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Abstract: Anecdotal evidence suggests that product 
configurators may be crucial in improving time 
performance when offering customized products so as to 
overcome what has been termed the customization-
responsiveness squeeze.  Large-scale hypothesis-testing 
studies that either corroborate this finding or discover 
unpredicted boundaries of validity are still lacking, 
however.  Our paper contributes to fill this gap by testing 
the positive impact of product configurator use on time 
performance on a sample of 238 manufacturing plants 
from three industries and eight countries.  The results 
support the hypothesized impact after the effects of 
widely acknowledged antecedents of accelerated time 
performance have been removed.  Implications of our 
findings for both research and practice are finally 
discussed. 
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1. INTRODUCTION 
Because of intensifying competition and increasingly 

sophisticated customers, more and more companies 
nowadays are being squeezed between the need to offer 
more customized products and the need to develop, 
produce and deliver such products with greater rapidity 
([1]-[3]). Several approaches have been proposed to 
increase compatibility between customization and 
responsiveness, including cellular manufacturing, set-up 
time reduction and product modularity, among others 
([1]). 

Anecdotal evidence formed through the examination 
of a few case studies points to the importance of using a 
product configurator in order to address the 
customization-responsiveness squeeze (e.g. [4]-[9]). 
Product configurators are a class of applications designed 
to help companies carry out the product configuration 
process ([10], [11]), where the latter is defined as the set 
of activities aimed at translating each customer’s 
idiosyncratc needs into correct and complete product 
information supporting order acquisition and fulfillment, 

such as the description of the product variant that better 
fits the customer’s needs, its price, its bill of materials, 
its production sequence, etc. ([12], [2]). 

However, no large scale empirical test of the 
suggested positive effect of product configurator use on 
time performance has been done as yet.  Prior research 
on product configurators has focused on technical or 
application development issues, such as the logic 
structures that improve the modeling of product 
configuration knowledge (e.g., [13]-[17]) or the 
algorithms that make product configurators faster and 
more accurate (e.g., [18]-[22]).  Fewer studies have 
treated the impact of product configurator use on 
company performance ([6], [2], [23]), with most of them 
being single-case studies whose findings may be 
legitimaly questioned in terms of generalizability ([24], 
[25]). 

The present paper contributes to fill this gap by 
testing the positive impact of product configurator use on 
time performance on a sample of 238 mid- to large-sized 
manufacturing plants from three industries and eight 
countries representing North America, Asia and Europe.  
The analysis results support the hypothesized impact 
after the effects of time-based manufacturing practices 
interfunctional integration and delivery priority on time 
performance have been removed.  These results 
corroborates prior research findings on the time 
performance benefits of using a product configurator by 
providing empirical evidence with a higher degree of 
generalizability.  These results also add to the wider 
debate surrounding information technology support to 
mass customization, where the latter is defined as the 
ability to fulfill each customer’s idiosyncratic needs 
without substantial trade-offs in cost, time and quality 
performance ([26]-[28]). 

The remainder of this paper is organized as follows. 
In Section 2, we review the relevant literature and 
develop our research hypothesis.  In Section 3, we 
describe our data and the operational measures used to 
develop the research constructs.  Section 4 presents the 
results of the empirical analysis, while Section 5 
concludes by discussing the theoretical and managerial 
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implications of this study as well as its limitations and 
the associated directions for future research. 

2. LITERATURE REVIEW AND HYPOTHESIS 
DEVELOPMENT 

2.1. Product configurator: an application support 
to the product configuration process 

Companies offering a wider variety of predefined 
and/or customized product variants have higher 
information-processing needs during order acquisition 
and fulfillment ([29]).  During order acquisition, more 
information has to be exchanged between the company 
and the customer in order to communicate what the firm 
is able to offer, how these offerings meet specific 
customer needs and on what price and delivery terms the 
transaction is possible.  During order fulfillment, more 
information has to be processed within the company 
boundaries in order to translate the description of the 
product variant that the customer is willing to buy and 
the company agrees to supply into the product data 
needed to build the product variant (e.g., bill of 
materials, technical drawings, production sequence, etc.).  
As product variety and customization increase, therefore, 
the product configuration process, which translates the 
individual customer’s specific needs into correct and 
complete product information supporting order 
acquisition and fulfillment ([12], [2]), is characterized by 
higher information-processing requirements. 

