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Abstract: Process improvement practices (PIP) are being used as ways to improve manufacturing competitiveness (MC) but their overall effect

in apparel factories have not been well quantified. This paper identifies the effects that PIP have on the manufacturing competitiveness of multi-

national apparel manufacturing plants. The methodology followed uses the Delphi method and exploratory factor analysis for variable selection,

the Mann-Whitney test for analyzing the relationship between PIP usage and MC performance and regression analysis for estimating the existing
correlation among the variables studied. The results show that factories with a high use of PIP have a higher manufacturing competitiveness and

that specific practices related to error detection and waste elimination have a positive effect in cost, delivery time and environmental protection.
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1. Introduction

The globalization of the economy has encouraged many companies
to seek to improve their competitiveness by manufacturing their
products in countries with cheap labor and then sell them in mar-
kets where they can get the highest selling price possible (Arora et
al., 2004; Sarache et al., 2012). The arrival of the export-oriented ma-
nufacturing industry to emerging economies in Latin America has
boosted greatly the manufacturing activity in these countries, gene-
rating direct employment and income to thousands of people of tho-
se communities (Balkwell & Dickerson, 1994; Alonso, et al., 2002).
However, the entry of Asia to the manufacturing production offering
market requires that this industry in this part of the world rethinks its
processes, and procedures to respond more quickly to customer ne-
eds and manufacture products of high quality and reliability at lower
prices and in this way be more competitive and to stay in business
(Mendoza, 2010).

Researchers have identified that the effective use of process improve-
ment practices (PIP) such as TQM (total quality management), JIT
(just in time), and Lean Manufacturing can help to increase the effec-
tiveness and performance of companies (Swink & Nair, 2007; Koc &
Bozdag, 2009). The effect of these tools in developed countries and in
large industries such as metal-working, aeronautical and automotive
is well researched and understood (Jonsson, 2000; Diaz et al., 2003;
Contreras & Carrillo, 2012). However, this is not the case in deve-
loping countries and particularly in the apparel assembly industry,
where the effects of the use of PIP on manufacturing competitiveness
(MC) are under-researched. Due to the prospect of great performan-
ce increment and the comparatively lower cost of implementation,
PIP are being used in apparel factories in developing countries as
ways to improve MC but without a clear understating of their ove-
rall and real effect. Hence, this paper seeks to identify the effects that
process improvement tools, practices and methodologies (called PIP

henceforth) have on the manufacturing competitiveness of multina-
tional apparel manufacturing plants.

It is clear that the academic literature has a disproportional focus on
developed economies and large industries (Sitompul, 2012; Ndiave
et al., 2018), probably because the majority of the researchers come
from those environments. However, the challenges of implementing
improvement practices are different in developing countries and small
and medium enterprises (SME) with less access to capital, educated
workforce and other resources than those in developed nations and
large companies (Prasad et al., 2005; Biilbiil et al., 2013; Oliveira et al.,
2017; Niebel, 2018; Pearce et al., 2018). Then, there is a clear need to
carry out empirical research both in developing countries and SME
in different topics. Therefore, the purpose of this study is to identify
the effect that specific PIP have in helping to improve the MC of those
companies. It is expected that this study will help managers of the
apparel manufacturing industry be aware of which PIP are best suited
to help them achieve improvements in specific capabilities.

2. Theoretical background

2.1 Estimating competitiveness at the company level

Although there is not a definition of competitiveness that is univer-
sally accepted, company or firm competitiveness can be thought as a
company’s ability to perform better than similar companies in terms
of sales, profitability, quality, efficiency, among others (Lall, 2001). To
achieve this level of performance, the company needs to attain a hig-
her degree of specialization or excellence in certain areas in compari-
son with those it competes against (De Carolis, 2003). Although some
authors advocate the use of only financial performance indicators to
measure competitiveness (Lall, 2001; Magretta, 2012), the factors
that lead a company to being competitive usually are non-financial.
In fact, many authors argue that a better way to measure a company’s
competitive advantage in the marketplace is by assessing its ability to
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achieve its manufacturing goals (or priorities), which is through its
manufacturing capabilities (Barney, 1991; Hanson et al., 2012; Yung-
Ching & Tsui-Hsu, 2006; Zollo & Winter, 2002; Santos-Vijande &
Alvarez-Gonzalez, 2009). In fact, some authors have found a positive
relationship between high levels of competitive capabilities and achie-
ving a high-level performance (Tan et al., 2007).

