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COMPARISON OF CHANGE ORDER MANAGEMENT PRACTICES 

IN MAKE-TO-ORDER MANUFACTURING 

ABSTRACT 

The coordination of front-end and back-end operations is a known challenge of make-to-order 

manufacturing. Basically, the tasks are simple: the front end should translate customers’ re-

quirements into a feasible set of specifications, and the back end should deliver the products as 

specified and on time. However, complexity arises when schedules or specifications must be 

changed during the fulfillment of the orders. Alterations may result from changes in customers’ 

requirements, variations in manufacturing units’ output, and delays in suppliers’ deliveries. This 

study evaluates different practices of processing change orders that document these uncertainties. 

Data from 44 business units indicate that the applicability of different practices depend on the 

encountered uncertainties. If changes mainly affect the back-end operations, then the use of inte-

grated IT tools seem to be the most suitable solution. Correspondingly, if change orders mainly 

affect the front-end operations, then processing them in meetings appears to be the best practice. 

Keywords: make-to-order, uncertainty, information technology, coordination, empirical research 
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I INTRODUCTION 

Contemporary operations management practices and modern information technology (IT) have 

increased standardization in the order acquisition and fulfillment processes of most manufactur-

ing companies. The amount of routine has increased even at those manufacturers, which produce 

customized goods. The literature on mass customization has stressed that instead of crafting 

completely tailored product individuals, companies should pursue modularity when matching 

their product offerings with the unique requirements of customers. The efficiency advantage in 

comparison to the completely crafted solutions is obvious, when the customer-specific features 

and specifications are fulfilled by swapping and combining a limited variety of standard compo-

nents and subassemblies (Salvador, et al., 2002). While the modularity of products has benefited 

manufacturers’ back-end processes, the developments in IT have supported sales personnel in 

their task of matching the uniquely expressed customer requirements with the ever expanding 

ranges of modular product offerings. Ensuring that the most suitable configuration of modules – 

or even a feasible one – is selected for every customer is anything but trivial. However, software 

solutions called product configurators have significantly reduced sales personnel’s risk of errors 

as well as their needs for engineering consultancy in defining the configurations (Salvador and 

Forza, 2004). Furthermore, the software applications usually translate the selected configurations 

in such formats that can be automatically utilized in the production planning of the manufactur-

ing plants. Consequently, the recent developments have brought the order acquisition and ful-

fillment processes of make-to-order (MTO) manufacturing to resemble the ones of the traditional 

make-to-stock (MTS) environments. 

Unfortunately, the modular and IT-enabled MTO manufacturing resembles repetitive manufac-

turing only when the orders can be executed as originally planned. In situations, where the speci-

fications or schedules of certain customer orders have to be changed during their fulfillment, the 
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individuality of each order remains a challenge. Common sources of disturbances that may ne-

cessitate changes include, for example, material or capacity shortages and customers’ requests to 

alter the delivery dates or the specifications of the originally agreed-upon orders (Koh, et al., 

2005). In those cases, the challenge is no longer about reconciling offerings with the new re-

quirements but also about communicating the changes to all relevant parties involved in the ful-

fillment of the changed customer order. Usually, defining the new dates or specifications into the 

change orders is a relatively straightforward task in comparison to the challenges of identifying 

the parties, which will be affected by the changes, and bringing the documents to their aware-

ness. Again, the contemporary IT tools of manufacturing industries are useful because they fea-

ture “pegging” and “where-used” reports, which view the interconnections between the planned 

orders of all manufactured and purchased materials that belong to certain end-products (e.g., 

Vollmann, et al., 2005).  However, those features are only applicable within a single planning 

system, which is usually demarcated from other planning systems by the boundaries of individ-

ual business units (Stadtler and Kilger, 2005). This separation is enforced by the use of enter-

prise resource planning (ERP) systems, whose prevalence in the industries of discrete manufac-

turing is undisputable (Mabert, et al., 2000; Olhager and Selldin, 2003). The industries favor 

ERP systems due to their many features in enforcing organizational integration. Yet, these sys-

tem generally lack the capabilities of managing production plans across the boundaries of organ-

izational entities (Akkermans, et al., 2003). As a result from this limitation, some companies 

have chosen to manage their change orders manually outside of their IT systems, while some 

others have increased their investment in IT infrastructure in order to overcome the limitations 

and to be able to manage the change orders within the same software solutions that they use to 

process the original customer orders. 