Information technology has been used to cope with 
this problem since the 1980s, as documented in [30], [4] 
and [31].  In those years, manufacturers of very complex 
products such as Digital’s minicomputers developed 
specific applications designed to support the product 
configuration process: namely, product configurators.  
More recently, these applications have become a 
standard package of all major ERP suites (e.g., SAP, 
Baan, J.D. Edwards) and many other software vendors 
offer numerous solutions for small companies ([2]). 

The fundamental functions of a product configurator 
([6], [32], [8]) can be summarized as follows: 
communicating the company’s product offerings to the 
customer; checking the completeness and validity of the 
description of the product variant that the customer is 
willing to buy and the company agrees to supply; 
providing real-time information on price, cost, delivery 
terms, technical characteristics, etc. of a product variant; 
making quotations; generating the product data necessary 
to build the product variant requested by the customer.  
To implement these functions, product configurators rely 
on logic structures that model product configuration 
knowledge ([15]): namely, the sales configuration model 
and the technical configuration model ([29]).  The former 
is a formal representation of the company’s product 
offerings, or product space ([12]), and of the procedures 
according to which a product variant can be generated or 
selected within that space.  The sales configuration 
model includes sequences of questions, possibly 
supported by images and films, which guide the 
customer in progressively defining all product 
characteristics and prevent inconsistent or unfeasible 
characteristics from being defined.  In turn, the technical 

configuration model is a formal representation of the 
links between the product characteristics codified into 
the sales configuration model and the documents that 
describe each product variant from a manufacturing 
standpoint (product code, bill of materials, production 
sequence, etc.).  Therefore, the technical configuration 
model includes all the information and rules necessary to 
generate these data for each possible product variant 
within the company’s product space. 

2.2. Time performance 

Along with cost, quality and flexibility, time is one of 
the basic performance dimensions of operations (e.g., 
[33]-[35]).  Various terms have been used in the 
operations/manufacturing strategy literature to refer to 
this performance dimension, including delivery, 
dependability, and speed (e.g., [33], [36], [34]). 

Besides terminological differences, the lack of 
precise and shared definitions is another problem that 
have plagued the literature on operational performance 
dimensions ([37], [38]).  As regards time performance, a 
distinction can be made between external and internal 
time performance, depending on whether performance 
outcomes are directly perceived by customers or not 
([35]).  Internal time performance comprises the four 
elements that typically make up production lead-times: 
namely, run time, set-up time, move time, and queue 
time ([39]).  These lead-time elements are perceived 
exclusively within the firm ([35]), although they may be 
a major determinant of the delivery lead-time 
experienced by customers.  External time performance 
obviously includes delivery speed and reliability.  Speed 
of delivery is defined as the elapsed time between 
customers requesting products or services and their 
receiving them, while delivery reliability is defined as 
delivering products or services when they were promised 
to the customer ([40]).  Another aspect of time 
performance that is directly seen from the outside of the 
company is the purchasing, production and distribution 
stacked lead-time ([35]).  This is because the purchasing, 
production and distribution cumulative lead-time 
influences the positioning of the customer order 
decoupling point ([41]) and, therefore, the way a firm 
responds to customer requests (e.g., according to a make-
to-stock mode of operation rather than in a make-to-
order one).  Finally, external time performance 
comprises time-to-market, defined as the time required to 
develop a new product or service ([35]).  This is because 
engineering activities may be routinely performed prior 
to purchasing, production and distribution in the 
operational value chain ([42]) and, consequently, may 
influence the way a firm responds to customer requests 
([35]). 

