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Introduction: Postgraduate medical education assumes rising importance in the rapidly advancing field of

medicine. Case-based learning (CBL), a learner-centered pedagogy employing clinical cases to improve

decision-making, is widely embraced in postgraduate medical education, including nephrology. Studies

suggest that learning self-efficacy (SE) was closely associated with learning motivation and academic

performance; however, very few studies examined this association in postgraduate nephrology education.

None evaluated whether there were interprofessional differences concerning such association.

Methods: In 2022, we prospectively enrolled physicians and nurses participating in chronic kidney disease

(CKD) care from institutions around Taiwan. They completed the Professional Medical Learning Self-

efficacy (PMLS) questionnaire after attending >1 CBL session involving CKD care. We undertook confir-

matory factor analysis (CFA), followed by structural equation modeling (SEM) to evaluate associations

between 5 dimensions of learning SE (conceptual understanding [CU], higher-order cognitive skills [HC],

practical work [PW], everyday application [EA], and medical science communication [MSC]) and their

professional SE in nephrology according to participants’ medical professions.

Results: A total of 513 healthcare providers were surveyed. The convergent and construct validity of our

questionnaire were satisfied after analyses. We found that better perceived professional performance in

the form of higher professional SE in nephrology was significantly associated with all 5 dimensions of

learning SE among physicians and nurses. Only CU and PW were significantly associated with physicians’

professional performance; whereas among nurses, only HC and MSC were significantly associated.

Conclusion: We showed that learning SE was an important determinant of nephrology professional per-

formance. Different medical professions posed influences on major SE dimensions.
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medical professionals demonstrating competence, clin-
ical excellence, and professionalism, all contributing to
trust-earning.1 The orchestration of these fine plays in
healthcare requires postgraduate medical education,
which encompasses the complex interactions between
discipline-specific knowledge, meticulous skill sets,
and professional attitude.2 Carefully preparing post-
graduate trainees for independent practice eases their
clinical burdens and enhances their responsibility for
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patient care.3 Although postgraduate health science
learning is often achieved through apprenticeship,4

this model draws criticism because clinical teachers
usually do not have an education background and their
approaches do not always meet trainees’ needs.2 This
situation necessitates a more effective format, such as
CBL, an educational pedagogy employing real-world
cases to help trainees improve decision-making. CBL
has been used in postgraduate education for decades,
enhancing subject matter relevance.5 The definitions
and spectrum of CBL evolves, and previous studies
demonstrated its effectiveness in facilitating long-term
knowledge retention and improving learning outcomes
compared to other pedagogies.5,6 CBL further improves
trainees’ satisfaction and cultivates their problem-
solving ability and can be part of an integrative
curricular module for teaching medical science sub-
jects.6,7 CBL is particularly instrumental in nephrology
(e.g., electrolytes and CKD), which entails mounting
data and complex decision-making algorithms. Existing
reports adapt the CBL format to enhance trainees’
point-of-case practices through various platforms8,9

with fair results.
SE, proposed by Bandura in 1977, was defined as

individuals’ belief in their ability to complete a task
successfully.10 Four kinds of SE sources were outlined,
including mastery experiences, vicarious experiences,
verbal persuasion, and physiological or affective
states.11 Higher SE has been associated with greater
motivation for learning, self-regulation, and achieve-
ment12 SE can be strengthened through encourage-
ment, careful observation of successful peers, and
mastering of specific tasks; and can be damaged by
adverse psychological experiences.13 Various context-
specific SE has been described, including generalized
SE, teacher SE, learning SE, research SE, professional
SE, etc., each with its uniqueness.13,14 Three di-
mensions of SE estimation are outlined, from magnitude
and strength to generality, focusing on one’s belief,
confidence in task completion, and the applicability of
certain tasks to others, respectively.11 As task
complexity grows, the dimensions and influences of SE
expand from SE sources to other personal or environ-
mental factors.15 Multidimensional SE is increasingly
utilized to gauge the learners’ beliefs, especially
learning SE.16 Medical students’ learning SE was
shown to correlate with their academic performance.12