The interest in this paper is to explore whether the different approaches to the management of 

change orders differ in performance. The research reported in this paper was conducted as a mul-
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tiple-case study of 4 manufacturing supply chains. Both qualitative and quantitative data were 

collected. Yet, the main emphasis of this paper is put on the statistical analyses of survey data. 

The survey was conducted at altogether 44 different business units within the studied supply 

chains. The results show that the utility of different change order management practices depends 

on the source of the uncertainty that causes the changes to occur. In addition, the analyses show 

that some practices are more critical for performance than others. 

The rest of the paper is divided in five sections. The first of them presents this study’s foundation 

in the contingency theoretical arguments. The section after that discusses the research design and 

the collection of data. Then, the results of the statistical analyses are presented. In the discussion 

section, the relationships between the environmental contingencies and the practices of change 

order management are illustrated with graphs of the interaction terms, and the witnessed phe-

nomena are interpreted in the light of the theory. Finally in the last section, the conclusions and 

limitations of this study are briefly summarized. 

II THEORETICAL FRAMEWORK AND ITS OPERATIONALIZATION 

The management of change orders is in essence a matter of achieving coordination among organ-

izational entities. Usually the required amount of coordination increases, when organizations be-

come more complex and interrelated, and when their exposure to various uncertainties increases. 

An influential body of knowledge, which has become known as the contingency theory of or-

ganizations, considers these three constructs: complexity, interrelatedness, and uncertainty, as 

the main determinants of how well different organizational designs fit to various environments 

(Donaldson, 2001; Thompson, 1967). The earliest works of the contingency theoretical literature 

identified the degree of differentiation and the use of integration mechanisms as the main organ-

izational attributes that should be designed to match the requirements of the environmental fac-

tors (Lawrence and Lorsch, 1967). Since then, various other aspects of organizations’ socio-



   

   4 

technical structures have been incorporated in the contingency theoretical studies. (They include 

among others: business strategy, human relations management, leadership, etc.) One of the earli-

est additions was Galbraith’s (1974) perspective to information processing. He argued that the 

integrative devices of Lawrence and Lorsch (1967), the coordinator roles, managerial arrange-

ments, and teamwork in solving problems, could be at least partially substituted with the use of 

the information processing technologies that at the time started to rise in importance and appli-

cability. Although he could at that time only discuss the “formalization of language” and “the 

use of computers” in communications, he suggested that such devices of integration would soon 

outperform the human coordinators in interactions, where the contents of the messages are suffi-

ciently simple and the messaging volumes sufficiently high (Galbraith, 1974). 

Currently the notion of information systems being effective devices of integration is self-evident. 

At least in the context of manufacturing industries, the hypotheses on the positive effects of im-

plementing cross-functional IT, such as ERP systems, have been studied from numerous angles 

(Cotteleer, 2006; Cotteleer and Bendoly, 2006; McAfee, 2002). However, these studies seem to 

normally rely on universalistic propositions about the IT-based integration being advantageous 

regardless of the environment of their utilization. In fact, this is in alignment with the observa-

tion of Ketokivi and Schroeder (2004), who have pointed out that although operations manage-

ment research seeks prescriptive insight on what managers should do in various situations, the 

studies seldom take into account the contingency effects of the settings in which the decisions 

are made. This shortcoming entails a risk of researchers’ prescriptions becoming too simplistic to 

be implemented in practice. Naturally, exceptions to the universalistic approaches exist. For ex-

ample, in a recent work of Gattiker and Goodhue (2006), ERP system implementations were 

studied in a setting, where the outcomes were assumed to be moderated by the contingency vari-

ables of organizational differentiation and interrelatedness (Lawrence and Lorsch, 1967, and 

Thompson, 1967, respectively). The results showed that the benefits from the IT-enabled integra-
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tion were higher in those manufacturing plants that were characterized by low differentiation and 

high interdependence of organizational units (Gattiker and Goodhue, 2006). 