In the literature, manufacturing goals or competitive priorities are stra-
tegic choices about which capabilities are important to achieve certain
expected outcome (Leong et al., 1990; Avella et al., 2001). Likewise, the
performance of a company in its competitive priorities relative to its
competitors is known as the firm’s competitive capabilities (Ward et al.,
1998). Since these priorities/capabilities are multidimensional by natu-
re, a group of components or dimensions explain or help to measure
each priority/capability, which may vary depending on the industry
under study. Since it is impossible to excel in all these priorities/capabi-
lities simultaneously (Fine & Hax, 1985), a balance or trade-off between
them must be established. The level of importance of each of them and
their components can be obtained using empirical analysis of the per-
ception of company directors, vice presidents, or managers (Rostek,
2012; Awwad et al., 2013) or expert opinion (Sarache et al., 2012).

For instance, in a study by Ocampo et al. (2017), factory’s MC was mea-
sured in an aggregated way by using the weighted mean of scores ob-
tained regarding the factories’ comparative performance (capabilities) in
different factors with an adjustment done using the importance (priori-
ties) that each of those factors has in their respective industrial sector. The
study found that the MC for apparel factories in Central America had
four main factors or capabilities: cost, environmental protection, delivery
time and flexibility, with 13 disaggregated components. The authors also
found that the reason why quality does not appear as a competitive prio-
rity for this industry is because managers consider it an integral part of
their operations, one of their core competences. The methodology deve-
loped and the results obtained are interesting and relevant to this study.
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2.2 Process improvement practices (PIP) and competitiveness

The resources that companies have nowadays available to improve their
manufacturing performance can be categorized in two major groups: ma-
nufacturing technologies and manufacturing methodologies (Khanchana-
pong et al., 2014; Bortolotti et al.,, 2015). Technologies refer to hardware
and computer programs (software) used to design, produce, and control;
while methodologies refer to practices, procedures, techniques, and know-
how used to manage and improve. Since the high cost of most of these
technologies (hardware and software) makes its implementation almost
prohibitive for companies seeking for inexpensive labour force, an alterna-
tive for improving manufacturing performance is using process improve-
ment methodologies, which in theory are less expensive to implement
and better suited for labour-intensive apparel manufacturing factories.

In the 1980s and early 1990s, a group of improvement methodo-
logies focused on enterprise operations and process improvement
were introduced into the manufacturing industry. Lean Enterprise
System, an evolution of Just-In-Time (JIT), is a management mo-
del which was designed to create workplaces that are more effi-
cient by reducing waste and non-value-added activities (Garcia et
al., 2014). Other similar philosophies include Total Quality Mana-
gement (TQM), which seeks to foster a climate of continuous im-
provement by seeking quality on their products and services based
on understanding the expectations of its customers (Padhi, 2015),
and Six Sigma whose primary goal is to ensure continuous im-
provement by reducing all sources of unwanted process and pro-
duct variability (Herndndez & Vizan, 2013). Several studies have
identified TQM, JIT (Flynn et al., 1995; Clark, 1996) and Lean
Manufacturing (Fullerton & Wempe, 2009; Yang et al., 2011; van
Assen, 2018) as best practices used to obtain superior performan-
ce. Those methodologies are comprised of different practices that
sometimes overlap between philosophies and which in some cases
are complementary to one another (Khanchanapong et al., 2014).
Table 1 shows some of those practices listed in the literature.

Table 1. PIP with an influence in operational performance.

Authors PIP used to improve operational performance

Sureerattanan et al. (2014)

Supplier feedback, Just-in-time delivery, Developing suppliers, Involved customers, Pull, Continuous flow, Low setup, Controlled
processes, Productive maintenance, Involved employees

Laohavichien et al. (2013)  Setup time reduction, Cellular manufacturing, Quality improvement, Process innovation, Product & Service innovation

Alsmadi et al. (2012) duction, TPM, SPC, Employee involvement

Hana Arrfou et al. (2016) ~ TQM practices, LM practices

Supplier feedback, JIT delivery by suppliers, Supplier development, Customer involvement, Pull, Continuous flow, Set-up time re-

Yang, Hong & Modi (2011) ~ JIT Flow, Quality Management, Employee Involvement, Environmental Management Practices

Khanchanapong et al. (2014) ~ Production flow management, Customer focus, Process management, Workforce management, Supplier management

Green et al. (2014) Total JIT, Supply chain management strategy

Small group problem solving, Training employees, Top management leadership for quality, Supplier partnership, Customer involve-

Bortolotti et al. (2015)

Belekoukias et al. (2014)

ment, Continuous improvement, JIT delivery by suppliers, Equipment layout for continuous flow, Setup time reduction, Statistical
process control, Kanban, Autonomous maintenance

Just-in-time, Total productive maintenance, Autonomation, Value stream mapping, Kaizen/continuous improvement

Supplier rationalization, Long term relationship, Supplier integration and partnership, Visual control, Quality control, JIT purchasing,

Panwar et al. (2018)

Quick changeover techniques, Lot-size reduction, Bottleneck/constraint removal, 5S, Total productive maintenance, Statistical process

control, Work standardization, Flexible and cross-functional teams, New equipment and technology, Continuous improvement programs

