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Abstract

Objective: This study develops and empirically validates an integrated model that explains how the
psychological safety climate influences dual innovation through Al-enabled dynamic capabilities in
Chinese design organizations. Methods: A cross-sectional survey was conducted among 281 designers  Dual Innovation;
from industry design firms and departments. Data analysis employed partial least squares-structural
equation modeling, including mediation bootstrapping analysis, importance-performance map analysis, .
necessary condition analysis, and quadratic effect analysis. Findings: All hypotheses received strong  Resource-Based View.

empirical support. The psychological safety climate has a significant influence on Al-enabled dynamic

capabilities, with a path coefficient of 0.452 at p <0.001, and on dual innovation, with a coefficient of

0.383 at p < 0.001. Al-enabled dynamic capabilities have a positive impact on dual innovation, with a

coefficient of 0.384 at p < 0.001, and significant mediation effects, indicating an indirect effect of 0.174

at p < 0.001. The model explains 42.7% of the variance in dual innovation. Importance-performance

analysis reveals a psychological safety climate as highly important but moderately performing,

indicating strategic opportunities for improvement for organizations. Necessary condition analysis

confirms both constructs as essential requirements for innovation outcomes. The findings demonstrate

that psychological safety climate, as a higher-order cultural resource, enables lower-order Al-enabled ~ Article History:

dynamic capabilities, supporting socio-technical systems structure for dual innovation. Organizations .

should prioritize investments in psychological safety while maintaining their Al capabilities. Novelty: ~ Received: 25 August 2025
This r.esearch introduces AI_—enabIed dynamic cgpabilities asa secpnd-order formative .construqt.a.nd Revised: 18 October 2025
establishes the meta-capability role of psychological safety climate in Al-enabled dynamic capabilities
and dual innovation, thereby extending the resource-based view and dynamic capabilities theories Accepted: 06 ~ November 2025
through micro-foundational perspectives. Published: 01  December 2025

Industrial Design;

1- Introduction

China’s economic transformation from manufacturing-driven to design innovation-led development represents one
of the most significant strategic shifts in the global business landscape. This transition, emphasized in national initiatives
such as “Made in China 2025 and the “14th Five-Year Plan,” positions design innovation as fundamental to achieving
autonomous technological breakthroughs and industrial upgrading [1]. Organizations operating within this
transformative context face the dual challenge of maintaining operational efficiency while simultaneously pursuing
radical innovations; a capability known as dual innovation [2]. To achieve radical innovation, which is often quite
complex, organizations have begun to invest in artificial intelligence (AI)’s technological infrastructure, treating it as a
strategic resource advantage [3]. While Al has the capacity to help organizations mitigate risks [4] and respond to market
uncertainties with fitted products and services, its utilization at the strategic and organizational level remains at a nascent
stage, drawing researchers to study the challenges currently faced by Al [5] and the adoption factors [6].
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Despite growing recognition of AI’s innovation potential, existing literature reveals three critical gaps that limit the
understanding of how organizations can effectively harness Al for dual innovation. Initially, although research has begun
to examine the dynamic capability perspectives of Al adoption [7] and its strategic benefits, including knowledge [8]
and entrepreneurial innovation [9], it has afforded scant attention to the specific ways in which Al transforms core
organizational processes and mechanisms for capability development—termed dynamic capability. Many studies regard
Al as an external instrument instead of an integral element of dynamic capacities, neglecting to recognize the intricate
ways in which Al integration alters organizational sensing, seizing, and reconfiguring processes [10]. Secondly,
innovation research has primarily analyzed incremental and radical innovation as distinct phenomena [11], lacking a
comprehensive knowledge of the synergistic mechanisms that allow firms to pursue both forms of innovation
simultaneously.

The third gap primarily concerns the absence of higher-order cultural and environmental elements that foster the
lower-order dynamic capability and dual innovation outcomes. Although technological and strategic variables have
garnered significant attention, the organizational climate conditions that facilitate successful Al adoption and
innovative ambidexterity are still insufficiently examined. Research has not sufficiently investigated the factors that
influence the psychological safety climate, which is characterized by collective judgments of organizational policies,
procedures, and practices that promote psychological health and safety [12]. The aforementioned three gaps can be
addressed with the subsequent two research questions: How does a psychological safety climate, as a higher-order
cultural resource, enable the development of Al-enabled dynamic capabilities to foster dual innovation, and what is
the relative importance of this socio-psychological resource compared to the technological capability it enables?
Accordingly, addressing these two questions leads to the following research purpose: to develop and empirically
validate an integrated model that elucidates the influence of psychological safety climate on dual innovation via Al-
enabled dynamic capabilities.

This study considers the Chinese industry design context. The Chinese context provides an ideal setting. China’s
rapid digital transformation [13], government support for Al development [14], and emphasis on design innovation [3,
15] create conditions that enable design organizations to integrate Al technologies while actively pursuing dual
innovation strategies. China has prioritized Al adoption as a national development objective through initiatives such as
the “New Generation Artificial Intelligence Development Plan” and the “Shanghai Declaration on Global Al
Governance,” aiming to achieve global leadership in intelligent manufacturing [16]. The experience of Chinese design
organizations in reconciling efficiency and flexibility—anchored in institutional contexts that prioritize both stability
and adaptability—offers significant insights into how a climate of psychological safety fosters the advancement of Al-
enabled dynamic capabilities in intricate environments.

The remainder of this paper is organized as follows: Section 2 elucidates the theories and how they support the
conceptual model, encompassing the creation of hypotheses. Section 3 describes the research methodology, including
the research design, sampling approach, data collection procedures, and analytical methods employed in the study.
Section 4 presents the results needed for discussions. Section 5 discusses the findings, their theoretical and practical
implications, research limitations, and directions for future research. Finally, Section 6 concludes the study.

2- Literature Review

2-1-Underpinned Theories

Three theories; psychological safety climate theory, the dynamic capability-based view (DCV), and the resource-
based view (RBV); constitute the theoretical foundations for elucidating the conceptual model presented in Figure 1.

H4 (+)

Al-Enabled
Dynamic
Capability

H1 (+) H3 (+)

Psychological
Safety
Climate

Dual
Innovation

H2 (+)

Figure 1. The Conceptual Model

Page | 3269



Emerging Science Journal | Vol. 9, No. 6

A psychological safety climate denotes an organizational environment characterized by a shared perception of a non-
punitive culture of experimentation [17, 18], implying interpersonal trust and respect among colleagues [19]. Members
can express views, share ideas, and make mistakes without worrying about negative consequences [20]. In the context
of Al adoption, the psychological safety climate helps alleviate technology-related anxiety, encourages experimentation
with new Al tools, and promotes knowledge sharing [12]. The seminal systematic review by Newman et al. [21]
explicitly discusses psychological safety climate as a “meta-capability” that shapes and enables more specific, “lower-
order” operational capabilities, giving it a higher-order capacity for competitive advantage [12]. While organizational
culture and psychological safety climate are related, “culture” is a deep-seated set of values, beliefs, and assumptions.
In contrast, climate is reckoned as a tangible manifestation of the culture — that is, it is how employees perceive and
experience the cultural values in their daily work environment [12] that gives the employees a perception of
psychological safety to engage in challenging tasks [22], such as the Al-enabled dynamic capability and dual innovation
(e.g., incremental and radical innovation) that this study anchors. In addition, psychological safety climate is distinct
from trust. Trust typically operates at the dyadic or small group level between specific individuals, whereas a
psychological safety climate operates at the organizational level, encompassing collective judgments of organizational
policies, procedures, and practices that promote psychological health and safety [12].

