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Abstract

Background The Organization for Economic Cooperation and Development emphasizes the importance of
complex problem-solving (CPS) skills in the 21st century. CPS skills have been linked to academic performance, career
development, and job competency training. Reflective learning, which includes journal writing, peer reflection,
selfreflection, and group discussion, has been explored to improve critical thinking and problem-solving abilities.

The development of various thinking modes and abilities, such as algorithmic thinking, creativity, and empathic
concern, all affect problem-solving skills. However, there is a lack of an overall theory to relate variables to each other,
which means that different theories need to be integrated to focus on how CPS skills can be effectively trained and
improved.

Methods Data from 136 medical students were analyzed using partial least square structural equation modeling
(PLSSEM) and fuzzy set qualitative comparative analysis (fsQCA). A hypothesized model examining the associations
between the CPS skills and influence factors was constructed.

Results The evaluation of the structural model showed that some variables had significant influences on CPS skills,
while others did not. After deleting the insignificant pathways, a structural model was built, which showed that
mediating effects of empathic concern and critical thinking were observed, while personal distress only had a direct
effect on CPS skills. The results of necessity showed that only cooperativity and creativity are necessary conditions for
critical thinking. The fsQCA analysis provided clues for each different pathway to the result, with all consistency values
being higher than 0.8, and most coverage values being between 0.240 and 0.839. The fsQCA confirmed the validity of
the model and provided configurations that enhanced the CPS skills.
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Fuzzy set qualitative comparative analysis

Conclusions This study provides evidence that reflective learning based on multi-dimensional empathy theory
and 21 stcentury skills theory can improve CPS skills in medical students. These results have practical implications
for learning and suggest that educators should consider incorporating reflective learning strategies that focus on
empathy and 21 stcentury skills to enhance CPS skills in their curricula.

Keywords Reflective learning, Complex problem-solving skills, Partial least squares structural equation modeling,

Introduction

When putting forward the theoretical framework of skills
and competencies in the 21st century, the Organiza-
tion for Economic Cooperation and Development takes
complex problem-solving (CPS) skills as an important
component and brings them into the evaluation system
of the Program for International Student Assessment
[1]. Previous research results have proved that there is
a significant positive correlation between CPS skills and
academic performance [2], that is, the stronger the prob-
lem-solving skill, the better the academic performance.
Similarly, it is also considered to have a great influence
on career selection [3], career development [4], and job
competency training [5]. Therefore, the improvement of
the above-mentioned comprehensive qualities, such as
learning ability and post competence, and the cultivation
of CPS skills, has been emphasized by a variety of teach-
ing strategies, such as problem-based learning (PBL) [6],
context-based learning (CBL) [7], situational simulation
[8], and reflective learning [9].

As an important process of metacognition, reflective
learning is closely related to CPS skills. Gadbury-Amyot
et al. claimed that the use of reflection and writing
as educational strategies to promote critical thinking
and problem-solving is one of the best ways for stu-
dents to express their thought processes [10]. Explora-
tion to improve CPS skills based on reflective learning
and training can be seen in medicine, computer sci-
ence, mathematics, and other industries. According to
Bernack, establishing problem-solving training courses
could feasibly enhance the abilities of pre-service teach-
ers [11]. Kellogg suggested that reflection and writing,
as educational strategies to promote critical thinking
and problem-solving skill, is one of the best ways to
improve students’ expression ability and logical thinking
[12]. “Reflective learning” is a common way of explor-
ing problems and solutions in the deliberative environ-
ment, a process of learning through experience, and is
a necessary learning tool in professional education [13].
Reflective learning includes journal writing, peer reflec-
tion, self-reflection, and group discussion under the guid-
ance of teachers [14]. Illeris suggested that the result of
reflective learning spans cognitive, psychodynamic, and
social-societal dimensions [15]. Through its influence on
students’ behavior, thoughts, and emotions, it realizes the
training and improvement of students’ various abilities. It

has gradually developed into a more efficient and autono-
mous learning model and has become an indispensable
educational and learning tool for many professionals [16].
Many experts suggest that the implementation of reflec-
tive learning can improve students’ critical thinking [17],
insight [18], empathic concern [19], computational think-
ing [20], and other skills, and this improvement of a vari-
ety of thinking modes and abilities will eventually lead to
improvement of their CPS skills [21]. Our research on
the factors affecting the CPS skills is based on reflective
learning.

The purpose of human problem solving is to promote
the understanding of human thinking through a detailed
investigation of the way people solve difficult problems,
such as logic or chess. Unlike computer simulations,
human problem solving is influenced by psychological
factors that cannot be ignored [22]. Therefore, problem
solving is dynamic and needs to consider the influence of
speculation, social background, and culture, while CPS
skills emphasize the process of successful interaction
between the problem solver and the dynamic task envi-
ronment [23]. CPS skills are collections of self-regulating
psychological processes necessary in the face of com-
plex and dynamic non-routine situations across different
domains [24], and comprises a combination of skills, abil-
ities, motivation, and other psychological structures [25,
26]. The factors that impact CPS skills are complex and
include cognitive and non-cognitive factors. Research
shows that the development of a variety of thinking
modes and abilities, such as algorithmic thinking, coop-
erativity, creativity, critical thinking, personal distress,
fantasy, perspective-taking, and empathic concern, all
affect the problem-solving skill in varying degrees [27,
28]. Among them, empathetic concern and critical think-
ing have been proven to affect problem-solving skill
by many studies. After comprehensively exploring the
emerging research on the impact of the factors on the
CPS skills, we found that previous studies mainly focused
on a single causality in the improvement of problem-solv-
ing skill, while there is a lack of overall theory to relate
variables to each other, which means that we need to
integrate different theories to advance existing research
and focuson how CPS skills can be effectively trained and
improved.
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Theoretical background

The literature analysis of CPS skills reveals the current
research status. Based on the relevant theories of skills
needed in the 21st century [1], individuals use analyti-
cal, reasoning, and cooperative skills to identify and solve
problems consistent with their areas of interest [29].
Kocak proposes that problem-solving skills are shaped
by algorithmic thinking, creativity, cooperativity, critical
thinking, digital literacy, and effective communication,
and develops a model with critical thinking as a mediat-
ing factor [21]. Developing solutions for complex prob-
lems is a complicated process, and individuals require
critical thinking skills [21, 30] to do so. Critical thinking
often occurs at the same time as CPS skills and is one of
the core objectives of general education in all subjects of
higher education [29]. Critical thinking, closely related
to reflective learning [17], which has been emphasized in
many studies, especially in the implementation of learn-
ing strategies including reflective learning. In problem-
based learning and case-based learning, instructors
encourage learners to use critical reflection to engage
with subject matter and to develop their own practice
in closing any knowledge gaps that may exist [31]. Addi-
tionally, digital literacy involves the ability to assess the
accuracy and value of online resources [32]. In this study,
reflective learning was the primary learning strategy
[33]; therefore, digital literacy skills were not observed
in detail. Drawing on the above analysis, we developed
a theoretical model that identifies algorithmic thinking,
creativity, and cooperativity as antecedents, and critical
thinking as an intermediary variable that influences CPS
skills.

