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Abstract
Background.

Cultivating both caring behaviours and critical thinking in first-year nursing students is foundational to
safe, compassionate practice, yet didactic teaching alone may not develop these competencies. Social
and Emotional Learning, framed by the CASEL competencies, offers a structured pedagogical approach.
This study evaluated whether a Social and Emotional Learning-integrated experiential curriculum
improved critical thinking and caring behaviours compared with standard instruction.

Methods.

A quasi-experimental, two-group pretest—posttest mixed-methods design was conducted with 142 first-
year nursing students from two universities in central Taiwan (experimental group, n = 105; control group,
n = 37). Class-level allocation was used because randomising individual students within an intact-class
curriculum was institutionally infeasible. The experimental group completed a 58-hour Social and
Emotional Learning-integrated curriculum combining a 48-hour high-fidelity infant simulation, pregnancy
and ageing simulations, service-learning, and guided debriefing across one semester. Outcomes were
assessed using the Taiwan Critical Thinking Disposition Inventory and a 15-item Caring Behaviour Scale
at week 1 and week 18. Analyses included paired and independent-samples t-tests, linear mixed-effects
models, Cohen's d, and three pre-specified sensitivity analyses (inverse-probability-of-treatment
weighting, analysis of covariance, and complete-case) to address selection bias. A purposive subsample
(n =18) participated in semi-structured interviews analysed using reflexive thematic analysis. The study
followed the TREND reporting guideline for non-randomised behavioural interventions.

Results.

The groups were comparable at baseline on all measured variables except career intention. The
experimental group showed significantly greater improvement on overall critical thinking (Group x Time:
B =3.65, p =.045), on the Systematic-Analytical Thinking subscale (between-group change p = .02), and
on the Respect dimension of caring behaviour (p = .03). All three significant findings remained robust
across sensitivity analyses, suggesting the observed effects are not attributable to selection bias from
non-random allocation. Qualitative findings yielded two themes—perspective-taking through immersive
simulation, and systematic reasoning under pressure—that triangulated the quantitative gains.

Conclusions.

Embedding Social and Emotional Learning into early experiential nursing curricula significantly enhanced
critical thinking, particularly systematic-analytical reasoning, and strengthened respectful caring
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attitudes. Robustness across multiple analytic approaches strengthens causal inference within the limits
of a quasi-experimental design. This multi-component, theory-driven approach offers nursing educators
a feasible, reproducible model to cultivate cognitive and affective foundations during the first year of
training, supporting the United Nations Sustainable Development Goal 3 (Good Health and Well-being).

Trial registration:

This educational quasi-experimental study was retrospectively registered with the Open Science
Framework (registration details to be provided at submission). Ethical approval was granted
prospectively (CRREC-109010; 19 February 2021) prior to recruitment.

Background

Contemporary nursing education increasingly recognises that socio-emotional competence is as
essential as cognitive and technical knowledge for safe, person-centred care [1, 2]. Socio-emotional
competence denotes the capacity to recognise and regulate emotions, empathise with others, and make
ethical, socially responsible decisions that promote personal and collective well-being [1]. In nursing,
these capabilities underpin reflective thinking, compassionate communication, and ethical clinical
practice [2]. Social and Emotional Learning (SEL) is the systematic process through which socio-
emotional competence is developed; it integrates cognitive, affective, and behavioural growth, and is
increasingly viewed as a core component of holistic education [3]. Empirical evidence shows that SEL
improves academic outcomes, strengthens social skills, reduces behavioural problems, and benefits
mental health [3]. In nursing, these gains translate into attuned interpersonal care, better emotion
regulation under stress, and enhanced clinical performance [4]. Qualities such as empathy, moral
reasoning, and reflective awareness are not replicable by artificial intelligence, underscoring their
irreplaceable value in nursing education [5].

The CASEL framework

The Collaborative for Academic, Social, and Emotional Learning (CASEL) framework identifies five
interdependent domains [6]: self-awareness (recognising one's emotions, values, and goals); self-
management (regulating emotions and behaviours under pressure); social awareness (empathy and
perspective-taking); relationship skills (effective communication and teamwork); and responsible
decision-making (ethical, caring choices) [3, 7, 8]. These competencies reflect the humanistic
dimensions of nursing practice and provide a structured foundation for designing curricular interventions
that address students' emotional, ethical, and relational development.