Learning SE is particularly important for postgraduate
learners because discipline-specific knowledge reten-
tion and clinical skill acquisition during this period are
more complex, thereby making decision-making diffi-
cult.17 Learning SE can be instrumental in enhancing
the professional performance of undergraduate medical
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students.18 Moreover, previous studies in nursing sci-
ence,19 singing artists,20 and mental health therapists17

all showed that professional SE was a valid surrogate of
discipline-specific clinical performance. However, the
existing literature rarely addresses how to assess
learning SE from a multidimensional perspective
among postgraduate learners, especially in nephrology.

In this study, we hypothesized that results from a
multidimensional learning SE questionnairewere closely
linked to nephrology care team members’ professional
performance, and investigated whether there was an
interprofessional difference in such association.We used
professional self-efficacy (PSE) in nephrology as a mea-
surement of nephrology workers’ global confidence in
handling their daily practice smoothly. We aimed to
contribute to a better understanding of the factors that
influenced nephrology workers’ clinical practice.

METHODS

Ethical Statement

The protocol of this study has been approved by the
institutional review board of National Taiwan Univer-
sity Hospital (NO. 202108085RINA). All study partici-
pants agreed to the study procedures and provided
verbal informed consent. The conduct of this study
adhered to the Declaration of Helsinki.

Participant Enrollment and Study Procedure

Healthcare personnel who practiced nephrology or
participated in the care of patients with CKD, including
physicians and nurses (including case managers) with
varied lengths of working experiences from different
institutions around Taiwan, were invited to participate
in the year 2022. All participants first provided infor-
mation about their demographic data, the lengths of
working experiences, and their clinical roles. Then
they were instructed to complete a PMLS question-
naire, including a multidimensional learning SE ques-
tionnaire and a PSE in nephrology questionnaire (as the
outcome) after they completed at least 1 CBL session
focusing on CKD patients’ care.

In Taiwan, multidisciplinary care for patients with
advanced CKD has been shown to successfully decel-
erate their kidney function decline and reduce mor-
tality.21,22 It is now established as a standardized care
process for patients with at least stage 3b CKD or those
with massive proteinuria (>1 g protein in urine daily).
Within the multidisciplinary care protocol, members
with different specialties, nurses, and case managers
jointly provide advice on lifestyle adjustment, optimal
pharmacologic treatments, comorbidity management,
and dietary education according to patients’ kidney
function.23 Team members meet regularly for therapy
Kidney International Reports (2024) 9, 877–887



Figure 1. The hypothetical model in this study. CU, conceptual un-
derstanding; EA, everyday application; HC, higher order cognitive
skill; MSC, medical science communication; PSE, professional self-
efficacy in nephrology; PW, practical work.
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individualization, in the format of CBL sessions, aiming
to foster a “learning healthcare system.”24

A typical CBL session, in this study, is facilitated
by attending nephrologist(s) as chairperson(s). Each
session covers the entire spectrum of personalized
CKD care for real clinical patients, including the
investigation of CKD origin, the trajectories of kid-
ney function, the appropriateness of current phar-
macologic and dietary interventions, the screening
and management of CKD complications, patient
preferences, and/or dialysis preparation. A CBL ses-
sion can be conducted in small or large groups, with
experienced facilitators presenting clinical details
followed by discussions about issues for care strat-
egy optimization. CBL session participants can
articulate their own knowledge and experiences
about similar cases, with input from others and a
review of the literature. Facilitators can instruct or
advise participants to reflect on their CKD care
quality. The frequency of CBL sessions is usually
weekly or monthly, accommodating clinical sched-
ules and case numbers, with a duration of less than 1
to several hours. A final summary and feedback
period is reserved for CBL participants. In this study,
facilitators distributed the questionnaire described
above to participants after at least 1 CBL session.