Another major area related to affecting CPS skills is
empathic concern. The research suggests that students
with a higher level of cognitive empathy show more
positive attitudes and deal with problems more effec-
tively [34]. In essence, empathetic concern fosters values,
beliefs, attitudes, and assumptions, and affect the CPS
skills from the perspective of execution [35, 36]. Some
studies suggest that reflective learning improves empathy
[37]. Based on Davis’s Interpersonal Reactivity Index [38],
empathy was divided into four dimensions mentioned:
Empathic concern, fantasy, perspective-taking, and per-
sonal distress. Nevertheless, some scholars disagree that
personal distress belongs to the category of empathy. Per-
sonal distress is defined as an over-arousal caused by the
lack of boundaries between oneself and others [39, 40].
Some studies show that personal distress leads to egoism
and overwhelms altruistic activities mediated by empa-
thetic concern [41]. And there is a statistically significant
correlation between personal distress and empathetic
concern [42]. Therefore, we still adhere to the view that
the two cannot be regarded as mutually exclusive emo-
tions, bringing personal distress into the scope of our
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research and exploring its role in CPS skills. Empathetic
concern has been proved to associate with prosocial
behavior [43]. In the relationship between empathic con-
cern and prosocial concern, empathic concern elicits an
approach orientation toward the target [44] and is used
as a mediator variable in some models. For example,
some studies consider empathic concern and personal
distress are both mediators of perspective-taking to help-
ing behavior [45]. Based on the above analysis, we built
our theoretical model and assume that personal dis-
tress, perspective-taking, and fantasy as antecedents and
empathetic concern as intermediary variables that affect
the CPS skills.

Above all, the empathic concern and the critical think-
ing are two remarkable characteristics of the CPS skills,
which can play a common role in the CPS skills [46],
however, there is a lack of overall theory to connect them,
which means that different theories need to be integrated
to promote research. The comprehensive study of the
combination of the two aspects can better understand
how to improve CPS skills, which cannot be provided
by any theory alone. Moreover, the results on the fac-
tors affecting the CPS skills also show some inconsisten-
cies. For example, Batson believes that personal distress
in empathy inhibits the development of problem-solving
skills [41], whereas Mora disagrees [47]. A possible rea-
sonable explanation for these contradictory results is that
the previous studies on the factors influencing problem-
solving skill mainly adopted traditional symmetric meth-
ods (such as regression and SEM), which did not fully
capture the complexity of the factors that influence prob-
lem-solving skills, and the factors affecting the CPS skills
are often based on multiple causalities rather than a sin-
gle causal relationship. Simply evaluating symmetric rela-
tionships might lead to divergent results, thus masking
the complexity of the problem-solving skill. Considering
the complex nature of CPS skills under the condition of
reflective learning, it is necessary to check the symmet-
ric and asymmetric relationships between structures to
fully understand the strategies and methods to improve
CPS skills, therefore, PLS-SEM [48] and fsQCA [49] were
used in our study comprehensively.

Research model and hypothesis development
Designing the PLS-SEM research model

Critical thinking in the field of cognition and empathic
concern in the field of emotion are representatives of two
different thinking modes affecting the CPS skills. PLS-
SEM assumes that fantasy, perspective-taking, personal
distress, algorithmic thinking, creativity, and coopera-
tivity have a direct impact on the CPS skills. Empathetic
concern and critical thinking play an intermediary role
between these relationships and the CPS skills (Fig. 1A).



(2023) 23:382

Wang et al. BMC Medical Education

Personal Distress

“@

Cooperativity

Fantasy

N
Personal

'
'
'
'
1 / Perspective- >
1 | Taking Ve Distress | :
' / '
' / '
4 Y Empathic !
i 5 Concern '
1 i
H i
! == CPS skills
' v \ i
' / \
i / Creativity i
I /
' |
' [ [
' [
! | Algorithmic “COOPC“‘“\'“}' o :
\ |\ Thinking | | Critical '

' \ | - Thinking

/

Fig. 1 Partial least square structural equation modeling (PLS-SEM) con-
ceptual model and fuzzy set qualitative comparative analysis (fSQCA)
conceptual model: (A) The PLS-SEM conceptual model. (B) The fsQCA
conceptual model

Personal distress and CPS skills

The definition of personal distress in this study pertains
to the discomfort and anxiety that respondents experi-
ence when observing negative experiences of others,
including fear, apprehension, and discomfort. Personal
distress is an aspect of emotional empathy [38]. Some
studies show that personal distress and empathy are
complex and dynamic emotional experiences [50]. Per-
sonal distress, as an indicator of self-other differentiation
and emotional regulation, is a kind of negative emotion.
Excessive personal distress can lead to emotional regu-
lation and interpersonal difficulties [51]. These stud-
ies advocate reducing personal distress to relieve stress
[52]. The healthcare sector prioritizes a patient-centered
healthcare model, which mandates that we respond to
patients’ emotional distress with this principle in mind.
However, in practice, health professionals tend to regard
emotional health problems as “routine”; therefore, it is
necessary to put patients’ emotional and identity issues in
the dominant position of the marginal biomedical model
used by health professionals [53]. However, empathic
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pain is crucial to Hoffman’s moral development frame-
work. He believed that pain can cause significant effects
that might lead to action [54]. Moitra’s research also sup-
ports the positive effect of personal distress on problem-
solving skill [47]. Reflection encourages individuals to
confront their own embarrassing and uncomfortable past
experiences, learn from their errors, and enhance their

CPS skills [55].

Fantasy and CPS skills

Fantasy acts on all aspects of reflective learning. First, to
some extent, our brains process information and deci-
sions in an irrational way, and reflection contributes to
the cultivation of irrational thinking [56]. The improve-
ment of subjects’ irrational thinking, including fantasy,
can be promoted through reflective learning. Research
indicates that individuals with higher fantasy and per-
spective-taking skills tend to have stronger social under-
standing [57]. Second, the development of imagination
and fantasy is an important part of cultivating empathic
concern [58]. This is because people understand the
world through fantasy, and fantasy gives people hope that
the world will become a better place [59]. For example,
Melissa Mclnnis Brown’s research showed that children
who play using fantasies are better at sharing emotions
than their peers [60]. Many studies have proven the role
of fantasy in problem-solving. For example, David Weibel
pointed out that one can effectively use imagination in an
environment, such as in artistic expression or problem-
solving [61]. Fantasy is an imaginative way to find creative
solutions that can help people predict the realization
of creative structures [61]. From a sociological point of
view, scholars usually regard fantasy as an important fac-
tor in cultivating children’s prosocial behaviour [57, 62].
Empathic concern requires a person or the whole team to
have an overall and largely unconscious “feeling” in terms
of emotions, body language, previous experiences, and
interpersonal relationships; therefore, this requires sig-
nificant support from the fantasy system [63].