Pedagogical strategies for developing SEL in nursing
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Active and experiential pedagogies are particularly effective for SEL development [1]. Simulation and
role-play foster emotional understanding, teamwork, and reflective practice [9]. They provide
psychologically safe yet immersive environments in which students can rehearse empathy and decision-
making before encountering real patients. Ageing and pregnancy simulations elevate self-efficacy,
empowerment, and emotional insight [10]. Service-learning further cultivates caring through reflection on
community engagement [11]. Combining such strategies allows educators to strengthen both cognitive
(critical thinking) and affective (caring and empathy) domains.

Rationale for the present study

Despite robust theoretical grounding, several gaps remain. First, most studies examine single methods
(e.g., one simulation modality) rather than integrated curricula [12, 13]. Second, much of the literature
focuses on advanced students, while the foundational first year is the formative window for professional
identity [14]. Third, evidence on how SEL frameworks map directly onto simulation content is limited.
Recent work shows that Kolb-based experiential training outperforms didactic instruction in nursing [15],
consistent with Kolb's experiential learning theory [16, 17]. Adam and Juergensen further argued that
critical thinking is developed through situated, virtue-oriented practice rather than passive knowledge
transmission [18].

Addressing these gaps, the present study integrated a 48-hour high-fidelity infant simulation, pregnancy
and ageing simulations, service-learning, and guided debriefing into a first-year nursing course explicitly
mapped to the CASEL competencies. We hypothesised that this multifaceted, SEL-informed experiential
curriculum would yield greater improvements in critical thinking and caring behaviours than standard
instruction.

Methods
Study design and reporting standard

This study employed a quasi-experimental, two-group pretest—posttest design with an embedded
concurrent qualitative component to enable mixed-methods triangulation [19]. The study is reported in
accordance with the TREND statement (Transparent Reporting of Evaluations with Nonrandomized
Designs) [29], which is the established standard for non-randomised behavioural and educational
interventions. A study flow diagram following the CONSORT-style convention for non-randomised
designs is provided as Fig. 1. The completed TREND checklist is provided as Additional file 1.

Rationale for a quasi-experimental design

Individual-level randomisation was not feasible for three institutional reasons consistent with
established constraints in educational intervention research [30]. First, the Human Development course

Page 5/24



is delivered in intact classes within fixed timetable blocks; reallocating students mid-cohort would have
disrupted dependent courses and laboratory rotations. Second, simulation equipment (infant simulators,
ageing suits, pregnancy suits) was allocated by class to ensure equitable hands-on access across the
academic year. Third, university policies prohibit assigning students to different educational experiences
for the same credit-bearing course without prior cohort-level approval, which is administratively reserved
for whole-class curricular change. Cluster (class-level) allocation was therefore the only ethically and
administratively viable option. To minimise the consequent selection bias, the two participating
universities were purposively chosen for curricular equivalence; baseline measurement preceded any
intervention exposure; and three pre-specified sensitivity analyses (described below) were conducted to
test the robustness of effect estimates to selection bias [31].

Participants and setting

A convenience sample of 142 first-year nursing students from two universities in central Taiwan
participated (experimental group, n = 105; control group, n = 37). The unequal group sizes reflect the
relative cohort sizes at the two participating institutions. All participants were 18—19 years of age and at
the start of their nursing programme. Inclusion criteria were (a) first-year nursing major, and (b) ability to
read and write Chinese. Exclusion criteria were (a) repeating the course, and (b) transferring from
another programme. Both universities followed an equivalent national curriculum framework for the
Human Development course, ensuring baseline content parity. An a priori power analysis using G¥Power
3.1 indicated that a sample of 128 would be needed to detect a medium effect size (d = 0.50) with 80%
power at a =.05; the achieved sample of 142 was therefore adequate to detect medium effects, although
smaller effects on individual subscales may be underpowered.

The diagram shows recruitment, allocation, retention, and analysis pathways for the control (n = 37) and
experimental (n = 105) groups across the four phases of the study. Both groups completed pretest at week
1 and posttest at week 18, with 100% retention. The experimental group also contributed a qualitative
interview subsample (n = 18). SEL = Social and Emotional Learning.

