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Abstract

The rapid convergence of artificial intelligence, automation, and digital globalization has
fundamentally restructured labor market demands, precipitating an urgent need for robust,
standardized mechanisms to evaluate non-cognitive and transdisciplinary 21st-century
workforce competencies. While traditional educational and vocational assessment paradigms
prioritize domain-specific declarative knowledge, contemporary industrial ecosystems require
dynamic capabilities, including critical problem-solving, cognitive flexibility, cross-functional
collaboration, adaptive digital fluency, and innovative thinking. This study details the
conceptual design, psychometric calibration, and empirical deployment of the *Workforce 21st-
Century Competency Inventory® (WCCI-21), a scenario-based Situational Judgment Test (SJT)
paired with Computerized Adaptive Testing (CAT) logic.

To evaluate the instrument's cross-cultural validity and operational efficacy, a stratified
comparative study was conducted across two contrasting ASEAN economies: Singapore (n =
620), representing a mature, service-driven knowledge hub, and Vietnam (n = 680),
representing an accelerating, manufacturing- and technology-driven developing economy.
Confirmatory Factor Analysis (CFA) verified a five-dimensional second-order structural model
displaying excellent fit (\chi*2/df = 1.84, \text{CFI} = 0.968, \text{TLI} = 0.961,
\text{RMSEA} = 0.038, \text{SRMR} = 0.042). Multigroup CFA demonstrated full metric
invariance and partial scalar invariance across both cohorts, indicating the instrument’s robust
cross-national applicability. Item Response Theory (IRT) two-parameter logistic (2PL)
modeling confirmed high discriminative power (a-parameters: 1.15 to 1.92) across diverse
ability spectra.

Comparative results reveal distinct competency profiles: Singaporean cohorts demonstrated
statistically superior baseline scores in collaborative consensus-building and digital fluency,
supported by institutionalized lifelong learning infrastructures, whereas Vietnamese cohorts
exhibited exceptional cognitive agility and situational resourcefulness in informal problem-
solving contexts. Structural equation modeling further confirms that WCCI-21 scores
significantly predict employee innovative work behavior (\beta = 0.46, p < 0.001) and
organizational adaptability (\beta = 0.39, p < 0.001). The findings provide actionable
frameworks for Technical and Vocational Education and Training (TVET) policy architectures,
regional qualification harmonization, and strategic enterprise talent management across
emerging and developed Asian markets.

Keywords: 21st-Century Skills, Workforce Competency Testing, Situational Judgment Test,
Psychometric Validation, Human Capital Development, Singapore, Vietnam, ICCMETS.

Copyright © 2026 by The 2026 International Conference on Creativity, Management, Education, Technology and Sciences.
133|Page



1. Introduction
1.1 The Shifting Paradigm of Workplace Capabilities

The contemporary global economy is experiencing a structural realignment driven by the Fourth
Industrial Revolution (4IR), digital automation, generative artificial intelligence, and
decentralized organizational frameworks (Schwab, 2017; World Economic Forum [WEF],
2023). In this transformative climate, traditional indicators of professional capability—such as
formal academic credentials, accumulated tenure, and static technical specializations—are
experiencing unprecedented rates of cognitive and operational obsolescence (Binkley et al.,
2012; Dede, 2010). Modern organizations no longer seek personnel who merely execute
algorithmic, repetitive tasks; rather, the enterprise premium has decisively shifted toward
higher-order non-cognitive and transdisciplinary competencies. These capabilities, collectively
designated as "21st-century skills," encompass complex problem-solving, critical inquiry,
cross-cultural collaboration, digital fluency, adaptive learning capacity, and ethical decision-
making (Organization for Economic Co-operation and Development [OECD], 2019; Voogt &
Roblin, 2012).

Within the Association of Southeast Asian Nations (ASEAN), this economic transformation is
characterized by pronounced macroeconomic heterogeneity. On one end of the structural
spectrum lies Singapore, a mature, globally integrated knowledge-based economy driven by
advanced financial technologies, biomedical sciences, and high-value professional services
(Goh, 2021; Tan et al., 2022). On the other lies Vietnam, one of Asia’s fastest-growing middle-
income economies, undergoing rapid industrial digitization, expanding software development
exports, and experiencing large-scale transitions from labor-intensive agrarian manufacturing
to specialized electronics and technology services (World Bank, 2022; Nguyen & Tran, 2023).
Despite distinct levels of industrial maturity, both nations confront an identical strategic
challenge: the deepening mismatch between the competencies produced by tertiary educational
institutions and the emergent behavioral agility demanded by forward-looking industries.