The Exposure: Assessment of Professional

Medical Learning SE

In this study, SE was measured in a task-specific
manner from a multidimensional perspective.10,25,26

Multidimensional SE measurements can better
accommodate the diverse spectrum of requirements
learners face.11,25,27 We adapted a preexisting ques-
tionnaire to achieve our purpose.28 Lin et al.28 vali-
dated their science learning SE instrument
previously, consisting of 5 dimensions (CU, HC, PW,
EA, and science communication) among a large group
of learners. This questionnaire has also been vali-
dated previously among Taiwanese students29,30 and
for application in nephrology learners. We rephrased
the science communication dimension as MSC in a
medical context. Each dimension contained 5 CU, 6
HC, 7 PW, 8 EA, and 6 MSC items. We rated par-
ticipants’ responses on a 5-point Likert-type scale
(e.g., strongly disagree; disagree; neutral; agree; and
strongly agree), whose results were coded using 1 to
5. We further introduced elements of CKD care and
case discussion into all items to accommodate our
study aim, constituting the nephrology-specific
learning SE instrument. The adapted version was
read and approved by at least 3 expert nephrologists
with >10 years of experience in providing CKD care
and conferencing. Disagreement between experts
Kidney International Reports (2024) 9, 877–887
concerning item details was resolved by consensus.
Wordings were also optimized for clarification.

The Outcome: Professional Performance of

Participants

The professional performance of participants was
evaluated using the sixth dimension of our PMLS
questionnaire, PSE in nephrology, derived from the
academic SE subscale of the Motivated Strategies
Learning Questionnaire.31 The original subscale con-
tained 9 items assessing respondents’ perception and
measured students’ confidence to optimize one’s own
academic performance within a given scientific disci-
pline. Factorial analysis in the original study showed a
Cronbach a of 0.89, and the scale results correlated
significantly with various types of task performance.31

We harnessed its results as the outcome variable of this
study as a surrogate of future professional performance
involving CKD care. The wordings of the questionnaire
were tailored to the nephrology practice content, with
particular emphasis on processes related to CKD care.

Statistical Analysis

The statistical software Statistical Package for the Social
Sciences (SPSS; IBM Corp, Armonk, NY) 25.0 was used to
analyze the gathered data, and we used SPSS AMOS 24.0
for CFA and SEM analysis. We divided the analytical
strategies into 3 parts; first, we undertook the CFA to
evaluate the construct validity of our PMLS instrument
based on physicians’ and nurses’ responses, separately;
and to clarify the structure of our measurements
(learning SE and PSE in nephrology) with our hypothetic
model (Figure 1). Validation tests were also done to
examine the result validity. According to previous
studies,32-34 fit scales, including goodness of fit index,
incremental fit index, Tucker-Lewis index, comparative
fit index, root mean square error of approximation, and
standardized root mean square residual, could be used to
determine whether the model validity was satisfactorily
879



Table 1. Clinical features of study participants
Features Results (N [ 513)

Demographics

Age, yr 40.8 � 8.5

Gender (male) 19.9%

Occupation

Physicians 27.5%

Renal nurses 72.5%

Geographic distribution

Northern 67.1%

Central 13.6%

Southern 19.3%

Institute level

Medical center 9.0%

Regional hospital 73.9%

Private clinic 17.1%

Work experience

$10 years 48.5%

5–10 years 24.0%

<5 years 27.5%
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fit. The SEM followed to evaluate the associations be-
tween the dimensions of learning SE (CU, HC, PW, EA,
and MSC) and the PSE in nephrology for the physicians’
and nurses’ responses. We used the measurement model
for analyses, because its results displayed the predictions
between latent variables and indicators. Finally, we
performed SEM in each clinical role for result compari-
son. We provided the standardized path coefficients and
omitted paths without statistical significance from the
figures. In all analyses, a P value <0.05 was deemed
statistically significant.
RESULTS

Participants’ Characteristics

In 2022, total of 513 healthcare providers were sur-
veyed after participating in CBL sessions involving
CKD care (Table 1), among whom 102 (19.9%) were
male. Their mean age were 40.8 � 8.5 years. One-fourth
(n ¼ 141; 27.5%) of participants were physicians
whereas the others (72.5%) were nurses. Approxi-
mately half (n ¼ 249; 48.5%) had >10 years of practice
in nephrology including CKD care, whereas 123
(24.0%) and 141 (27.5%) had 5 to 10 years and <5
years of experience, respectively. Participants came
from all geographic areas of Taiwan (67.1% northern,
13.6% central, and 19.3% southern part), with 9.0%,
73.9%, and 17.1% from medical centers, regional
hospitals, and private clinics, respectively.