Zeng et al. (2015)

Ocampo et al. (2017) (total quality management)

Small group problem solving, Employee suggestion, Task-related training for employees, Quality information, Process management

Kaizen events, TPM (total productive maintenance), VSM (value stream map), SMED (single minute exchange die), Kanban, TQM
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The impact that these methodologies have on the different capabilities
that define MC have been discussed in prior studies. For instance, JIT has
been associated with superior performance in quality, lead-time, produc-
tivity and customer service (Lawrence & Hottenstein, 1995), but has not
shown significant associations with cost efficiency and flexibility (Flynn
et al., 1999). On the other hand, TQM shows positive associations with
cost efficiency and flexibility (Flynn et al, 1999). In the case of Lean
practices, these have been positively associated with cost and lead-time
reduction, along with enhancements in quality and flexibility performan-
ce (Vinodh & Joy, 2012; Khanchanapong et al., 2014). The result of the-
se studies anticipates that not all PIP will affect in the same way the
different manufacturing capabilities of the apparel factory industry.

2.3 Hypotheses development

Although the advocates of different PIP promise great benefits for its
implementation, empiricial evidence does not always validate these
claims (Swink & Nair, 2007). For instance, large companies tend to
have higher PIP investments than smaller ones, but with a seemingly
non-existing correlation between PIP use and firm performace (Sa-
legna & Fazel, 1995; Swamidass & Kotha, 1998; Jonsson, 2000; Diaz
et al., 2003). However, this is different for small and medium sized
enterprises (SME), where there is a better correlation between PIP use
and operational performance (Koc & Bozdag, 2009). In fact, the rela-
tionship between PIP use and firm performance seems to be related
to company size and type of activity (Diaz et al., 2003). Additionally,
since the apparel manufacturing industry is very labor-intensive, it is
expected that the use of improvement methodologies or technologi-
cal tools will improve significantly its competitiveness (Putranto et al.,
2003), hence the following hypothesis is proposed:

HI: Apparel manufacturing factories with a higher use of PIP ex-
hibit a higher MC performance than those with a lower use of PIP.

Companies use PIP in order to eliminate waste, assure quality, en-
hance efficiency, reduce variability, detect and solve problems (Mohd
Hame et al., 2017), as well as to improve significantly their perfor-
mance. Performance is measured in terms of competitive capabilities,
namely cost, quality, delivery time, flexibility and environmental pro-
tection, hence the use of the “MC performance” concept. Literature
shows that there are many different PIP that can be used to achieve
these purposes, although, some are more aligned with achieving spe-
cific capabilities than others (Pavnaskar et al., 2003). However, using
these PIP by themselves will not be as useful as using them as a set
or in a complementary way (Khanchanapong et al., 2014). For ins-
tance, the use of VSM, 5-S and Kaizen, which are aligned with waste
elimination, have shown to create efficient production layouts and re-
duce scrap which improve production flow speed, delivery time and
efficiency, as well as reduce lead-time, cost and scrap waste (Ward &
Zhou, 2006; Vinodh & Joy, 2012). Then, the following is hypothesized:

H2 a-d: The use of waste elimination PIP affects positively the

quality, cost, delivery time and environmental protection capabi-
lities of apparel manufacturing factories.
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Normally quality assurance PIP such as TQM and SPC are
used to improve the quality of goods and services. Then, the
use of tools such as Pareto, scatter and pie charts, along with
the use of statistical techniques for monitoring and controlling
the quality of the processes and outputs help to develop a bet-
ter quality performance (Flynn et al., 1995; Swamidass, 2003)
and corporate competitiveness (Lee & Choi, 2006). However,
they also affect other capabilities as indicated by Vinodh & Joy
(2012), who reported that TQM, JIT, and Lean show a positive
impact in quality performance, cost reduction and efficiency
production, specially when these PIP are used in connection
with workforce commitment to resolve observed problems (Ye-
ung et al., 2006). Based on the above the following hypothesis
is presented:

H3 a-b: The use of quality assurance PIP affects positively
the quality and cost capabilities of apparel manufacturing
factories.

The use of time reduction PIP such as Kanban and SMED has proven
to help enhance the flexibility of manufacturing plants due to their in-
crease ability to work with smaller batches because of fast equipment
changeover (Chang et al., 2005). The setup time reduction also de-
creases lead time which directly impacts cost and delivery time (Als-
madi et al., 2012). The use of other related PIP such as pull systems
and cellular flow increases throughput and reduces work-in-process
inventory (Lee & Ebrahimpour, 1984; Swink et al., 2005) which not
only positively affects flexibility, delivery time and cost, but also re-
duces energy consumption and waste. Then the following hypothesis
is proposed:

H4 a-d: The use of time reduction PIP affects positively the flexi-
bility, cost, delivery time and environmental protection capabili-
ties of apparel manufacturing factories.

