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to enhance efficiency, product quality, and competitive advantage. This study examines the
mediating role of Quality Function Deployment (QFD) in the relationship between AMT and

Email: emusebe@usiu.acke firm performance in Kenya. Quality function deployment is a structured quality management
I approach that translates customer requirements into product and process specifications,
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Accepted: 27 February 2026 quantitative cross-sectional design was employed, and data were collected from 102

Published: 30 April 2026 manufacturing firms in Nairobi County, Kenya, using structured questionnaires. Stratified

Keywords random sampling method was used to draw the sample from a population of 200 firms. Data
. analysis for mediation was conducted using Hayes” PROCESS macro (Model 4) with
Advanced manufacturing bootstrapping. The results indicate that AMT has a significant effect on performance (R? =
technology; quality function .
deployment; mediation; firm 280, p <.001) and on QFD (R? = .391, p < .001). The results also show that QFD significantly
performance. influences performance (3 = .548, p <.001). However, the direct effect of AMT on performance
becomes non-significant when QFD is included (5 = .078, p = .233). The indirect effect from
the results is significant (f = .324, 95% CI [0.210, 0.445]), confirming full mediation. The
findings suggest that AMT enhances performance primarily through QFD. Arising from these
results, the study recommends that managers should align technology adoption with
customer-focused quality systems to maximize performance outcomes.

Introduction
In today’s rapidly evolving manufacturing environment, the integration of Advanced
oY Manufacturing Technology (AMT) with performance has become a critical strategy for
Copyright: © by the authors. This firms seeking to sustain competitive advantage and improve operational efficiency
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Attribution 4.0 (CC BY 4.0) design (CAD), computer-aided manufacturing (CAM), robotics, and flexible
International license. manufacturing systems, which are designed to enhance production processes (Saberia &

Yusuff, 2011). These technologies enable manufacturing firms to respond effectively to
dynamic market demands. Advanced manufacturing technology also supports cost
reduction, facilitates automation, improves production precision, and enhances flexibility
in manufacturing operations (Elias et al.,, 2020; Bellgran & Safsten, 2010). Industrial
competitiveness, as defined by the United Nations Industrial Development Organization
(UNIDO), is associated with a country’s ability to increase its presence in both domestic
and international markets, while enhancing value addition through technological
advancement (UNIDO, 2013). Advanced manufacturing technology presents an
opportunity, for developing countries such as Kenya, to rebalance economic growth
toward higher value-added sectors while supporting job creation. The manufacturing
sector remains a key pillar of Kenya’s economy, contributing 7.3% to gross
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domestic product (GDP) and employing approximately 362,300 people in 2023 (KNBS,
2024). This highlights the sector’s importance in driving economic development and
underscores the need for technological advancement to improve productivity and
competitiveness. The adoption of AMT among manufacturing firms in Kenya has been
associated with improved organizational performance and sustainable growth (Musebe,
2024; KAM, 2018; Nyori & Ogola, 2017). Empirical studies indicate a positive relationship
between implementation of design and planning technologies and performance of small
and medium-sized enterprises (SMEs) in Kenya (Musebe, 2025; Jean-Yves, 2013).
Furthermore, adoption of design technologies has been shown to significantly enhance
productivity and competitiveness among SMEs (Musebe, 2024; Asadollahi-Yazdi et al.,
2016). Past research has shown that successful implementation of AMT alone does not
necessarily guarantee improved firm performance (Saberi & Yusuff, 2011; Rajesh et al,,
2007). Increasingly, scholars emphasize the importance of integrating AMT with
complementary approaches such as Quality Function Deployment (QFD). Quality
function deployment facilitates the alignment of customer requirements with product
design, reduces development time, and improves cross-functional communication
within organizations (Al-Dwairi et al., 2023; Guevara, 2025; Muslimina et al., 2023; Bahia
et al., 2023). Manufacturing firms can better understand customer needs and market
dynamics by integrating AMT with QFD, which enables them to enhance their ability to
develop products that meet customer expectations and sustain competitive advantage.
Despite the recognized benefits of both AMT and QFD, there is limited empirical
research examining their combined effect within the Kenyan manufacturing context.
Consequently, this study seeks to investigate whether QFD mediates the relationship
between AMT adoption and performance of manufacturing companies in Kenya.