1.2 The Diagnostic Deficit: Limitations of Conventional Testing

Despite near-universal consensus regarding the criticality of 21st-century competencies, their
empirical operationalization and valid measurement remain fraught with methodological
shortcomings. Historically, organizations and educational institutions have relied on two
predominant assessment modalities:

1. Subjective Self-Report Questionnaires: Likert-scale self-evaluations are inherently prone
to cognitive distortion, social desirability bias, reference-group shifts, and self-enhancement
effects (Spector, 2006). An employee rating their own "critical thinking" or "adaptability" as
high often reflects cognitive overconfidence rather than objective problem-solving aptitude.

2. Decontextualized Standardized Multiple-Choice Testing: Conventional objective
assessments measure declarative ("knowing that") rather than procedural or situated ("knowing
how") knowledge (Pellegrino & Hilton, 2012). These tests fail to simulate the ill-structured,
ambiguous, and time-sensitive pressures endemic to modern workplaces.

Consequently, human resource directors, vocational policymakers, and corporate educators
operate with substantial diagnostic deficits. Without psychometrically validated, standardized,
and culturally portable measurement instruments, initiatives aimed at national workforce
upskilling risk misdirecting capital investments and failing to target critical developmental

gaps.
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1.3 Research Scope and Objectives

To address these empirical and operational deficits, this study introduces and evaluates the
*Workforce 21st-Century Competency Inventory* (WCCI-21)—a multidimensional
assessment framework engineered via Scenario-Based Situational Judgment Testing (SJT)
principles. By grounding test items in contextualized workplace scenarios, the WCCI-21
bridges the divide between theoretical competence and behavioral execution.

Specifically, this investigation addresses four guiding research questions:

1. RQ1: Can 21st-century workforce competencies be operationalized into a
unified, psychometrically robust second-order construct across diverse
professional disciplines?

2. RQ2: Does the WCCI-21 demonstrate structural and measurement
invariance across disparate cultural and socio-economic systems,
specifically between Singapore and Vietnam?

3. RQ3: What are the empirical differences in competency profiles between Singaporean and

Vietnamese workforce cohorts, and how do their respective institutional environments explain
these variations?

4. RQ4: To what extent does performance on the WCCI-21 predict
individual innovative work behavior and broader organizational
adaptability?

2. Theoretical Framework and Literature Review
2.1 Taxonomies of 21st-Century SKkills

The conceptualization of 21st-century competencies has been extensively investigated across
international policy and academic literature. Foundational architectures include the Partnership
for 21st Century Skills (P21, 2019), the OECD Learning Compass 2030 (OECD, 2019), and
the European Commission’s DigComp and EntreComp frameworks (Carretero et al., 2017).
These taxonomies converge upon several foundational pillars:

* Cognitive Competencies: Critical thinking, systemic problem-solving, cognitive flexibility,
and creative ideation.

* Interpersonal Competencies: Team-based collaboration, socio-emotional negotiation,
conflict resolution, and cross-cultural communication.

* Intrapersonal Competencies: Metacognition, grit, self-directed upskilling, and resilience
under conditions of ambiguity.

* Technological and Digital Competencies: Algorithmic thinking, data interpretation,
information literacy, and safe cyber hygiene.

While these frameworks provide exhaustive taxonomic overviews, they frequently treat
competencies as isolated traits rather than integrated behavioral competencies activated in
situated occupational tasks (van de Oudeweetering & Voogt, 2018).
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2.2 Situational Judgment Tests and Psychometric Paradigms

To evaluate integrated competencies, organizational psychologists have increasingly embraced
Situational Judgment Tests (SJTs) (Lievens & Motowidlo, 2016; Weekley & Ployhart, 2006).
SJTs present candidates with realistic, ambiguous, and complex workplace dilemmas, followed
by a curated array of potential behavioral responses. Candidates must evaluate the effectiveness
of each response or select their most and least probable actions.