Error detection PIP such as poka-yoke, Jidoka and FMEA allow to
detect, analyze and correct defects in design, on machinery, and in
manufacture or assembly (Geum et al., 2011; Kudléc et al., 2017).
The appropiate use of these practices not only helps to assure quality
(Angelis et al., 2011), but also improves efficiency and reduce waste
associated with time delays. The creation of mistake-proof solutions
and the prioritization of failures and their corresponding actions
require cross functional teams that understand well the processes so
they can find the appropiate balance between cost, quality and deli-
very time (Keller, 2012). The direct involvement from the workforce
has been reported to help enhance their skills so they can perform
their tasks more efficiently, improving productivity and reducing
costs (Swink et al., 2005). Therefore the following hypothesis can
be proposed:

HS5 a-d: The use of error detection PIP affects positively the qua-
lity, delivery time, cost and environmental protection capabilities
of apparel manufacturing factories.
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3. Research design and methodology

3.1 Data analysis procedure
As it can be seen in Figure 1, this study followed a mixed design
method with an inductive qualitative part to determine which PIP

Figure 1. Data analysis procedure for finding the relationship between PIP and MC

gy is composed of three main steps:

Step 1: Identify the variables to study

Literature

Companies and
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1. Identify all PIP and MC components available in the Review Universities
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results and conclusions of the study.

| Validate proposed hypotheses |

Step 1: Identify the variables to study

A list of tools and practices used for process improvement within the
factory and of capabilities used to achieve manufacturing competi-
tiveness was gathered from a comprehensive literature review. The
discrimination and subsequent selection of the variables to study
was done using the opinion of experts from industry and academia
through the Delphi method (Scott, 2000). From the final list of PIP
and capabilities obtained from experts through Delphi, a survey was
created and sent to plant, production and engineering managers in
order to collect empirical data to be used in the subsequent steps.

Step 2: Establish the models to analyse

Since the main objective of the study was to measure the effects of PIP
on MG, it was necessary to establish structured models that grouped
the selected elements logically. Different researchers in operation ma-
nagement have used Exploratory Factor Analysis (EFA) to take large
numbers of seemengly unrelated variables and discover underlying
or latent variables to help them define better models (Jun et al., 2006;
Pinjala et al. 2006). Therefore, EFA was used to discover the PIP co-
rrelated variables (factors) using the sampled data. Using the model
and the survey responses it was possible to estimate PIP usage, as well
as the combined manufacturing competitiveness score (MCS) and the
individual capabilities scores (CS) of the sampled plants.
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Step 3: Find relationships and validate hypotheses

To test HI it is necessary to estimate the use of PIP and the MCS of the
apparel manufacturing factories. Since the sample used in this study is
relatively small, the existence of significant differences in the factories
MC with respect to PIP’s was tested through the Mann-Whitney test for
independent samples, which is a non-parametric test (Garcia-Muifia &
Navas-Lopez, 2007). This was done by dividing the sampled factories in
two groups: low and high performers, and then using the Mann-Whitney
test to see if the PIP’s use was significantly different between them. To test
the other hypotheses (H2 - H5) it was required to measure the cause-
effect relationship between the different groups of practices (PIP factors)
and the improvement in specific competitive capabilities (measured as
CS) using regression analysis (Cohen, 1988). A linear regression analysis
between each PIP and MC factor was used to find the strength of the rela-
tionship between the variables (correlation) and the effect of that relation
(coefficient of determination). The strength of the effects was interpre-
ted using Cohen’s (1988) conventions as summarized in Table 2.

Table 2. Strength of the correlation and regression effects.

Effect Size
Large 0.50 0.25
Medium 0.30 0.09
Small 0.10 0.01
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used to collect and analyse empirical data. The overall methodolo-



3.2 Sample and data collection

To test the proposed hypotheses, an empirical study was conducted
using apparel manufacturing factories located in Honduras, which is
a good example of a small emerging economy from Central America
with strong multinational plants. According to the Honduran Central
Bank (BCH), there are 122 apparel manufacturing companies in Hon-
duras, each of them with several manufacturing plants, most of them
located in the northern part of the country (BCH, 2014). The survey
was sent to plant, production and engineering managers, which are the
most experienced people for this type of studies (Biilbiil et al., 2013;
Khanchanapong et al., 2014). 228 apparel manufacturing plants were
surveyed, and 98 responses were obtained, with 57 being usable (all
items were answered). These managers assessed their factory’s use of
PIP and their comparative performance in the competitive capabilities
using a survey designed to be completed online (www.qualtrics.com).