Perspective-taking and CPS skills

The effectiveness of group problem solving heavily
depends on group member interactions and group com-
position. For perspective-taking, it provides the possi-
bility for effective communication, which mainly affects
the effective presentation of information, effective
understanding of that information, conflict resolution,
and cooperative interaction [64, 65]. In management,
perspective-taking has become an important factor in
teamwork to solve problems [66]. During perspective-
taking, the problem-solving process can be facilitated
by promoting empathic concern, which is evident in the
subjects’ cognitive dimension. For example, Falk found
that perspective-taking leads to more creative solutions,
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and team members are more cooperative and facilitate
more effective communication [64]. Bethune and Brown
suggested that reflection affects the professional identity
of patients by encouraging personal insights and pro-
viding different perspectives on patient interaction [67].
Reflection requires us to think about the past and sum
up experiences and lessons from it. Thinking about prob-
lems from the standpoint of others can circumvent the
limitations of our perspective of looking at problems only
through ourselves and can promote the solution of com-
plex problems.

Based on the points discussed above, we propose the
following assumptions:

H1 Personal distress is positively related to the CPS skills.
H2 Fantasy is positively related to the CPS skills.

H3 Perspective-taking is positively related to the CPS
skills.

Algorithmic thinking and CPS skills

Algorithm thinking draws lessons from the algorithms
of computers and artificial intelligence, which enables
people to think and deal with things in parallel, process
things in data, carry on data and logical reasoning to
things, and finally achieve the goal of completing plans
and tasks. As one of the core skills in the 21st century,
algorithmic thinking abstractly and logically determines
the elements used to solve problems through analysis
[28]. One of the major applications of algorithmic think-
ing is jigsaw puzzle-based learning, which aims to make
subjects think about how to build and solve problems,
and improve their critical analysis and problem-solving
skills [68]. Hasan Giurbiiz leveraged straightforward
visual and language templates to help individuals develop
models and analyze information about events through
games, resulting in improved problem-solving skills [69].
This mode of thinking, based on logic and steps, is very
important for the development of critical thinking and
computational thinking [28]. Many studies have shown
that there is a positive correlation between algorithmic
thinking and critical thinking [70]. In reflective learning,
algorithmic thinking plays a significant role in comput-
ing, as evidenced in this study by recording a short video
that necessitates organizing large amounts of data to
develop suitable algorithms for analysis [71].

Creativity and CPS skills

Creativity affects our lives and is vital to the progress of
society [72]. The definition of creativity highlights the
integration of novel (original, unexpected) and appropri-
ate (useful, adaptive concerning task constraint) ideas
[73]. Since the 20th century, a large number of scholars
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in various fields have paid attention to creativity and CPS
skills. Creativity is a valuable skill while designing solu-
tions to new challenges that arise in developing societ-
ies [74]. For instance, Garrett noted that creativity plays
a crucial role in problem-solving [75]. In many studies,
creativity and critical thinking are interdependent, and
creative tasks can improve people’s creativity [76]. In
reflective learning, we utilize divergent thinking that fre-
quently enhances our creativity.

Cooperativity and CPS skills
Many critics believe that cooperativity plays an impor-
tant role in the cultivation of critical thinking [77]. Coop-
erativity receives considerable attention in the learning
process due to its association with effective communica-
tion. For example, service-learning attaches great impor-
tance to cooperation, democratic citizenship, and moral
responsibility in the learning process [78], and preschool
educational institutions need to improve the experience
through the collaborative exchange, to create favorable
conditions for educators to re-examine educational activ-
ities, and determine the direction of new relationships
through observation [79]. In reflective learning, subjects
become aware of their contradictions and gain valid
information, and critically assess peer opinions through
active communication, which advances their ideas for
program and CPS skills improvement.

Based on the points discussed above, we propose the
following assumptions:

H4 Algorithmic thinking is positively related to the CPS
skills.

H5 Creativity is positively related to the CPS skills.
H6 Cooperativity is positively related to the CPS skills.

Mediators and CPS skills

This study assumes that empathetic concern and criti-
cal thinking act as mediators between the CPS skills and
their antecedents.

In Gibbs’s theory, the emotional dimension is a very
important aspect of reflective learning [80]. Madeline
Kelly’s research showed that reflection has a positive
effect on the improvement of cognitive empathy [81];
however, there are few studies on the effect of reflective
learning on empathy. Cognitive empathy includes fan-
tasy and perspective-taking, while the emotional empa-
thy includes personal distress and empathic concern [82].
Research shows that the concept of emotional empathy
is state empathy, with the focus on altruism [83, 84].
Emotional empathy plays an important role in patient-
nurse communication [85]. Failure to deal with or under-
stand emotions will make it difficult for nurses to think
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rationally and critically about issues that are important
to nursing practice [86]. Therefore, we cannot ignore the
influence of empathic concern on the CPS skills in reflec-
tive learning. We assumed that the ability of empathic
concern can increase altruism and help to improve CPS
skills. However, personal distress is usually considered to
lead to egoism, which is not conducive to the formation
of altruism [41]. In-depth investigation is necessary to
understand its effect on CPS skills. As an important fac-
tor in prosocial behavior, the empathic concern serving
as a mediator between cognitive behavior and prosocial
behavior [87]. Based on the theories of O’Brien and Giil-
seven, we constructed a CPS skills model with empathic
concern as the mediating variable [88, 89].

Effective reflection is characterized by purposeful,
focused, and questioning [90]. In the process of reflec-
tion, this mode of thinking requires us to think critically
and center on the results. Reflective learning, also known
as critical reflection [17], emphasizes the use of critical
thinking. Many critics affirm the results of critical reflec-
tion [91-93]. Parrish and Crookes found that among
nursing graduates, reflection helped them to solve prob-
lems through thoughtful reasoning and to develop strate-
gies for self-monitoring of their professional competence
[94]. Critical thinking is typically rational thinking, and
through combining theory with practice, exploring the
similarities and differences between theoretical knowl-
edge and practical experience, and considering a variety
of different viewpoints and opinions, the effect of reflec-
tive learning can be enhanced. Therefore, speculative
reflection is designed to help us identify our shortcom-
ings and think about how to correct and improve them.
Critical thinking is widely recognized as an important
skill in mediating CPS skills [10]. Based on the research
of Kocak and Tee, we also view critical thinking as an
intermediary variable, playing a mediating role in algo-
rithmic thinking, creativity, and cooperativity within CPS
skills [21, 95].

Based on the points discussed above, we propose the
following assumptions:

H7a Personal distress indirectly affects the CPS skills
through empathic concern.

H7b Fantasy indirectly affects the CPS skills through
empathic concern.

H7c Perspective-taking indirectly affects the CPS skills
through empathic concern.