The dynamic capability-based view (DCV) explains how organizations develop, deploy, and reconfigure resources
to address changing environments through sensing, seizing, and transforming processes [23, 24]. DCV’s significance
lies in explaining how organizations achieve sustainable competitive advantage through adaptive capabilities rather than
static resource positions [25]. In Al-intensive environments, DCV becomes crucial for understanding how organizations
integrate artificial intelligence into their strategic processes to enhance innovation capabilities [8].

The resource-based view (RBV) focuses on how organizations achieve a competitive advantage through the strategic
deployment and integration of their organizational resources and capabilities, which involves Al [26] and psychological
safety climate. RBV emphasizes that organizational success depends on effectively combining diverse resource
portfolios (e.g., psychological safety climate and Al-enabled dynamic capabilities) to create value. In this study, RBV
explains how two fundamentally different yet complementary resource types—psychological safety climate and Al-
enabled dynamic capabilities—serve as strategic resources enabling innovation performance. Psychological safety
climate represents an intangible and socially complex organizational resource embedded in culture and climate [12]. On
the other hand, Al-enabled dynamic capabilities represent technology-enhanced resources that combine artificial
intelligence with organizational processes [23]. The integration of these heterogeneous resources creates unique
configurations that provide the foundation for achieving dual innovation capabilities through the integration of socio-
psychological and technical resources [27].

This theoretical integration not only provides additional insights into RBV and DCV through combined socio-
technological resources but also demonstrates a micro-foundation base for enacting organizational change, emphasizing
strategic management that stresses the atmosphere and interactions between individuals within the organization [28]. In
doing so, the micro-foundations perspective can offer another degree of freedom to explain why some organizations are
more successful in developing Al-enabled dynamic capabilities. As noted by Zhang et al. [29] and Bagis et al. [30],
numerous strategic management theories often overlook the micro-foundations related to psychology and sociology.
However, although still under development, micro-foundational research has emerged as a distinct branch of strategic
management, with the potential to contribute to the deepening and development of strategic constructs [31]. This research
proposes the application of social contextual logic through a micro-foundational lens, given that organizational strategies
are often formulated within social settings directly related to personal experiences [31].

2-2- Hypotheses Development

The psychosocial safety climate (PSC) refers to the collective belief among employees that senior management and
the organization will support the pursuit of projects and strategic initiatives that may involve risks of suboptimal
performance [32]. Based on a comprehensive bibliometric and systematic literature review, Dong et al. [12] suggest that
psychological safety climate theory offers a broad range of explanations for the roles of psychological safety climate.
First and foremost, the psychological health and safety that the working environment provides to individual employees,
such as product designers, can lead to a more effective understanding of environmental opportunities and threats. This
rationale elucidates the social learning mechanism that is incorporated into the psychological safety climate [33], thereby
enabling an organization to utilize Al-enabled dynamic capabilities more effectively. This is demonstrated by the
transformation of resources to attain strategic objectives and the sensing and seizing of opportunities. It is possible to
infer that a psychological safety climate, which allows employees to perceive it as secure to perform behaviors [12], can
be a substantial contributor to Al-enabled dynamic capability when Kahn’s psychological conditions are applied to the
workplace. Furthermore, a psychological safety climate can serve as an indicator of the fit between employees and their
organization at both the socio-psychological and commitment levels [34].
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In addition to the aforementioned comprehension, the organization can benefit from the socio-technical resources of
psychological safety climate and Al-enabled dynamic capability in dual innovation. The provision of socio-
psychological resources can be a robust motivator for employees to engage [35] actively in Al-enabled sensing and
seizing of opportunities, as well as the transformation of resources for a dual innovation advantage.

Drawing on RBV, psychological safety climate and Al-enabled dynamic capability comprise unique, heterogeneous
resources (e.g., socio-psychological and technical resources) that are not perfectly mobile across organizations [36, 37],
as evident in the generative Al training that contributes to differentiation [38]. Additionally, CBV explains why
organizations with the same Al infrastructure can differ significantly in terms of innovation outcomes, depending on
whether they can strategically orchestrate those resources using dynamic capabilities. Thus, Al-enabled dynamic
capability is not merely the possession of Al technology. However, instead, it manifests the organization’s ability to
integrate Al in the strategic management process to gain systematic competitive advantages. Through advanced data
analytics, machine learning algorithms, and predictive modeling, organizations can simultaneously identify optimization
opportunities in existing products and services, as well as potentially disruptive trends for the future [39]. Furthermore,
[40] observes that Al can support the development of dynamic capability, enhancing decision accuracy with data-
informed knowledge, enabling the estimation of exploitation returns more effectively, and facilitating organizations to
secure a more balanced allocation of resources between exploitation and exploration innovation efforts [41]. The
implication for design organizations is that they will be able to decide more effectively when to fine-tune familiar design
templates and when to shift direction toward entirely different design solutions.

Accordingly, the following three hypotheses form the core conceptual logic of the study:
H1. Psychological safety climate has a positive impact on Al-enabled dynamic capabilities.
H2. Psychological safety climate has a positive impact on dual innovation.
H3. Al-enabled dynamic capabilities have a positive impact on dual innovation.

It has been shown that a psychological safety climate can alleviate the psychological distress of employees in high-
demand environments [42]. However, it will remain at a prospective level unless it is employed to develop learning and
systems capabilities, which in turn influence performance levels [43]. Consequently, the following hypothesis, H4, which
is based on a resource-based view (RBV) and DCV, posits that the potential of a higher-order psychological safety
climate is realized through Al-enabled dynamic capabilities, leading to the following hypothesis, H4.

H4. Al-enabled dynamic capabilities mediate the relationship between psychological safety climate and dual
innovation.

3- Research Method

The research methodology follows a systematic six-stage process, as shown in Figure 2, beginning with data
preparation (questionnaire design, 10C validation, pilot testing, data collection via Credamo, and descriptive analysis),
followed by common method bias assessment using marker variables, measurement model evaluation through Smart
PLS for both reflective and formative constructs, and structural model evaluation with path coefficient estimation. The
final stages involve hypothesis testing through bootstrap analysis, including the examination of the mediation effect,
culminating in advanced analytics using Importance-Performance Map Analysis (IPMA), Necessary Condition Analysis
(NCA), and the quadratic effect analysis to provide strategic insights for practitioners.