Regarding the demographics of the study it must be noted that 70% of
the sampled plants were multinational companies whose managers had
experience working in similar factories in Central America and the Ca-
ribbean. 15% of the respondents had more than 20 years of experience,
32% had between 10 and 20 years, 21 % between 5 and 10 years, and
the rest less than 5 years of experience. Additionally, 58% of the res-
pondents worked on plants with more than 1000 people. These demo-
graphics are important as it shows that the sample is representative of
this industry, giving consistency to the results of the study. Additional
to the demographic questions, the survey used a five-point Likert scale
to assess PIP use and the comparative MC of the apparel manufactu-
ring plants. PIP use was evaluated by asking respondents regarding the
degree of use given to each PIP ranging from (1) not used, to (5) it
is always used. Respondents were also asked to assess their comparative

J. Technol. Manag. Innov. 2020. Volume 15, Issue 1

performance in different capabilities ranging from (1) significantly
lower than competitors, to (5) significantly better than competitors.

3.3 Reliability of the instruments and constructs

Since the measures being used were obtained from a panel of experts
that used well-established empirical and conceptual elements drawn
from literature review, the content validity of the study can be infe-
rred (Bohrnstedt, 1983). However, to assess the reliability and inter-
nal consistency of the survey, a Cronbach’s alpha test was performed
obtaining a 0.88 for the MC section and 0.86 for the PIP section, with
alpha values for each construct above the 0.7 threshold (Nunnally &
Bernstein, 1994). The PIP data was subjected to an exploratory fac-
tor analysis (EFA) to find if the proposed practices could be grouped
into correlated constructs. The factoring method used was principal
component analysis (PCA) with a varimax rotation and the extrac-
tion based on Eigenvalues greater than 1. The appropriateness of the
dataset to perform the required EFA was confirmed with a Kaiser-
Meyer-Olking (KMO) test of 0.72, which was above the 0.6 suggested
threshold value (Sharma, 1996). The significance of the model was
verified through the Bartlett’s sphericity test (Pinjala et al., 2006). The
items with high factor loadings (above 0.5) were retained and the rest
were discarded to assure convergence and discriminant validity.

4. Results and discussion

4.1 PIP measurement model

As shown in Table 3, an EFA was conducted in the PIP data accor-
ding to the previously described methodology (step 2) which yielded
a four-factor model or categorization with 15 disaggregated compo-
nents that could explain 65% of all the variance.

Table 3. Results from EFA for the PIP.

Process Improvement Practices Mean SD Waste Elim.  Time Reduct. Quality Assur.  Error Detect.
WE - Waste elimination (Cronbach’s alpha = 0.83)
WETL - 5S (workplace organization method) 4.54 0.85 0.774 0.130 0.137 0.008
WE?2 - Kaizen events (VSM, 5S, SOP, Visual factory) 4.46 0.96 0.749 0.331 0.242 -0.084
WE3 - TPM (Total productive maintenance) 4.33 1.21 0.707 0.381 0.293 0.078
WE4 - VSM (value stream map) 4.25 0.95 0.659 0.191 0.471 0.162
WES5 - ANDON (alarm warnings and signals) 4.04 1.34 0.644 -0.184 -0.012 0.420
TR - Time reduction (Cronbach’s alpha = 0.75)
TR1 - Cellular flow 4.33 1.11 -0.066 0.778 0.051 0.277
TR2 - Standard operating procedure (SOP) 4.79 0.59 0.201 0.715 0.093 0.034
TR3 - Kanban (pull system) 4.61 0.73 0.386 0.649 0.201 -0.024
TR4 - AMT (analytical method training) 4.33 118 0.213 0.618 0.167 -0.053
TR5 - SMED (single minute exchange die) 4.37 1.01 0.309 0.590 -0.109 0.100
QA - Quality assurance (Cronbach’s alpha = 0.79)
QAL1- SPC (Statistical process control) 4.63 0.84 0.085 -0.058 0.913 0.084
QA2 - TQM (Total quality management) - Ishikawa,
Pareto, Flow diagram, Brainstorming, Focus group 4.61 0.70 0.260 0.239 0.761 0.025
Histogram, Scatter diagram, Bar graph, Pie chart
QA3 - TMM (Time measurement method) 4.68 0.63 0.176 0.433 0.616 0.138
ED - Error detection (Cronbach’s alpha = 0.74)
ED1 - FMEA (Failure mode and effect analysis) 3.42 1.35 -0.107 0.040 0.064 0.844
ED2 - Jidoka - (autonomation of error detection) 2.84 1.60 0.215 0.217 0.132 0.761
Total Variance 2.889 2.362 1.727
% of Variance 18.296 15.099 11.785
Cumulative % 38.546 53.645 65.430
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Taking into consideration the main purpose of the grouped practi-
ces, the names given to the discovered PIP factors were waste elimi-
nation, time reduction, quality assurance and error detection. From
the EFA results it is evident that managers and engineers consider
that some practices could only be effective when used together as a
set of complementary practices such as SPC and TQM, while others
could be used as separate practices such as those comprising JIT (Kai-
zen events, 5-S, Kanban, SMED, etc.). Hence, some of the practices
that make up the JIT methodology are distributed between the waste
elimination and time reduction factors, while practices comprising
methods engineering are split between the time reduction and quality
assurance factors. This shows the versatility of the techniques that are
part of the JIT and methods engineering methodologies. From these
results it looks like in this particular industry SOP, which is normally
used to improve quality (e.g. ISO 9001), it is used to reduce time, and
that VSM, which is normally used to show the process’ idle time, it is
used to help eliminate waste.