2.3. Relating product configurator use to time 
performance 

Three fundamental mechanisms explain the impact of 
product configurator use on time performance.  A first 
mechanism is reduced reliance on ad hoc solutions to 
fulfill idiosyncratic customer needs.  Product 
configurators enable automated generation of product 
data (bills of materials, production sequences, etc.) that 
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univocally correspond to the set of product 
characteristics requested by the customer.  Automated 
generation of product data makes the reuse of the same 
solution whenever the set of customer specifications is 
the same systematic ([43], [23]).  Conversely, without 
the support of a product configurator, an ad hoc solution 
could be designed even when an adequate product 
variant already exists, just because it is too laborious to 
search for the related product data ([5], [44]). Product 
configurators also enable provision of real-time 
information on product price, cost and sometimes 
delivery terms to the customer. Such information may be 
used to drive the customer toward a pre-defined solution 
that costs less than an ad hoc solution and equally fulfills 
his/her specific needs ([6]).  The reuse of validated 
solutions shortens manufacturing lead-times through 
faster learning ([45]) and by reducing complexity of 
production systems ([46]). Additionally, delivery may be 
accelerated also because increased requirements of pre-
defined components and subassemblies may justify 
build-up of speculative inventory of these parts ([47]).  
Finally, engineering lead-times get shorter because 
existing  parts require no development resources ([48], 
[46]). 

Another mechanism linking product configurator use 
to time performance is reduction of product 
configuration errors.  Product configuration errors in the 
order acquisition phase include specification of product 
variants that cannot be produced at all, specification of 
product variants that would not work properly, and 
specification of product variants that cannot be delivered 
at the quoted price and/or on the promised due-date 
([23]). Product configuration errors in the order 
fullfilment phase include incorrect bills of materials, 
technical drawings, production sequences, etc.  Product 
configuration errors may cause time-consuming 
iterations between customer and supplier or sales and 
manufacturing ([49]), production stoppages due to 
missing parts ([6], [44]), and fire-fighting activities that 
may account for even 80% of the total working time used 
in order processing ([5]).  As a result, delivery 
performance deteriorates ([6]).  Product configurators 
reduce or even eliminate product configuration errors 
and, consequently, inprove delivery performance by 
checking the completeness and validity of sales 
specifications, by helping salespeople promptly give 
either correct or good estimates of delivery times and/or 
prices and by generating the product data needed to build 
the product variant requested by the customer ([4], [6], 
[44], [50], [2]). 

Finally, the use of a product configurator improves 
time performance by reducing workload for designers 
and process engineers during the configuration process.  
Product configurators support sales personnel during 
order acquisition by making product knowledge directly 
accessible to them ([32]).  Consequently, technical 
personnel no longer have to support salespeople in sales 
specifications ([6], [44], [51]).  Additionally, product 
configurators relieve technical personnel of the 
responsibility for generating product data ([18], [8], 
[52]).  By automatically producing such information, 
product configurators enable reduction of the time 
required for order fulfilment ([53]), thus speeding up 

delivery.  Moreover, by freeing technical personnel from 
carrying out time-consuming activities during order 
acquisition and fulfilment, product configurators give 
companies the opportunity to increase the amount of 
time that designers and process engineers devote to 
higher value-added activities ([32], [29], [52]), such as 
the development of new products and product families 
([54], [44], [53]).  As a consequence, the speed of new 
product introduction into the plant can be ehnanced.  
Reduced workload for designers and process engineers 
during the configuration process is therefore the third 
mechanism through which product configurator use may 
improve time performance.  Based on the discussion of 
this and the other two mechanisms mentioned above, we 
propose the following hypothesis: 

Hypothesis 1.  The use of a product 
configurator has a positive effect on time 
performance. 

2.4. Control variables 

In this study, we control for three variables that are 
expected to predict time performance: namely, use of 
Time-Based Manufacturing Practices (TBMPs), 
interfunctional integration, and delivery priority.  Time-
based manufacturing is one weapon for time-based 
competitors ([55]) and lies in a set of practices designed 
to reduce throughput time ([56]).  Based on literature and 
logical arguments, [55] developed a framework for time-
based manufacturing and defined a set of seven practices, 
including re-engineering setups, cellular manufacturing; 
quality improvement efforts, preventive maintenance, 
dependable suppliers, pull production, and shop-floor 
employee involvement in problem solving.  These 
practices cover management of the shoop floor and of the 
supplier network and enable reduction of sourcing and 
manufacturing lead times. 

Another variable that is expected to influence time 
performance is interfunctional integration, defined as “a 
process of interdepartmental interaction and 
interdepartmental collaboration that brings departments 
together into a cohesive organization” ([57, p.56]).  The 
positive effect of cross-functional teams on development 
lead-time is a robust finding of the empirical literature on 
product development ([58]).  Moreover, interfunctional 
integration has been recognized as means to attack many 
troubles facing manufacturing, including delivery 
problems ([59]). 