Stage 1 Data Preparation

. . . . Data Collection Data Wrangling Descriptive
Questionnaire design 10C & Pilot test [—> (on Credamo) —> (Outliers) Analysis

Stage 2 Common Method Bias Stage 3 Measurement Model Evaluation (SmartPLS)

gir‘sf-?n;er Ri%e%“ e Construct Validation High-order Formative Construct Validation
uter loadings =0.7 Outer Weight =0.20

Cronbach's 0.=0.70 Significance (p) <0.05
VIF<33

L .

Stage 4 Structural Model Evaluation

marker variable

p=0.05 CR =070, AVE=050

Fornell - Larcker Criterion.

Stage 5 IPMA & NCA

Path Coefficients Estimation
' R2 = 0.25 for small, R*= 0.50 for

Mediation Effect

; Analysis
medium, R? = 0.75 for large, A
2>0.02 for small , £2>0.15 for (Bootstrapping)

p<0.05

Stage 6 Quadratic Effect Analysis medium, £20.35 for large , Q=0

Figure 2. The Methodological Flowchart
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3-1-Population and Sample

This study focuses on designer populations in China’s industrial design industry, including practitioners in design
departments of manufacturing enterprises and professionals in independent design companies. These groups are at the
forefront of integrating Al and design innovation, aligning with China’s strategic focus on transitioning from a
manufacturing-driven to a design-driven economic transformation. Since research subjects require experience with Al
applications, a purposive sampling strategy was adopted to ensure that participants possess relevant knowledge and
background to respond to the survey’s subject of interest.

The sample was recruited using Credamo, a powerful and popular platform in China, but like any platform that relies
on a panel of voluntary participants, it has potential vulnerabilities. To overcome the inherent vulnerability to self-
selection bias, this study utilizes the platform'’s filtering options, ensuring that only designers from industry design firms
were selected. Additionally, the survey allows only one participant from one firm, so there is no requirement for multi-
level analysis. Moreover, the Cremado platform has been widely used in top-tier journal publications [44].

Data collection was conducted from May to June 2025.

Besides using the criteria provided by Hair et al. [45] on 5-10 cases per measurement indicator and Kline’s [46]
recommendation that 200+ cases generally provide stable structural equation modeling (SEM) results, the Monte Carlo
simulation [47], given in Figure 3, shows that sample size of 280 is sufficient, with convergence rate at 94.4% (exceeding
92% threshold), adequate fit rate at 94.4% (exceeding 85% threshold), and the statistical power determined at 79.9%,
which is sufficient (exceeding 75% threshold) for a robust Smart PLS-SEM analysis.

Convergence Progress - Sample Size: 280

1007i

751

50

251

0 T 1
10 510 1.0k 2.0k

- Convergence Rate -o- Adequate Fit Rate -o- Statistical Power

Figure 3. Monte Carlo Simulation for Sample Size Computation

3-2- Measurement Methods

The psychological safety climate is assessed using a 6-item first-order reflective scale proposed by Andersson et al.
[48], which measures perceived safety, openness, and respectful climate within organizations. The sampled
measurements for psychological safety climate include: employees respect and value each other’s contributions;
employees feel safe taking on high-risk projects; and employees are usually supported and understood when mistakes
are made. Al-enabled dynamic capabilities constitute a second-order formative structure comprising three reflective
dimensions: sensing, seizing, and transforming, with measurement items adapted from Yoshikuni et al. [49], which
emphasizes the role of Al systems in trend scanning, opportunity capturing, and process reconfiguration. Dual innovation
also constitutes a second-order formative structure, encompassing reflective dimensions of both radical and incremental
innovation, with scales adapted from Su et al. [50], which reflect an enterprise’s behaviors related to incremental and
radical innovation. The sampled measurement for radical innovation is that our unit accepts demands that go beyond
existing products and services. Incremental innovation is characterized by the frequent refinement of existing products
and services. All items use a 7-point Likert Scale (1 = strongly disagree to 7 = strongly agree).

To ensure content validity, this study adapted the measurement scales to the contextual characteristics of the Chinese
industrial design industry. It employed a back-translation procedure to refine the semantic accuracy of the original
English scales, thereby producing an initial structured draft of the Chinese questionnaire. Subsequently, the Item-
Obijective Congruence (I0OC) method was used to evaluate the content validity of the questionnaire. Four management
scholars and three design scholars (all holding doctoral degrees and serving as university professors) conducted two
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rounds of assessment on each measurement item. Based on the IOC scores, items with unclear wording, ambiguous
semantics, or insufficient relevance to the research objectives were revised and refined. Following the 10C-based
revision, the researchers conducted a small-scale pilot survey (n = 100) to assess the clarity and appropriateness of the
wording of each measurement item, as well as to perform a preliminary test of reliability and validity. The pilot test
results indicated that both the first-order reflective constructs and the second-order formative constructs met the required
statistical standards, thus laying a solid foundation for subsequent formal data collection and empirical analysis.

3-3-Common Method Bias

To ensure the survey design mitigates common method bias, this study employs both procedural and statistical
remedies following established methodological practices [51]. Procedural measures include survey instructions that
promote transparency, ensure complete anonymity, and utilize randomized item ordering to minimize evaluation
apprehension and response bias. Additionally, a marker variable approach using the "blue color preference" construct
[52] was employed to statistically assess systematic method variance. The study's use of second-order formative
constructs for both Al-enabled dynamic capabilities and dual innovation offers additional protection, as formative
constructs are less susceptible to common method variance. The comprehensive approach, which combines procedural
remedies with statistical validation, provides confidence that observed relationships reflect substantive theoretical
phenomena rather than methodological artifacts.

4- Statistical Analysis and Results

This section presents a comprehensive analysis of the 281 valid datasets using Smart PLS structural equation
modeling. The study follows a systematic approach, beginning with descriptive statistics of the sample, followed by
measurement model validation, structural model assessment, and specialized analytical techniques to ensure robust
findings.

4-1-Sample Characteristics and Descriptive Analysis

Table 1 provides crucial insights into the composition of the research sample, revealing important patterns that
contextualize the study’s findings. The overwhelming representation of in-house design departments (93.60%) compared
to independent design companies (6.4%) reflects the current structure of China’s industrial design landscape. This
distribution suggests that most design innovation activities occur within established manufacturing enterprises rather
than standalone design firms, indicating a vertical integration approach where companies maintain internal design
capabilities to ensure closer alignment with production processes and market strategies.