This paper reports a contingency theoretical study on one particular aspect of processing infor-

mation, that is: the processing of change orders. As the whole purpose of issuing change orders 

is to communicate unexpected events between organizational entities, the nature and the charac-

teristics of the uncertainties that cause those events are quite likely related to the suitability of the 

processing practices. Thus, the contingency variable of interest in this study is uncertainty. Its 

best-known conceptualizations are based on the categories of Duncan (1972). They distinguish 

between five sources of changes: competitors, regulators, customers, suppliers, and organiza-

tions’ own operations. In operations management studies, the effects of these uncertainties are 

usually hypothesized to be moderated by flexibility (e.g., Anand & Ward, 2004; Pagell & 

Krause, 2004). That is reasonable because a well-established body of knowledge argues that dif-

ferent ways of organizing manufacturing operations lead to different kinds of flexibilities (i.e., 

mix, volume, changeover, and rerouting flexibility, to name a few). They each fit best to buffer 

against certain kinds of uncertainties others (Gerwin, 1993). However, before a company can 

utilize its flexibilities against any events of uncertainty, the units that are affected by the changes 

must be informed about issue. Thus, it is reasonable to assume that also the management of 

change orders may buffer against the negative effect of environmental uncertainties. The first 

hypothesis of this study is thus formulated as follows: 

H1: The negative effects of uncertainties on performance are negatively moderated 

(i.e., buffered) by the management of change orders 

Galbraith’s (1974) themes: the formalization of language and the use of IT in the organizational 

communications are very explicitly present in the management of change orders. The themes can 

be thought to form the kind of a matrix that is illustrated in Figure 1. Immediate, bilateral, and 

verbal communications like telephone conversations represent the informal and non-IT-based 



   

quadrant of the matrix. Meetings, in turn, represent a bit more formal approach in the sense that 

they require at least some initial arrangements because if nothing else, then at least the partici-

pants have to be selected and invited. Also, the meetings regarding change orders are more likely 

to follow predefined structures than phone conversations or emails (e.g., Guess, 2002). Emails, 

again, are put to their own category as they obviously represent an IT-based approach but are not 

any more formal than the phone conversations. Finally, the integrated information systems like 

ERP systems represent solutions that are specifically designed for documenting and broadcasting 

important events across their user-organizations (e.g., Davenport, 1998; McAfee, 2002). Their 

usage is considered formal because, when the systems are implemented, serious configuration 

efforts are required to make them function in the desired manner. In the case of change orders, it 

means that the system must be told what kinds of events will be managed within it, how they are 

documented, and how they are processed and distributed. These four media for change orders 

have been discussed in earlier studies (e.g., Tavcar & Duhovnic, 2005). Nevertheless, I am not 

aware of empirical studies, where they would have been treated as separate constructs. That is, 

however, understandable because the studies on organizational communications often compare 

dimensions like interaction and collaboration. In such settings, all four types of media are con-

sidered as measures of interaction (e.g., Kahn & McDonough, 1997; Kahn & Mentzer, 1998). 

Meetings

Emails Integrated IT systems
(e.g., ERP package)

Phone conversations

Formality of communications

U
se

 o
f I

T

 

Figure 1. Dimensions and media of communicating change orders 

   6 



   

In this study, the above categorization is useful because the objective is not only to test whether 

the change order management has a moderating effect but also to test Galbraith’s (1974) proposi-

tion on formalized communications and the use of IT being facilitators of better coordination. 

Thus, the two other hypotheses of this study are formulated as follows: 

H2: In comparison to the informal methods, the formal methods of managing change 

orders provide stronger moderation against the negative effects of uncertainty. 

H3: In comparison to interpersonal communications, the use of IT tools in the man-

agement of change orders enhances the moderation against the negative effects 

of uncertainty. 

The hypotheses constitute a conceptual model that is illustrated in Figure 2. In addition to the 

interacting variables and their dimensions, the picture also shows the measures of the dimen-

sions. However, they will not be discussed until the next section and the appendix of this paper. 

At this point, only conceptual remarks will be made. 

UncertaintyUncertainty

Supplier-
related

Supplier-
related

Operations-
related

Operations-
related

Customer-
related

Customer-
related

PerformancePerformance

Delivery
performance

Delivery
performance

Respon-
siveness
Respon-
siveness

Cost
efficiency

Cost
efficiency

Change order
management

Change order
management

EmailsEmails ITITMeetingsMeetings

- Delays in raw
material shipments

- Delivered materials
don’t match with
the specifications

- Poor quality of raw
materials

- Overload of capacity
- Poor yield
- Machine breakdowns

Employee absenteeism

- Schedule changes
- Changes in items
- Design changes
- Changes in

specifications

- Ability to confirm delivery for
the fist customer requirement date…

- Ability to deliver on the confirmed date…
- Lead-time from order to delivery…

- Use of an ERP system…
- Use of a product configurator…
- Use of an APS system…

…in communicating:
- changes in delivery dates
- changes in quantities
- design changes
- changes in specifications