A third variable that may affect time performance is 
delivery priority, defined as the importance of delivery 
speed and reliability in the company’s marketing 
strategy.  Depending on a variety of contextual factors, 
the same performance dimension may be an order 
winner, meaning that it makes the product win customer 
orders in the marketplace ([60]), or an order qualifier, 
meaning that it must be provided by the company in 
order to enter or stay in the market ([60]).  When 
delivery speed and reliability are crucial in winning 
customer orders, the firm will be likely to devote more 
resources to achieving superior time performance.  It is 
reasonable, therefore, to control for the effect of delivery 
priority on time performance. 
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3. METHOD 

3.1. Data description 

The data used for the empirical analysis are part of 
the third round of the High Performance Manufacturing 
(HPM) study, an international research project 
investigating manufacturing practices, processes and 
performance ([61]).  The sample selected for the project 
includes 238 mid- to large-sized manufacturing plants 
operating in three industries (machinery, electronics, and 
automobile supplier) and located in eight countries (U.S., 
Japan, South Korea, Finland, Italy, Germany, Austria 
and Sweden) representing North America, Asia and 
Europe.  The breakdown of our sample by country and 
industry is reported in Table 1. 

 
Table 1. Sample profile 
 Number of plants  

  Industry Total 

Country Electronics Machinery Auto 
suppliers   

Finland 14 6 10 30 
Germany 9 13 19 41 
Italy 10 10 7 27 
Japan 10 12 13 35 
South Korea 10 10 11 31 
Sweden 7 10 7 24 
United States 9 11 9 29 
Austria  10 7 4 21 
Total 79 79 80 238 

  
Twelve different questionnaires were developed by 

HPM researchers, which were directed to different 
respondents in each plant, such as managers, supervisors 
and production workers.  To maximize the response rate, 
HPM researchers first solicited plants participation and 
then sent the questionnaires to those plants that had 
agreed to participate. In return for participation, each 
plant received a detailed report comparing its 
manufacturing operations profile to those of other plants 
in its industry.  With this approach, the response rate was 
approximately 65% in each country, thus reducing the 
need to check for non-response bias ([62], [28]).  
Additional details of the data collection procedures can 
be found in [61] and in [28]. 

Not all plants returned the complete set of 
questionnaires.  Where a particular plant was missing the 
responses required for our statistical test, it was excluded 
from the analysis.  The final sample used in this study 
consists of 207 plants. 

3.2. Measurements: constructs of interest 

A subset of the HPM questionnaire items was 
employed in this study (see the Appendix).  The measure 
of product configurator use was created from eight items, 
one intended to capture the availability of a product 
configurator and the others intended to capture the use of 
such an application for seven fundamental sub-tasks of 
the product configuration process. As shown in the 
Appendix, product configurator use is a binary variable, 
whose value is “1” if the application is employed for at 
least one product configuration sub-task, is “0” if the 

application is not available or, albeit available, is not 
employed.  We deliberately chose not to measure product 
configurator use by the number of product configuration 
sub-tasks for which the application is employed, because 
not all these sub-tasks are meaningful in every context.  
For instance, the subtask “dynamically generating the 
bill of materials for new product configurations” is 
meaningless in a make-to-stock context.  Similarly, the 
sub-task “allowing customers to select appropriate 
features” is meaningless if only salespeople are permitted 
to use the product configurator and, conversely, the 
subtask “allowing salespeople to select appropriate 
features” is meaningless where all products are on-line 
configured directly by customers. 

The measure of time performance was created from 
four items based on [35] empirically validated 
framework for performance measurement system 
measures.  These items are intended to capture the four 
aspects of time performance that are directly perceived 
by customers: namely, on-time delivery, fast delivery, 
cycle time, and speed of new product introduction.  
Factor analysis showed that all four items load on to a 
single factor with an eigenvalue greater than one ([63]) 
and that factor loadings are all greater than 0.50.  
Cronbach’s alpha is above the value of 0.60 
recommended for the newly developed scales ([64]). 
Responses were therefore averaged to obtain a single 
measure of time performance for each plant. 