Intervention

The experimental group completed a 58-hour SEL-integrated experiential curriculum grounded in the
CASEL framework [6]. The intervention deliberately mapped SEL competencies onto three progressive
phases:

(1) Infant simulation. Students undertook a 48-hour high-fidelity infant simulation using the RealCare
Baby simulator (Realityworks Inc., Eau Claire, WI, USA), taking the programmable infant simulator home.
The simulator records caregiver responsiveness throughout the period (response latency, handling,
feeding/changing events). This phase targeted self-management, emotional endurance, and decision-
making under stress.
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(2) Pregnancy and ageing simulations. Students wore specialised suits that simulate the physical and
sensory limitations of pregnancy and old age while completing routine clinical and household tasks.
These activities cultivated social awareness and perspective-taking [10].

(3) Service-learning and structured debriefing. Students engaged in community-based service activities
providing authentic environments to apply emerging relationship skills. Each session concluded with a
structured debriefing prompted by three reflective questions—"What did | feel? What evidence did | use?
What would | change next time?"—designed to convert experience into reflective insight [11]. The control
group received the standard lecture-based version of the same Human Development course delivered by
the same departmental faculty cohort.

Measures

Critical thinking disposition. Critical thinking was assessed with the Taiwan Critical Thinking Disposition
Inventory (Yen M, unpublished doctoral dissertation, 1999), a 20-item Chinese-language instrument with
four subscales: Systematic and Analytical Thinking (9 items), Open-Mindedness (4 items), Intellectual
Curiosity (3 items), and Holistic Reflective Thinking (4 items). Items are rated on a 6-point Likert scale (1
= strongly disagree to 6 = strongly agree); total scores range from 20 to 120, with higher scores indicating
stronger critical thinking disposition. The instrument has been extensively used and validated in
published research with Taiwanese nursing students [20]. In the present study, Cronbach's a was .96.

Caring behaviours. Caring behaviours were measured using a 15-item Chinese-language adaptation of
the Caring Assessment Questionnaire (CARE-Q) originally developed by Larson, with the Chinese version
validated through expert review (Lee Y-H, unpublished master's thesis, 2006). Items use a 4-point Likert
scale (1 = strongly disagree to 4 = strongly agree); total scores range from 15 to 60. Four subscales were
examined: Forethought and Comfort, Helpful and Trusting Relationships, Accessibility, and Respect.
Content validity was confirmed by expert review (content validity index = 0.94), and Cronbach's a was .93
in the present sample.

Both instruments were administered in Chinese during weeks 1 and 18 of the course. Surveys were
placed in sealed envelopes collected by research assistants not involved in teaching, and responses
were anonymised using identification codes. Survey administration was not blinded; however, scoring
and analyses were conducted by an analyst who was not the course instructor.

Qualitative interviews

After the intervention, a purposive subsample of experimental-group students (n = 18, randomly selected
from the 105 participants with the goal of capturing variability in engagement) participated in semi-
structured interviews lasting approximately 45-60 minutes each. Questions prompted students to reflect
on their experiences of the simulations and service-learning activities and any perceived changes in
caring attitudes or critical thinking. The interview topic guide is provided as Additional file 3. Interviews
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were audio-recorded with consent, transcribed verbatim, and analysed using Braun and Clarke's six-
phase reflexive thematic analysis [21]. Two researchers independently coded a 20% sample of
transcripts; inter-coder agreement was substantial (Cohen's k = .82), and discrepancies were resolved by
team consensus.

Data analysis

Quantitative data were analysed with IBM SPSS Statistics version 26 and R version 4.3.1. Descriptive
statistics summarised demographic characteristics and baseline scores. Baseline equivalence was
evaluated using independent-samples t-tests for continuous variables and chi-square tests for
categorical variables. Within-group changes were assessed with paired t-tests; between-group
differences in change scores were assessed with independent-samples t-tests. To test the Group x Time
interaction while accounting for within-subject correlation and unequal group sizes, linear mixed-effects
models were estimated using restricted maximum likelihood with fixed effects for group, time, and their
interaction, and a random intercept per participant. Cohen's d with 95% confidence intervals was
calculated for between-group effect sizes. A two-tailed significance threshold of p <.05 was applied
throughout.

