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Abstract: Design orientation has emerged as a critical strategic factor for companies seeking to
achieve a competitive advantage and plays a pivotal role in the process of new product
development (NPD). However, the understanding of the interaction between product design and
other strategic capabilities and how design orientation strategically affects new product
development is still limited, and the existing literature and empirical results are fragmented and
controversial. To gain a comprehensive understanding of the strategic factors affecting new
product development and the contribution of design to strategy, this study conducted a
systematic review and meta-analysis of the existing literature. The study extracted effect values
from 15 international journals for analysis and found that strategy factors significantly influence
NPD success. Moreover, in the exploration of moderating variables, it was found that firm size,
firm type, innovation type, and design orientation play a significant moderating role in new
product development, and design-oriented involvement provides a significant competitive
advantage for firms in NPD. The findings provide new theories on NPD decision-making and

design orientation, as well as practical references for managers.
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1. Introduction

The success of new product development (NPD) has become an important determinant of
a company’s ability to derive competitive advantage [1, 2, 3], and at the same time, more
and more companies are paying attention to the role of innovation through design in the
development of new product, many studies have confirmed the important facilitating role
that product design plays in NPD [4, 5, 6], and design orientation has gradually become

one of the strategic factors for companies to gain competitiveness [7, 8, 9, 10].

Studies have shown that one of the key factors contributing to the failure of NPD is that
the product concept is not well evaluated and defined in the early stages [11], which means
that enterprises do not pay enough attention to decision management and strategic
considerations [12]. A number of studies have shown that strategy-level considerations can
positively contribute to NPD performance, and they cover different aspects such as
customer engagement, supply chain engagement, design strategy, marketing and
manufacturing, technological innovation, and design innovation [13, 14, 15, 16, 17, 18].
Therefore, exploring which factors enhance the impact of strategy on NPD performance is

an important research topic [19]. However, current research does not have comprehensive
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knowledge, and the role that product design plays in coping with the complex decision-
making process is still ambiguous [20], and has not yet been explored in detail and reviewed

in the literature. Therefore, there still exists a research gap.

With the increase in diversity and complexity of research, the traditional form of literature
review is no longer capable of covering the research theories in the field well, and most of
the studies are predominantly qualitative in nature and lack objectivity [21]. Based on this,
meta-analysis methods have been widely used in different fields, aiming at quantitative
methods, through the integration of different studies, Calculate relevant effect levels by
combining the results of multiple independent studies, and then objectively analyzing and
judging the overall research field [22], which can make up for the shortcomings of the

qualitative methods, and can bring important insights to researchers [23].

Therefore, in order to illustrate what factors affect NPD performance, this study will use a
meta-analytic approach to quantitatively analyze the relevant literature. This study uses the
results of a sample of 15 relevant empirical articles to explore the relevant factors affecting
NPD performance. Among them, this study specifically tests how enterprise size, enterprise
type, innovation type, and design orientation moderate the relationship between NPD and
strategy. In particular, this study tests how enterprise size, enterprise type, innovation type,
and design orientation moderate the relationship between NPD and strategy, in order to
explore the moderating mechanisms of NPD under different variables, and to provide arich

understanding and strategic inspiration for relevant practitioners and managers.

2. Literature Review
2.1. NPD Performance and Design Orientation

The deployment of decisions by company executives and managers often involves NPD
performance, and it is crucial to make the right decisions at the early stages of product
development; they will determine future decisions [24]. Many studies have emphasized that
design and innovation have a key role in improving NPD performance [25, 26, 27, 28].
Design strategy innovation can help improve advantage in addition to product innovation
[29], and has provoked scholars to rethink and redefine strategy at the design level [30, 31],
and strategic product design can provide competitive NPD advantages [32]. It has been
shown in empirical studies [33] that strategic considerations at the design level can have a
significant impact on NPD performance, and that design strategy together with other
dimensions of strategy, such as marketing strategy and innovation strategy, can bring about
an enhancement in NPD performance, and the multidimensional strategy pattern formed in

this way also demonstrates the complexity of NPD.

In recent years, design orientation has become a measure of design competence, culture,
and design management capabilities, which represents companies’ integration of design
thinking into their corporate cultures and strategic management of design in order to gain
an advantage in NPD [34], but most of the current relevant studies are mainly qualitative
and the results they produce are mostly inconclusive, and there is still a lack of sufficient

evidence about the actual performance and strategic impact of design orientation in NPD,
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as well as about the role between design orientation and other strategic competencies.
Because of this, this study will investigate the important role of design orientation by
determining whether design is used as a strategic orientation for NPD in the meta-analyzed

literature in the form of binary variable [35].