…in comparison to the most 
important competitors

TelephoneTelephone

- Use of 
phone…

- Use of 
emails…

- Use of 
meetings…

 

Figure 2. Conceptual framework and measures 
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First of all, only three of Duncan’s (1972) five uncertainty dimensions are examined in this 

study. Considering the kinds of events that result in change orders in MTO manufacturing, the 

source is quite rarely the regulators or the competitors. Naturally, such events may exist but as 

they would occur in a lot rarer occasions, they would probably be incommensurate with such 

frequent events like customers changing installation schedules or raw material deliveries being 

late, etc. This assumption was strongly supported by the interviewees of this study. Thus, the 

regulator- and competitor-related items were excluded from the survey as contextually irrelevant 

issues. 

Another remark about the uncertainty construct considers its perceptions. Most of the earlier 

studies have operationalized uncertainty variables in the two dimensions of Miller and Friesen 

(1983). They are predictability and rate (or volatility) of the changes. In the context of change 

order management, the predictability, however, does not help much if it means that in general, 

customers are known to ask for changes to their orders but the personnel do not know exactly 

which orders are going to be changed. Therefore, the general predictability of uncertainties is not 

considered interesting, and it is replaced with the sources of changes. They are operationalized as 

the kinds of events that can occur with regard to each dimension of uncertainty. The rate of 

change, in turn, is operationalized as the perceived frequency of each kind of event.  

As a last remark, it can be noticed that the performance construct is operationalized in three di-

mensions. They are delivery performance, responsiveness, and cost efficiency. However, the 

qualitative part of the study indicated strongly that the management of change orders aims spe-

cifically to support the delivery performance, and it could at most have only indirect influences 

on the other dimensions. Nevertheless, the others are shown in the figure because they include in 

the underlying factor model and because this study’s regression analyses were conducted for 

them as well. Those regression models enabled verifying the assumed non-relationships. As the 



   

   9 

analyses did not reveal any significant interactions with regard to the other performance dimen-

sions, the corresponding models are not be discussed within this paper. 

III RESEARCH DESIGN AND DATA COLLECTION 

This study combines the methods of hypothetic-deductive and inductive research. Consequently, 

it follows neither the methodology of theory-testing studies (Bacharach, 1989; Popper, 1965) nor 

the methods of theory-building research (Eisenhardt, 1989; Glaser and Strauss, 1967). Instead, 

the methodological bases are rather in Yin’s (2003) multiple-case studies with embedded units of 

analysis or Ketokivi’s (2006) theory-elaborating research. These research settings allow for 

similar methods as the hypothetic-deductive research design in the sense that they should be 

based on theoretical propositions, and they may involve statistical testing of hypotheses. How-

ever, the aim is not to generalize the results to any particular population but to develop the tested 

theories further by elaborating the propositions with new insights and details. Statistical gener-

alizations would not be logically feasible because the studied subjects are not randomly sampled 

from any population. Instead, they are selected on the bases of interestingness and accessibility. 

The benefits of the theory-elaborating approach are the ones of the case-study methodology. The 

advantages include at least the ability to go deep into the details and to interpret the results on 

both contextual and theoretical bases. That possibility may result in the identification of com-

pletely new phenomena that may have been missed in the original propositions. Hence, the ap-

proach has been discussed in the literature under the rubrics of theory-elaboration (Ketokivi, 

2006), theoretical generalizations (Yin, 2003), “inference to the best explanation” (Harman, 

1965), and abductive reasoning (Hartshorne and Weiss, 1934). 

The units of analysis in this study are functional positions in various business units of four large 

MTO manufacturing companies. Table 1 lists all positions included in the study. They are further 
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categorized according to the business units and companies, which they belong to. The positions 

were studied by sending a survey form for the selected people that worked in them. Before the 

survey phase of the study, each manufacturer was carefully examined in a qualitative preliminary 

study. It enabled identifying all positions that were part – or should have been part – of the 

change order management processes. Also, the different methods of managing change orders 

were explored during the qualitative phase. It helped to ensure that the different practices really 

differed from each other in the ways that can be reasonably categorized as formal and informal 

and IT-based and interpersonal methods. This phase also provided bases for interpreting why the 

quantitative results eventually turned out to the way that they did. 

The qualitative phase involved 23 semi-structured interviews of two hours each. They also in-

volved work observation of personnel from different positions. Those observations lasted for at 

least one full day for each studied manufacturer. In addition, supplementary measurement data 

from reporting systems were gathered in order to evaluate the reliability of the results from the 

perceptional scales of the survey instrument. However, for the sake of conciseness, the qualita-

tive data is not analyzed in any explicit manner in this paper. It is only referred to in the discus-

sion of the results within the fifth section of this paper. 