Validity and Reliability of the PMLS Instrument

We then performed CFA to evaluate the construct val-
idity of the PMLS instrument (learning SE and the PSE
in nephrology) in a single model, including factor
loadings, Cronbach’s alpha values, average variance
880
extracted, composite reliability, and descriptive statis-
tics (Table 2). Among all 6 dimensions, 3, 5, 4, 4, 3, and
6 items exhibited significant factor loadings of the di-
mensions, including CU, HC, PW, EA, and MSC, and
PSE in nephrology, respectively. The loading values of
each item in all dimensions among physicians or nurses
were higher than 0.70 (Table 2). Cronbach’s alpha values
of the 6 dimensions of PMLS among physicians and
nurses were 0.90–0.94 and 0.85–0.92, respectively. For
convergent validity, the construct reliability values for
the PMLS instrument among physicians and nurses
were 0.80–0.95 and 0.87–0.92, respectively (Table 2).
The average variance extracted values of the 6 di-
mensions among physicians and nurses ranged between
0.71 and 0.85 and between 0.58 and 0.98, respectively
(Table 2). Regarding the goodness of fit for the model
construct, we found that for the physician, the c2 per
degree of freedom was 1.74, the goodness of fit index
was 0.81, the incremental fit index was 0.95, the Tucker-
Lewis index was 0.94, the comparative fit index was
0.95, the root mean square error of approximation was
0.072, and the standardized root mean square residual
was 0.049; whereas for the nurse, the c2 per degree of
freedom was 2.40, goodness of fit index was 0.88, in-
cremental fit index was 0.95, Tucker-Lewis index was
0.94, comparative fit index was 0.95, root mean square
error of approximation was 0.061, and standardized root
mean square residual was 0.044. These findings support
the validity of our assessment tools.

Effect Size Estimation Among Physicians’ and

Nurses’ Learning SE and PSE in Nephrology

Results After CBL Sessions

Next, we examined the scores of the 6 dimensions and
compared differences between results from physicians
and nurses (Table 3). Physicians had higher item rating
scores of all 6 dimensions of the PMLS instrument than
nurses (P < 0.001 for all). We found that the Cohen’s
d values were large (>0.8) for comparisons of HC, PW,
and MSC and moderate for CU, EA, and PSE (Table 3),
suggesting that the standardized effect size was
significantly higher among physicians.35

Correlation Between Dimensions of Learning

SE, PSE in Nephrology Results, and

Demographic Characteristics

We subsequently performed correlation analyses be-
tween each dimension of learning SE and age and the
length of working experiences (Table 4). Higher age and
longer working experiences were positively associated
with greater confidence in CU, HC, EA, and MSC among
physicians and nurses. However, higher age and longer
experiences did not correlate with PW among nurses
(Table 4). Interestingly, we observed that better
Kidney International Reports (2024) 9, 877–887



Table 2. Confirmatory factor analysis and validation values (alpha, AVE, and CR) for the healthcare providers of the 6 dimensions of the
professional medical learning self-efficacy instrument

Items

Factor 1:
Conceptual

understanding

Factor 2: Higher
order cognitive

skills
Factor 3:

Practical work

Factor 4:
Everyday
application

Factor 5: Medical
science

communication

Factor 6:
Professional self-

efficacy

P N P N P N P N P N P N

Factor 1: Conceptual understanding (CU), Physician: Cronbach’s alpha ¼ 0.94, AVE ¼ 0.85, CR ¼ 0.95; Nurse: Cronbach’s alpha ¼ 0.91, AVE ¼ 0.98, CR ¼ 0.91.