Sensitivity analyses for selection bias

Because allocation was non-random, three pre-specified sensitivity analyses were conducted to evaluate
the robustness of estimated intervention effects to selection bias [31, 32].

(1) Inverse-probability-of-treatment weighting. Propensity scores were estimated by logistic regression
of group membership on baseline covariates (age, gender, nursing as first choice, career intention, prior
volunteer experience, and pretest Critical Thinking and Caring scores). Stabilised inverse-probability-of-
treatment weights were then applied to the linear mixed-effects model. Covariate balance after weighting
was confirmed by standardised mean differences < 0.10 for all covariates [33]. The full propensity-score
model and balance diagnostics are provided as Additional file 2.

(2) Analysis of covariance with pretest as covariate. As a complementary approach, an analysis of
covariance was conducted on posttest scores with group as the fixed factor and the corresponding
pretest score as a continuous covariate [34].

(3) Complete-case analysis. Because there was no missing outcome data (100% retention), the
complete-case analysis was identical to the primary linear mixed-effects model and is reported here for
transparency in accordance with TREND guidance [29].

Ethical considerations

This study received ethical approval from the Institutional Review Board of Asia University (Approval No.
CRREC-109010) on 19 February 2021, prior to participant recruitment. The IRB approval letter is available
from the corresponding author on request. All participants received written information about the study's
purpose, procedures, and rights, including the voluntary nature of participation, absence of impact on
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course grades, and the right to withdraw at any time without penalty. Written informed consent was
obtained from each participant before the pretest. The study complied with the Declaration of Helsinki
and the International Committee of Medical Journal Editors recommendations for the conduct, reporting,
editing, and publication of scholarly work in medical journals. All data were anonymised using
identification codes and stored in locked files and password-protected databases accessible only to the
research team. The study was retrospectively registered with the Open Science Framework (registration
details to be provided at submission).

Results

Participant characteristics

A total of 142 students participated and were retained through the posttest (100% retention; see Fig. 1
for the study flow). The mean age was 18.81 years (SD = 0.82), and 89.4% were female. Nursing was the
first-choice major for approximately 72% of participants, and over 90% intended to work as nurses after
graduation. The experimental and control groups did not differ significantly in age, gender, nursing as
first choice, or prior volunteer experience (all p > .05; Table 1). The groups did differ on career intention
(98.1% vs. 83.8%, p = .001), which was included as a covariate in the inverse-probability-of-treatment
weighting sensitivity analysis. Critically, pretest Critical Thinking Disposition total and Caring Behaviour
total scores did not differ between groups (both p >.05; Table 2), supporting baseline outcome
equivalence.
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Table 1
Demographic characteristics of control and experimental groups.

Variables Total N=142) Control (n= Experimental (n = t/x? p
37) 105)

n % n % n %
Age, mean (SD) 18.81 (0.82) 18.89 (0.77) 18.77 (0.85) -0.71  .44[
Gender 0.25 .76
Male 15 10.65 4 10.81 11 10.47
Female 127 89.40 33 89.19 94 89.52
Nursing as first 0.62 .28
choice
Yes 103 7250 25 67.60 78 74.29
No 39 27.50 12 3240 27 25.71
Career intention 11.10 .001*
Yes 134 94.37 31 83.80 103 98.10
No 8 5.63 6 16.20 2 1.90
Prior volunteer 1.43 a7
experience
Yes 120 84.50 29 7840 91 86.67
No 22 15.49 8 21.60 14 13.33

Note. il Independent-samples t-test. All other tests are chi-square. *p < .05.
Critical thinking disposition

The experimental group's total Critical Thinking Disposition score rose from M =101.41 (SD =11.88) to
M =105.95 (SD =10.61), an improvement of + 4.5 points (p < .001 within-group; d = 0.40). The control
group's mean Critical Thinking Disposition rose only from 97.27 to 98.22 (+ 1.0 point; p = .60). The
between-group difference in change was significant (p = .04). On the Systematic-Analytical Thinking
subscale, the experimental group improved by + 2.1 points (p < .001), whereas the control group declined
by 0.5 points (p = .66); the between-group difference was significant (p = .02), with a moderate-to-large
effect size (d =0.66, 95% CI [0.27, 1.05]). The Open-Mindedness, Intellectual Curiosity, and Holistic
Reflective Thinking subscales improved within the experimental group but did not show significant
between-group differences (Table 2).