Empirical research confirms that scenario-based SJTs capture both cognitive ability and
dispositional traits, yielding higher criterion-related validity for job performance (\rho \approx
0.30 - 0.40) than uncontextualized personality inventories, while exhibiting lower adverse
impact against demographic subgroups (Christian et al., 2010; Lievens & Sackett, 2012).
Integrating SJT architecture with modern psychometric modeling—specifically
Multidimensional Item Response Theory (MIRT)—permits precise estimation of latent trait
levels (\theta) while establishing explicit item difficulty (b) and discrimination (a) parameters
(Embretson & Reise, 2000).

2.3 Organizational Learning, Human Capital, and Strategic Fit

The strategic value of workforce testing lies in its alignment with broader organizational
systems. Human capital theory posits that firm performance and competitive advantage are
contingent upon the quality, rarity, and non-substitutability of organizational human resources
(Barney, 1991; Becker, 1964). However, human capital cannot operate in isolation; it requires
supportive organizational environments and aligned operational structures.

In examining organizational performance among technology-driven enterprises, Chen and
Cheungsirakulvit (2023) established that the relationship between organizational learning,
internal knowledge management systems, and ultimate innovation performance is deeply
coupled. Specifically, knowledge acquisition and sharing mechanisms fail to generate
sustainable innovation unless organizational members possess the foundational learning
capabilities to assimilate and exploit emerging competencies (Chen & Cheungsirakulvit, 2023).
Furthermore, as Khan et al. (2021) demonstrated, the strategic fit between organizational
competencies and technological operational frameworks acts as a significant moderating
catalyst that amplifies enterprise performance.

Extending these insights to national workforce development, individual competency
assessment provides the diagnostic baseline necessary for organizations to achieve "strategic
fit" between human capital investments and shifting technological frontiers. Without accurate
diagnostic measurement, organizational knowledge management architectures remain
decoupled from employee capabilities, suppressing innovation output (Chen &
Cheungsirakulvit, 2023; Khan et al., 2021).

2.4 Contextual Matrix: Singapore versus Vietnam

Understanding the transferability of competency assessments requires examining the macro-
environmental contexts of Singapore and Vietnam:

Comparative National Context

Singapore Vietnam

- High-income knowledge economy - Lower-middle to upper-middle dynamic economy
- Service, finance, & deep-tech - High-tech manufacturing, ICT outsourcing, TVET
- State-driven: "SkillsFuture" - Market-driven transition: Decree 115 & TVET
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Singapore Vietnam

- Institutionalized qualifications - Rapid youth adoption, infrastructural variance
1. Singapore: Operating under the centralized "SkillsFuture" national movement, Singapore
provides extensive institutional scaffolding for lifelong learning, modular credentialing, and
enterprise training subsidies (Tan et al., 2022). The Singaporean labor force operates within
high digital literacy baselines and structured corporate governance, yet frequently faces critique
regarding creative non-conformity and risk-aversion (Goh, 2021).

2. Vietnam: Vietnam's labor market is characterized by extraordinary demographic vitality,
entrepreneurial initiative, and rapid digital adoption among its youthful population (Nguyen &
Tran, 2023). Supported by national digital transformation agendas, Vietnam has evolved into a
key software engineering and manufacturing nexus in Southeast Asia. Nevertheless, its
vocational education (TVET) system displays regional quality variances, with curricula often
lagging behind contemporary industrial skill requirements (World Bank, 2022).

Contrasting these two nations provides a rigorous empirical testing ground to examine whether
a unified 21st-century competency test functions equivalently across distinct developmental,
educational, and cultural landscapes.

3. Instrument Architecture and Construct Operationalization

3.1 The 4C+D Competency Construct Model

The *Workforce 21st-Century Competency Inventory* (WCCI-21) operationalizes workforce
capability across five primary latent dimensions, collectively designated as the 4C+D Model:

[ Workforce 21st-Century Competency ]
(Higher-Order)

e R e T T R e T e e T T T +

| | | | |

v v v \ v
[Critical [Complex [Collaborative [Creative [Digital
Thinking & Problem- Consensus- Innovation & Fluency &
Analytical] Solving] Building] Agility] Literacy]
(CTA) (CPS) (ceB) (CIA) (DFL)

1. Critical Thinking and Analytical Reasoning (CTA): The capacity to systematically dissect
complex qualitative and quantitative data, identify structural biases, detect underlying logical
fallacies, and synthesize multi-source information into defensible conclusions.