CU 1 0.94 0.92

CU 2 0.91 0.92

CU 3 0.92 0.80

Factor 2: Higher order cognitive skills (HC), Physician: Cronbach’s alpha ¼ 0.94, AVE ¼ 0.77, CR ¼ 0.94; Nurse: Cronbach’s alpha ¼ 0.87, AVE ¼ 0.58, CR ¼ 0.87.

HC 1 0.86 0.74

HC 2 0.85 0.75

HC 3 0.90 0.82

HC 4 0.89 0.78

HC 5 0.88 0.72

Factor 3: Practical work (PW), Physician: Cronbach’s alpha ¼ 0.91, AVE ¼ 0.80, CR ¼ 0.80; Nurse: Cronbach’s alpha ¼ 0.85, AVE ¼ 0.67, CR ¼ 0.89.

PW 1 0.84 0.81

PW 2 0.88 0.84

PW 3 0.87 0.79

PW 4 0.83 0.84

Factor 4: Everyday application (EA), Physician: Cronbach’s alpha ¼ 0.93, AVE ¼ 0.78, CR ¼ 0.94; Nurse: Cronbach’s alpha ¼ 0.89, AVE ¼ 0.67, CR ¼ 0.89.

EA 1 0.89 0.81

EA 2 0.91 0.84

EA 3 0.84 0.79

EA 4 0.90 0.84

Factor 5: Medical science communication (MSC), Physician: Cronbach’s alpha ¼ 0.90, AVE ¼ 0.77, CR ¼ 0.91; Nurse: Cronbach’s alpha ¼ 0.87, AVE ¼ 0.69, CR ¼ 0.87.

MSC 1 0.85 0.82

MSC 2 0.89 0.85

MSC 3 0.89 0.83

Factor 6: Professional self-efficacy, (PSE), Physician: Cronbach’s alpha ¼ 0.93, AVE ¼ 0.71, CR ¼ 0.94; Nurse: Cronbach’s alpha ¼ 0.92, AVE ¼ 0.67, CR ¼ 0.92.

PSE 1 0.81 0.76

PSE 2 0.83 0.82

PSE 3 0.87 0.86

PSE 4 0.87 0.86

PSE 5 0.83 0.82

PSE 6 0.84 0.77

alpha, Cronbach’s alpha; AVE, average variance extracted; CR, composite reliability; N, nurses; P, physicians.
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professional performance in higher PSE in nephrology
was significantly associated with all 5 dimensions of
learning SE among physicians and nurses (Table 4).

Structural Relationships Between Dimensions

of Learning SE and PSE in Nephrology Among

Participants of CBL Sessions

Finally, we used SEM to evaluate the relationship be-
tween each dimension of learning SE and PSE in
nephrology. The SEM result showed that the model in
this study adequately explained the instrument data by
Table 3. The scores of the dimensions of the Professional Medical Learn
Profession CU HC P

Physicians (n ¼ 141) 4.43 (0.60) 4.36 (0.59) 4.47

Nurses (n ¼ 372) 4.05 (0.46) 3.91 (0.46) 3.85

t-test 6.88a 8.34a 11

Cohen’s d 0.71 0.85 1

CU, conceptual understanding; HC, higher order cognitive skills; PW, practical work; EA, every
aP < 0.001.
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the fit indices.36 We showed that among physicians,
only CU (path coefficient ¼ �0.44, P < 0.05) and PW
(path coefficient ¼ 0.52, P < 0.01) were significantly
associated with their professional performance,
whereas HC exhibited borderline positive association
(path coefficient ¼ 0.34, P ¼ 0.083) (Figure 2). Among
nurses, only HC (path coefficient ¼ 0.2, P < 0.05) and
MSC (path coefficient ¼ 0.58, P < 0.001) were signifi-
cantly associated (Figure 3). Only better HC was posi-
tively associated with improved performance in both
professions. Interprofessional differences existed
ing Self-efficacy for the healthcare providers
W EA MSC PSE