The survey was executed as a web-based questionnaire form. The hyperlink to it was sent to the 

selected respondents. The respondents got a personalized email from a senior executive of each 

manufacturer. The personalization was done on the bases of the qualitative study, and the senior 

executive just sent out the templates, which were formulated by the researcher. This method of 

data collection provided an extremely high response rate of 88 per cent (91 responses out of 

104). Obviously, the possibility to get such a response rate is a benefit of the selected research 

design but it is also mandatory for it because the pool of possible respondents is very limited. 

The non-responses were equally distributed among all companies and business units, and they we- 
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Table 1. Functional positions of the survey respondents 

Organization Business units Positions n

High-capacity industrial crane manufacturer [Crane]  

 Manufacturing units (electronics, gears, drums/rail wheels, assembly) 4

  Plant managers, production planners, work schedulers 8

 Management & support units (management, purchasing, logistics, engineering) 4

  General manager, purchaser, logistics planner, and electrical & mechanical engineer 5

 Order management team 1

  Liaison personnel to coordinate between manufacturing and sales units 6

 Sales units (US, UK, China, Germany, Singapore, Germany, Finland, sales support) 8

  Sales managers of certain product families or markets 14

Special-purpose elevator manufacturer [Elevator] 

 Manufacturing units (electronics, motors, cars/doors) 3

  Plant managers, production planners 8

 Project management team 1

  Liaison personnel to coordinate between manufacturing and sales units 3

 Sales units (US, UK, Middle East) 3

  Sales managers of certain product families or markets 8

Manufacturer of remote-refrigerated display cabinets used by grocery retailers [Fridge] 

 Manufacturing units (cabinets, remote refrigeration machinery) 2

  Production planners, supervisors of production lines 5

 Support units (process development, purchasing, logistics, IT) 4

  Manager of process development, purchaser, logistics planner, and IT developers 5

 Sales units (Finland, Sweden, Norway, Russia, Estonia, Poland) 6

  Sales managers of certain market segments 15

Anti-aircraft artillery manufacturer [Ordnance] 

 Manufacturing units (electronics, mechanical parts, assembly) 3

  Plant managers 3

 Planning unit 1

  Production planners of certain product families 4

 Support units (purchasing, logistics, order management, marketing) 4

  Functional managers 4

 Sales units (Middle East/Africa, Asia/Pacific, Europe/Russia/China) 3

  Sales managers 3

  N (Positions)   = 91
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re mostly due to vacations and business trips, which prohibited the respondents from replying in 

the given time period. Thus, a non-respondent bias is not expected to have affected the results. 

The questionnaires were available in three languages: English, German, and Finnish. Forms were 

back-translated to ensure the validity across the versions. Altogether 11 respondents (12.1 per 

cent) had to submit the form in English instead of their own native languages. However, they all 

worked in business units, which officially maintained English as the primary or at least the sec-

ondary working language. Therefore, language-based biases are assumed absent as well. 

The four organizations of Table 1 will be hereafter referred to as crane, elevator, fridge, and 

ordnance manufacturers. They are all multinational companies, which have their manufacturing 

units in one European country and sales and installation services units across the world. The an-

nual turnovers range from approximately MEUR 100 of the fridge and the elevator manufactur-

ers to approximately MEUR 330 of the crane and the ordnance manufacturers. Yet, the elevator 

and the crane manufacturers are only single business lines of lot larger conglomerates. They 

were studied in isolation of the other business lines because that enabled maintaining the focus 

on the MTO manufacturing of customized products. 

The businesses of the studied organizations can be briefly described as follows: the crane manu-

facturer supplies customized process cranes with extremely high hoisting capacity. They are used 

in the production of steel and in the energy and waste management sectors as well as in other 

similar basic industries. The elevator company produces special-purpose elevators for sky scrap-

ers, ships, and luxurious residential buildings. The fridge manufacturer produces refrigeration 

machinery and various remotely-refrigerated display cabinet solutions that are installed in gro-

cery retail outlets. The ordnance manufacturer produces anti-aircraft cannons and fire control 

units that can be integrated in various air defense solutions and installed on whatever vehicles or 

vessels. Both modularity and case-specific customization are characteristic to all of the studied 
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manufacturers. Other common characteristics include at least the high value-added and the tech-

nology-intensity of products, the complex manufacturing processes with specialized and distrib-

uted resources, and the competitive priorities being in the ability to serve a very wide variety of 

customer requirements. 