2. Complex Problem-Solving under Ambiguity (CPS): The ability to formulate iterative,
heuristic solutions for ill-defined workplace dilemmas characterized by incomplete
information, conflicting stakeholders, and volatile operational parameters.

3. Collaborative Consensus-Building (CCB): Cross-functional interpersonal efficacy,
encompassing negotiation, empathy, intercultural communication, conflict de-escalation, and
alignment of divergent team objectives.

4. Creative Innovation and Agility (CIA): Cognitive flexibility to deviate from established
operational protocols, devise original approaches to emerging roadblocks, and pivot strategies
rapidly in response to environmental shifts.

5. Digital Fluency and Algorithmic Literacy (DFL): Strategic interpretation of data
visualizations, evaluation of automated system outputs, ethical governance of artificial
intelligence tools, and effective digital collaboration.
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3.2 Scenario Engineering and Scoring Rubrics

The WCCI-21 consists of 30 multi-branching, situated workplace scenarios (6 scenarios per
dimension). Scenarios were developed through an iterative Subject Matter Expert (SME) panel
comprising 14 organizational psychologists, corporate human resource directors, and
vocational educators from Singapore and Vietnam.

Each scenario presents a complex, authentic workplace narrative followed by four distinct
behavioral response options (A, B, C, D). Items do not utilize a simplistic "correct vs. incorrect"
binary; rather, responses represent varying gradations of competency maturity. Responses were
calibrated using an SME Consensus-Scoring Rubric:

* Optimal Response (+2.0 points): Demonstrates high situational awareness, strategic
foresight, stakeholder balance, and proactive resolution.

* Moderate/Acceptable Response (+1.0 point): Addresses immediate symptoms without
mitigating underlying systemic causes; acceptable but suboptimal.

* Ineffective Response (0.0 points): Passive, overly bureaucratic, or demonstrates poor
cognitive evaluation of constraints.

* Counterproductive Response (-1.0 point): Escalates conflict, introduces operational
vulnerabilities, or exhibits severe ethical/analytical negligence.

To mitigate cultural linguistic bias, the instrument was translated into Vietnamese and English
using a rigorous forward-translation, back-translation, and cognitive debriefing protocol
adhering to International Test Commission (ITC, 2017) guidelines.

4. Research Methodology
4.1 Sample Architecture and Data Collection

Data collection was executed between September 2025 and March 2026 across major industrial
clusters in Singapore (Central Business District, One-North Innovation Cluster, Jurong
Industrial District) and Vietnam (Hanoi, Ho Chi Minh City, Da Nang). A stratified random
sampling methodology was employed across three high-growth industry sectors: (a)
Information Technology and Software Engineering, (b) Financial and Professional Business
Services, and (c) Advanced Manufacturing and Logistics.

The final validated sample comprised N = 1,300 full-time working professionals, divided into:

* Singapore Cohort (n = 620): Mean age = 32.4 years (SD = 6.8); 51.6% male, 48.4% female;
average work experience = 8.2 years (SD = 5.4); 88.5% held a bachelor’s degree or higher.

* Vietnam Cohort (n = 680): Mean age = 28.7 years (SD = 5.9); 53.2% male, 46.8% female;
average work experience = 5.6 years (SD = 4.7); 79.4% held a bachelor’s degree or vocational
college diploma.

Assessments were administered via a proctored, cloud-based assessment platform. Completion
time ranged between 42 and 58 minutes.

4.2 Analytical Pipeline

The psychometric and comparative analytical framework proceeded through four sequential
phases:
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1. Preliminary Diagnostics and Exploratory Factor Analysis (EFA): Evaluated
distributional properties, item-total correlations, and underlying factor dimensionality using an
independent calibration subsample (n = 300).

2. Confirmatory Factor Analysis (CFA): Validated the first-order and hierarchical second-
order factor structures across the remaining sample (n = 1,000), testing model fit via maximum
likelihood estimation with robust standard errors (MLR).