(0.54) 4.39 (0.62) 4.38 (0.60) 4.15 (0.61)

(0.51) 3.97 (0.46) 3.92 (0.52) 3.71 (0.54)

.63a 7.42a 8.03a 7.69a

.18 0.77 0.82 0.76

day application; MSC, medical science communication; PSE, professional self-efficacy.
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Table 4. The correlations between the health care providers’ age, working experience, and each dimension of the medical professional
learning self-efficacy

Clinical variables

CU HC PW EA MSC PSE

P N P N P N P N P N P N

Age 0.41 (c) 0.25 (c) 0.42 (c) 0.21 (c) 0.52 (c) 0.07 0.38 (c) 0.16 (b) 0.45 (c) 0.22 (c) 0.47 (c) 0.14 (b)

Working experience 0.53 (c) 0.26 (c) 0.53 (c) 0.26 (c) 0.50 (c) 0.07 0.49 (c) 0.16 (b) 0.48 (c) 0.23 (c) 0.48 (c) 0.13 (a)

PSE 0.70 (c) 0.56 (c) 0.74 (c) 0.62 (c) 0.78 (c) 0.58 (c) 0.74 (c) 0.67 (c) 0.79 (c) 0.72 (c) —— ——

CU, conceptual understanding; HC, higher order cognitive skills; PW, practical work; EA, everyday application; MSC, medical science communication; PSE, professional self-efficacy; N,
nurses; P, physicians.
aP < 0.05;
bP < 0.01;
cP < 0.001.
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regarding contributors to professional performance in
nephrology; PW was more instrumental for physicians,
whereas MSC was vital for nurses.

DISCUSSION

In this study, we conducted a nationwide survey
recruiting renal physicians and nurses participating in
CBL sessions focusing on CKD care, then evaluated the
relationship between their learning SE and professional
performance. We used a CKD-adapted learning SE in-
strument and a professional SE in nephrology ques-
tionnaire, whose validity and reliability were reassured
through CFA. We found that physicians rated higher in
all learning-related aspects than their nurse colleagues.
Interestingly, physicians and nurses had distinct di-
mensions of learning SE that correlated with their pro-
fessional performance; the former placed more emphasis
on CU and PW, whereas the latter focused on HC and
MSC.

Potential Importance of Professional SE in

Postgraduate Medical Education

The existing literature favors that assessing and pro-
moting PSE helps professionals to maintain self-control,
Figure 2. The structural model of the professional self-efficacy survey va
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increase motivation, and improve resilience during
adverse conditions.37 Better PSE can be conducive to
greater work performance and satisfaction, a higher
chance of gaining control of the challenging environ-
ment, and goal achievement.38 On the other hand,
professionals with lower PSE may experience greater
stress, burnout, and potentially poorer performance.39

Determinants of PSE highly depend on details of the
index profession and individual features. For example,
emotional labor was shown to negatively correlate with
artists’ PSE.20 Cultural context, suboptimal supervi-
sion, as well as aversive working experiences, all
exhibited a certain degree of association with clinical
trainees’ PSE.40 Importantly, PSE, as an important
predictor of performance among healthcare pro-
fessionals,41 can be modifiable through participation in
discipline-specific courses or sessions.42 This is partic-
ularly important during postgraduate medical educa-
tion because trainees and staff spend more time on
patient care relative to participating in education ses-
sions. In light of our findings, a CBL type session can
serve as an underappreciated opportunity to enhance
PSE in renal physicians and nurses. A small-scale study
demonstrated that a CBL-type web conference focusing
riables for the physicians. †P < 0.1; *P < 0.05; **P < 0.01.

Kidney International Reports (2024) 9, 877–887



Figure 3. The structural model of the professional self-efficacy survey variables for the nurses. *P < 0.05; ***P < 0.001.
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on cancer risk prediction could potentially enhance
participants’ PSE,43 supporting this claim.