Although some of the initially proposed practices had to be dropped
from the PIP model, their benefits are still present in this industry
due to the considerable overlap between the methodologies. For
instance, DMAIC, which is a very popular tool for process impro-
vement from Six Sigma was dropped from the final model due to
their low loadings in the EFA model. However, this does not mean
that the tool is not used, it might just mean that those being surve-
yed considered that the steps of that methodology (define, measure,
analyse, improve and control) were already taken into consideration
in other practices such as Kaizen, SPC and TQM.

4.2 MC measurement model

The MC was estimated using the method proposed by Ocampo et al.
(2017) and the survey results with the following equation:

MC = (0.268 * Cost) + (0.254 * Env. Prot.) + (0.241 * Deliv. Time) +
(0.237 * Flexibility) (1)

Where

Cost = [(0.848 * Increase installed capacity utilization) + (0.831 *
Increase labour productivity) + (0.799 * Increase production effi-
ciency) + (0.573 * Increase compliance to product specification)] /
(0.848+0.831+0.799+0.573) (2)

Env. Prot. = [(0.860 * Prevent environmental incidents) + (0.784 * Use
of production processes environmentally friendly) + (0.778 * Provide
the firm with a positive environmental image)] / (0.860 + 0.784 +

0.778)  (3)
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Deliv. Time = [(0.889 * Reduce manufacturing time) + (0.680 * Reduce
lead time (total production time)) + (0.652 * Reduce time or cost of pre-
paration and changeover)] / (0.889 + 0.680 + 0.652)  (4)

Flexibility = [(0.904 * Reduce time to introduce a new product) + (0.846
* Ability to introduce new products) + (0.658 * Rapid changes from one
product to another)] / (0.889 + 0.846 + 0.658)  (5)

This model is consistent with the literature, as four of the five
typical competitive priorities are present in the model (Avella
et al., 2001; 2011; Greasley, 2009). However, quality is not pre-
sent in the model, probably because clients in this particular
industry only contract companies with proven high quality. An
evidence of this is the fact that when these companies accept a
manufacturing job, they make tests and previsions to make sure
they can achieve the required quality specifications before star-
ting production, so their cost does not increase by reprocessing
the garments that do not meet the agreed quality. Hence, apparel
manufacturing managers might consider quality an integral part
of their operations.

4.3 The effect of PIP use in MC

The MCS of each apparel manufacturing plant in the sample was
estimated using equation 1, and the results were separated in two
groups: low performers (MCS < 4) and high performers (MCS >
4), where 4 represents an 80% performance. As shown in Table 4,
factories with a high use of PIP (frequently used or always used)
had also a high performance, in contrast to those with a lower
use (not used or sometimes used). To validate this conclusion,
a non-parametric Mann-Whitney test was performed using the
two groups and the average usage value of each PIP to test the
hypothesis that apparel manufacturing factories with a higher use
of PIP exhibit a higher MC performance (level of MC). The re-
sult of the test yielded a p-value = 0.012 (p < 0.05) meaning that
both groups are significantly different, confirming that the tool
usage for the high performing group is higher than the usage for
the low performing group. Then Hypothesis 1 cannot be rejected,
which means that apparel manufacturing factories with a higher
use of PIP exhibit a higher MC. This was consistent with previous
findings that show a positive correlation between company ope-
rational performance and AMT use (Putranto et al., 2003; Koc &
Bozdag, 2009).

Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economia y Negocios. 20



J. Technol. Manag. Innov. 2020. Volume 15, Issue 1

Table 4. Use of PIP in multinational apparel factories by company performance.