3.3. Measurements: control variables 

We measured TBMP use based on the framework 
developed by [55].  Similar to [65], we focused on a 
subset of the seven practices proposed by [55].  We 
excluded both shop-floor employee involvement in 
problem-solving and pull production because [55] found 
them to respectively be an antecedent and an outcome of 
the five practices considered in this study: namely, 
reengineering set-ups, cellular manufacturing, quality 
assurance, preventive maintenance, and dependable 
suppliers.  We measured these five practices by multi-
item scales, choosing measures with demonstrated 
validity in the literature when possible (references are 
listed in the Appendix).  In the same way as [66], we 
then measured TBMP use by averaging the values of the 
five scales for each plant.  Factor analysis showed that 
both the composite TBMP use measure and the scales 
measuring the five underlying practices are significantly 
associated with only one latent factor and that factor 
loadings are all greater than 0.50, with only one 
exception.  The one below 0.50, however, is well above 
the commonly recommended threshold of 0.30 ([67]).  
Cronbach’s alphas are all greater than 0.70 for the 
established scales and above 0.60 for the newly 
developed ones ([64]). 

As regards interfunctional integration, we measured 
this control variable by a newly developed scale of six 
items which exhibits very good psychometric properties.  
Factor analysis showed that all six items load on to a 
single factor and factor loadings are all greater than 0.80.  
Moreover, internal consistency among the six items is 
very good, with Cronbach’s alpha well exceeding the 
cut-off value recommended for newly developed scales. 
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Similar to [68], finally, we measured delivery priority 
by two items intended to capture the degree of emphasis 
respectively given to fast delivery and on-time delivery 
as market goals.  Both items load on to a single factor, 
with factor loadings well below the cut-off value of 0.50, 
and internal consistency between the two items is 
acceptable (α=0.70).  Consequently, responses were 
averaged to obtain a single value for each plant. 

4. RESULTS 
To test our hypothesis, we conducted an analysis of 

covariance (ANCOVA) using TBMP use, interfunctional 
integration and delivery priority as covariates.  This 
enabled us to determine whether the independent 
variable (i.e, product configurator use) was having a 
significant effect on the dependent variable (i.e., time 
performance), after accounting for the influence of other 
relevant variables affecting the same outcome (i.e., 
TBMP use, interfunctional integration and delivery 
priority). 

Statistical assumptions for the ANCOVA test were 
all checked: homogeneity of the regression slopes 
(covariates not significantly interacting with the 
independent variable), homogeneity of variance 
(Levene’s Test not significant), and normal distribution 
of the data. 

The analysis results are shown in Table 2.  The data 
suggest that the mean value of time performance is 
significantly different (F=4.032, p<0.05) when a product 
configurator is used, as compared to when it is not. 
 
Table 2: Results of Analysis of Covariance- Dependent 
Variable: Time Performance (** p<0.01; *p<0.05) 

Source Sum of 
Squares 

Mean 
Square F

Corrected Model 9.962(a) 2.491 8.213** 
TBMP use 1.238 1.238 4.081* 
Delivery priority 1.420 1.420 4.684* 
Interfunctional integration 1.789 1.789 5.899* 
Product configurator use 1.223 1.223 4.032* 

(a) R Squared = 17.7% (Adjusted R Squared = 15.5%) 
 

Table 3 reports the parameter estimates with the 
independent variable split into two dummy variables: 
[Product configurator use=0] indicating non-use of a 
product configurator and [Product configurator use=1] 
indicating the use of a product configurator.  The 
assumptions required for parameter estimate were all 
checked, including linearity, homoscedasticity, 
independent errors, and normality of the residuals.  We 
also examined collinearity diagnostics to test for 
potential multi-collinearity effects.  Variance inflator 
factors are all below 10 and their average is close to one, 
thus ruling out multi-collinearity problems ([69], [70]). 

The negative B-value for the [Product configurator 
use=0] variable suggests that the plants not using a 
product configurator have a significantly lower mean 
value of time performance than those using a product 
configurator, which supports our hypothesis. 

 
 

Table 3: Parameter estimates (*p<0.05) 

Parameter B Std. 
Error t 

TBMP use 0.205 0.101 2.020* 
Delivery priority 0.186 0.086 2.164* 
Interfunctional integration 0.212 0.087 2.429* 
[Product configurator 
use=0] -0.177 0.088 -2.008* 

[Product configurator 
use=1] 0(a) . . 