The quantitative survey data of this study was collected as part of a larger study on the opera-

tions management in MTO manufacturing. That research project is still ongoing, so the results 

are only preliminary, and their reliability will likely increase as more organizations, business 

units, and respondents will be included. The most obvious limitation of the current dataset is that 

the sample size of 91 respondents does not allow highly reliable analyses of latent variables’ fac-

tor structures. In this study, the dimensions of uncertainty and performance are considered as la-

tent variables, whereas the dimensions of change order management are though to be formative. 

Hence, the confirmatory factor analyses (CFA) were conducted for the uncertainties and the per-

formance measures. However, the results, which are shown in the appendix, indicate that the fit-

ness of the models is somewhat debatable. To rectify this shortcoming, summated scales were 

not used in the regression analyses. Instead, the measures with the highest factor loadings were 

selected as surrogates of their constructs (Hair, et al., 2006). The surrogate variables are shown 

in Figure 2 of the previous section (the other measures are faded). Naturally, the benefits of the 

latent variable technique: the ability to alleviate measurement error and to evaluate construct va-

lidity, are not achieved when surrogate variables are used. That problem was addressed with a 

kind of a sensitivity analysis, where the results of the regression analyses were compared to the 

outcomes of conducting the same analyses with the summated scales. Those analyses are briefly 

discussed in the very end of this paper. 

The formative measures of the change order management practices are relatively straightfor-

ward. It should be noticed, however, that at this phase of the study, the amount of data points 
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does not allow to evaluate the effects of different software solutions. Instead, the use of formal 

IT is operationalized as a single index for the highest score of the three different IT tools: an 

ERP system, a product configurator, and an APS system. The scores of all four media were cal-

culated on the bases of a questionnaire matrix in which the respondents were asked to check the 

solutions that they used to communicate certain events. The events were: “the delivery date [of 

an item in a customer order] is postponed”, “the delivery date is brought forward”, “the quanti-

ties of products are increased”, “the quantities of products are decreased”, “the specifications of 

a product are changed”, and “the design of a product is changed”. In addition, the respondents 

were asked if they used the listed media types at all in the change order management. That way, 

it was possible to distinguish the zero scores from the “I don’t know” answers. Also, the respon-

dents were given the opportunity to specify and explain a medium of their own, if they though 

that the given options did not fit into the practices that they used. Two respondents utilized that 

opportunity but according to their descriptions, the scores were eventually allocated to the cate-

gories of emails and meetings. 

In this study, the term: specifications corresponds to such issues that are configured to a modular 

product, that is: colors, options, accessories, etc. The design, in turn, refers to the engineering of 

customized product individuals. The design attributes include, for example, mechanical, electri-

cal, and layout drawings as well as requirements for special-purpose materials or other separately 

sourced components. With the experiences from the qualitative preliminary study, the distinction 

between products’ specifications and design could be clarified for the respondents in their own 

context-specific terms. 

IV RESULTS 

The descriptive statistics and the inter-correlation matrix of all scalar measures are shown in Ta-

ble 2. Four control variables are used in the analyses. The first three of them are dummy vari-
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ables for the different organizations. The baseline is the crane manufacturer, while the other 

three have their own dichotomic indicators. The descriptive statistics of those three variables are 

not shown in the table because their frequencies can be seen in Table 1 of the previous section. 

In addition to the organization dummies, the sizes of respondents’ business units were included 

in the analyses as a standard control procedure. A logarithmic transformation was used for that 

measure so that the positive skewness of its distribution could be corrected. However, the de-

scriptive statistics of that measure are shown in the table in the untransformed format to ease the 

interpretation. 

Table 2. Descriptive statistics and intercorrelations 

 Deliv. 
perf. 

Suppl. 
uncert. 

Operat.
uncert. 

Cust. 
uncert. Phone Emails Meet-

ings 
Formal 

IT 
Size 

(empl.) 