Table 1. Descriptive Statistics of the Sample

Choice Percent Choice Percent
Organization type  Independent design company 6.4% In-house design department 93.6%
Eastern region 48.10% Central region 22.4%
Region
Western region 15.3% Northeastern region 14.2%
Industry High-tech 61.9% Non-high-tech 38.1%
Firm Age <5 years 4.3% Over five years 95.7%

The regional distribution offers significant insights into China's economic geography and design innovation hubs.
The Eastern region's substantial representation (48.10%) aligns with China's established manufacturing and design
centers, particularly the Yangtze River Delta economic zone, which encompasses Shanghai, Jiangsu, and Zhejiang
provinces. This region's dominance can be attributed to several factors: historical advantages in advanced manufacturing
capabilities, extensive international design collaboration networks, higher R&D investment density, and strategic
proximity to major ports that facilitate global supply chains and knowledge exchange. The presence of leading
universities and research institutions in this region also contributes to a more sophisticated talent pool for design.

The Central region's notable participation (22.4%) signals an important economic shift currently underway in China.
This presence reflects the ongoing migration of manufacturing activities inland, driven by multiple factors, including
lower operational costs, government incentives promoting development in the central region, emerging local design
capabilities, and the formation of innovation clusters in cities such as Wuhan, Changsha, and Zhengzhou. This
geographic diversification suggests that Al-enabled design innovation is not confined to traditional coastal
manufacturing hubs but is spreading across China's interior regions.

The industry classification reveals a 61.9% to 38.1% split between high-tech and non-high-tech industries,
respectively. This distribution is particularly significant for understanding the context of Al adoption in design processes.
High-tech industries typically demonstrate higher innovation intensity and R&D spending ratios, characterized by more
sophisticated design processes, the adoption of advanced digital tools, and a greater willingness to experiment with Al
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technologies. These industries often face shorter product lifecycles and more intense competitive pressures, necessitating
rapid design iteration and innovation to stay ahead of the competition. Conversely, non-high-tech industries generally
emphasize incremental innovation and process optimization approaches, operating with longer product lifecycles that
allow for more deliberate design refinement and gradual technology adoption.

The firm age distribution, showing that 95.7% of participating organizations are over five years old, indicates that the
sample consists primarily of established enterprises with sufficient organizational maturity and accumulated resources
to invest in Al technologies and dual innovation strategies. This characteristic strengthens the study’s validity, as these
firms possess the organizational foundations necessary to develop both psychological safety climates and Al-enabled
dynamic capabilities.

4-2- Common Method Bias Assessment

Table 2 presents the results of the marker variable testing, addressing potential concerns about common method bias.
The marker variable approach uses an unrelated construct (“blue color preference”) to assess whether systematic method
variance affects the study's findings. The result demonstrates no significant relationships between the marker variable
and any of the study's core constructs. The path coefficients are minimal (ranging from 0.010 to 0.045) with
corresponding t-values well below significance thresholds and p-values substantially above 0.05. These findings provide
strong evidence against concerns of common method bias.

Table 2. Marker Variable Testing.

Path B T-value P-values
BP — AI-DC 0.010 0.142 0.887
BP — DUI 0.018 0.335 0.738
BP — PSC 0.045 0.602 0.548

The non-significant marker variable results, combined with the procedural remedies employed during data collection
(anonymity assurance, item order randomization, and clear instructions), provide comprehensive evidence that common
method bias does not threaten the study’s validity. This confirmation strengthens confidence in the observed
relationships between psychological safety climate, Al-enabled dynamic capabilities, and dual innovation.

4-3- Measurement Model Validation
4-3-1- First-Order Reflective Construct Assessment

The measurement model evaluation begins with assessing the quality of first-order reflective constructs, as presented
in Table 3. The discriminant validity assessment using Fornell & Larcker’s [53] criterion demonstrates that each
construct’s diagonal value (representing the square root of AVE) exceeds all cross-correlations with other constructs.
This pattern confirms that each construct captures phenomena that are conceptually distinct from those of the others in
the model, providing confidence that the measures adequately differentiate between psychological safety climate, Al-
enabled dynamic capability dimensions, and dual innovation components. Furthermore, the convergent validity results
reveal robust measurement properties across all constructs. All Average Variance Extracted (AVE) values substantially
exceed the 0.50 threshold [45], with values ranging from 0.63 to 0.78. These results indicate that each construct explains
more variance in its indicators than the measurement error, demonstrating strong convergent validity. Particularly
noteworthy are the high AVE values for radical innovation (0.78) and incremental innovation (0.73), suggesting that
these constructs are well-defined and reliably measured.

Table 3. First-Order Reflective Construct Validation.

Constructs 1 2 3 4 5 6
1 Psychological Safety Climate 0.79
2 Incremental Innovation 0.430 0.86
3 Radical Innovation 0.494 0.393 0.88
4 Seizing 0.386 0.439 0.376 0.85
5 Sensing 0.377 0.331 0.430 0.577 0.80
6 Transforming 0.330 0.296 0.368 0.450 0.397 0.85
Mean 4.47 4.47 471 4.49 4.69 4.68
Standard Deviation 1.30 111 1.23 1.05 1.08 1.23
AVE 0.63 0.73 0.78 0.73 0.65 0.73
Cronbach’s Alpha 0.88 0.82 0.86 0.88 0.82 0.87
Composite Reliability 0.88 0.82 0.86 0.88 0.82 0.88

Note: 1=Psychological safety climate, 2=Incremental Innovation, 3=Radical Innovation, 4=Seizing, 5=Sensing, 6=Transforming.
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Besides ensuring measurement validity, the reliability assessment consistently shows strong internal consistency.
Cronbach’s Alpha values range from 0.82 to 0.88, all of which exceed the 0.80 threshold [54]. Similarly, composite
reliability values demonstrate the same pattern, indicating that the measurement scales consistently capture their intended
constructs. The outer loadings, exceeding 0.80, further confirm that individual measurement items strongly relate to their
respective constructs.

Additionally, the mean values across constructs (ranging from 4.47 to 4.71 on a 7-point scale) suggest that respondents
generally report moderate to moderately high levels of psychological safety climate and innovation capabilities. The
relatively similar means indicate balanced perceptions across different aspects of the psychological safety climate and
Al-enabled capabilities. Standard deviations ranging from 1.05 to 1.30 demonstrate adequate variability in responses,
suggesting that the sample captures diverse organizational contexts rather than homogeneous conditions.

4-3-2- Second-Order Formative Construct Assessment

Table 4 presents the validation results for the two second-order formative constructs: Al-enabled dynamic capability
and dual innovation. The formative nature of these constructs requires different evaluation criteria compared to reflective
measures, focusing on the weights and significance of the first-order dimensions that compose each construct. For Al-
enabled dynamic capabilities, the analysis reveals that all three dimensions contribute significantly to the formation of
the construct (p < 0.001). The seizing dimension exhibits the highest weight (0.454), suggesting that the organization's
ability to capture and exploit Al-identified opportunities represents the most critical component of Al-enabled dynamic
capabilities in the design context. This finding aligns with the practical reality that identifying opportunities through Al
sensing is valuable only when organizations can effectively act upon these insights.

Table 4. High-order Formative Construct Validation.