H7d Empathic concern is positively related to the CPS
skills.
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H8a Algorithmic thinking indirectly affects the CPS
skills through critical thinking.

H8b Creativity indirectly affects the CPS skills through
critical thinking.

H8c Cooperativity indirectly affects the CPS skills
through critical thinking.

H8d Ciritical thinking is positively related to the CPS
skills.

Designing the fsQCA configuration model

In this study, a Venn diagram is used to design the
fsQCA configuration model (Fig. 1B), which was used
to explore the causal model for improving CPS skills.
In the diagram, arrow A represents a combination of
perspective-taking, fantasy, and personal distress, and
adds configurations that affect the CPS skills through,
or including, empathetic concern. Arrow B represents
a combination of algorithmic thinking, creativity, and
cooperativity, and adds configurations that affect the CPS
skills through, or including, critical thinking. Arrow C
represents the combination of all the variables and repre-
sents the complex interaction of these factors to predict
the resulting conditions.

Methods

Participants

Participants were 136 freshmen and medical majors
from a university in southeastern China ( Xage=18.47,
female=82.35%, male=17.65%). The inclusion criterion
comprised students who had conducted reflective learn-
ing. The exclusion criteria comprised: (1) Students who
did not make reflective videos, or (2) students suspected
of plagiarizing reflective learning achievements. A total
of 163 cases were included in the empirical study of
reflective learning, and 136 effective samples were recov-
ered, with an effective recovery rate of 83.44%.

Design and procedure

After receiving appropriate online training, classroom
teachers implemented a reflective learning curriculum
design among medical students in the autumn of 2021
(Fig. 2). Based on the Biochemistry and Molecular Biology
Courses, the two rounds of teaching plan lasted a total of
14 weeks was design. In the first round of reflective learn-
ing, subjects were asked to read relevant literature, watch
relevant video materials, etc., and carry out online learn-
ing. They were then asked to record learning videos on
their own, and then upload the videos, followed by a dou-
ble-blind mutual evaluation of learning videos between
online students. In the second round of reflective learn-
ing, students adjusted their reflective learning according
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Fig. 2 Reflective learning process

to the feedback from the previous round of mutual evalu-
ation, implemented a second round of deeper material
learning exploration, improved their reflective video,
and summarized the main points of reflective learn-
ing. Teachers evaluated the reflective videos and learn-
ing points offline, and students learned and summarized
according to the evaluation results. After the end of the
entire process, we issued a competency assessment ques-
tionnaire to measure learners’ competency levels and the
data was collected.

Instrument

To measure the constructs under study, existing scales
were used (see Table 1 for items associated with each
construct and scale reliabilities).

A questionnaire was developed based on the existing
mature scale, and the items were slightly adjusted accord-
ing to the model. The relationship between the retained
items and the dimensions was not complementary.
Improvement of CPS skills is described as a structure
composed of six antecedent variables and two mediating
variables with different ways of thinking. The Davis Inter-
personal Reactivity Index (IRI) was used for personal dis-
tress, fantasy, perspective-taking, and empathic concern
[38], and the Computational Thinking Scale (CTS) was
used for critical thinking, algorithmic thinking, creativity,
problem solving, and cooperativity [74, 96, 97]. We struc-
tured it as personal distress (three items), fantasy (three
items), and perspective-taking (two items) as ante-depen-
dent variables, and the mediating effect of empathic con-
cern (three items) on CPS skills (three items) was directly
and through empathic concern (3 items). Similarly, algo-
rithmic thinking (3 items), creativity (three items), and
cooperativity (three items) acted as ante-variables, both
directly and through the mediating effect of critical
thinking (three items). All items were evaluated using a

Reflect and adjust
learning according
to evaluation and
feedback
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Likert 5-point scale, 5=strongly agree, 4=agree, 3=nei-
ther agree nor disagree, 2=disagree, 1 =strongly disagree,
and the scores of items in reverse scoring were reversed.
Entries for reverse scoring are marked with * in Table 1.
The questionnaire was translated into Chinese and dis-
tributed after discussion with experts.

Data analysis

PLS-SEM

We use multiple methods to analyze the data. First, PLS-
SEM was carried out on the data through Smart-PLS 3.0
software to adapt the complex model analysis and explore
the impact of various factors [48].

We measured the characteristics of the structure using
internal consistency reliability, convergence validity, and
discrimination validity. Internal consistency reliability
was measured using the alpha and combinatorial reliabil-
ity of Cronbach. And we checked the collinearity of the
internal model and evaluated the deviation of the method
using a variance inflation factor (VIF). According to the
research objectives, we tested two models with different
paths with significant correlations. The direct predictive
effects of fantasy, personal distress, perspective-taking,
creativity, cooperativity, and algorithmic thinking, as well
as the mediating effects of empathic concern and criti-
cal thinking, on CPS skills were tested. A nonparametric,
bias-corrected bootstrap with 5,000 subsamples and a
95% confidence interval was used. The structural model
was evaluated by R* and by the significance of the esti-
mated value of pathway relationships. The significance
of pathway coefficients was evaluated using the boot-
strap subsamples, and the structural model was evaluated
using 5000 bootstrap subsamples [98]. R* values of 0.25,
0.50, or 0.75 are considered weak, moderate, and signifi-
cant, respectively.
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Table 1 The Constructed ltems Measurement Model
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Scale constructs

Outer loadings

Fantasy (CR=0.857, CA=0.749, AVE=0.669) *

When | am reading an interesting story or novel, | imagine how | would feel if the events in the story were happening to me (F1)

I get really involved with the feelings of the characters in a novel (F2)

After seeing a play or movie, | have felt as though | were one of the characters (F3)

Perspective-taking (CR=0.815, CA=0.571, AVE=0.669) °

*If  am sure | am right about something, | do not waste much time listening to other people’s arguments (PT1)

1o

*| sometimes find it difficult to see things from the “other guy’s” point of view (PT2)

Personal distress (CR=0.814, CA=0.774, AVE=0.603) @

In emergency situations, | feel apprehensive and ill-at-ease (PD1)
Being in a tense emotional situation scares me (PD2)

| tend to lose control during emergencies (PD3)

Empathic concern (CR=0.912, CA=0.855, AVE=0.777) @

*When | see someone being treated unfairly, | sometimes do not feel very much pity for them (EC1)
*Usually I am not extremely concerned when | see someone else in trouble.