2.2. Assembling

Meta-analysis has a long history. The method has been widely used to systematically
evaluate problems of inconsistency in research findings, especially as the number of
empirical studies in the field of education has increased. As an alternative to qualitative
methods, meta-analysis is gradually becoming a common quantitative approach in the social
sciences, with existing journals and studies encouraging its use for literature review and
research [36]. In the field of business and management, researchers have used meta-analysis
to explore the positive relationship between creativity and innovation, and have found that
organizational, cultural, and environmental factors positively moderate this relationship,
providing insights for entrepreneurship and innovation management [37]. Chang and Taylor
[38], on the other hand, explored the role of contextual factors and their moderating effects
between customer engagement and NPD performance at different stages of customer

engagement.

Evanschitzky et al. [39] reviewed the success factors for achieving product innovation more
comprehensively with the help of meta-analysis, emphasizing that the importance of
success factors decreases over time, making an important contribution to the success of
NPD in different cultural contexts. All of these studies demonstrate the breadth of meta-
analytic applications and have contributed to research related to NPD, helping researchers
to gain a more nuanced and comprehensive understanding of the mechanisms that operate
at each stage of NPD and providing a clearer perspective on the field. In exploring the
strategic factors of NPD, fewer scholars have used meta-analysis for quantitative research
and there is little evidence of the interaction between design orientation and other strategic
capabilities. Therefore, this study will attempt to develop relevant research on this topic

with a meta-analysis approach.

3. Methodology

The literature review found several exploratory empirical studies, but these studies were
inconsistent in their findings, therefore, this study followed the PRISMA guideline for

literature retrieval and screening [40].

3.1. Literature Search

This study used NPD and product design as keywords in a combined search of databases

such as ScienceDirect, Web of Science, and Google Scholar. Keywords such as “NPD,”

T » o«

“new product,” “product design,” “product strategy,” “strategy,” and others were used.
The literature search was conducted up to June 2024, and the selected articles were all from

international journals, and a total of 786 articles were found.
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3.2. Sample Screen
In the sample selection process, the following selection criteria were established:

= The research will focus on how relevant strategies affect NPD. Therefore, the articles

need to have corresponding measures, with NPD performance as the output indicator.

. The articles should consider the relevant strategy factors as variables, and should
contain at least one category or more, and articles that only briefly mention the

strategy are excluded.

. The relevant correlation values must be included in the study results, and articles with

missing correlation values will be excluded.

In this study, 786 articles were imported into Excel, and 224 articles were left after the
initial screening process, and then the literature screening process was examined for
reliability by two researchers based on Cohen’s Kappa consistency test, and finally 15

sample articles were obtained that met the selection criteria.

3.3. Literature Coding

The reference code of this study was coded by two researchers respectively, and the Kappa
value of the two codes was 0.92, which ensured the scientific and rigorous data of the coded

data. The specific results of the literature coding are presented in Table 1.

Table 1. Coding of the Studies (prepared by Jinchun Lai)

Author (Year) Sample Size  Enterprise Size ~ Enterprise Type Innovation Type Design Orientation
Araujo et al. (2022) 88 None Low-tech Innovation No
Gemser and Leenders (2001) 47 SME High-tech Product innovation YES
Ho and Tsai (2011) 167 SME High-tech Innovation NO
Hsu (2013) 285 None High-tech Innovation Yes
Hsu (2016) 247 None High-tech Innovation Yes
Huang and Hu (2024) 355 SME Low-tech none NO
Huang et al. (2015) 193 LEs High-tech none NO
Jiao et al. (2020) 151 LEs High-tech Product innovation Yes
Kach et al. (2015) 205 SME High-tech Innovation NO
Menguc et al. (2014) 216 LEs High-tech Innovation No
Potter and Lawson (2013) 119 SME High-tech none Yes
Sun and Lau (2020) 153 SME High-tech Product innovation Yes
Vickery et al. (2013) 214 SME Low-tech Product innovation No
Wang et al. (2024) 273 None High-tech None NO
Ye etal. (2018) 317 LEs Low-tech None Yes
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4. Results
4.1. Data Analysis

In this study, CMA was used to analyze the data. Effect sizes are important measures of
the strength of experimental effects or the degree to which variables are related, regardless
of sample sizes [41]. To synthesize existing research, this study utilized the random effects
model proposed by Borenstein et al. [42] to further examine the heterogeneity of the
samples. The specific operational procedures included heterogeneity testing, publication

bias assessment, sensitivity analysis, and moderator variable analysis, among others.