Construct Measures Weight Significance VIF
Al-enabled dynamic capability Sensing (SEN) 0.430 p <0.001 1.554
Seizing (SEI) 0.454 p <0.001 1.642

Transforming (TRA) 0.349 p <0.001 1.300

Dual Innovation Incremental Innovation (INC) 0.521 p <0.001 1.183
Radical Innovation (RAD) 0.673 p <0.001 1.183

Furthermore, the sensing dimension weight (0.430) indicates substantial importance in scanning the environment and
identifying patterns through Al systems. This dimension reflects the organization's capacity to leverage artificial
intelligence for environmental monitoring, trend detection, and opportunity recognition. The transforming dimension
weight (0.349), while lower than the other two, remains statistically significant and practically meaningful, representing
the organization's ability to reconfigure resources and processes based on Al insights.

On the other hand, the dual innovation construct demonstrates a fascinating pattern. Radical innovation carries a
higher weight (0.673) compared to incremental innovation (0.521), both of which are significant at p < 0.001. Finding
challenges conventional assumptions about the balance of innovation in established organizations. The higher weight
for radical innovation suggests that in the context of Al-enabled design organizations, breakthrough innovations
contribute more substantially to overall dual innovation capabilities than incremental improvements. This pattern may
reflect the transformative nature of Al technologies, which enable more dramatic innovation leaps rather than just
marginal improvements.

The Variance Inflation Factor (VIF) values provide crucial evidence against concerns of multicollinearity. All VIF
values remain well below the conservative threshold of 3.3, with the highest being 1.642. These low values confirm that
the formative indicators are not overly correlated, supporting the distinctiveness of each dimension within the respective
constructs.

4-4- Structural Model Assessment
4-4-1- Path Analysis Results

Figure 4 presents comprehensive structural model results, revealing the relationships between psychological safety
climate, Al-enabled dynamic capabilities, and dual innovation. The path coefficients provide strong empirical support
for the theoretical framework, with all hypothesized relationships demonstrating statistical significance at p < 0.001. The
relationship between psychological safety climate and Al-enabled dynamic capabilities (f = 0.452, t = 8.986, p < 0.001)
represents a substantial effect size, indicating that organizations with higher levels of psychological safety climate
develop significantly stronger Al-enabled dynamic capabilities. This finding supports H1, confirming that psychological
safety climate has a positive impact on Al-enabled dynamic capabilities. The strong statistical significance (t = 8.986)
provides robust evidence that this relationship is not due to chance, validating the theoretical proposition that
psychological safety serves as a foundational condition for technological capability development.
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R2=0.205,
0*=0.190 Control variables
AI-Enabled . Compétiti}-‘e intensity -0.003 (t=0.058)
D . « Organization type 0.001(t=0.026)
ynamic + Industry -0.054(t=1.110)
Capability + Firm Age -0.043(1=1.031)

* Region: East-0.047(t=0.717)
Middle-0.017(t=0.272)
West-0.104(t=1.556)

0.452%%% (1=8.986) 0.384%%* (t=6.454)

Psychological
Safety
Climate

Dual
Innovation

0.383%%* (t=6.819)

R?=0.427,
02=0.300
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Figure 4. The Path Structure Result

The direct path from psychological safety climate to dual innovation (B = 0.383, t = 6.819, p < 0.001) demonstrates
that psychological safety climate influences innovation outcomes both directly and through Al-enabled dynamic
capabilities. This finding supports H2, confirming that psychological safety climate has a positive impact on dual
innovation. This dual pathway suggests that psychological safety climate operates through multiple mechanisms, directly
fostering innovative behaviors while simultaneously enabling the development of Al capabilities that further enhance
innovation.

The path from Al-enabled dynamic capabilities to dual innovation (f = 0.384, t = 6.454, p < 0.001) confirms that
organizations’ ability to sense, seize, and transform through Al technologies significantly enhances their capacity for
both incremental and radical innovation. This finding supports H3, validating that Al-enabled dynamic capabilities have
a positive impact on dual innovation. The similar magnitude of this coefficient to the direct PSC-dual innovation path
indicates that both pathways contribute equally to innovation outcomes.

The control variables (competitive intensity, organizational type, industry, firm age, and region) show no significant
effects on dual innovation, suggesting that the model’s explanatory power derives from the theoretical constructs rather
than contextual factors. This finding strengthens confidence in the validity of the theoretical framework across different
organizational contexts within the Chinese design industry.

The model's explanatory power demonstrates substantial theoretical and practical significance. The R2 value of 0.205
for Al-enabled dynamic capabilities indicates that psychological safety climate explains 20.5% of the variance in
organizations' Al-enabled dynamic capabilities. While this may appear modest, it represents a substantial effect in
organizational research, where multiple factors typically influence complex capabilities. The remaining unexplained
variance likely reflects other factors, such as technological infrastructure, leadership capabilities, and organizational
resources, that are not captured in this model. The R? value of 0.427 for dual innovation indicates that the combined
influence of psychological safety climate and Al-enabled dynamic capabilities accounts for 42.7% of the variance in
dual innovation outcomes. This represents a strong explanatory power in organizational innovation research, where
numerous complex and interconnected factors typically influence innovation outcomes. The substantial explained
variance suggests that the theoretical framework captures key drivers of innovation performance in design organizations.

Additionally, the f2 values provide additional insights into effect sizes. The f2 value of 0.257 for Al-enabled dynamic
capabilities exceeds Cohen's (1988) threshold of 0.15 for medium effects, indicating that psychological safety climate
makes a substantial contribution to explaining Al-enabled dynamic capabilities. Similarly, the f2 value of 0.205 for dual
innovation confirms that the predictors collectively contribute meaningfully to innovation outcomes. Furthermore, the
predictive relevance assessment using Stone-Geisser's Q2 criterion yields values of 0.190 for Al-enabled dynamic
capabilities and 0.300 for dual innovation. Both values substantially exceed zero, confirming that the model possesses
predictive relevance beyond sample-specific patterns. The Q2 values suggest that the model can effectively predict out-
of-sample observations, supporting its practical utility for organizations seeking to enhance their innovation capabilities.

4-4-2- Overall Model Fit Assessment

Table 5 presents the overall model fit evaluation using multiple criteria, providing comprehensive evidence for the
model's adequacy. The Standardized Root Mean Square Residual (SRMR) value of 0.045 falls at the boundary of the
95% confidence interval, indicating acceptable model fit. SRMR values below 0.08 are generally indicative of a good
fit, and the observed value suggests that the model adequately reproduces the observed covariance patterns.
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Table 5. Overall Model Fit Evaluation

Overall, the saturated model fit evaluation

Discrepancy

Value HI195 Conclusion
SRMR 0.045 0.045 Supported
d_ULS 0.133 0.133 Supported
d_G 0.051 0.056 Supported

The d_ULS (unweighted least squares discrepancy) and d_G (geodesic discrepancy) values both fall within their
respective 95% confidence intervals, providing additional confirmation of model fit adequacy. These bootstrapped fit
indices offer robust assessments that account for sampling variability, strengthening confidence in the model's
appropriateness.