(EC2)

*Sometimes | do not feel sorry for other people when they are having problems. (EC3)

Algorithmic Thinking (CR=0.949, CA=0.919, AVE=0.860)
I believe that | can easily catch the relation between the figures (AT1)

| can express mathematically the solutions to the problems | face in the daily life (AT2)

| can digitize a mathematical problem expressed verbally (AT3)
Creativity (CR=0.871,CA=0.777, AVE=0.693) b
I like the people who are sure of most of their decisions (C1)

I believe that | can solve the problems that possibly occur when | encounter a new situation (C2)
I trust my intuitions and feelings of “trueness”and “wrongness” when | approach the solution to a problem (C3)

Cooperativity (CR=0.929, CA=0.890, AVE=0.815)

I like experiencing cooperative learning together with my group of friends (CAT)
I like solving problems related to a group project together with my friends in cooperative learning (CA2)

More ideas occur in cooperative learning (CA3)
Critical Thinking (CR=0.924, CA=0.877, AVE=0.803) b

I'am good at preparing regular plans regarding the solution of complex problems (CT1)

I'am proud of being able to think with great precision (CT2)

I make use of a systematic method while comparing the options at hand and while reaching a decision (CT3)

Problem Solving (CR=0.921, CA=0.871, AVE=0.795) ®

*'have problems in the issue of where and how | should use the variables such as X and Y in the solution of a problem (PST)
*| cannot produce many options while thinking of the possible solutions to a problem (PS2)
*| cannot develop my own ideas in the environment of cooperative learning (PS3)

0.678
0.908
0.851

0.741
0912

0.758
0.727
0.966

0.851
0.937

0.854

0.898
0.950
0.934

0.768
0.950
0.823

0.871
0.931
0.905

0.893
0.880
0.915

0.893
0.928
0.853

(a) Adapted from IRI (1980). (b) Adopted from CTS (2017)

Note: PD = Personal Distress, F = Fantasy, PT = Perspective-Taking, EC = Empathic Concern, AT = Algorithmic Thinking, C = Creativity, CA = Cooperativity, CT = Critical

Thinking, PS = CPS skills

FsQCA

Although PLS-SEM can handle both external (measure-
ment) and internal (structural) models [98], it is limited
by symmetry. Therefore, we used fsQCA 3.1 software [49]
to analyze asymmetry and obtain a sufficient causal com-
bination configuration to study the complex relationship
between variables more comprehensively and in detail.
According to the fsQCA user guide, data calibration,
truth table construction, and causal condition analysis
are necessary steps in the process of data analysis [49]. In
the first step, we converted the ordinary data into fuzzy
sets by setting the original values from the Likert scale,
which corresponded to full membership, cross-over

anchors, and full non-membership based on Kallmuen-
zer’s analysis [99]. The second step is to construct the
truth table and generate different combinations of causal
conditions that are sufficient to affect the CPS skills by
specifying a consistent cutoff value as the natural break-
point in the consistency and the case number threshold
as 1. The third, we analyzed the necessity of all the vari-
ables (critical thinking, creativity, algorithmic thinking,
cooperativity, empathetic concern, perspective-taking,
personal distress and fantasy) to the CPS skills, and the
antecedent variables for mediate variables (critical think-
ing and empathic concern), and the necessity of medi-
ating variables to the outcome variables. It is generally
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Table 2 Discriminant Validity using Fornell-Larcker criterion
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Algo- Cooperativity Creativity Critical Empathic Fantasy Personal Perspective-Taking CPS
rithmic Thinking  Concern Distress skills
Thinking
Algorithmic 0927
Thinking
Cooperativity 0.542 0.903
Creativity 0510 0.502 0.832
Critical Thinking 0.674 0617 0.672 0.896
Empathic Concern  0.034 0.165 0.118 0.103 0.881
Fantasy 0.181 0.242 0.301 0.266 0.243 0.818
Personal Distress 0.235 0.196 0.096 0.135 0336 -0.022 0.777
Perspective-Taking  0.069 0.191 0.117 0.031 0.598 0117 0.353 0.831
CPS skills 0.157 0.228 0213 0.244 0.632 0234 0.390 0.727 0.892
believed that a condition or combination of conditions  Table 3 Results of hypotheses testing
is “necessary” or “almost always necessary” when the  Hypothesized path tvalue p Conclusion
consistency score is higher than 0.9 [49]. Finally, we use value
standard analysis to obtain “intermediate solutions” (i.e., ~ Personal Distress - CPS skills 2063 0039  H1issupported
partial logical remainders are incorporated into the solu-  Perspective-Taking > CPS skills 8252 0000 H3issupported
tion) to identify causal patterns that affect CPS skills. Fantasy > Empathic Concern 2243 0025 H7bissupported
Perspective-Taking - Empathic 6603 0000 H7cissupported
Results Concern
The result of PLS-SEM Empathic Concern - CPS skills 4194 0000 H7dis supported
Evaluation of the reflection measurement model Algor?thmic Thinking > Critical 5897 0000 HB8aissupported
R R ) Thinking
FXCEPt for the ‘perspt‘ectlve-takmg, the Cronbach's alpha Creativity > Critical Thinking 5287 0000 H8bissupported
in the other dimensions was generally more than 0.7, Cooperativity  Critical Think 3468 0001 Heci red
; perativity > Critical Thinking . X C is supporte
reaching the standard recommended by Cohen (Table 1) -, Thinking < CPS skills 3141 0002  H8dis supported

[100]. After examining the external loads in the exter-
nal model, we observed that most of the loads were
more than 0.7, while the PD1 project was still less than
0.7. After checking the Cronbach’s alpha and average
variance extracted (AVE), we confirmed that this fac-
tor had no negative effect on our research [98], and was
thus retained the project. The sample size of the model
is small (less than 300), and the items considered by per-
spective-taking are 2 (less than 3), so Cronbach’s alpha
is easily less than 0.6. The alpha of perspective-taking is
more than 0.5, which is still in a slightly plausible range.
Therefore, we kept the item of perspective-taking. Sec-
ondly, the square root of AVE was greater than 0.5, which
accords with the convergence validity [101]. In addition,
we used the Fornell-Larker criteria to evaluate the dis-
criminant validity (Table 2).

Evaluation of formative measurement models

The results showed that the VIF of all constructs was
lower than the threshold of 3.3 (see Additional file. 1)
[98]. In order to further analyze, this study evaluated the
quality by blindfolding program (Q? and standardized
root mean square residual (SRMR). The results showed
that SRMR=0.079, not exceeding 0.09 [102]. The blind-
fold program showed that Q® was greater than 0, which
verified the predictive correlation of the research model
[103].

Structural model evaluation

Evaluation of the structural model showed that the R*
value was reasonable for exploratory research. Mean-
while, the direct pathway effect of fantasy, algorithmic
thinking, creativity, and cooperativity on CPS skills was
not significant (p>0.05), and the pathway effect of per-
sonal distress on empathic concern was also not signifi-
cant (p>0.05). The other variables showed significant
influences on CPS skills (p<0.05) (Table 3). After delet-
ing the insignificant pathways, we built a structural
model between the CPS skills and the influencing factors
(critical thinking, cooperativity, creativity, algorithmic
thinking, empathic concern, fantasy, perspective-taking,
and personal distress) (Fig. 3). Compared with the hypo-
thetical model, mediating effects of empathic concern
and critical thinking were observed; however, personal
distress only had a direct effect on CPS skills, which was
consistent with the previous view that empathic concern
and personal distress should be discussed [51].