4.2. Heterogeneity Test

The issue of heterogeneity arises from differences in sample selection, survey methods, and
analytical approaches among studies. The purpose of testing for heterogeneity is to
determine whether the effect sizes from different studies are heterogeneous. Therefore, it
is necessary to select an appropriate effect model according to the heterogeneity test results.
Table 2 shows the heterogeneity test results and the overall effect size distribution of the
meta-analysis (Q = 400.13, p < 0.001, I*> = 96.5%), indicating heterogeneity among all
samples. Rosenthal [43] suggested that the random effects model should be used for analysis
when there was large heterogeneity among samples, so this study adopted the random

effects model to eliminate heterogeneity (Table 2).

4.3. Sensitivity Analysis

Sensitivity analysis is mainly used to check for outliers that may affect the overall effect
size. In this study, One-Study Removal Analysis was used to detect the influence of extreme
positive and negative effect size on the overall effect size. In this study, it was found that
there was no significant change in the effect size after deleting any study, and the 95%
confidence interval remained in the range of 0.16-0.48, which fully indicates that the results
of the meta-analysis obtained in this study are very stable. There are no samples that would

cause significant bias.

Table 2. The Result of Heterogeneity Test (prepared by Jinchun Lai)

95% Confidence Interval Effect Size Sig. Heterogeneity Test
Effect Model Correlation
Lower limit | Upper limit p Q r dr p
Fixed Effects
Model (FEM) 0.33 0.30 0.36
<.0001 400.13 96.50 14 <.001
Random
Effects Model 0.33 0.16 0.48
(REM)
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4.4. Publication Bias Test

Publication bias means that published papers cannot be fully representative of all research
in the area due to the presence of unpublished papers. Therefore, the reliability of the study
can be ensured [44] by testing the included articles for publication bias. Funnel plots, fail-
safe N, Egger’s test, and Begg’s test are common methods for detecting publication bias.
In this study, we first use visual inspection of the funnel plot to assess symmetry and detect
potential publication bias. However, since visual inspection is prone to subjective error,
further analysis involves interpreting the fail-safe N and conducting Egger’s test.
Additionally, the Trim and Fill method is employed to theoretically adjust and supplement
the funnel plot for missing studies, aiming to achieve an ideally symmetrical funnel plot

and thereby obtain a new combined effect size.

Based on the results of the funnel plot, it can be observed that the study samples are skewed
to the left, indicating theoretically missing studies on the right. Using the Trim and Fill
method to adjust the distribution, we found that two studies were needed to achieve
symmetry. After filling, the funnel plot is shown in Figure 1. In the updated fixed effects
model, the point estimate increased from 0.33 to 0.36, the lower bound increased from 0.30

to 0.34, and the upper bound increased from 0.36 to 0.39.

The bias observed in the funnel plot can be attributed to several factors, such as unpublished
studies, the exclusive use of journal articles while excluding theses and conference papers,
and the subjective nature of visually judging plot symmetry. In addition, the number of
included studies affects the plot, resulting in low statistical power - highlighting the
limitations of funnel plots. Finally, Egger’s test results show T = 0.18 < 1.96 and p =
0.88 > 0.05, which further indicates the absence of bias (Figure 1).

0.00

Standard Error

2.0 15 1.0 0.5 L 035 10 15 0

Figure 1. Funnel Scatter Graphic (Trim and Fill Method) (drawn by Jinchun Lai)

Finally, in the Classic fail-safe N test (Table 3), the results indicate that 1,463 unpublished
studies would be needed to reduce the overall effect size to non-significance, which is
significantly higher than the threshold of 85, calculated as N x 5 + 10 [45]. Thus, the
effect sizes of unpublished studies do not substantially influence the results of the present

trial. Therefore, based on the results of various significance tests, all indicators support the
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notion that the likelihood of publication bias in this study is very low. Overall, publication

bias does not affect the results or validity of this research.