Company Performance Low Perf. High Perf. Low Perf. High Perf.  Low Perf. High Perf.
Process Improvement Practices (PIP) Mean SD Mean SD Not used - Sometimes used  Frequently used - Always used
Waste elimination (Cronbach’s a = 0.83)
5-S 4.23 1.07 4.77 0.51 19% 4% 81% 96%
Kaizen Events 4.12 1.14 4.69 0.74 20% 8% 80% 92%
TPM (Total Productive Maintenance) 3.81 1.58 4.73 0.53 35% 4% 65% 96%
VSM (Value Stream Mapping) 3.92 1.13 4.42 0.70 31% 12% 69% 88%
ANDON 3.62 1.58 4.42 0.95 35% 12% 65% 88%
Time reduction (Cronbach’s a = 0.75)
Cellular Flow 4.15 1.12 4.46 1.14 27% 12% 73% 88%
SOP (Standard Operating Procedure) 4.65 0.75 4.88 0.43 15% 4% 85% 96%
Kanban (Pull system) 4.35 0.94 4.81 0.40 12% 0% 88% 100%
AMT (Analytical Method Training) 4.15 1.29 4.38 1.17 27% 16% 73% 84%
SMED (Single Minute Exchange Die) 3.85 1.26 4.77 0.43 39% 0% 61% 100%
Quality assurance (Cronbach’s a = 079.)
SPC (Statistical Process Control) 4.69 0.68 4.50 1.03 4% 12% 96% 88%
TQM (Total Quality Management) 4.49 0.71 4.65 0.75 12% 8% 88% 92%
TMM (Time Measuring Method) 4.58 0.76 4.73 0.53 15% 4% 85% 96%
Error Detection (Cronbach’s a = 0.64)
FMEA (Failure Mode and Effects Analysis) 2.81 1.2 3.77 1.31 69% 31% 31% 69%
Jidoka (Autonomation of error detection) 2.38 1.68 3.00 1.40 65% 65% 35% 35%

4.4 The effect of the PIP factors on the MC factors

To identify the existing relationships between PIP and MC, a re-
gression analysis was performed using the PIP model factors as in-
dependent variables and the MC model factors as dependent varia-
bles. The latent variable values from the PIP model were obtained
from the survey’s respondents averages values and those of the MC
model came from solving Equations 2 through 5. The sample used

(57), was considered appropriate as for regression analysis David
(2009) suggested a n > 25 and Green (1991) recommended a mini-
mum sample of 50 + 8m, where m is the number of predictors (for
linear regression analysis m = 1). Table 5 shows the correlations and
regressions values (relationship and effect sizes) that were signifi-
cant (p < 0.05) shown in bold. All the calculations were done using
IBM SPSS V.22.

Table 5. Pearson correlation and regression analysis between PIP and MC.

Independent Variables Dependent Variables F Sig
Delivery Time 0.346 0.120 7.502 0.008
Error Cost 0.308 0.095 5.765 0.020
Detection Env. Protection 0.263 0.069 4.097 0.048
Flexibility 0.224 0.050 2.897 0.094
Delivery Time 0.244 0.060 3.489 0.067
Time Cost 0.276 0.076 4.532 0.038
Reduction Env. Protection 0.338 0.114 7.012 0.010
Flexibility 0.221 0.049 2.832 0.098
Delivery Time 0.146 0.021 1.206 0.277
. Cost 0.035 0.001 0.068 0.795
Quality Assurance .
Env. Protection 0.078 0.006 0.337 0.277
Flexibility 0.031 0.001 0.052 0.820
Delivery Time 0.465 0.216 15.188 0.000
o Cost 0.374 0.140 8.928 0.004
Waste Elimination .
Env. Protection 0.438 0.192 13.039 0.001
Flexibility 0.220 0.048 2.803 0.100
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The results of the regression analysis show that when PIP dedicated
to waste elimination (5-S, Kaizen, TPM, VSM, and Andon) are used
together in apparel manufacturing factories, they have a significant
positive effect in improving cost (0.14), delivery time (0.22) and envi-
ronmental protection (0.19). According Cohen (1988) all these effects
range from medium to large size (Table 2). Then Hypotheses 2b, 2c
and 2d cannot be rejected, meaning that waste elimination PIP affects
positively the cost, delivery and environmental protection capabili-
ties of the apparel manufacturing factories. These results are partially
consistent with the findings of Vinodh & Joy (2012). Since quality is
not a competitive priority of this industry because managers consider
it an integral part of their operations, one of their core competences
(Ocampo et al., 2017), Hypothesis 2a was rejected.

The regression analysis also shows that none of the practices dedica-
ted to quality assurance (SPC, TQM and TMM) have any significant
effects with the MC factors, therefore Hypotheses 3a and 3b were re-
jected. The lack of correlation between these practices and the MC
factors might be a reflection of this industry managers’ perception
that quality is an integral part of their operations and one of their
core competences. Due to this, managers might not see necessary to
point out the use of specific PIP to assure quality, as their day-to-day
processes have imbedded mechanisms to assure the required quality.
However, since these results contradict theory, it requires a more in-
depth review in future studies.