The result of fsQCA

The results of necessity showed that only cooperativity
and creativity are necessary conditions for critical think-
ing (see Additional file. 2, Additional file. 3, and Addi-
tional file. 4).
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Fig. 3 Path model and partial least square structural equation modeling (PLS-SEM) estimates
Table 4 Configurations for CPS skills Table 5 Configurations for Empathic concern
Raw Unique Con- Raw Coverage Unique Coverage Consistency
Coverage Coverage  sis- Causal models from a high level of empathic concern
tency EC=f(F*PT*PD)
Causal models from a high level of CPS skills C1=PT*F 0612 0612 0.821
PS=fF*PT*PD EC*AT*C*CA™CT) Solution coverage: 0.611858
C1=CT*CA*AT*C*EC*PD*PT 0.354 0.025 0.974 So|ut]on Consistency: 0821294
C2=CT*CA*AT*C*EC*PD*F 0352 0.037 0.950 Causal models from a low level of empathic concern
C3=CT*CA*AT*C*PD*PT*F 0.340 0.024 0.950 ~EC=f(F*PT*PD)
C4 =~ CT*~CA*~AT*~C*EC*PD*PT 0.240 0.054 0.957 NC1=~PT*PD  0.567 0.127 0.849
*~F NC2=~F*PT 0556 0.116 0.889
C5 =~ CT*CA*AT*C*EC*~PD*PT*F 0.243 0.038 0.983 Solution coverage: 0682991
Co=~CT*CA*~AT*C*EC*PD*PT*F 0.250 0.015 0.972 Solution consistency: 0.841682

Solution coverage: 0.549667

Solution consistency: 0.9381 Table 6 Configurations for Critical Thinking

Causal models from a low level of CPS skills Raw Coverage  Unique Coverage

Consistency

~PS=f(F*PT*PD*EC*AT*C*CA*CT
>=H DIECTATCICATC) Causal models from a high level of critical thinking

NC1 =~ CT*~CA*~AT*~C*~EC*~P 0361 0.076 0972 CT=FfAT*C*CA)
D*~PT
C1=C*AT*CA 0760 0.760
NC2 =~ CT*~AT*~C*~EC*~PD*~PT*F  0.312 0.012 0975 .
Solution coverage: 0.760238
NC3 =~ CT*~CA*~AT*~C*~PD*~PT*F  0.306 0.028 0.975 Solution consistency: 0.869689
L\‘C4 == (TCAATIC-EC-PRTPT - 0228 0031 0951 Causal models from a low level of critical thinking
~F ~CT=f(AT*C*CA)
NC5 =CT*CA*AT*C*~EC*~PD*~PT*F  0.255 0.067 0.967 NCT =~ AT 0766 033]
Solution coverage: 0.526662 NC2=~CA*C 0508 0073

Solution consistency: 0.953452

Solution coverage: 0.839477
Solution consistency: 0.857027

0.867

0.853
0.961

FsQCA assessed the complex causal combination that
led to improved CPS skills (Tables 4, 5, 6 and 7). The
solution provided clues for each different pathway to the
result, with all consistency values being higher than 0.8,
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Table 7 Configurations for CPS skills
Raw Coverage Unique Coverage
Causal models from a high level of CPS skills

Consistency

PS=f(EC*CT)

C1=EC*CT 0.550 0.550 0.890
Solution coverage: 0.550111

Solution consistency: 0.890487

Causal models from a low level of CPS skills

~PS=f(EC*CT)

NC1=~EC*~CT 0.656 0.656 0.840

Solution coverage: 0.656391
Solution consistency: 0.839813

and most coverage values being between 0.240 and 0.839
[104].

As shown in Table 4, there are six approaches to the
final model of complex conditions that lead to high CPS
skills, among which the top three in terms of coverage
are: (1) To achieve high CPS skills through high critical
thinking, cooperativity, creativity, algorithmic thinking,
empathic concern, personal distress, and perspective-
taking (consistency=0.974, coverage=0.354). (2) Under
conditions of high critical thinking, cooperativity, algo-
rithmic thinking, and creativity, combined with high
empathic concern, personal distress, and fantasy, the
CPS skills can be improved (consistency=0.950, cover-
age=0.352). (3) A high level of critical thinking, coopera-
tivity, algorithmic thinking, creativity, personal distress,
perspective-taking, and fantasy (consistency=0.950,
coverage=0.340) can promote the improvement of CPS
skills.

To examine the mediating effect of empathic concern
and critical thinking on the CPS skill, we analyzed the
complex causality of fantasy, personal distress, perspec-
tive-taking, and empathic concern. The results showed
in Table 5 indicated that the complex causal statement
of fantasy, personal distress, perspective-taking, and
empathic concern is one way, i.e., high perspective-tak-
ing and fantasy improves empathic concern skill (consis-
tency=0.821; coverage=0.612), which supports the H7b
and H7c assumptions in the SEM model. By contrast,
the results of analyzing the complex causal relation-
ship of creativity, cooperativity, and algorithmic think-
ing for critical thinking showed that there is a pathway
for the complex causal statement of creativity, coopera-
tivity, algorithmic thinking, and critical thinking (con-
sistency=0.867, coverage=0.760), which will lead to
improved critical thinking ability. This supported the
hypotheses of H8a, H8b, and H8c in the SEM model.

The results of further analysis of the complex causal
relationship between empathic concern and critical
thinking for improved CPS skills (Table 7) showed that
high empathic concern and critical thinking (consis-
tency=0.890, coverage=0.550) will lead to improved CPS
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skills. This supported the H7d and H8d assumptions in
the SEM model.

Discussion and conclusion

Theoretical implication

To improve its ability to deal with complex practical
problems, education has been committed to providing
teaching measures that can stimulate subjects’ rational
and irrational thinking. Healthcare professionals who
utilize reflective learning must apply empathetic con-
cern and critical thinking to confront challenges with
high-quality solutions. Although previous studies con-
firmed the positive effects of empathic concern [19], and
critical thinking [17] on CPS skills through symmetrical
analysis, few studies have tested empathic concern and
critical thinking at the same time. There is a dearth of
studies that specifically investigate the factors that affect
CPS skills in the context of reflective learning. And the
previous studies on the factors influencing CPS skills
mainly adopted traditional symmetric methods (such
as regression and SEM), which did not fully capture the
complexity behind the factors of influencing CPS skills.
For instance, Hwang discovered that collaboration plays
a crucial role in problem-solving, whereas communica-
tion may not be essential. In contrast, Kocak holds a con-
trasting perspective [21, 105]. The factors affecting the
CPS skills are often based on multiple causalities rather
than a single causal relationship. Therefore, based on the
theory of multi-dimensional empathy [38] and 21st-cen-
tury skills [21], we analyzed the data of 136 medical stu-
dents undergoing reflective learning using PLS-SEM and
fsQCA, and constructed a hypothetical model to exam-
ine the relationships between the CPS skills and influence
factors (critical thinking, cooperativity, creativity, algo-
rithmic thinking, empathic concern, fantasy, perspective-
taking, personal distress).