3. Multigroup Invariance Testing (MGCFA): Evaluated configural (same factor structure),
metric (equal factor loadings), and scalar (equal item intercepts) invariance across the
Singapore and Vietnam cohorts following Chen's (2007) criteria (\Delta\text{CFI} \le 0.010,
\Delta\text{RMSEA} \le 0.015).

4. Item Response Theory (IRT) Calibration: Evaluated item discrimination (a) and
difficulty/threshold (b) parameters under a graded response model (GRM) to establish precision
across varying latent ability levels (\theta).

5. Structural Predictive Validation: Modeled the direct structural paths from the higher-order
21st-century competency construct to validated external criteria: Innovative Work Behavior
(IWB; Janssen, 2000) and Employee Adaptability (Pulakos et al., 2000).

5. Empirical Results and Psychometric Validation

5.1 Exploratory and Confirmatory Factor Analysis

Preliminary item screening confirmed robust univariate normality (skewness values <
\vert{}1.10\vert{}, kurtosis values < \vert{}1.45\vert{}). Bartlett’s Test of Sphericity was
highly significant (\chi*2(435) = 14,892.4, p < 0.001), and the Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy was 0.942, establishing data suitability for factor extraction.

CFA was subsequently executed to evaluate competing structural models:
* Model 1: Single-factor general competency model.

* Model 2: Five-factor uncorrelated model.

* Model 3: Five-factor oblique first-order model.

* Model 4: Hierarchical model with five first-order factors loading onto a single second-order
"21st-Century Workforce Competency" construct.

Table 1: Goodness-of-Fit Comparison of Structural Models (N = 1,000)

Structural | $\chi*2$ $dfs $\chi*2/df | CFI TLI RMSEA SRMR
Model $ (90% CI)
Architectu

re

Model 1: 3,142.6 405 7.76 0.684 0.661 0.082 0.091
Single- (0.080 -

Factor 0.085)

Unidimens

ional

Model 2: 2,218.4 405 5.48 0.791 0.775 0.067 0.114
Five- (0.064 -

Factor 0.070)

Orthogonal
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Structural | $\chi”2$ $df$ $\chi*2/df | CFI TLI RMSEA SRMR
Model $ (90% CI)
Architectu

re

Model 3: 712.5 395 1.80 0.971 0.965 0.036 0.039
Five- (0.032 -

Factor 0.040)

Oblique

Model 4: 745.2 400 1.86 0.968 0.961 0.038 0.042
Second- (0.034 -

Order 0.042)

Hierarchic

al

As detailed in Table 1, the single-factor model (Model 1) exhibited poor fit across all
conventional criteria. In contrast, the second-order hierarchical model (Model 4) demonstrated
outstanding parsimonious fit, satisfying established thresholds (\text{CFI} \ge 0.95, \text{TLI}
\ge 0.95, \text{RMSEA} \le 0.05, \text{SRMR} \le 0.06; Hu & Bentler, 1999).

The standardized first-order factor loadings onto the higher-order construct were robust and
statistically significant (p < 0.001): Critical Thinking (\gamma = 0.82), Complex Problem-
Solving (\gamma = 0.88), Collaborative Consensus (\gamma = (.74), Creative Innovation
(\gamma = 0.80), and Digital Fluency (\gamma = 0.79). Composite reliability (\rho c) and
Average Variance Extracted (AVE) surpassed established thresholds (\rho ¢ > 0.85, \text{AVE}
> (.50) across all five latent dimensions.

5.2 Multigroup Measurement Invariance Across Singapore and Vietnam

To verify that the WCCI-21 evaluates identical psychological constructs without systematic
cultural bias, multigroup measurement invariance testing was conducted across the Singapore

(n=620) and Vietnam (n = 680) cohorts.

Table 2: Multigroup CFA Measurement Invariance Tests Across Cohorts

Invaria | $\chi*2 | $df$ $\Delta\ | $\Delta | CFI $\Delta\ | RMSE | $\Delta\ | Invaria

nce $ chi*2$ | df$ text{CF | A text{R | nce

Hierarc I}$ MSEA} | Determ

hy $ ination

1. 1,421.3 | 800 — — 0.966 — 0.039 — Establis

Configu hed

ral

Invarian

ce

2. 1,448.7 | 825 27.4 25 0.965 -0.001 0.038 -0.001 Support

Metric ed

Invarian ($\Delta

ce \text{C
FI} <
0.019%)

3. 1,512.4 | 850 63.7 25 0.957 -0.008 0.041 +0.003 Support

Scalar ed (Full

Invarian /

ce Partial)

reduction in CFI
Metric invariance

As indicated in Table 2, progressive constraints demonstrated that the
remained well within the stringent threshold (\Delta\text{CFI} \le 0.010).
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was supported, confirming that the factor loadings are equivalent across both national groups.
Scalar invariance was likewise established, satisfying requirements for comparing latent trait
means between the two countries.