Literature Review

In the rapidly evolving manufacturing environment, integration of Advanced
Manufacturing Technology and the implementation of Quality Function Deployment
(QFD) have emerged as critical strategies for improving the performance of
manufacturing firms. Organizations increasingly adopt AMT to enhance product
quality, reduce production costs, and improve responsiveness to changing market
conditions. Advanced manufacturing technology also supports competitiveness by
enabling firms to achieve higher efficiency and adaptability in their operations. The
effectiveness of these technologies is often strengthened when complemented by
structured quality management approaches such as QFD, which ensure alignment
between technological capabilities and customer requirements.

Advanced Manufacturing Technology

Advanced Manufacturing Technology refers to the integration of innovative tools,
systems, and methods that enhance efficiency, flexibility, and quality in production
processes (Groover, 2015). Advanced manufacturing technology includes automation
systems, precision systems, and flexible manufacturing systems (FMS), all of which
contribute to the development of sustainable competitive advantage. Automation
systems, such as robotic arms, automated guided vehicles (AGVs), and programmable
logic controllers (PLCs), reduce the need for human intervention, improve consistency
in production, and enhance workplace safety (Keshvarparast et al., 2024; Gualtieri et al.,
2020; Soori et al., 2023; Mehrabi et al., 2000; Besterfield, 2013). Precision systems play a
significant role in improving manufacturing outcomes. These systems rely on advanced
control and measurement technologies, including Computer Numerical Control (CNC)
machines, Coordinate Measuring Machines (CMM), and laser-based manufacturing
tools, to achieve high levels of accuracy and consistency (Groover, 2015; Kalpakjian &
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Schmid, 2018). Precision systems help firms reduce material waste, improve efficiency,
and maintain high product quality, which enhances their competitiveness. Flexible
Manufacturing Systems further strengthen the capabilities of manufacturing firms by
enabling rapid changeovers and customization in response to market demands (Sethi &
Sethi, 1990). This flexibility allows firms to respond effectively to customer needs while
maintaining operational efficiency. Empirical evidence suggests that adoption of FMS
contributes to improved delivery performance and responsiveness, particularly in
emerging markets (Fofana et al., 2022). These dimensions highlight the strategic
importance of AMT as a driver of operational excellence and competitiveness. This study
aimed at investigating if these dimensions together reinforce the strategic rationale for
AMT adoption as a driver of operational excellence and competitiveness in
manufacturing companies in Kenya by testing the following hypothesis:

Hoi: There is a significant positive relationship between Advanced Manufacturing Technology
and performance of manufacturing companies in Kenya.

Quality Function Deployment

Quality Function Deployment is a structured methodology that translates customer
requirements into specific technical and operational characteristics, ensuring that
products and services meet or exceed customer expectations. Erdil and Arani (2018) note
that QFD facilitates the systematic integration of the “voice of the customer” into design
and production processes, leading to improved alignment with market demands.
Quality function deployment also supports continuous quality improvement and
product design, which enhances organizational performance. A key tool in QFD
implementation is the House of Quality (HoQ), a matrix that links customer
requirements (“what”) with technical attributes (“how”) (Akao, 1990; Chan & Wu, 2005).
This framework enables organizations to prioritize customer needs and align internal
processes accordingly. House of quality ensures that resources are directed toward
activities that create customer value by systematically mapping these relationships, to
optimize the output product in terms of cost and performance. In this study, QFD is
conceptualized as a strategic mechanism that connects AMT adoption to performance
outcomes. It acts as an operational bridge that ensures technological investments are
effectively translated into customer-oriented results. Therefore, this study proposes to
investigate the following hypothesis:

Hoz: There is a significant positive relationship between Advanced Manufacturing Technology
and Quality Function Deployment (QFD) in manufacturing companies in Kenya.