The PLS-SEM results (Table 3) showed that a variety
of attributes can affect the CPS skills, among which criti-
cal thinking and empathic concern play an intermedi-
ary role between most antecedents and CPS skills. The
fsQCA results partly verified the mediating effect of criti-
cal thinking and empathetic concern (Tables 5 and 6).
In the PLS-SEM results (Table 3), personal distress was
identified to directly affect the CPS skills; and the effect
of personal distress on empathic concern was not shown
in the fsQCA solution (Table 5), which proved that per-
sonal distress directly affects the CPS skills without the
intermediary of empathetic concern. This result is simi-
lar to that of Jeon [106]; however, he believed that there
is a negative correlation between personal distress and
problem solving, which might be related to the different
learning patterns (reflective learning) used in this study.
Personal distress is a necessary process in reflective
learning because the motivation of prosocial behavior
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eases our uncomfortable state of mind by reducing the
disgusting and awakening cues sent out by others [107].
Reflection urges us to face these emotions and draw les-
sons from them. Hoffman noted that excessive personal
distress can turn others-oriented motivation into self-
directed motivation, thus reducing the occurrence of
prosocial behavior [54], which emphasizes the differen-
tial treatment of personal distress in different learning
modes. In addition, perspective-taking was identified to
affect the CPS skills directly (Table 3; C1 in Table 4) and
indirectly (Table 3; C1 in Table 5). Therefore, some of the
results obtained from fSQCA validated the conclusions
of PLS-SEM to some extent (Table 8).

The fsQCA results provided more configuration solu-
tions of complex causality, which extended the results of
PLS-SEM and further revealed the complexity of affect-
ing the CPS skills. For example, the fsQCA results in
Table 7 not only proved the mediating effect of empa-
thetic concern and critical thinking, but also suggest that
they work together to affect the CPS skills. This demon-
strates that CPS skills are impacted by both rational and
irrational thinking, and positive emotions play a critical
role in fostering CPS skills [108]. In Table 4 cooperativ-
ity, creativity, algorithmic thinking, critical thinking, and
personal distress all appear in forward solutions with
high coverage (C1, C2, C3 in Table 4). This suggested
that personal distress, cooperativity, creativity, algorith-
mic thinking, and critical thinking can be regarded as the
core conditions to affect the CPS skills, and these condi-
tions make an important contribution in the context of
reflective learning. Researches by Chen [77], Garrett [75],
Geisinger [70] and Ellis [17] respectively believed that
collaboration, creativity, algorithmic thinking and criti-
cal thinking play an important role in CPS skills, and Sze
[109] believed that personal distress could have a positive

Table 8 Comparison between the results of PLS-SEM and fsQCA

Methods

Hypothesis SEM fSQCA

H1 Support Conditional support
H2 Not supported na.?

H3 Support na.?

H4 Not supported na.’®

H5 Not supported na.?

H6 Not supported na.°

H7a Not supported na.’?

H7b Support Conditional support
H7c Support Conditional support
H7d Support Conditional support
H8a Support Conditional support
H8b Support Conditional support
H8c Support Conditional support
Had Support Conditional support

Note: ? Not applicable
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impact on prosocial behavior and altruism. The studies
above provide are similar to our perspective.

Critical thinking is not only one of the basic skills in the
21st Century but also a key ability in reflective learning
[110, 111]. The process of questioning and reorganizing
critical thinking is key to reflective learning. The complex
structure of the problem-solving process requires critical
thinking skills to find different solutions [30, 112-114].
Table 4 higher coverage solutions (C1, C2, C3, NCI,
NC2, NC3 in Table 4) and Table 7 higher coverage solu-
tions (C1, NC1 in Table 7) showed that critical thinking
ability training is helpful to improve a subject’s CPS skills.
By contrast, a lack of critical thinking training is not
conducive to improving CPS skills (NC1, NC2, NC3 in
Table 4; NC1 in Table 7). Critical thinking is widely con-
sidered to be a competency closely linked to CPS skills
[29], and our study approves this perspective. Moreover,
cooperativity, creativity, and algorithmic thinking also
appear in the forward solutions with high coverage (C1,
C2, C3 in Table 4), combined with the mediating effect of
critical thinking on cooperativity, creativity, algorithmic
thinking, and the CPS skills. It is logical that the anteced-
ents of critical thinking, such as cooperativity, creativity
and algorithmic thinking, also play a positive role in the
CPS skills. The result is similar to the findings of Ozge-
nel [115], who believed that critical thinking and creative
thinking affected problem-solving skill through decision-
making style. These results suggested that we should pay
attention to the cultivation of a critical thinking ability,
especially through the cultivation of cooperativity, cre-
ativity, and algorithmic thinking, which positively and
significantly improve a subject’s ability to solve complex
problems.

Empathetic concern relationship with the complex con-
figuration between its antecedent variables provides new
ideas and insights to improve our ability to solve complex
problems. Empathic concern, as a key factor of prosocial
behavior [43], is also of positive significance to CPS skills
in this study. The higher coverage solutions (C1, C2, C3
in Table 4; NC1, NC2, NC3 in Table 4; C1 in Table 7; NC1
in Table 7) showed that training in empathic concern is
beneficial to improve a subject’s CPS skills, while a lack
of empathic concern training is not conducive to improv-
ing CPS skills (NC1, NC2 in Table 4; NC1 in Table 7). By
contrast, fantasy (C2, C3 in Table 4) and perspective-tak-
ing (C1, C3 in Table 4) appeared among the forward solu-
tions with higher coverage in Table 4. Combined with
the mediating effect among empathic concern, fantasy,
perspective-taking, and the CPS skills, it is not difficult
for us to understand that the empathic concern anteced-
ent variable: fantasy, and perspective-taking, also have
positive significance for the CPS skills. This result aligns
with the research findings of Hashmi [57] and Davenport
[66]. Moreover, in the absence of empathetic concern,
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the pathway support of the combination of fantasy, per-
spective-taking, and personal distress for CPS skills also
verified this positive significance from the other side (C3
in Table 4). However, personal distress (C1, C2, C3 in
Table 4) appears independently in the forward solution,
with high coverage in Table 4, which verifies the direct
effect of personal distress on the CPS skills, which was
consistent with the results of PLSSEM. These further
confirmed the theory of Dorner and Funke, who sug-
gested that complex and dynamic non-routine situations
across different domains require a collection of self-reg-
ulating psychological processes and a creative combi-
nation of knowledge and strategies, and is influenced
by motivation and emotion, especially in a high-stakes
environment([24]. In addition, according to the observa-
tion of the reverse solution of Table 4, the combination of
negative perspectivetaking and negative personal distress
will be conducive to the low-level CPS skills (NC1, NC2,
NC3, NC5 in Table 4). Interestingly, fantasy appeared not
only in the forward solution with high coverage (C2, C3
in Table 4), but also in the inverse solution with high cov-
erage (NC2, NC3 in Table 4), which seemed to suggest
that the contribution of fantasy to improving CPS skills is
neutral, which requires further research.