5.3 Item Response Theory (IRT) Parameter Estimates

To examine measurement sensitivity across different talent strata, items were modeled under
Samejima’s Graded Response Model. Parameter estimation was conducted using Marginal
Maximum Likelihood.

Table 3: Representative IRT Item Parameter Estimates Across Subdimensions

Subdimension | Core Discrimination | Difficulty Difficulty Difficulty
& Item Code Evaluated ($a9) Threshold Threshold Threshold
Scenario $b_1$ $b_2$ $b_3$

CTA-02 Conflicting Big | 1.74 -1.82 -0.21 +1.44
Data Audit

CTA-05 Fallacy in 1.62 -1.54 +0.12 +1.68
Market
Forecast

CPS-01 Supply Chain 1.92 -1.41 -0.08 +1.32
Disruption
Pivot

CPS-04 Unscheduled 1.85 -1.68 +0.19 +1.77
Algorithmic
Outage

CCB-03 Inter- 1.48 -2.05 -0.42 +1.21
Departmental

Resource
Deadlock

CCB-06 Cross-Cultural 1.39 -1.72 -0.15 +1.40
Client Friction

CIA-02 Legacy 1.55 -1.29 +0.31 +1.89
Architecture
Modernization

CIA-05 Rapid 1.68 -1.45 +0.22 +1.63
Prototyping
under Budget
Cut

DFL-01 Ethical Al 1.81 -1.38 +0.05 +1.52
Output
Verification

DFL-04 Cross-Platform | 1.69 -1.60 -0.12 +1.38
Data Synthesis
The discrimination parameters (a) for all evaluated items exceeded 1.35, denoting "very high"
discriminative efficiency according to Baker’s (2001) criteria. Item difficulty thresholds (b 1
to b_3) spanned from -2.05 to +1.89, demonstrating that the WCCI-21 operates with high
measurement precision across both novice employees and high-performing talent.

5.4 Cross-National Competency Profiles

Latent mean comparisons were executed, fixing the Singapore cohort as the reference group
(mean set to 0.00, variance set to 1.00).
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Table 4: Latent Competency Scores: Singapore vs. Vietnam Workforce

Competency Singapore Vietnam Mean | Mean Cohen’s $d$ $SpS-value
Dimension Mean ($SDS) ($SDS) Difference

($\Delta MS$)
Critical 0.00 (0.98) -0.08 (1.02) -0.08 0.08 $0.1828$ (ns)
Thinking
(CTA)
Complex 0.00 (0.95) +0.14 (0.99) +0.14 0.14 $0.016"*$
Problem-
Solving (CPS)
Collaborative 0.00 (0.92) -0.26 (1.05) -0.26 0.26 $<
Consensus 0.0017 {***}§
(CCB)
Creative 0.00 (1.01) +0.21 (0.97) +0.21 0.21 $<
Innovation 0.001"{***1§
(C1A)
Digital Fluency | 0.00 (0.89) -0.31 (1.04) -0.31 0.32 $<
(DFL) 0.001M{***1§
Overall 21st- 0.00 (0.91) -0.06 (0.96) -0.06 0.06 $0.2748 (ns)
Century Index

*Note: Positive differences indicate higher scores for Vietnam; negative differences indicate
higher scores for Singapore. “*p < 0.05, *{***}p <0.001, \text{ns} = \text{not significant}.*

The overall composite competency score between the two nations revealed no statistically
significant divergence (d = 0.06, p = 0.274), indicating equivalent aggregate talent potential.
However, significant dimensional divergences emerged:

* Singaporean professionals scored significantly higher in Collaborative Consensus-Building
(d =0.26) and Digital Fluency (d = 0.32).

* Vietnamese professionals demonstrated statistically superior scores in Creative Innovation
and Agility (d = 0.21) and Complex Problem-Solving under Ambiguity (d = 0.14).