4-5- Mediation Analysis

Table 6 presents the mediation analysis results, which utilize bias-corrected bootstrapping with 5,000 subsamples,
providing robust evidence for the indirect effect of psychological safety climate on dual innovation through Al-enabled
dynamic capabilities. The indirect effect coefficient of 0.174 demonstrates statistical significance (t = 5.254, p < 0.001)
with bias-corrected confidence intervals [0.117, 0.245] that exclude zero. This finding supports H4, confirming that Al-
enabled dynamic capabilities mediate the relationship between psychological safety climate and dual innovation. This
mediation effect reveals that psychological safety climate enhances dual innovation not only directly but also indirectly
by fostering the development of Al-enabled dynamic capabilities. The indirect effect represents approximately 31% of
the total effect (0.174/0.557), indicating that nearly one-third of the psychological safety climate's influence on dual
innovation operates through Al-enabled dynamic capabilities.

Table 6. Summary Table of Hypotheses

Original sample T statistics Intervals Bias Corrected

Structural Path ) (0/a)) o 250% 975000 Conclusion
H1 PSC _, AI-DC 0.452 8.986*** 0.006 0.339 0.540 Supported
H2 PSC _, DUI 0.557 12.678*** 0.003 0.459 0.631 Supported
H3 AI-DC _, DUI 0.384 6.454*** -0.001  0.269 0.501 Supported
H4 PSC_,AlI-DC_,DUI 0.174 5.254*** 0.002 0.117 0.245 Supported

Note: Hypotheses H1, H2, H3, and H4. *** p <0.001, ** p <0.01, * p<0.05

The mediation finding provides crucial theoretical insights into the mechanisms through which psychological safety
climate influences innovation outcomes. Rather than operating solely through direct motivational effects, psychological
safety climate creates conditions that enable organizations to develop sophisticated Al-enabled dynamic capabilities,
which in turn drive innovation performance. This finding supports the resource-based view proposition that higher-order
resources (psychological safety climate) enable the development of lower-order operational capabilities (Al-enabled
dynamic capabilities).

4-6- Advanced Analytical Techniques
4-6-1- Importance-Performance Map Analysis

Figure 5 presents the importance-performance map analysis (IPMA) for dual innovation, offering strategic insights
into resource allocation priorities. The analysis plots each predictor’s importance (x-axis) against its performance (y-
axis), creating four quadrants that guide managerial decision-making. Psychological safety climate emerges as a high-
importance, moderate-performance factor, positioning it in the “concentrate here” quadrant. With an important value of
approximately 0.66 and a performance score of around 53 points, this finding suggests that while the psychological
safety climate significantly influences dual innovation, organizations have substantial room for improvement in this area.
This gap represents a critical strategic opportunity, as investments in psychological safety climate could yield significant
returns in innovation performance.

On the other hand, Al-enabled dynamic capabilities reside in the high-performance, moderate-importance quadrant,
with performance levels exceeding 65 points and importance values of around 0.39. This positioning suggests that
organizations have successfully developed their Al-enabled capabilities beyond the threshold required for their current
level of importance. However, this should not be interpreted as over-investment, as these capabilities serve as necessary
foundations for innovation.
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Figure 5. Importance-Performance Quadrant Map on Dual Innovation

Additionally, the IPMA results provide actionable insights for practitioners: organizations should prioritize
investments in developing a psychological safety climate while maintaining their Al-enabled dynamic capabilities. This

finding aligns with the resource-based view's emphasis on

developing rare, valuable, and inimitable resources, as

psychological safety climate represents a socially complex resource that is difficult for competitors to replicate.

Overall, the finding, as exhibited in Figure 5, provides a clear strategic directive for resource-constrained managers:
investments in enhancing psychological safety climate are likely to yield the highest marginal returns on innovation
performance, as it is the most important driver currently performing below its potential.”

4-6-2-Necessary Condition Analysis

Figures 6 and 7 present the Necessary Condition Analysis (NCA) results for Al-enabled dynamic capabilities and
psychological safety climate, respectively. The NCA technique identifies conditions that are necessary (but not
sufficient) for achieving specific outcome levels, providing insights beyond traditional regression-based approaches.
Figure 6 illustrates that Al-enabled dynamic capabilities are a necessary condition for dual innovation. The ceiling line
(CE-FDH) displays a clear ascending pattern from left to right, indicating that higher levels of dual innovation require
minimum thresholds of Al-enabled dynamic capabilities. The absence of data points above the ceiling line confirms that
organizations cannot achieve high levels of dual innovation without corresponding levels of Al-enabled capabilities. The
practical implication is significant: organizations cannot compensate for low Al-enabled dynamic capabilities through
other means when seeking high innovation performance. This finding suggests that Al capabilities represent a bottleneck
constraint rather than a linear contributor to innovation outcomes.
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Figure 7. Necessary Condition Analysis (NCA) of Psychological Safety Climate on Dual Innovation

Additionally, Figure 7 demonstrates that psychological safety climate also functions as a necessary condition for dual
innovation. The ceiling line pattern suggests that organizations must maintain a minimum level of psychological safety
climate to achieve corresponding levels of innovation performance. This necessity relationship reinforces the theoretical
proposition that psychological safety serves as a foundational condition for innovation activities.

The NCA results collectively suggest that both psychological safety climate and Al-enabled dynamic capabilities
represent essential requirements rather than optional contributors to dual innovation. Organizations must invest in both
areas simultaneously, as deficiencies in either condition will constrain innovation outcomes regardless of strengths in
other areas.

4-6-3- Quadratic Effect Analysis

The quadratic effects analysis, as shown in Figure 8, reveals significant non-linear patterns in the following
relationships: PSC — DUI: Quadratic coefficient = -0.133 (p < 0.01, significant), and AlI-DC — DUI: Quadratic
coefficient = -0.073 (p < 0.042, significant). It indicates that while both psychological safety climate and Al-enabled
dynamic capabilities initially enhance dual innovation, there are optimal thresholds beyond which additional increases
may Yyield diminishing or even negative returns.
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The results demonstrate a significant negative quadratic effect of psychological safety climate on dual innovation (8
=-0.133, p=0.01), indicating an inverted U-shaped relationship. The negative quadratic coefficient suggests that beyond
a certain threshold, additional increases in psychological safety climate may yield diminishing returns in innovation
performance.

Additionally, the curvilinear relationship AlI-DC — DUI demonstrates diminishing returns from Al-enabled
capabilities beyond an optimal level. The inverted U-shaped pattern suggests that excessive development of Al
capabilities may not lead to proportional improvements in innovation.