(a) This parameter is set to zero because it is redundant 

5. DISCUSSION AND CONCLUSION 
While the relevant literature implies a positive impact 

of product configurator use on time performance, the 
discussion is generally scattered and disorganized.  A 
first contribution of this paper is clarification of three 
fundamental mechanisms through which the use of a 
product configurator may improve time performance: 
namely, less reliance on ad hoc solutions to fulfill 
idiosyncratic customer needs, reduction of product 
configuration errors, and less workload for designers and 
process engineers during the configuration process. 

Secondly, prior research findings on the time 
performance outcomes of product configurator use 
mostly rely on exploratory case studies designed to 
investigate a hitherto unstudied area.  As the research 
matures, however, there is the opportunity for designing 
explanatory surveys that verify theoretical relationships 
in larger populations ([71], [72]) and, to the best of our 
knowledge, our study is the first to empirically test the 
positive impact of product configurator use on time 
performance. 

By finding empirical support for the hypothesized 
relationship after accounting for the effects of recognized 
antecedents of superior time performance, this study also 
adds to the wider debate on mass customization.  Mass 
customization denotes the ability to fulfill each 
customer’s idiosyncratic needs without substantial trade-
offs in cost, time and quality performance ([26]-[28]).  
Time performance has been empirically found as being 
negatively affected by product customization (e.g., [73], 
[74], [75]).  Our large-scale empirical study corroborates 
prior research contention, mostly based on anecdotal 
evidence, that product configurator use may improve 
compatibility between product customization and time 
performance.  Moreover, by clarifying the mechanisms 
underlying the positive impact of product configurator 
use on time performance, our paper contributes to a 
deeper understanding of how information technology 
may support mass customization (e.g., [32], [76], [77], 
[29]). 

Future research could extend this study in at least 
three directions.  Our paper focuses on the impact of 
product configurator use on the time performance of the 
operational value chain.  Prior research, however, 
suggests that product configurators may enhance time 
performance in the sales area too (e.g., [23], [29]), 
though no large-scale test of this contention has been 
done yet.  Future studies could therefore be designed to 
empirically test the time compression benefits of product 
configurator use in the sales area as well.  Research on 
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product configurator support to time-based competition 
could also be extended from manufacturing industries to 
service industries, where product configurators are 
increasingly being deployed.  Finally, another 
opportunity for future research would be to investigate 
internal or external contingencies that may moderate the 
positive effect of product configurator use on time 
performance. 

Pragmatically, we expect that the results of our large-
scale empirical study will make companies more trustful 
of product configurator support to overcoming the 
customization-responsiveness squeeze. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. APPENDIX: MEASURES  
Items measuring Interfunctional integration and TBMP 
use are rated on a 1-7 Likert scale (7=strongly agree, 
6=agree, 5=slightly agree, 4=neutrality, 3=slightly 
disagree, 2=disagree, 1=strongly disagree). 
 

Product configurator use 
Please check the activities for which you use a product 
configurator:  

PC1  Allowing salespeople to select appropriate 
features 

PC2  Allowing customers to select appropriate 
features 

PC3  Dynamically generating the product code for 
new product configurations 

PC4  Dynamically generating the bill of materials 
for new product configurations 

PC5  Dynamically generating the production cycle 
for new product configurations. 

PC6  Dynamically calculating the cost of new 
product configurations. 

PC7  Dynamically pricing new product 
configurations 

(Respondent: information systems manager) 
 

Check if supported by software:  
PC8  Product configuration 
(Respondent: information systems manager) 

 

Product Configurator Use =   

1      if PCi =Yes    for at least one i  
                    (i=1,…,7) 

0      if (PCi =No ∀i) OR  
        ((PCi =Missing ∀i) AND (PC8 =No))  

 

Time performance (0.69a; 52.3%b) 
Please circle the number that indicates your opinion 
about how your plant compares to its competition in your 
industry, on a global basis.  (5= Superior, 4= Better 
than average, 3=Average, 2=Equivalent to competition, 
1= Poor, low end of industry). 