Performance of Manufacturing Companies

Performance in manufacturing firms is a multidimensional construct that includes
indicators such as productivity, product quality, operational flexibility, customer
satisfaction, and profitability (Besterfield, 2013). Prior studies indicate that adoption of
AMT improves operational efficiency, reduces production errors, and enhances product
quality (Groover, 2015). However, Abdul and Carolien (2024) argue that these benefits
may be limited if technology implementation is not aligned with customer requirements
and organizational quality objectives. This suggests that integration of AMT with
quality-oriented frameworks such as QFD is necessary to achieve optimal performance
outcomes. In the context of Kenyan manufacturing firms, this study examines whether
such integration leads to superior performance. Therefore, this study examines whether
manufacturing companies in Kenya that integrate QFD with AMT experience superior
performance outcomes, by testing the following hypothesis:

Hos: There is a significant positive relationship between Quality Function Deployment (QFD)
and performance of manufacturing companies in Kenya.
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Combined Effect of Advanced Manufacturing Technology, Quality Function

Deployment, and Performance

Quality Function Deployment provides a mechanism through which firms can
transform technological capabilities into customer-oriented value, thereby linking
operational processes to strategic outcomes (Cristiano & White, 2001). According to
Chan and Wu (2005), the effectiveness of AMT is significantly enhanced when it is
integrated with structured quality management frameworks such as QFD. Mediation
studies in manufacturing suggest that adoption of quality systems enables firms to fully
realize benefits of technological investments (Gibson et al., 2015). In this context, QFD
plays a mediating role by ensuring that automation, precision, and flexibility are aligned
with customer expectations. Empirical evidence further indicates that firms integrating
AMT with QFD achieve higher levels of product consistency, customer satisfaction, and
market competitiveness (Lee et al., 2015; Masoudi, 2024). This study sought to determine
if QFD offers a structured framework to optimize AMT investments for sustained
performance gains by testing the following hypothesis:

Hos: Quality Function Deployment (QFD) significantly mediates the relationship between
Advanced Manufacturing Technology (AMT) and performance of manufacturing companies in
Kenya.

Methodology

This study adopted a quantitative cross-sectional research design to examine the
mediating role of Quality Function Deployment in the relationship between Advanced
Manufacturing Technology and performance of manufacturing companies in Kenya.
The target population comprised 200 manufacturing firms operating in Nairobi County,
Kenya that are affiliated to the Kenya Association of Manufacturers. A stratified random
sampling technique was used to ensure representation across manufacturing sub-
sectors, resulting in a sample of 142 firms. A total of 102 valid responses were obtained,
representing a 72% response rate. Data were collected using a structured questionnaire
organized into sections reflecting the key constructs of the study. Advanced
manufacturing technology was measured using items capturing automation systems,
precision systems, and flexible manufacturing systems. Quality function deployment
was assessed through items related to customer focus, alignment of product design with
customer requirements, and cross-functional coordination. Firm performance was
measured as a multidimensional construct including customer satisfaction, employee
performance, and market share. A relatively large number of items were included to
capture the complexity of each construct. Reliability and validity of the measurement
scales were assessed using Cronbach’s alpha, factor loadings, and Average Variance
Extracted (AVE) thresholds, following established guidelines (Hair et al., 2019). Data
analysis involved mediation testing using Hayes” PROCESS macro (Model 4) and
bootstrapping with 5,000 samples was applied to estimate indirect effects and
significance of the mediating role of QFD in the relationship between AMT and firm
performance.

Results

Response Rate

A total of 142 questionnaires were distributed to small, medium, and large
manufacturing companies in Nairobi County, Kenya. After data cleaning and
verification, 102 questionnaires were retained for analysis, resulting in a response rate of
72%. This response rate is considered adequate for survey research and supports the
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reliability of the findings (Fincham, 2008; Mugenda & Mugenda, 2003; Metsamuuronen,
2017). The results show that the sample included firms of different sizes, with 41.2%
classified as small, 22.5% as medium-sized, and 36.3% as large. This distribution reflects
the diversity of the manufacturing sector in Kenya and provides a suitable basis for
analysis. Detailed distribution of firm sizes is presented in Table 1.