Interprofessional Differences in Learning SE

Dimensions Associated With PSE: Plausible

Explanations

We further showed that renal physicians and nurses
differed with regard to dimensions of learning SE
contributing to PSE in nephrology. Similar interpro-
fessional differences in task-specific SE have been
observed before44 but rarely involved renal physicians.
Several studies pinpointed significant dimensions that
nurses rated as most influential for cultivating their
professional knowledge and skills; Hosseinzadeh
et al.45 reported that medical professional interaction
and communication was an instrumental ability for
achieving nursing competency and frequently coex-
isted with insufficient PSE. Better communication skills
confer greater PSE among nurses, likely resulting from
increased confidence in providing care and construct-
ing positive interpersonal relationships with patients.46

We similarly observed that MSC contributed to PSE in
nephrology among renal nurses (Figure 3) but not
among renal physicians. On the other hand, among
renal physicians, CU and PW significantly contributed
to PSE instead of renal nurses. A previous study
investigating genetic counseling-related declarative
and procedural knowledge among a group of multi-
disciplinary members revealed that physicians had
higher work understanding and required skills
compared to advanced practice nurses.47 With a greater
proficiency in discipline-specific details, renal physi-
cians might value CU and PW, which assessed inter-
pretative thinking and clinical reasoning process more
suitable for a scenario involving CKD than renal nurses.
Kidney International Reports (2024) 9, 877–887
On the contrary, nursing education more commonly
emphasizes patient rapport establishment and commu-
nication. This is further supported by a recent local
study, reporting that nursing students had better long-
term PSE if they received mentoring support focusing
on good rapport with patients.48 Alternatively, the lack
of association between certain learning SE dimensions
and profession-specific PSE might result from the lack
of interest, familiarity, or experiences involving the
dimension of interest. Others have reported that the
process of CU in nursing sciences might not be so
straightforward and requires interdisciplinary collab-
oration for clarification and affirmation.49 Based on our
findings, interprofessional differences in learning SE
dimensions determining PSE truly exist. It would be
prudent to address these differences during the sub-
sequent design of profession-specific continued medical
education to improve participants’ professional per-
formance and potentially reduce burnout risk. Inter-
professional education should also incorporate these
differences into consideration for optimizing learning
outcomes.

Associations Between Age, Working

Experiences, Learning SE, and PSE in

Nephrology

In Table 4, we present significant associations between
older age or longer working experiences, learning SE
dimensions, and PSE in nephrology. Part of the asso-
ciation between the dimensions of learning SE and PSE
in nephrology might be attributed to the influences of
age or working experiences. Indeed, a previous study
among nursing aides showed that a longer working
experience significantly correlated with positive
changes in learning attitudes.50 Being employed also
883
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correlated with having higher SE.51 On the other hand,
better SE was also associated with work engagement
and potentially longer duration at work.52 Increasing
age might strengthen the association between SE and
subjective work ability.53 However, another study
showed that the association between medical profes-
sional performance and the duration of employment
might be attenuated by work atmosphere, satisfaction,
and job burnout among healthcare personnel.54

Therefore, we suspect that the association between
learning SE dimension and professional performance
could not be solely explained by that between age, the
duration of employment, and professional performance.
Moreover, differences in associations between age,
working experiences, and certain learning SE di-
mensions according to professions may result from
clinical rotation schedules.

Implications of Study Findings

Our findings are expected to significantly improve
profession-specific and interprofessional education.
Previous studies addressing postgraduate education in
nephrology frequently focused on reducing a hierar-
chical atmosphere, the design of a cozier workplace,
and promoting interprofessional collaboration,55 with
minimal reference to the importance of the clinical role.
Based on our findings, it is recommended to design
different strategies for enhancing physician-specific
and nurse-specific SE dimensions so as to promote
professional performance. For renal physicians, they
can be reminded periodically of details regarding
updated CKD care protocols and recent technological
advancements in laboratory and pharmaceutics
through arranging dedicated continuous education
sessions. These designs are shown to promote learners’
PW capacity.56 On the other hand, renal nurses can be
trained for critical thinking and deductive and induc-
tive reasoning during case investigation, coupled with
reflective learning after case presentation and meta-
cognitive skill sharpening between each CBL session to
polish their HC capacity. Some of this training may be
achieved through multimedia and e-learning, as re-
ported by others.57 Blended learning modules are also
found to be beneficial for improving nurses’ commu-
nication skills,58 promoting their SE and MSC capacity
at the same time.

