning could be implemented in other nursing subjects.
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Table 1 Participant general information
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Variable
Gender
Female
Male
Choose nursing as first major
Yes
No
Like or dislike nursing
Like
Dislike
Is a class leader
Yes
No
Reading except textbooks
Yes
No
Experienced critical thinking course
Yes
No

Experimental group (n=164)

Control group (n=131)

χ2 value

p value

141
23

119
12

1.648

0.199

100
64

84
47

0.307

0.579

111
53

89
42

0.002

0.963

77
87

53
78

1.246

0.264

120
44

103
28

1.175

0.278

136
28

102
29

1.198

0.274

Table 3 Comparison of the total CTDI-CV scores and each dimension score between the two classes
Experimental group

Control group

Prior to

After

Prior to

After

(n=164)

(n=151)

(n=131)

(n=118)

271

273

270

274.5

z1

P1

z2

P2

z3

P3

z4

P4

−0.274

0.784

1.013

0.311

1.193

0.233

2.571

0.010

−1.129

0.259

0.805

0.421

1.184

0.236

3.177

0.001

1.173

0.241

0.570

0.568

1.099

0.272

0.602

0.547

0.624

0.533

1.301

0.193

0.924

0.356

1.529

0.126

−0.235

0.814

0.922

0.357

1.707

0.088

2.579

0.010

−1.423

0.155

−1.947

0.052

2.250

0.024

1.354

0.176

0.408

0.684

0.707

0.479

−0.026

0.979

0.290

0.772

0.420

0.674

1.246

0.213

0.501

0.617

1.450

0.147

Dimension

Total

(261,284)
Truth-seeking

37
(35,39.75)

Open-

40

(263,287)
37
(35,40)
40

(261,283)
37

(266,288)
37.92±3.81

(34,38)
40

40

mindedness
(38,42)
Analyticity

40
(38,42.75)

Systematicity

37
(35,39)

Critical

37.42±3.73

(37,44)
40
(39,43)
37
(35,39)
38

(38,43)
40
(38,43)
37
(35,39)
36

(38,44)
41
(39,44)
37.5
(36,40)
37.43±4.07

thinking
(36,41)

(34,39)

selfconfidence
Inquisitiveness

41
(39,44)

Cognitive

39

40
(39,44)
39

41
(39,45)
39

41
(39,45)
40

maturity
(37,42)

(37,43)

(37,42)

(38,43)

z1 and P1 correspond to the comparison of the two groups prior to the teaching experiment; z2 and P2 correspond to the comparison of
the two groups after the teaching experiment; z3 and P3 correspond to the comparison of the experimental group prior to and after the
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teaching experiment; z4 and P4 correspond to the comparison of the control group prior to and after the teaching experiment.
CTDI-CV: Critical Thinking Disposition Inventory-Chinese Version

Table 2 Comparison of academic performance in the Professional Basic courses in the previous academic year
Professional basic course

Experimental group (n=151)

Control group (n=118)

z/t

p

value

value

Median

(P25,P75)

Mean

SD

Median

(P25,P75)

Mean

SD

Anatomy

60

(66,72)

/

/

/

/

70.38

9.84

3.878

0.000

Physiology

67

(61,72)

/

/

/

/

71.36

8.30

3.944

0.000

Introduction to Nursing Sciences

64

(61,68)

/

/

65

(62,70)

/

/

2.342

0.019

Pathology and Pathophysiology

/

/

69.77

8.24

/

/

75.07

9.07

−5.008

0.000

Pathogenic Biology and Immunology

70

(65,76)

/

/

73

(68,78.25)

/

/

2.694

0.007

Pharmacology

71

(64,77)

/

/

/

/

73.79

10.14

3.248

0.001

Health Assessment

74

(70,78)

/

/

78

(74,83)

/

/

4.607

0.000

Figures

Figure 1
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Tasks of the teacher prior to each offline flipped classroom

Figure 2
Blended learning in the experimental group
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Figure 3
Study flow diagram
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