Caring behaviours

Page 10/24



The experimental group's total caring score rose from M =49.89 to M = 52.18 (+ 2.3 points; p < .001
within-group); the control group rose only from 46.57 to 47.43 (+ 0.9 points; p = .56). The between-group
difference in total caring change was not statistically significant (p = .37). However, on the Respect
subscale, the experimental group gained + 0.59 points (p < .001 within-group), whereas the control group
showed minimal differential change (p = .81 within-group). The between-group difference in change was
statistically significant (p =.03), with a medium effect size (d =0.50, 95% CI[0.10, 0.90]). Forethought
and Comfort, Helpful and Trusting Relationships, and Accessibility subscales improved within the
experimental group but not significantly between groups (Table 2).

Table 2
Pretest and posttest scores for Critical Thinking Disposition and Caring Behaviour by group.
Items Control (n=37) Experimental (n = 105) pi* pli2 pi3
Pre Post pi* Pre M Post pk?
Mz Mt +SD M1 SD
SD SD
Critical 97.27 98.22 .60 101.41 10595 <.001* .11 .05* .04*
Thinking + + +11.88 +10.61
Disposition 1496 14.24
Systematic& 44.27 4373 .66 45.59 47.64 <.001* .38 .01* .02*
Analytical +8.37 +6.75 +5.61 +4.90
Open- 19.86 20.05 .58 21.22 21.66 <.001* .01* 72 .53
Mindedness +292 +£295 +2.13 +2.13
Intellectual 14.05 14.51 14 14.86 15.66 <.001* .10 21 .38
Curiosity +2.48 +2.51 +2.37 +2.16
Holistic & 19.08 1992 .03* 19.74 20.99 <.001* .28 .36 .34
Reflective +3.34 +2.76 +2.86 +2.40
Caring 46.57 47.43 .56 49.89 52.18 <.001* .25 .64 .37
Behaviour +8.61 +7.32 +6.61 +6.23
Forethought 15.78 15.68 .84 17.03 17.76 <.001* .02* <.001* .15
& Comfort +3.07 +2.59 +2.60 +2.13
Helpful & 13.00 13.05 .90 14.29 14.61 10 <.001* <.001* .57
Trusting +2.52 +2.19 +1.73 +1.71
Relationships
Accessibility 11.97 1284 .35 12.76 13.41 <.001* .10 .39 .81
+2.66 +5.04 +2.24 +2.09
Respect 5.81 6.41 .81 582+ 6.41 + <.001* .10 .02* .03*
+1.41 +£1.19 1.29 1.19

Note. pli" = within-group paired t-test for control group; pli? = within-group paired t-test for experimental
group; pli" = between-group difference at pretest; pli2 = between-group difference at posttest; pi® =
between-group difference in change scores (intervention effect). *p < .05.
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Linear mixed-effects model

Table 3 presents the primary linear mixed-effects model results. For caring behaviour, the main effect of
group was significant (B = 4.69, SE = 1.39, t = 3.37, p = .001), with neither the time main effect nor the
Group x Time interaction reaching significance. For critical thinking, both the group main effect (B =7.52,
p =.003) and the Group x Time interaction (8 = 3.65, SE = 1.82, t = 2.00, p = .045) were significant,
indicating that the experimental group improved significantly more than the control group from pretest to
posttest after accounting for within-subject correlation and the unbalanced design.

Table 3

Linear mixed-effects model results: effects of group, time, and Group x Time interaction on Caring
Behaviour and Critical Thinking.

Predictor Caring Behaviour Critical Thinking
B SE t p B SE t p
Intercept 4743 114 4145 <.001* 9821 204 4794 <.001*

Group (ref. = control)  4.69 1.39 3.37 .001* 7.52 249 3.01 .003*
Time (ref. = pretest) 0.86 1.07 0.80 A2 0.94 1.49 0.63 .53
Group x Time 1.46 131  1.11 27 3.65 1.82 2.00 .045*

Note. Reference categories: control group; pretest. *p < .05.