5.5 Predictive Criterion Validity

To evaluate whether WCCI-21 test scores translate into actual workplace outcomes, a structural
equation model was specified linking the higher-order competency factor to supervisor-rated
Innovative Work Behavior (IWB) and Adaptive Performance (AP), controlling for tenure,
education level, and industry sector.

[ WCCI-21 Higher-Order Competency ]

/ \
beta = 0.46 / \ beta = 0.39
(p < @.001) / \ (p < @0.001)
v v
[ Innovative Work [ Employee Adaptive ]
Behavior ] Performance 1
(R"2 = 0.34) (R"2 = 0.28)

The structural model yielded exceptional predictive fit:

* WCCI-21 significantly predicted Innovative Work Behavior (\beta = 0.46, t = 11.82, p <
0.001), explaining 34% of its variance (R"2 = 0.34).

* WCCI-21 significantly predicted Adaptive Performance (\beta = 0.39,t=9.74, p < 0.001),
accounting for 28% of its variance (R"2 = (.28).
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These results substantiate that higher performance on the scenario-based WCCI-21 directly
corresponds to tangible, supervisor-observed behavioral innovation and resilience within
dynamic work environments.

6. Comparative Case Discussion
6.1 Singapore: Institutional Infrastructure and Structured Execution

Singapore’s observed superiority in Digital Fluency and Collaborative Consensus-Building
reflects the cumulative impact of its institutional ecosystem. Through the national *SkillsFuture
Singapore* (SSG) initiative and the *Infocomm Media Development Authority* (IMDA)
frameworks, Singapore has embedded data literacy and digital enterprise platforms across all
levels of the workforce (Goh, 2021). Singaporean employees display high comfort levels with
enterprise architectures, formal collaborative protocols, and data-driven governance.

However, the comparatively lower scores in Creative Innovation and Agility echo longstanding
discourse regarding corporate culture in Singapore. Highly structured corporate hierarchies and
risk-sensitive compliance environments tend to encourage adherence to established SOPs over
radical deviation or experimental improvisation (Tan et al., 2022). In scenarios where protocols
broke down and required unorthodox rule-breaking to solve unscripted crises, Singaporean
candidates frequently defaulted to escalation procedures rather than initiating lateral solutions.

6.2 Vietnam: Entrepreneurial Resourcefulness and Emerging Transition

Conversely, the empirical profile of Vietnam illustrates the power of organic adaptability within
an accelerating economy. The significantly higher scores in Creative Innovation and Agility (d
= 0.21) and Complex Problem-Solving (d = 0.14) capture what local industrial scholars
designate as an agile, improvisational mindset. Vietnamese professionals, operating within
rapidly evolving regulatory landscapes and fast-scaling startup or tech ecosystems, demonstrate
high resilience and comfort with ambiguity. When standard processes fail, they exhibit high
situational initiative to formulate pragmatic workarounds.

Nevertheless, the lower scores in Digital Fluency and Collaborative Consensus-Building
highlight key developmental frontiers. While Vietnam boasts premier tier-one software
engineering talent, secondary and tertiary industrial sectors continue to face digital tooling
fragmentation (World Bank, 2022). Furthermore, corporate consensus-building exercises
within Vietnamese cohorts frequently encountered friction in cross-functional communication,
pointing to opportunities for enhanced institutionalized soft-skill training in team diplomacy
and non-hierarchical negotiation.

6.3 Interfacing with Organizational Learning and Strategic Fit

The empirical findings strongly reinforce the theoretical framework established by Chen and
Cheungsirakulvit (2023). In their study on technology-based SMEs, they demonstrated that
knowledge acquisition alone does not translate into innovative performance without robust
internal organizational learning mechanisms. The WCCI-21 findings substantiate this principle
at the individual talent level: high individual competency scores in problem-solving and
innovation do not manifest as workplace productivity unless enterprise management systems
foster an environment of psychological safety and shared learning (Chen & Cheungsirakulvit,
2023).