5- Discussion

Being an intangible asset, psychological safety climate offers a type of resource that is not only valuable but difficult
to imitate [55], giving it a higher-order resource that this study has shown to significantly and positively shape lower-
order operations-type capability, namely, the Al-enabled dynamic capability (H1. p=0.452, p < 0.001), which diverges
from the technology adoption literature that typically views Al implementation as primarily driven by technical factors
rather than psychological conditions [56]. Furthermore, the support of H1 extends the research findings that a
psychological safety climate can positively influence team dynamics and customer involvement [43], opportunity
identification and learning [57], and aligns with [58] in the sense that a feeling of insecurity can be a barrier to
technological adoption.

The study also contributes by recognizing that both the psychological safety climate and Al-enabled dynamic
capability can be viewed as socio-technical resources required for dual innovation, offering valuable insights into the
resource-based view (RBV). Thus, it highlights the significant role of social context in Al applications [8, 38] for
achieving a dual innovation advantage. The formative construct validity also shows that the three formative contents —
Al-enabled sensing, seizing, and transforming — are equally critical in contributing towards dual innovation.

In addition, the psychological safety climate is also shown to have a significant and positive impact on dual innovation
(B =0.383, p < 0.001), supporting hypothesis H2. It aligns with the findings of Andersson et al. (2020), which is crucial
for understanding firm-level outcomes and phenomena [12]. Furthermore, it transcends the innovation climate [59],
acknowledging that psychological safety climate constitutes a resource that can adeptly mitigate demanding job
requirements, such as innovation, which embodies the conservation of resources (COR) theory advocated by Demerouti
[60].

The hypothesis that Al-enabled dynamic capability positively influences dual innovation (H3) is consistent with Chen
et al. [61] and Ji [62], who assert that dynamic capability enhances an organization’s ability to adapt to market changes
and promote innovation. While psychological safety climate is critical to alleviate the psychological distress that
employees face in high-demand environments [42], this study further shows that Al-enabled dynamic capability serves
as a critical mediator between psychological safety climate and dual innovation. Part of the rationale is that the ability
to leverage innovation through psychological safety climate may remain at a prospective level unless the organization
engages in dynamic capability. This extends Santana et al.’s [43] finding that a psychological safety climate requires
learning and systems capabilities to influence organizational performance.

Furthermore, the IPMA finding demonstrates the substantial strategic importance of the psychological safety climate
(0.66) compared to Al-enabled dynamic capabilities (0.39), which highlights the socio-technical roles in Al applications,
extending Al as the primary driver of innovation performance [49, 63, 64]. From an RBV perspective, this study uniquely
demonstrates how heterogeneous resources—psychological safety climate, an intangible and socially complex
organizational resource, and Al-enabled dynamic capabilities, as technology-enhanced resources—create synergistic
value configurations that are difficult to imitate [65]. This extends traditional RBV logic by demonstrating how the
integration of socio-technical resources, rather than individual resource excellence, creates a sustainable competitive
advantage. The necessary condition analysis further reveals that both psychological safety climate and Al-enabled
dynamic capabilities serve as essential, yet not sufficient, conditions for dual innovation, indicating that organizations
must invest in both psychological infrastructure and technological capabilities simultaneously. This finding provides
empirical support for socio-technical systems theory [66] while offering practical guidance for balanced capability
development.

Additional insight is provided in the context of dual innovation, which reveals that radical innovation (weight =0.673)
is more influential than incremental innovation (weight = 0.521) in defining dual innovation capability within design-
intensive organizations, which offers an additional insight to research that does not stress the formative nature of the
construct [67]. Nevertheless, the formative and PLS-SEM results suggest that dual innovation represents a synergistic
capability, where radical and incremental improvements complement each other rather than compete, providing evidence
for complementarity rather than trade-offs in innovation strategies. This insight is more revealing than research
separating radical from incremental innovation [68].
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5-1- Theoretical Implications

This study makes numerous theoretical contributions. First, the study extends psychological safety climate theory
from its traditional focus on individual and team-level outcomes to organizational-level innovation capabilities. Building
on Dong et al.’s [12] comprehensive review, our findings demonstrate that the psychological safety climate operates as
a meta-capability, enabling the development of Al-enabled dynamic capabilities and thereby conferring a higher-order
capability [12].

This extends beyond Dollard & Bakker’s [69] original conceptualization by showing how psychological safety
climate functions as a strategic resource that combines with technological resources to create unique innovation
configurations. Furthermore, psychological safety climate serves not only as an intangible resource (RBV perspective)
but also as a signal of organizational support for innovation and risk-taking. This dual role—as both a resource and a
signal—provides a more comprehensive theoretical understanding of how the psychological safety climate influences
innovation outcome.

Second, this study introduces Al-enabled dynamic capabilities (Al-DC) as a second-order formative construct. Unlike
traditional dynamic capabilities, which rely primarily on human cognition and organizational routines, Al-DC represents
a hybrid form of capability that combines artificial intelligence with human judgment across the sensing, seizing, and
transforming dimensions [23]. The formative nature of this construct (with sensing weight = 0.430, seizing weight =
0.454, transforming weight = 0.349) suggests that all three dimensions are essential for Al-DC, but seizing capabilities
may be particularly critical in design innovation contexts. This finding extends the dynamic capabilities literature by
introducing technology augmentation as a fundamental characteristic of modern organizational capabilities.

Third, from the resource-based view (RBV) perspective, this study demonstrates the significant value of
heterogeneous resources, consisting of psychological climate and Al-enabled dynamic capabilities, as socio-technical
resources. In particular, it contributes to the knowledge of RBV and DCV (dynamic-based view) by recognizing
psychological safety climate as a higher-order resource that supports the development of lower-order operations-type
capabilities, namely, Al-enabled dynamic capability, leading to an RBV-enabled DCV concept in the extant literature.

5-2-Practical Implications

This study identifies four strategic domains with practical implications: strategic resource prioritization, optimal
threshold management of the psychological safety climate, calibration of technology investment in Al-enabled dynamic
capabilities, and integrated monitoring and assessment systems that reflect the dynamics of the conceptual model.

The IPMA analysis offers essential guidance for resource-constrained managers in strategic resource prioritization,
indicating that the psychological safety climate holds considerably greater strategic significance (0.66) than Al-enabled
dynamic capabilities (0.39), while exhibiting moderate performance (approximately 53 points), thereby highlighting a
substantial opportunity gap. This study suggests that managers should prioritize establishing a psychological safety
environment as a crucial facilitator of effective Al-enabled dynamic capability leveraging. Based on the mediation results
(H4: B = 0.174, p < 0.001), businesses are recommended to implement a concurrent yet prioritized strategy for
competence enhancement by first building a strong psychological safety climate to enable risk-taking and
experimentation, followed by leveraging this climate to enhance Al-enabled sensing, seizing, and transforming
capabilities.

The notable inverted U-shaped correlation between psychological safety climate and dual innovation ( = -0.133, p
= 0.01) suggests that businesses should prioritize establishing balanced psychological safety settings rather than striving
for optimal levels. Managers should implement psychological safety initiatives through leadership training programs
centered on psychological safety principles, while concurrently upholding suitable performance accountability measures.
Organizations must implement monitoring systems to identify optimal threshold levels, preventing under-investment
that hinders creativity and over-investment that diminishes the productive tension essential for breakthrough innovations.
This requires conducting a structured psychological safety assessment while upholding clear performance standards and
constructive feedback mechanisms that distinguish between productive experimentation and unfocused exploration.