On time delivery performance (0.80c) 

Fast delivery (0.75c) 

Cycle time (from raw materials to delivery) (0.71c) 

Speed of new product introduction into the plant 
(development lead time) (0.63c) 

 (Respondent: plant manager) 
 

Interfunctional integration (0.91a; 69.3%b) 
The functions in our plant are well integrated. 
(0.84c) 

Problems between functions are solved easily, in 
this plant (0.83c) 
Functional coordination works well in our plant 
(0.84c) 
The functions in our plant work well together 
(0.88c) 
The functions in our plant cooperate to solve 
conflicts between them, when they arise (0.81c)  
Our plant’s functions work interactively with each 
other (0.82c) 
(Respondents: plant superintendent, process 
engineer, plant manager) 
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Delivery priority (0.70a; 77.2%b) 
Please identify the importance of the market goal below. 
Identify the goal as absolutely crucial only if it helps 
“win the order” from the customer in the marketplace 
relative to the competition.  (1=least important, 
3=neutral, 5=absolutely crucial) 

Fast delivery (0.88c) 
On-time delivery (0.88c) 
(Respondents: plant superintendent, process 
engineer, plant manager) 

  
TBMP use (0.77a; 55.0%b) 

Reengineering set-ups (0.79c)   
Cellular manufacturing (0.64c)  
Quality assurance (0.67c)  
Preventive maintenance (0.81c) 
Dependable suppliers (0.78c)  

 
Reengineering set-ups1 (0.83a; 54.0%b) 

We are aggressively working to lower setup 
times in our plant (0.78c) 
We have converted most of our setup time to 
external time, while the machine is running 
(0.63c) 
We have low setup times of equipment in our 
plant (0.67c) 
Our crews practice setups, in order to reduce 
the time required (0.79c) 
Our workers are trained to reduce setup time 
(0.81c) 
Our setup times seem hopelessly long (0.71c) 
(reverse scale question) 
(Respondents: production control manager, 
inventory manager, supervisor) 

 
Cellular manufacturing2 (0.76a; 54.0%b) 

We have laid out the shop floor so that 
processes and machines are in close proximity 
to each other (0.83c) 
We have organized our plant floor into 
manufacturing cells (0.52c) 
Our machines are grouped according to the 
product family to which they are dedicated 
(0.55c) 
The layout of our shop floor facilitates low 
inventories and fast throughput (0.86c) 
Our processes are located close together, so 
that material handling and part storage are 
minimized (0.84c) 
(Respondents: production control manager, 
inventory manager, supervisor) 

 
Quality assurance3 (0.88a; 68.0%b) 

Processes in our plant are designed to be 
“foolproof.” (0.63c) 
A large percent of the processes on the shop 
floor are currently under statistical quality 
control (0.90c) 
We make extensive use of statistical 
techniques to reduce variance in processes 
(0.89c) 
We use charts to determine whether our 
manufacturing processes are in control (0.76c) 

We monitor our processes using statistical 
process control (0.91c) 
(Respondents: direct labor, process engineer, 
quality manager) 

 
Preventive maintenance (0.75a; 50.6%b) 

We upgrade inferior equipment, in order to 
prevent equipment problems (0.74c) 
In order to improve equipment performance, 
we sometimes redesign equipment (0.50c) 
We estimate the lifespan of our equipment, so 
that repair or replacement can be planned 
(0.78c) 
We use equipment diagnostic techniques to 
predict equipment lifespan (0.76c) 
We do not conduct technical analysis of major 
breakdowns (0.74c) (reverse scale question) 
(Respondents: process engineer, supervisor, 
plant, superintendent) 

 
Dependable suppliers (0.68a; 48.9%b)  

We seek short lead times in the design of our 
supply chains (0.76c) 
Our company strives to shorten supplier lead 
time, in order to avoid inventory and stockouts 
(0.68c) 
We believe that cooperating with our suppliers 
is beneficial (0.77c) 
We emphasize openness of communications in 
collaborating with our suppliers (0.78c) 
(Respondents: inventory manager, supervisor, 
plant superintendent) 
We can depend upon on-time delivery from 
our suppliers. (0.45c) 
 (Respondents: production control manager, 
inventory manager, supervisor) 

 

1 adapted from [78] 
2 [79] 
3 [80] 

 
a Cronbach’s α 

b Variance explained by 1st factor 
c Factor Loading 
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