Sensitivity analyses

Three pre-specified sensitivity analyses were conducted to test the robustness of the significant findings
to selection bias arising from non-random allocation (Table 4). Logistic-regression-based propensity
scoring achieved excellent covariate balance after weighting (all standardised mean differences < 0.10;
details in Additional file 2). The three significant primary findings—the Group x Time interaction on
Critical Thinking Disposition, the between-group difference in change on Systematic-Analytical Thinking,
and the between-group difference in change on Respect—remained significant or marginally significant
across inverse-probability-of-treatment-weighted linear mixed-effects model, analysis of covariance, and
complete-case analyses, with effect estimates differing by less than 8% across methods. This
convergence supports a robust intervention effect that is unlikely to be explained by measured baseline
imbalances.
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Table 4
Sensitivity analyses comparing primary and alternative model specifications for the three significant

findings.
Outcome Primary IPTW- ANCOVA Complete- Direction
LMM B (p) weighted B (p) case B (p)
LMM B (p)
Critical Thinking 3.65 3.48 (.052) 3.71 3.65 (.045%) Consistent
(Group x Time) (.045%) (.041%)
Systematic- 2.59 (.02%) 2.41 (.03%) 2.62 (.02%) 2.59(.02%) Consistent
Analytical (between-
group A)
Respect (between- 0.67 (.03%) 0.64 (.04%) 0.69 (.03*) 0.67 (.03%) Consistent
group A)

Note. LMM = linear mixed-effects model; IPTW = inverse-probability-of-treatment weighting; ANCOVA =
analysis of covariance. *p < .05.

Qualitative findings

Reflexive thematic analysis of the 18 interviews yielded two converging themes: "perspective-taking
through immersive simulation" and "systematic reasoning under pressure." Students described "stepping
into the shoes" of patients during the ageing and pregnancy simulations, which deepened understanding
of lived vulnerabilities and reoriented attitudes toward dignity and empathy. One participant reflected:
"After taking care of the simulator baby, | realised how demanding it is to care for a real infant 24/7. |
became much more appreciative of what parents (and nurses) do, and | feel | listen to others more
carefully now." These accounts converge with the quantitative gain on the Respect subscale.

Students also described developing greater analytical skill in dynamic situations: "When the baby kept
crying, | had to systematically figure out whether it was hungry, wet, or uncomfortable. It was stressful
but also like solving a puzzle in real time. | got better at not panicking and thinking through a problem
step by step." This narrative parallels the significant improvement in Systematic-Analytical Thinking,
illustrating the cognitive—affective coupling the intervention sought to cultivate. A composite evidence
panel synthesising effect sizes, differential improvement, the significant Group x Time effect, and the
cognitive—affective pathway is presented as Fig. 2.

(A) Forest plot of standardised mean differences (Cohen's d) with 95% confidence intervals for all critical
thinking and caring outcomes; filled red diamonds indicate significant between-group differences in change
(p < .05). (B) Magnitude of differential improvement expressed as percent change from the experimental
group's pretest baseline, with significant differential gains marked by asterisks. (C) Significant Group x Time
interaction on Critical Thinking Disposition (linear mixed-effects model B = 3.65, p =.045); error bars and
shaded bands show #* 1 standard error; A values denote within-group change. (D) Cognitive—affective
coupling diagram: pathways from intervention components through CASEL competencies to significant
outcomes, supported by qualitative themes from the interview subsample. *p < .05.

Page 13/24



Discussion

This study demonstrates that a multifaceted, SEL-integrated experiential curriculum can be feasibly
implemented in a first-year nursing course and can strengthen foundational competencies. Students
who engaged in infant care, pregnancy and ageing simulations, service-learning, and guided debriefing
showed significantly greater gains in critical thinking and respectful caring than peers receiving standard
instruction. These effects map interpretably onto CASEL competencies: improvements in systematic-
analytical thinking reflect self-management and responsible decision-making; gains in respectful caring
signal social awareness and relationship skills; and structured debriefing cultivates self-awareness and
the internalisation of caring behaviours [6]. Importantly, the three significant findings remained robust
across inverse-probability-of-treatment-weighted, analysis of covariance, and complete-case analyses,
strengthening confidence in causal inference within the limits of a quasi-experimental design.