An inverted U-shaped association with dual innovation (p = -0.073, p = 0.042) suggests the need for strategic
calibration of Al technology investments to leverage the organization’s dynamic capability and prevent diminishing
returns. Organizations must challenge the presumption that more Al-enabled dynamic capability inherently leads to
superior innovation results. Design businesses ought to prioritize Al integration that augments, rather than supplants,
human creativity. This entails creating collaborative Al systems with explicit norms that guarantee humans’ creative
participation. Organizations ought to establish Al-enabled environmental scanning systems and Al-facilitated consumer
feedback analysis systems, while monitoring signs of technological saturation.

Regarding the integrated monitoring and assessment system, the complementary nature of these curvilinear
relationships suggests that managers should establish advanced monitoring and calibration systems that track both
psychological climate conditions and the effects of Al-enabled dynamic capabilities on innovation quality metrics.
Organizations must conduct regular evaluations through staff surveys that examine the perceived psychological safety
climate, Al-driven market sensing and seizing, Al-facilitated resource transformation, and innovation outcomes.
Organizations must acknowledge that ideal levels may fluctuate based on whether the emphasis is on incremental
enhancements or radical innovations, necessitating distinct strategies for diverse innovation scenarios.
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6- Conclusion

This study addresses a critical gap in understanding how organizations can effectively leverage artificial intelligence
for innovation by examining the role of psychological safety climate as a higher-order cultural resource that enables Al-
enabled dynamic capabilities. Through empirical analysis of 281 Chinese design organizations, the research
demonstrates that the psychological safety climate functions as a meta-capability that simultaneously influences dual
innovation both directly and indirectly, through the development of Al-enabled dynamic capabilities. The findings reveal
that organizations with stronger psychological safety climates develop more sophisticated Al-enabled sensing, seizing,
and transforming capabilities, which in turn enhance their capacity for both incremental and radical innovation. The
mediation analysis confirms that approximately 31% of psychological safety climate's influence on dual innovation
operates through Al-enabled dynamic capabilities, highlighting the importance of socio-psychological foundations in
technological capability development. Importantly, supplementary quadratic analysis reveals significant inverted U-
shaped relationships for both psychological safety climate on dual innovation ( = -0.133, p = 0.01) and Al-enabled
dynamic capabilities on dual innovation (3 = -0.073, p = 0.042), indicating optimal thresholds beyond which additional
investments may yield diminishing returns.

The theoretical contributions extend psychological safety climate theory beyond individual and team-level outcomes
to organizational innovation capabilities, introduce Al-enabled dynamic capabilities as a second-order formative
construct, and advance resource-based view understanding through the integration of heterogeneous socio-technical
resources. The identification of curvilinear relationships provides empirical evidence for optimal resource configurations
rather than simple maximization strategies, suggesting that even valuable organizational resources exhibit threshold
effects. The study’s practical implications emphasize that achieving a sustainable competitive advantage in Al-intensive
environments requires calibrated approaches that balance psychological safety with performance accountability and
optimize Al investments without overwhelming human creativity. Organizations must recognize that both psychological
infrastructure and technological capabilities follow inverted U-shaped performance curves, necessitating strategic
moderation rather than unlimited expansion. This study presents a socio-technical perspective on dynamic capabilities,
demonstrating that optimal innovation outcomes emerge from carefully balanced combinations of human-centered
conditions and technological capabilities, rather than maximizing either dimension independently.

6-1- Limitations and Future Research

This study offers both theoretical contributions and practical implications; however, some limitations hinder the
deliberate application of its findings.

Although the Credamo platform is recognized for its reliability and trustworthiness in research by Tang et al. [44],
additional research should gather data from diverse platforms, such as Wenjuanxing [70], to facilitate cross-platform
comparison and model consistency.

Second, this study focuses on the Chinese design firms, which may, to some extent, limit the generalizability of its
findings to other industry contexts. At the same time, prior research suggests that different industries also rely on dynamic
capabilities in varying ways to improve organizational performance—for example, in banking [26] and supply chain
management [71]. Thus, future research should extend the inquiry across more industries, diverse organizational settings,
and cross-national contexts to further test the model’s applicability and explore potential differences arising from cultural
dimensions or industry-specific contingencies, thereby enriching the understanding of its boundary conditions.
Furthermore, although the control variables show no significant effects on dual innovation, future research should test
them in other industries, as their roles may be altered in different contexts.

The constraints of cross-sectional data collection methods limit the scope of this study. A subsequent study may
employ a three-wave longitudinal design, assessing the independent variable and control variables at Time 1, the
mediator at Time 2, and the outcome at Time 3. This approach will eliminate potential reverse causality concerns and
furnish more robust proof for causality.

Building upon the resource-based view and capability-based view informed by socio-technical and social cognitive
resource perspectives, which acknowledge the micro-foundations of dynamic capability, future inquiries may leverage
social cognitive theory to elucidate social-cognitive capabilities in the context of dynamic capability [72], incorporating
notions of socio-technical systems [73] and the Technology-Organization-Environment (TOE) framework [74].

Moreover, a psychological safety climate, as a cultural environment, facilitates the application of various theories to
enhance psychological safety, ultimately benefiting businesses. Consequently, the subsequent theories may be expanded
in the future: “social learning theory, psychological contract theory, conservation of resources theory, social exchange
theory, uncertainty reduction theory, affective events theory, team learning theory, regulatory focus theory, person-
supervisor fit theory, person-environment theory, relational attachment theory, social information processing theory,
social cognitive theory, social identity and self-categorization theory” [12]. This would provide a significant contribution
to the micro-foundational basis of Al-enabled dynamic capability.
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Another critical limitation of our primary linear analysis is revealed by the significant negative quadratic effect of
psychological safety climate on dual innovation (B = -0.133, p < 0.01), indicating an inverted U-shaped relationship
where excessive psychological safety may diminish innovation performance. This suggests that beyond an optimal
threshold, overly high psychological safety levels may reduce productive tension and performance accountability
necessary for breakthrough innovations. Future research should investigate these threshold effects to identify optimal
balance points between psychological safety and performance pressure across different organizational contexts.
Furthermore, there is a significant negative quadratic effect of Al-enabled dynamic capabilities on dual innovation ( =
-0.073, p < 0.042), demonstrating diminishing returns beyond optimal Al capability levels. This curvilinear relationship
suggests that excessive investment in Al capabilities may lead to overdependence on technology at the expense of human
creativity and intuition, which are essential for radical innovation. Future studies should examine how organizations can
calibrate their Al investments to maximize innovation benefits while avoiding technological saturation that constrains
creative exploration.
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