In the case of time reduction practices (cellular flow, SOP, Kanban,
AMT and SMED), the regression analysis shows that when used to-
gether, these PIP have a significant positive effect in improving cost
(0.08) and environmental protection (0.11). The size of these effects’
ranges from small to medium (Table 2) therefore, Hypotheses 4b and
4d cannot be rejected. This means that time reduction PIP affects
positively the cost and environmental protection capabilities of the
apparel manufacturing factories. These results are partially consis-
tent with previous findings by Swink, et al. (2005) and Ward & Zhou
(2006). However, it was contra intuitive to see that time reduction PIP
did not show significant effects on improving flexibility or delivery
time, rejecting Hypotheses 4a and 4c.

In the case of flexibility, it must be remembered that this competitive
capability is related to the ability to react to changes in product type,
mix and volume, and in general terms plants in this industry only
demand incremental adjustments in their machine utilization and
capacity, layouts, and labour force training. Then, a possible reason
for this lack of correlation could be that plants in this industry do
not regularly deal with the introduction of new products with radical
changes as in other industries, or that these flexible requirements are
handled by specialized plants dedicated to these situations.

In the case of delivery time, it is interesting to note that the prac-
tices that presented a connection with improving delivery time are
those that help reduce the reprocessing of garments (error detection
and waste elimination). Therefore, a reason for this striking lack of
connection might be that the main problems associated with mis-
sing delivery dates are not associated with accelerating production or
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improving the product flow, but with eliminating reprocess. However,
since these results contradict theory, it will also require a more in-
depth review in future studies.

Finally, the performed analysis shows that when practices dedicated
to error detection such as FMEA and Jidoka are used together they
have a significant positive effect in improving cost (0.09), delivery
time (0.12) and environmental protection (0.07). These effect sizes
range from small to medium (Table 2) then, Hypotheses 5b, 5c and 5d
cannot be rejected, meaning that error detection PIP affect positively
the cost, delivery and environmental protection capabilities of the
apparel manufacturing factories. These results are partially consistent
with previous findings by Swink, et al. (2005) and Keller, 2012. Since
quality is not a competitive priority of this industry, Hypothesis 5a
was rejected.

5. Conclusions, limitations and suggestions for future research

One of the greatest challenges of the apparel manufacturing industry
is finding ways to increase their competitiveness to stay in business.
Managers in this industry need to know where they should focus
their efforts, what is their company’s current status in those areas, and
which practices can help them strengthen those areas. This study was
performed with data obtained from a survey to managers and engi-
neers from a sample of multinational apparel manufacturing compa-
nies located in Central America. The main contributions of the study
were the following:

o The identification of the set of process improvement prac-
tices (PIP) that are being used in Central American apparel
manufacturing factories.

o Statistical confirmation that apparel manufacturing factories
with high use of PIP also have a high manufacturing compe-
titiveness (MC).

o Statistical confirmation of the positive effect that error detec-
tion and waste elimination PIP have in improvements in de-
livery time, cost and environmental protection, as well as the
positive effect that time reduction PIP has in improvements
in cost and environmental protection.

This study confirmed that apparel manufacturing factories with
high use of PIP tend to achieve a superior MC, confirming similar
findings in SME industries (Koc & Bozdag, 2009) and in Indian in-
dustries (Vinodoh & Joy, 2012). From the regression analysis it was
found that practices related to error detection (FMEA and Jidoka)
and waste elimination (5-S, Kaizen, TPM, VSM and ANDON) have
a positive effect in three competitive factors: cost, environmental
protection and delivery time. This means that managers seeking to
improve their plant’s performance on those specific manufacturing
capabilities could use those practices to do it. Similarly, it was found
that time reduction practices (cellular manufacturing, SOP, Kanban,
AMT, SMED) have a positive effect in cost and environmental pro-
tection capabilities.
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All these results can be of great use to scholars and practitioners. For
scholars these results add empirical external validation for theory re-
garding the competitive priorities and capabilities of apparel manufac-
turing industries in emerging economies and the effects of the use of
specific PIP in those competitive capabilities. For practitioners, these
results propose a method to assess the impact that PIP have on com-
petitiveness in their factories and a way to measure MC so they know
where to focus their improvement efforts. The study also gives evidence
that the use of PIP can increase the MC of their plants. Finally, prac-
titioners are presented with an array of PIP that have a positive effect
in the competitive capabilities of this industry and that they can adopt
to improve their performance and respond better to market demands.

However, it is also important to consider the limitations of the study.
Although the research sample was statistically appropriate, it was re-
latively small and limited to apparel manufacturing factories located
in Honduras. Therefore, it is suggested that for future studies the pro-
posed method can be replicated with a larger sample and with similar
factories located in more developing countries. Having a larger sam-
ple would not only add confidence to the results but will also permit
the use of structural equation modelling (SEM) for a more complete
analysis. Another limitation is that MC was calculated using a self-
report survey. Although this type of survey is popular in the litera-
ture, it is recommended that for future studies MC can be calculated
based on specific key performance indicators (KPI) that can measure
the competitive capabilities more objectively in order to improve the
confidence of the results.
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