Table 1: Number of Permanent Employees in the Manufacturing Company

Classification of
Number of Employees Frequency %
Manufacturing Company

Less than 50 employees Small 42 41.2
Between 50 and 100

Medium 23 22.5
employees
More than 100

Large 37 36.3

employees
Total 102 100.0

Use of Technology in Manufacturing Companies in Kenya

The study examined the duration manufacturing firms in Kenya had deployed AMT in
their production processes to assess the level of technological adoption. Findings indicate
that 50% of the firms had used AMT for more than 10 years, suggesting long-term and
sustained adoption of technology in their operations. Further, 15.7% of the firms reported
using AMT for between 5 and 10 years, while 23.5% had adopted these technologies for a
period of 3 to 5 years. A smaller proportion, 10.8%, indicated that they had implemented
AMT in their operations within the past three years. These results show that majority of
manufacturing companies in Kenya have significant experience in the use of advanced
technologies in their production processes. This suggests a relatively mature stage of
technological adoption within the sector, with many firms having integrated AMT into
their production processes over time. Results are presented in Table 2.

Table 2: Use of Technology in Manufacturing Companies in Kenya

Period Company has been Utilizing Technology in Frequency (%)

Manufacturing Process

Less than 3 years 11 10.8
Between 3-5 years 24 23.5
Between 5-10 years 16 15.7
More than 10 years 51 50.0
Total 102 100.0

Quality Initiatives Implementation and Market Coverage

The results in the crosstabulation indicate a clear association between quality initiatives
implementation and market coverage among manufacturing firms. A total of 77.45% of
firms reported implementing quality initiatives in the last 5 years, while 22.55% had not.
Among firms that had implemented quality initiatives, the largest proportion operate in
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regional markets (24.51%), followed by global markets (19.61%), national markets
(18.63%), and continental markets (14.71%). In contrast, firms without quality initiatives
are mainly concentrated in regional (6.86%), continental (5.88%), and global markets
(4.90%), with very minimal representation in national-only markets (0.05%). These
findings suggest that firms implementing quality initiatives are more likely to participate
in wider and more competitive markets, particularly regional and global markets. This
indicates that quality initiatives may support market expansion and enhance
competitiveness beyond domestic boundaries. The results are presented in Table 3.

Table 3: Implementation of Quality Initiatives and Market Coverage

Implementation of Quality Initiatives*Market Coverage Extent Crosstabulation

Implemented Quality Initiatives in

Total
their production processes in the last 2ta
: (%)
five Years
YES (%) NO (%)
National
(Kenyan Market 18.63 0.05 18.68
Only)
Regional
Market (Within East 24.51 6.86 31.37
Coverage .
Africa)
Extent Continental
(Within Africa) 14.71 5.88 20.59
Global
19.61 4. 24.51
(Beyond Africa) 96 90 >
Total 77.45 22.55 100.00

Assessment of Data collecting Instrument

Reliability results indicate that the data collecting instrument used in this study is highly
consistent. Advanced Manufacturing Technology recorded a Cronbach’s alpha of 0.951,
Quality Function Deployment 0.897, and performance of manufacturing companies 0.903.
All values exceed the minimum acceptable threshold of 0.70, demonstrating strong
internal consistency among the items measuring each construct. Validity results further
confirm the adequacy of the instrument. Factor loadings for all constructs ranged above
the recommended threshold of 0.70, indicating that the items in the study were strongly
associated with their respective constructs. Further, the Average Variance Extracted (AVE)
values for all variables exceeded 0.50, confirming good convergent validity. Discriminant
validity was also achieved for all constructs, indicating that each variable is distinct and
measures a unique concept. The results are presented in Table 4 and Table 5.

Table 4: Reliability Results

Variable Number of Cronbach’s o
Items
Advanced Manufacturing Technology 67 0.951
Quality Function Deployment 28 0.897
Performance of Manufacturing Companies 47 0.903
Minimum Acceptable a 0.70

www.cjbehm.ca

CJBEHM. 2026 April; 2(1): 33-45



Table 5: Validity Results

Construct Factor AVE Discriminant
Loadings (=0.50) Validity
(=0.70)
Advanced Manufacturing Technology 0.72-0.91 0.68 Achieved
Quality Function Deployment 0.74 - 0.89 0.63 Achieved
Performance of Manufacturing Companies in 0.71 —0.88 0.66 Achieved