The Importance of Identifying Contributors to

Better Professional Performance: Reducing

Burnout and Workforce Loss

The decreasing nephrology workforce and a rising
prevalence of burnout among active workers has been a
lurking concern. A dedicated task force from the pro-
fessional nephrology society has outlined several
884
strategies to tackle this problem.59 Less mentoring,
knowledge intensiveness, suboptimal training experi-
ences, dissatisfaction with practice fields, work-life
imbalance, etc., have all been suggested as contribu-
tors to this trend60; however, poor PSE in nephrology
has not been addressed before as a potential driver for
insufficient resilience, poor wellbeing, and shrinking
nephrology workforce, though similar phenomenon
has been identified in other professions or disci-
plines.61,62 Better learning SE, if intentionally promoted
during postgraduate education, has the potential of
upholding professional performance and improving
staff morale and motivation while reducing the prob-
ability of developing burnout. Our findings further
shed light on how to improve postgraduate education
courses to maintain and even expand the current pool
of nephrology workforce.

Strengths and Limitations

Our study has its strengths and limitations. This study
is the first to focus on CBL sessions in postgraduate
medical education for nephrology, with broad clinical
implications. The study context was CBL, a practical
and interactive form of learning that may enhance the
applicability of findings to real-world clinical practice.
We included a diverse range of healthcare providers
in terms of sex, geographic distribution, institute
level, and work experience, supporting the applica-
bility of our findings. We surveyed many healthcare
providers (n ¼ 513), which increased the statistical
power and result reliability. Our robust statistical
analyses, including CFA and SEM, increased the result
validity. However, limitations do exist. First, this
study was cross-sectional; therefore, we could not
establish the causality between learning SE in a CBL-
fashioned course and professional performance
among nephrology practitioners. Longitudinal studies
would be required to evaluate such a relationship.
Second, we relied on self-report data for analysis,
which might be subject to social desirability or recall
bias. Participants might overestimate or underestimate
their abilities, potentially affecting study findings.
Third, cultural context, healthcare systems, and
health policies could vary between Taiwan and other
countries, and the generalizability of our results to
nephrologists or nurses in other countries remains
unknown. Fourth, our assessment of professional
performance was subjective in nature. However,
objective measurements of such feature in post-
graduate education may not have a standard definition
and fail to exhibit sufficient associations with learning
motivation. Fifth, we did not record the exact number
of CBL sessions in this study because of the pandemic
issue, and we were unable to predict whether more
Kidney International Reports (2024) 9, 877–887
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CBL sessions strengthened the associations we
observed. Finally, other unmeasured variables might
affect study findings, such as the quality of CBL ses-
sions, participants’ prior knowledge or training, or
their motivation levels. Our findings need to be veri-
fied in a larger cohort with an international
nephrology workforce.

Conclusion

In this study, we successfully surveyed a diverse
group of healthcare providers, including physicians
and nurses, from various geographic areas and in-
stitutions in Taiwan, with different levels of work
experience. We used the PMLS instrument among
participants to assess an individual’s belief and confi-
dence in learning CKD-related care and their potential
professional performance. Our instrument was valid
and reliable for assessing healthcare providers’ SE in
CKD-related care. We discovered that physicians
generally had higher scores for all dimensions of
learning SE and PSE in nephrology than nurses.
Importantly, different dimensions contributed to pro-
fessional performance in nephrology for physicians and
nurses. SEM revealed that among physicians, CU and
PW were significantly associated with better profes-
sional performance; whereas among nurses, HC and
MSC were significantly associated with better profes-
sional performance. These findings are expected to
show how to optimize nephrology education in
different medical professions.
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