Table 3. Results of Classic Fail-Safe N (prepared by Jinchun Lai)

Variable Value
p-value for observed studies 0.000
Alpha 0.05
Z for alpha 1.96
Number of observed studies 15
Number of missing studies that would bring p- 1463

4.5. Analysis of Moderator Variables

Using CMA software, the random effects model analysis showed that the combined effect
size across 15 studies was 0.48, with a 95% confidence interval of 0.30 to 0.65 (see Table
2). The combined effect size test reached statistical significance at p < 0.0001. According
to the interpretation of effect size by [46], an effect size of less than 0.2 is considered small,
between 0.2 and 0.5 is considered medium, and greater than 0.8 is considered large. The
overall effect size of 0.48 in this study indicates that strategic factors have a moderate
positive impact on NPD performance. This conclusion supports the notion that the
formulation and implementation of strategies are beneficial for improving NPD

performance.

In this study, further analysis was conducted on moderator variables including enterprise

size, enterprise type, innovation type, and design orientation. The results are as follows:

4.5.1. The Effect of Different Enterprise Size on NPD

In this study, enterprise size is categorized into two types: large enterprises (more than 500
people) and small and medium-sized enterprises (less than 500 people), where literature
that does not explicitly provide enterprise size is not included in the comparison. The
strategic effects of the two types of enterprise size on NPD performance are shown in the
table. From the effect size of each group, the effect size of LEs is 0.43 and that of SMEs is
0.21, indicating that enterprise size has a moderate positive effect on NPD performance.
The higher effect size for large enterprises suggests that strategic factors have a more

positive impact on NPD performance in large enterprises.

The result of the between-group effect size is Q = 4.1, p = 0.13, indicating that the
difference between groups is not significant, that is, the strategic impact of different sizes
on NPD performance is more stable, and there is no significant difference, and all of them

have promoted it (Table 4).
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Table 4. The Effect of Different Enterprise Size on NPD (prepared by Jinchun Lai)

Enterprise Sample Effect 95%C1 Heterogeneity z Effect Size | Mixed Effect
Size Size Size(cor.) Lower Limit Upper Limit P (%) p. Size
LEs 5 0.43 0.03 0.70 98.44 2.22 0.027

Q=41
SME 7 0.21 0.06 0.34 91.33 2.79 0.005
p=0.13
Total 12 0.28 0.13 0.42 96.5 4.41 <0.001
Table 5. The Effect of Different Enterprise Type on NPD (prepared by Jinchun Lai)

Enterprise Sample Effect 95%Cl Heterogeneity z Effect Size | Mixed Effect
Type Size Size(cor.) Lower Limit Upper Limit (%) P Size

High-tech 10 0.22 0.07 0.36 91.98 423 0.000

=1.48

Low-tech 0.53 0.17 0.75 98.05 2.44 0.015 Q

p=0.22
Total 0.27 0.16 0.38 96.50 4.73 <0.001

4.5.2. The Effect of Different Enterprise Type on NPD

In terms of enterprise types, this study adopts the classification method of [47], which
divides enterprises into two categories based on specific industry backgrounds: high-tech
and low-tech industries. High-tech industries include aerospace technology, biotechnology,
and computer and software development, while low-tech industries mainly comprise
advertising, traditional manufacturing, and road freight transportation. From the effect sizes
of the two groups, the effect size for high-tech industries is 0.22, while for low-tech
industries it is 0.53. Both have a moderate positive impact on NPD, with strategic factors

contributing more positively to NPD performance in low-tech industries.

The between-group effect size is Q = 1.48 and p = 0.22, indicating no significant
difference. This suggests that the strategic influence on NPD performance is relatively

stable across different types of enterprises (Table 5).

4.5.3. The Effect of Different Innovation Type on NPD

Among the types of innovation, this study is categorized into two categories, innovation,
and product innovation, in accordance with the description of the sample study, and articles
that do not explicitly use innovation as a dependent variable are not counted in the

comparison.

As can be seen from the table, the effect size of innovation is 0.38, product innovation is
0.15, and the overall effect size is 0.12, representing the fact that the type of innovation
plays a smaller role in moderating the influence of strategic factors on NPD performance.
The within-group effect size is Q = 6.5, p = 0.03, which shows the inconsistent and

significant influence of strategy factors on innovation types (Table 6).
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Table 6. The Effect of Different Innovation Type on NPD (prepared by Jinchun Lai)