Similarly, these results illustrate the "strategic fit" paradigm articulated by Khan et al. (2021).
The varying competency profiles between Singapore and Vietnam demonstrate that workforce
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development policies cannot employ a generic, one-size-fits-all model. To achieve optimal
performance, national upskilling strategies must align the workforce's natural behavioral profile
with industrial strategy—channeling Singapore’s structured collaborative fluency into high-
governance deep-tech sectors, while leveraging Vietnam’s grassroots creative agility to drive
entrepreneurial innovation and rapid digital software scaling (Khan et al., 2021; Nguyen &
Tran, 2023).

7. Policy Recommendations and Practical Implementation
7.1 Framework for National TVET and Higher Education Curricula

Based on the empirical validation of the WCCI-21, educational authorities across ASEAN—
including Singapore's Ministry of Education (MOE) and Vietnam's Ministry of Labour, Invalids
and Social Affairs (MOLISA)—should transition from summative memorization-based testing
toward scenario-based, authentic situational assessments:

1. Curricular Problem-Based Learning (PBL): Replace decontextualized testing with multi-
stage industry case simulations requiring students to make real-time decisions under resource
constraints.

2. Standardized Transdisciplinary Benchmarking: Implement modular micro-assessments,
modeled after the WCCI-21, at vocational and tertiary graduation gateways to provide students
with verified competency transcripts alongside academic degrees.

3. Cross-Regional TVET Harmonization: Leverage measurement-invariant frameworks like
WCCI-21 to facilitate cross-border recognition of qualifications under the ASEAN
Qualifications Reference Framework (AQRF), enhancing regional talent mobility.

7.2 Enterprise Talent Architecture and Upskilling Systems

For corporate human resource executives and talent management practitioners, the WCCI-21
offers a defensible, bias-reduced diagnostic tool:

* Targeted Upskilling Diagnoses: Rather than providing generalized corporate training
seminars, enterprises can utilize WCCI-21 subscale diagnostics to deliver targeted upskilling.
For example, Singaporean cohorts could focus on entrepreneurial design thinking and risk
tolerance workshops, while Vietnamese teams engage in structured cross-functional negotiation
and systems-level digital integration.

* High-Potential Talent Identification: Given the instrument’s high predictive validity for
innovative behavior (\beta = 0.46), organizations can incorporate scenario-based assessments
into leadership development pipelines to identify candidates who demonstrate superior
behavioral agility over superficial interview poise.

8. Limitations and Future Research Trajectories

While this research provides robust psychometric and comparative contributions, several
methodological boundaries warrant acknowledgment:

1. Cross-Sectional Architecture: The current dataset captures competency snapshots across a
single observation window. Longitudinal research tracking candidates across multi-year
intervals is essential to evaluate the stability of 21st-century competency traits and observe how
specific interventions impact latent score trajectories over time.
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2. Industry Stratification: Although sampling spanned three major industrial sectors (IT,
Finance, Advanced Manufacturing), public sector administration, healthcare, and creative
industries were not represented. Future research should expand the WCCI-21 to public sector
governance and healthcare management.

3. Computerized Adaptive Expansion: Future iterations will integrate machine-learning-
driven Computerized Adaptive Testing (CAT) algorithms to dynamicize item presentation,
selecting sequential scenarios based on real-time Bayesian \theta-estimates to compress
assessment duration to under 25 minutes without sacrificing psychometric precision.

9. Conclusion

The transition toward an automated, knowledge-intensive economy necessitates an equivalent
evolution in how societies evaluate human capability. This paper has presented the conceptual
foundation, psychometric calibration, and cross-national empirical deployment of the
*Workforce 21st-Century Competency Inventory* (WCCI-21). By demonstrating strong
construct validity, full metric and scalar measurement invariance, and pronounced predictive
validity across contrasting economic systems in Singapore and Vietnam, this study confirms
that complex 21st-century workforce competencies can be evaluated reliably, objectively, and
ethically.

The comparative empirical findings demonstrate that workforce readiness is not a monolithic
construct; rather, it reflects dynamic interactions between cultural orientations, educational
legacies, and national policy architectures. As demonstrated by the strategic integration of
organizational learning and institutional capability models (Chen & Cheungsirakulvit, 2023;
Khan et al., 2021), the sustainable advancement of regional human capital requires moving
beyond outdated educational credentials toward actionable, situated competency frameworks.
The WCCI-21 provides a scientifically validated foundation to guide this educational and
economic transformation across Southeast Asia and the broader international landscape.
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