Consistent with the principle of causal asymmetry,
fsQCA suggested that solutions generated by the same
attributes in different areas might have the opposite
impact on CPS skills, depending on how they combine
or interact with other attributes. The lack or negation of
some positive factors will lead to improved CPS skills,
while the existence of some negative factors might also
lead to similar results, depending on how they are con-
figured with the other factors. For example, solution
4 in Table 4 shows that in the absence of critical think-
ing, cooperativity, algorithmic thinking, creativity, and
fantasy, a combination of empathetic concern, personal
distress, and perspective-taking could also have a posi-
tive effect on the improvement of CPS skills. There is a
paucity of literature exploring the effects of empathetic
concern, personal distress, and perspective-taking on
CPS skills under conditions of low levels of critical think-
ing, cooperativity, algorithmic thinking, creativity, and
fantasy. These insights provide new ideas for exploring
improvements in CPS skills. Although PLS-SEM can
verify the predetermined relationship between previous
factors and the results of interest, it cannot provide these
insights.

In addition, considering the complex nature of prob-
lem-solving skill under the condition of reflective learn-
ing, it is necessary to check the linear and nonlinear
relationships between structures to fully understand the
strategies and methods to improve CPS skills. In this
study, as an ideal approach, PLS-SEM was used to iden-
tify the linear (symmetric) causal relationship between
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the improvement of CPS skills and influence factors. The
fSQCA was used to identify the nonlinear (asymmetric),
heterogeneous, and dynamic interactions between ante-
cedents and behavioral results. The fSQCA improved
identifying sufficient causal conditions for outcomes.
The comprehensive application of PLS-SEM and fsQCA
helped capture complex multiple causalities in the
improvement of CPS skills, which makes theoretical con-
tributions in terms of analytical techniques.

Practical implications

Aquino believes that the implementation of reflective
learning strategies is conducive to the improvement of
CPS skills [116], which is of practical significance for the
design of learning strategies and training tools, includ-
ing reflective learning. The PLS-SEM results showed that
perspective-taking, as an important condition for affected
CPS skills, not only plays a role through the intermediary
effect of empathetic concern, but also directly affects the
CPS skills. The researchers and learners can train sub-
jects to think for others in the form of team communica-
tion and exchange of views. For the sake of others, it is
necessary to think about CPS skills solutions from mul-
tiple angles and more comprehensively, by thinking about
problems from the standpoint and perspective of others.
Therefore, it is necessary to adopt evidence-based strate-
gies for training to improve the CPS skills.

While the fsQCA results confirmed the PLS-SEM
results, in turn its complex configuration helps research-
ers and learners to make more informed decisions about
learning methods to improve CPS skills. The derived
pathways indicated that there is more than one causal
configuration that can improve CPS skills, and how to
improve depends on a combination of attributes. For
example, our results showed that the high level of criti-
cal thinking and its antecedent attributes, combined with
the high level of empathic concern, personal distress, and
perspective-taking, will lead to improvement of the CPS
skills. The lack of critical thinking, cooperativity, algo-
rithmic thinking, creativity, and fantasy, which to some
extent emphasizes the utility of empathic concern, per-
sonal distress, and perspective-taking (Table 4 solution
4), make it necessary to pay attention to training medi-
cal students in empathic concern, personal distress, and
perspective-taking using reflective learning. Aligned with
our own research, it was acknowledged reflective learn-
ing as a potent method to enhance empathy [37]. Medi-
cal reflection should focus on cultivating the ability to
speculate on materials and self-views, and at the same
time, understand decision-making from the situation of
others and feel the emotions of others to trigger empathy.
Improvement of CPS skills should not only emphasize
the reduction of personal distress, but also should look at
the role of personal distress critically. At the same time, it
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also reminds us that we should fully consider the training
situation of the subjects in the design of learning strat-
egies. Critical thinking and its antecedents are regarded
as the key solutions in fsQCA, which suggests that we
can focus on the reflective learning mode when we train
subjects for critical thinking, creativity, cooperativity, and
algorithmic thinking. We should also consciously use
this kind of thinking to solve problems in the process of
reflective learning. In the design of other learning strate-
gies, training in critical thinking ability and its anteced-
ent variables, cooperativity, creativity, and algorithmic
thinking, can effectively help subjects to improve their
CPS skills.

Based on our understanding of how empathic concern
and critical thinking work together to improve the CPS
skills, we suggest that real and complex problems in life
be taken as examples in the choice of reflective teaching
strategies, to involve a series of related skills and charac-
teristics, and fully exercise the two modes of thinking.
This is because, in reflective learning, subjects internalize
the thinking skills taught by others into their own think-
ing skills, cultivating the ability to monitor and reflect on
the whole problem-solving process, and helping subjects
to extract useful strategies, experiences, and patterns
into their cognitive structure, thereby improving their
CPS skills and accumulating more experience for pos-
sible intuitive thinking. This is more suitable for prob-
lems based on real-life, which is in line with the medical
learning problem-based learning and case-based learning
models.

Conclusion

In this study, a hypothetical model of the relationship
between the CPS skills and influencing factors (criti-
cal thinking, cooperation, creativity, algorithmic think-
ing, empathic concern, fantasy, perspective-taking, and
personal distress) was constructed and validated. The
model confirmed the mediating effect of critical think-
ing and empathic concern on the CPS skills, the direct
effect of personal distress, and the direct and indirect
effect of perspective-taking on the CPS skills. Besides,
fsQCA results provided a variety of configurations that
enhanced the improvement of CPS skills. The findings
not only enriched the theoretical system of affecting CPS
skills, but also provided practical guidance for the devel-
opment of learning strategies and assessment tools aimed
at improving CPS skills.

Limitations and future research

Although this study enriches the theoretical and practi-
cal knowledge concerning the relationship between CPS
skills and critical thinking, empathic concern, and other
variables, it also has some limitations. First, the subjects
were beginners in terms of reflective learning under the
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guidance of teachers, and lack experience in reflective
learning, which might affect the accuracy and applicabil-
ity of variables to some extent. In future research, we will
improve these shortcomings, practice reflective learning
practices in more subjects, and validate the model in a
broader learning strategy, which would be very meaning-
ful. Second, based on the model of this study, it is neces-
sary to enrich the paths and develop a variety of learning
and training tools to improve the CPS skills in the future
research. The development of assessment tools for fac-
tors related to the measurement of CPS skills will facili-
tate targeted training and realize personalized learning
practice guidance.
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