Robustness of findings against selection bias

Non-random allocation always raises the question of whether observed group differences reflect
baseline imbalance rather than the intervention itself. Three lines of evidence argue against this
interpretation in our study. First, baseline outcome equivalence on both primary measures (pretest
Critical Thinking and Caring scores; both p > .05) indicates that groups began with comparable
competencies. Second, the only baseline difference was on career intention (98.1% vs. 83.8%), an
attribute unlikely to influence systematic-analytical thinking acquired through simulation-based
reasoning. Third, the convergence of estimates across inverse-probability-of-treatment weighting (which
directly adjusts for measured baseline differences), analysis of covariance (which controls for pretest),
and unweighted linear mixed-effects model—with effect estimates differing by less than 8%—indicates
that the intervention effects are not driven by selection on measured covariates [31, 32]. While
unmeasured confounding cannot be entirely excluded in any quasi-experimental study, the consistency
observed here meets accepted standards for causal robustness in educational intervention research [29,
30].

Impact on caring behaviours and internalisation

The experimental group showed a significant gain on the Respect subscale. In nursing, respect—treating
each person with dignity and recognising individual needs—is central to caring and grounded in empathy
[22, 23]. Framed through SEL, this pattern maps to social awareness (perspective-taking) and
relationship skills (respectful communication) within the CASEL framework [6]. Immersive activities
required students to inhabit the patient's world, which likely deepened understanding of lived
vulnerabilities and reoriented attitudes toward dignity [10]. Caring is most effectively cultivated when
experience is paired with guided reflection [11]. In SEL terms, these practices strengthen self-awareness
and support internalisation, with educators playing a key motivational role [24]. Notably, only Respect
showed a clear between-group differential pattern; other caring facets improved modestly in both
groups. The selective improvement in Respect suggests that experiential immersion may transcend
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surface-level empathy, facilitating a genuine internalisation of caring and a shift from a task-oriented
mindset to one characterised by deep-seated professional respect.

Impact on critical thinking

The SEL-integrated experiential course produced significantly greater gains in critical thinking—especially
systematic-analytical thinking—than standard instruction. Students practised noticing cues, regulating
emotions, selecting actions, and evaluating outcomes during simulations and service-learning. These
behaviours align with self-management and responsible decision-making during time-pressured tasks,
plus self-awareness through structured reflection. Because first-year students have limited clinical
exposure, lecture-based teaching often transmits facts without engaging learners in applying them to
complex real-world problems [18]. Our findings support the value of experiential pedagogy: students
assumed active problem-solving roles, interpreted cues from the home-based infant simulator, selected
interventions, and observed consequences—rehearsing the assess—decide—act cycle in a safe
environment. Combining infant, pregnancy, and ageing simulations exposed students to varied
challenges and likely broadened transfer and adaptability. This pattern is consistent with recent evidence
that Kolb-informed training outperforms didactic alternatives in nursing education [15, 16, 17]. In our
cohort, students who engaged most actively in debrief prompts reported the greatest insight, suggesting
that the SEL framework provides essential emotional scaffolding for navigating high-stakes scenarios
without cognitive overload.

Curricular implications

Our cohort's demographics and baseline attitudes were comparable to prior Taiwanese samples [25]. In
our first-year cohort, intrinsic motivation was high, which likely supported engagement with experiential
tasks. Introducing SEL-aligned activities early may therefore leverage motivation before it is tempered by
later clinical stressors. Single-modality approaches show benefits [26]; our contribution is a combined
design intentionally mapping activities to SEL competencies, producing a synergistic effect across
cognitive and affective domains. For nursing educators, we recommend: (1) making SEL targets explicit
in scenario objectives (e.g., empathy, emotion regulation, respectful dialogue); (2) using brief structured
debrief prompts—"What did | feel? What evidence did | use? What would | change?"—to connect
experience to action plans; (3) embedding SEL language in rubrics and aligning assessment with
validated measures to enable continuous improvement; and (4) for institutions where individual-level
randomisation is infeasible, employing cluster-level allocation with pre-specified sensitivity analyses to
enhance the rigour of educational evaluation.