N 63 75 82 89 91 91 49 78 85 

μ 3.05 2.77 3.72 3.30 2.09 3.71 2.04 2.56 139x

σ .812 1.110 1.136 1.081 2.121 1.828 1.709 1.600 257x

Suppl. -.237          

Operat. .201 -.016          

Cust. -.074  .054  .286*       

Phone -.125  -.169   .225† .179       

Emails -.121  -.016   .131  .192  .500*     

Meet. -.270  .251 -.084   .111  .162  .401*    

IT -.259  -.087   -.161   -.034   .161  .003  -.073    

Size -.182  -.404* -.164   -.190   .114  -.054   .213 .304*  
* p < .01, † p < .05 x Untransformed values; logarithms were used in analyses and correlations

Although profound arguments should not be made on the bases of raw correlations, a few re-

marks could be made. For example, the informal methods of change order management seem to 

be relatively strongly inter-correlated. As a matter of fact, that could be expected a priori because 

sending emails and calling people by phone are not as clearly separate kinds of activities as the 

arranging of meetings or the applying of IT systems’ formal procedures. The observed correla-
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tion just casts a slight shadow of skepticism on whether it is possible to estimate significantly 

different effects for the two informal approaches. The same doubt also extends a bit towards the 

meetings because their usage is significantly correlated with the emails. That is of course reason-

able too because the documents to be discussed in meetings are likely distributed via some elec-

tronic medium. Other logical observations from the correlations include the formal IT being 

positively correlated with the size of the organization. That is in alignment with the theory of 

larger companies requiring more investments in integrative mechanisms than smaller organiza-

tions (Galbraith, 1977; Lawrence and Lorsch, 1967). In addition, the observation is also sup-

ported by the studies on enterprise systems’ usage (e.g., van Everdingen et al., 2000). Similarly 

reasonable is the observation of supplier-related uncertainty being negatively correlated with the 

size. That is because larger organizations are likely more important customers to their suppliers 

than the smaller business units. Finally, it can be pointed out that the delivery performance is not 

directly correlated with any of the examined measures, which can be taken as an indication of its 

possible contingent effects. 

Table 3 provides the results from the first two regression models. They include only the control 

variables and the main effects of uncertainties and change order management practices. The re-

sults do not include any significant main effects. At least for the practices of change order man-

agement, the result is perfectly expectable. Assuming that the utilization of some practice would 

have effects on performance as such would not be reasonable because in the absence of uncer-

tainty, the processing of large amounts of change orders would rather be an indication of some 

coordination problems. As for the uncertainties, and especially for the supplier- and the opera-

tions-related ones, the existence of main effects would have been more understandable. That is 

because one could assume that there is not much that the companies can do if, for example, raw 

material shipments are delayed or machine breakdowns disturb the manufacturing operations. 

However, earlier research shows that manufacturers can buffer against those uncertainties as 
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well. Possible solutions include sourcing from multiple suppliers and investments in excess ca-

pacity (Anand and Ward, 2004; Gerwin, 1993; Krajewski, et al., 2005). Thus, the negative im-

pact of uncertainty is, after all, contingent upon the flexibility of the company – and possibly, as 

hypothesized in this study, on its ability to communicate the events, which require the utilization 

of the flexibilities. 

Table 3. Models with control variables and main effects (standardized coefficients) 

 Model: controls Model: main effects 

Control variables   

 Elevator company dummy -.026   .331 

 Fridge company dummy .235+ .326 

 Ordnance company dummy .251+ .439 

 Size [log(employees)] .062  -.229  

Main effects   

 Use of phone  .093 

 Use of emails  -.167  

 Use of meetings  -.024  

 Use of formal IT  .239 

 Supplier -related uncertainty  .091 

 Operations-related uncertainty  .067 

 Customer-related uncertainty  -.020  

R2 .097 .338 

ΔR2  .241 

F for R2  .927 
* p < .01, † p < .05, + p < .10 

Table 4 presents the results of the regression models for the moderations of the supplier-related 

uncertainties. In these models, neither informal practice shows any effects at all. The same ap-

plies for the use of meetings to process the changes. Only the use of formal IT has a significant 

interaction with the uncertainty variable. In that model, also the higher average performance of 

the ordnance manufacturer becomes significant and the control for the elevator company ap-
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proaches significance. Nonetheless, the main effects remain insignificant. One reason for that is 

the adjustment, which was done to remedy multicollinearity, which is a common challenge in the 

studies, where contingency hypotheses are tested with moderation models (Donaldson, 2001). 

That is to say that all interacting independent variables are necessarily somewhat collinear with 

their products. The issue was rectified by centering those variables (Aiken and West, 1991). 