Innovation Sample Effect 95%Cl Heterogeneity z Effect Size | Mixed Effect
Type Size Size(cor.) Lower Limit Upper Limit P (%) p. Size
Innovation 5 0.38 0.18 0.55 96.61 3.64 0.000
Product =6.50
rocue 4 0.15 0.087 0.21 977 4.68 0.000 Q
Innovation p=0.03
Total 9 0.12 0.12 0.23 96.5 5.84 <.0001
Table 7. The Effect of Design Orientation on NPD (prepared by Jinchun Lai)
Design Sample Effect 95%Cl Heterogeneity 7z Effect Size | Mixed Effect
Orientation Size size(cor.) Lower limit Upper limit (%) p. Size
NO 8 0.28 0.20 0.41 91.8 5.38 .000
=0.08
YES 7 0.36 0.03 0.62 98.1 2.13 .03 Q
p=0.76
Total 15 0.31 0.21 0.42 96.5 5.78 <.0001

4.5.4. The Effect of Design Orientation on NPD

Regarding design orientation, this study uses a binary variable approach, based on specific
descriptions and research findings in the literature, to determine whether design is included
as a strategic factor within the independent variables, in order to explore the moderating
role of design orientation. In terms of between-group effect size, Q = 0.08 and p = 0.76,
indicating that it does not have a statistically significant impact, suggesting that the degree
of influence of design orientation is consistent and relatively stable. Within each group,
there is a difference in design orientation. Groups without design orientation have an effect
size of 0.28, while those with design orientation have an effect size of 0.36, with a
significance less than 0.001. This indicates that a greater effect size more effectively

enhances the impact of strategic factors on NPD performance (Table 7).

5. Discussion

This study employs a meta-analysis method to quantitatively analyze the results of 15
empirical studies, revealing that different strategic factors have a moderate positive impact
on NPD performance, thus addressing conclusions from various studies. To achieve success
in NPD, companies should actively explore the formulation and execution of relevant
strategies. Furthermore, by delving into the effects of moderating variables such as

enterprise size, enterprise type, innovation type, and design orientation, this study finds:

= In large enterprises, the formulation and execution of strategies are more effective in
enhancing NPD performance. Although strategies have a more pronounced positive
effect on small and medium-sized enterprises (SMEs), these enterprises face

limitations due to scale and resource constraints [48, 49], which hinder the effective
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formulation of certain strategies. This, in turn, restricts their development, revealing
obvious limitations. Large enterprises, with their ample resources and scale [50, 51],
should more actively explore strategic development to gain greater competitive

advantages.

= Inenterprise type, strategies have a smaller impact in high-tech industries, whereas they
exert a greater influence in low-tech industries. This result highlights the distinctive
characteristics of high-tech industries [52, 53], where the focus and core
competitiveness are centered on technological breakthroughs. In such industries, only
by leading in core technologies can greater competitive advantages be secured.
Conversely, low-tech industries prioritize differentiated competition in their
development [54, 55], and diverse strategic considerations can lead to varied

innovation and growth.

. Concerning innovation type, both innovation and product innovation significantly
moderate the impact of strategies on NPD, where more comprehensive innovation
exerts a greater facilitating effect, aligning with the innovative traits of enterprises.
Notably, there are significant differences in inter-group comparisons, indicating the
inherent risks of innovation. While strategy execution is a long-term and stable
approach, innovation is flexible and dynamic, potentially conflicting with sustainable
business development [56, 57]. Excessive or insufficient innovation may result in the
failure of NPD [58], thus necessitating more cautious strategic considerations at the

innovation level [59].

. The involvement of design orientation has a significant impact on strategic factors and
demonstrates superiority over the results of studies lacking design orientation. This
indicates that design has become an important strategic resource for business
development [60, 61]. Design-oriented thinking effectively facilitates the formulation
and execution of strategies, aiding managers in understanding the design elements of
NPD [61]. Strategies formed on the basis of design, or design strategies, can have a
substantial strategic impact on NPD and mediate other types of strategies to enhance

an enterprise’s competitive advantage.

6. Conclusion

This study integrates the impact of various strategic factors on NPD performance and,
through a meta-analysis of 15 empirical studies, confirms the importance of exploring and
clarifying enterprise strategies during the early stages of NPD. Although scholars have
contributed to the understanding of how various strategic considerations affect NPD
performance, there has been a lack of systematic reviews and quantitative studies on this
topic. This research identifies four important moderating variables-enterprise size,
enterprise type, innovation type, and design orientation-that all positively enhance the
impact of different strategies on NPD performance. This conclusion helps managers and
practitioners in the field to formulate strategies that are appropriate for their enterprises and

thereby improve NPD outcomes.
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