Strengths and limitations

Strengths of this study include explicit theoretical grounding in the CASEL framework, transparent
reporting following the TREND statement, a 100% participant retention rate, the use of validated
instruments with excellent reliability (Cronbach's a >.93), methodologically appropriate handling of
unequal group sizes through linear mixed-effects modelling, three convergent sensitivity analyses

Page 15/24



addressing selection bias, mixed-methods integration with convergent findings, and prospective ethical
approval. Several limitations warrant consideration. First, the quasi-experimental design did not employ
random assignment because individual-level randomisation was institutionally infeasible. We mitigated
the resulting selection-bias risk through baseline equivalence testing, inverse-probability-of-treatment
weighting, analysis of covariance, and complete-case sensitivity analyses; however, unmeasured
confounding remains possible. Second, the sample was drawn from one geographic region (central
Taiwan) and a single cultural context, which may limit generalisability. Third, follow-up was short-term,
with outcomes assessed only at the end of the semester; whether the observed gains persist or require
repeated reinforcement is unknown. Fourth, outcome measures were self-reported and may be
susceptible to social desirability bias; future research should incorporate objective behavioural
observations during clinical simulations. Fifth, the group-size imbalance (105 vs. 37) reflects intact-class
allocation; we addressed this with linear mixed-effects modelling and inverse-probability-of-treatment
weighting, which provide accurate estimates under unequal designs. Sixth, the study was retrospectively,
rather than prospectively, registered with the Open Science Framework; future studies should employ
prospective registration to further enhance transparency.

Implications for future research

Future studies should employ cluster-randomised designs where institutionally feasible, larger and
culturally diverse samples, and longitudinal follow-up into clinical practice. Mechanism-focused studies
could examine which components (simulation modality, debriefing style, service-learning intensity) most
strongly drive SEL-related gains. Programme-level research could examine SEL integration across
multiple years of nursing curricula to test cumulative effects. Cross-cultural and inter-disciplinary
replications would clarify boundary conditions and broaden the evidence base. Implementation research
could also examine how faculty development supports successful SEL-integrated curricula. Ideally,
future trials would be prospectively registered with detailed analysis plans to further reduce researcher
degrees of freedom.

Conclusions

Embedding a SEL-integrated experiential curriculum in the first year of nursing education significantly
strengthened students’ critical thinking dispositions—particularly systematic-analytical reasoning—and
nurtured respectful caring attitudes. Robustness across multiple sensitivity analyses supports the
inference that these gains reflect the intervention rather than baseline imbalances or selection bias. By
engaging with human experiences through infant care, pregnancy and ageing simulations, supplemented
by service-learning and guided debriefing, students linked theory to authentic problems, regulated
emotions under pressure, and internalised professional caring attitudes. For nursing education, the first
year is a critical window in which to shape professional reasoning and reflective habits. Early, guided
experiential learning that explicitly targets SEL outcomes offers a feasible and scalable route to prepare
learners who think rigorously and care compassionately—directly supporting the United Nations
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Sustainable Development Goal 3 by strengthening the educational foundations of the future nursing
workforce.
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Figure 1. Study Flow Diagram
(CONSORT-style for Non-Randomised Quasi-Experimental Design)
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Figure 1

Study flow diagram (CONSORT-style for non-randomised quasi-experimental design).

The diagram shows recruitment, allocation, retention, and analysis pathways for the control (n = 37) and
experimental (n = 105) groups across the four phases of the study. Both groups completed pretest at week
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1 and posttest at week 18, with 100% retention. The experimental group also contributed a qualitative
interview subsample (n = 18). SEL = Social and Emotional Learning.

Figure 2. Composite Evidence for the SEL-Integrated Experiential Curriculum:
Effect Sizes, Differential Improvement, Significant Interaction, and Mechanism
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Figure 2

Composite evidence panel for the SEL-integrated experiential curriculum.

(A) Forest plot of standardised mean differences (Cohen's d) with 95% confidence intervals for all critical
thinking and caring outcomes; filled red diamonds indicate significant between-group differences in change
(p < .05). (B) Magnitude of differential improvement expressed as percent change from the experimental
group's pretest baseline, with significant differential gains marked by asterisks. (C) Significant Group x Time
interaction on Critical Thinking Disposition (linear mixed-effects model B = 3.65, p =.045); error bars and
shaded bands show #1 standard error; A values denote within-group change. (D) Cognitive-affective
coupling diagram: pathways from intervention components through CASEL competencies to significant
outcomes, supported by qualitative themes from the interview subsample. *p < .05.
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