Kenya

Hypothesis Testing

The study employed Hayes” PROCESS macro (Model 4) with 5,000 bootstrap samples to
test the hypotheses developed for the study. The first hypothesis of the study (Ho1)
proposed a significant positive relationship between Advanced Manufacturing
Technology and performance of manufacturing companies in Kenya. The total effect
model shows that AMT has a positive and statistically significant effect on performance (3
=0.4023, t=6.2091, p <.001, 95% CI [0.2737, 0.5308]). The model results also show that the
overall model is statistically significant (F(1, 99) = 38.5530, p < .001), and AMT explains
28.03% of the variations in performance (R? = 0.2803). These results support the first
hypothesis (Ho1), that there is a significant positive relationship between AMT and
performance of manufacturing companies in Kenya. Results are presented in Table 6.

TABLE 6: HYPOTHESIS 1 (Hoi) RESULTS.

Model Summary
R R2 MSE F dfl df2 P
.5294 .2803 1354 38.5530 1.0000 99.0000 .0000
Coefficients
Coeff. SE t p LLCI ULCI
Constant 2.5318 2419 10.4665 .0000 2.0519 3.0118
AMT 4023 .0648 6.2091 .0000 2737 .5308

The second hypothesis of the study (Ho2) examined the relationship between AMT and
QFED. The results indicate that AMT has a strong positive and significant effect on QFD (3
= 0.5919, t = 7.9718, p < .001, 95% CI [0.4445, 0.7392]). The results also show that AMT
explains 39.10% of the variations in QFD (R? = 0.3910). The model is also statistically
significant (F(1, 99) = 63.5489, p < .001), confirming that AMT is a significant predictor of
QFD. The study results show a significant positive relationship between AMT and QFD in
manufacturing companies in Kenya. Results are presented in Table 7.

Table 7: Hypothesis 2 (Ho2) Results.

Model Summary
R R2 MSE F df1 df2 P
.6253 3910 1779 63.5489 1.0000 99.0000 .0000
Coefficients
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Coeff. SE t p LLCI ULCI

Constant 1.7636 2772 6.3620 .0000 1.2136 2.3137

AMT .5919 .0742 7.9718 .0000 4445 7392

The study included both AMT and QFD in the model used to test the third hypothesis
(Hos). Results from the PROCESS macro show that the overall model including both AMT
and QFD is statistically significant (F(2, 98) = 63.4460, p < .001), indicating that the
predictors jointly explain variations in firm performance. The results show that AMT and
QFD together explain 56.42% of the variance in performance (R? = 0.5642), demonstrating
a strong explanatory power of AMT and QFD on performance. Results also show that,
QFD has a strong, positive, and statistically significant effect on performance (3 =0.5481, t
=7.9912, p <.001, 95% CI [0.4120, 0.6842]). This indicates that firms that implement QFD
practices more effectively achieve higher levels of performance compared to those that do
not. However, it is important to note that the F-statistic reported (F(2, 98)) reflects the joint
significance of both AMT and QFD in the model, rather than QFD alone. Therefore, while
the model is highly significant, the specific support for the third hypothesis (Hos) is derived
from the individual coefficient of QFD, which confirms a significant positive relationship
with performance. Results are presented in Table 8.

Table 8: Hypothesis 3 (Hos) Results

Model Summary
R R2 MSE F df1 df2 P
7512 5642 .0828 63.4460 2.0000 98.0000 .0000
Coefficients
Coeff. SE t p LLCI ULCI
Constant 1.5652 .2245 6.9703 .0000 1.1196 2.0108
AMT .0779 .0649 1.1993 .2333 -.0510 2067
QFD .5481 .0686 7.9912 .0000 4120 .6842

The fourth hypothesis (Hu) examined the mediating role of QFD in the relationship
between AMT and performance. Results in table 8 show that when QFD is included in the
model, the direct effect of AMT becomes non-significant ($ = 0.0779, t = 1.1993, p = .2333,
95% CI [-0.0510, 0.2067]), despite the model remaining statistically significant (F(2, 98) =
63.4460, p < .001). Results show the indirect effect of AMT on performance through QFD
to be significant (Effect = 0.3244, BootSE = 0.0578, 95% CI [0.2127, 0.4372]), as the confidence
interval does not include zero. These results indicate that QFD fully mediates the
relationship between AMT and performance, supporting the fourth hypothesis. Results
are presented in Table 9.

Table 9: Total, Direct, and Indirect Effects of Advanced Manufacturing Technology on
Performance
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TOTAL, DIRECT, AND INDIRECT EFFECTS OF AMT ON PERFORMANCE

Total effect of Advanced Manufacturing Technology on Performance

Effect se t p LLCI ULCI C_cs

.4023 .0648 6.2091 .0000 2737 .5308 .5294

Direct effect of Advanced Manufacturing Technology on Performance

Effect se t P LLCI ULCI c'_cs

.0779 .0649 1.1993 2333 -.0510 .2067 .1025

Indirect effect(s) of Advanced Manufacturing Technology on Performance:

Effect BootSE | BootLLCI | BootULCI

Quality .3244 .0578 2127 4372

Completely standardized indirect effect(s) of Advanced Manufacturing

Technology on Performance

Effect BootSE | BootLLCI | BootULCI

Quality 4269 .0787 2702 .5755

Discussion

This study examined the mediating role of Quality Function Deployment in the
relationship between Advanced Manufacturing Technology and performance of
manufacturing companies in Kenya using Hayes” PROCESS macro. Findings of the study
show that AMT has a significant positive total effect on performance (3 = 0.4023, p <.001),
suggesting that increased adoption of AMT enhances firm performance through improved
efficiency and productivity. This result is consistent with prior studies, which report that
AMT improves flexibility, product quality, and operational performance (Rahman &
Sohal, 2002; Singh & Ahuja, 2012). However, the findings also suggest that benefits of AMT
are not fully realized without complementary organizational practices, supporting earlier
work by Zhang et al. (2003). The results further show that AMT has a strong and significant
effect on QFD (3 = 0.5919, p < .001), indicating that technological adoption enhances the
ability of firms to implement customer-focused quality practices. This finding aligns with
the socio-technical systems theory, which emphasizes the interdependence between
technological systems and organizational processes in achieving improved performance
outcomes. It also converges with empirical studies showing that digital and automated
systems support better integration of customer requirements into production processes
(Gibson et al.,, 2015). Further, QFD was found to have a significant positive effect on
performance (3 = 0.5481, p < .001), highlighting its critical role in translating customer
needs into design and production specifications. This finding is consistent with Rahman
and Sohal (2002), who argue that structured quality management systems enhance
operational consistency and overall performance. Similarly, Lee et al. (2015) report that
firms adopting customer-oriented quality frameworks achieve higher levels of product
quality and customer satisfaction. The mediation analysis provides further insight into
these relationships. Including QFD in the model, made the direct effect of AMT on
performance become non-significant (B = 0.0779, p = .2333), while the indirect effect
remained significant (Effect =0.3244, 95% CI[0.2127, 0.4372]). This indicates full mediation,
suggesting that AMT influences performance primarily through QFD. This finding
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diverges from studies that report a direct effect of technology on performance without
mediation (e.g., Groover, 2015), but aligns with research emphasizing the role of
complementary capabilities in realizing technological benefits (Masoudi, 2024). The
findings support the Resource-Based View (Barney, 1991) and Dynamic Capabilities
Theory, Teece et al., (1997) as AMT represents a valuable technological resource, while,
QFD functions as a dynamic capability enabling firms to effectively deploy this resource
to achieve superior performance. Competitive advantage then arises not from technology
alone, but from its integration with customer-focused quality practices.

Recommendations

The study recommends that policymakers should support the integrated adoption of AMT
and QFD through incentives, training, and national guidelines to enhance
competitiveness. The study also recommends that managers should align technology with
customer-focused quality practices by promoting cross-functional collaboration,
embedding the voice of the customer, and investing in employee training to improve
performance. Future studies on the mediating role of QFD between AMT and performance
should use longitudinal designs to establish causality and explore the effect of additional
factors such as innovation and organizational learning on this relationship. Comparative
studies across sectors and regions are also recommended to improve generalizing the
results and strengthen theoretical development in emerging economies.
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