Table 4. Interactions with supplier-related uncertainty (standardized coefficients) 

 Model: phone Model: email Model: meetings Model: IT 

Control variables     

 Elevator company dummy .344  .330  .287  .358+

 Fridge company dummy .350  .319  .325  .311  

 Ordnance company dummy .397+ .408+ .404+ .480†

 Size [log(employees)] -.192   -.226   -.236   -.178   

Main effects      

 Use of phone .088  .095 .149  .063  

 Use of emails -.210   -.180   -.269   -.173   

 Use of meetings .035  -.023   -.006   .070  

 Use of formal IT .210  .227  .243  .170  

 Supplier-related uncertainty .077  .118  .072   -.013   

Interaction effects     

 Phone × Suppl.-rel. uncert. .102     

 Email × Suppl.-rel. uncert.  -.018     

 Meetings × Suppl.-rel. uncert.   .197   

 IT × Suppl.-rel. uncert.    .414†

R2 .341  .336  .362  .472  

ΔR2 .003  - .024  .134  

F for ΔR2 1.087 1.061 1.191 1.885+

* p < .01, † p < .05, + p < .10 

The centering of variables means reducing the averages of each measure from each of the meas-

ured values. The result is a deviation score of how the respondents position themselves in rela-

tion to the averages of the studied sample. In this study, the modification cut the variance infla-
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tion factors (VIF) from almost 30’s to the level of just above one. In all of the analyzed models, 

the VIF statistics of the interacting variables reached at most 2.1 (equivalent to a tolerance value 

of .48), which is well acceptable according to all rules of thumb on multicollinearity (Hair, et al., 

2006). The shortcoming of the adjustment was, however, that the main effects of the interacting 

variables became insignificant – which is something that may sound counterintuitive. Neverthe-

less, the graphical analyses of both: the original unadjusted models with significant but collinear 

main effects and the models with the centered variables showed that the modification hardly al-

tered the shapes of the interactions. 

Table 5. Interactions with operations-related uncertainty (standardized coefficients) 

 Model: phone Model: email Model: meetings Model: IT 

Control variables     

 Elevator company dummy .336  .310  .337+ .351+

 Fridge company dummy .325  .321  .430† .265  

 Ordnance company dummy .490+ .466+ .350  .588†

 Size [log(employees)] -.230   -.255   -.302   -.280   

Main effects     

 Use of phone .061  .069  .079  .033  

 Use of emails -.133   -.258   -.320   -.277   

 Use of meetings -.043   -.040   -.124   .064  

 Use of formal IT .255  .210  .359+ .182  

 Operations-related uncertainty .147  .023  -.063   -.001   

Interaction effects     

 Phone × Oper.-rel. uncert. -.035      

 Email × Oper.-rel. uncert.  .147    

 Meetings × Oper.-rel. uncert.   .538*   

 IT × Oper.-rel. uncert.    .480†

R2 .333  .340  .538  .503  

ΔR2 - .002  .200  .165  

F for ΔR2 1.049 1.080 2.448† 2.122+

* p < .01, † p < .05, + p < .10 
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Table 5 provides the results of the models for the operations-related uncertainty. Again, the in-

formal practices fail to moderate significantly but both of the formal methods have significant 

interactions. The coefficient of meetings is larger but interestingly, also the use of formal IT ap-

proaches significance (p = .068) in that context. The issue is further discussed in the next section. 

Lastly, Table 6 shows the models for the customer-related uncertainty. In these analyses, the 

only moderation effect to become significant is the one of the meeting-based approach. 

Table 6. Interactions with customer-related uncertainty (standardized coefficients) 

 Model: phone Model: email Model: meetings Model: IT 

Control variables     

 Elevator company dummy .264  .269  .140  .262 

 Fridge company dummy .126  .147  .198  .173 

 Ordnance company dummy .403+ .390+ .335+ .352 

 Size [log(employees)] -.294   -.298   -.173   -.269  

Main effects     

 Use of phone .038  .025  .098  -.033  

 Use of emails -.113   -.139   -.190   -.129  

 Use of meetings -.232   -.199   -.382†  -.203  

 Use of formal IT .275  .275  .171 .351 

 Customer-related uncertainty .063  .032  -.250   -.032  

Interaction effects     

 Phone × Cust.-rel. uncert. -.094      

 Email × Cust.-rel. uncert.  -.014     

 Meetings × Cust.-rel. uncert.   .594*  

 IT × Cust.-rel. uncert.    .146 

R2 .333 .328  .536 .339 

ΔR2 - - .203 .001 

F for ΔR2 1.146 1.121 2.661† 1.178 
* p < .01, † p < .05, + p < .10 

In summary, the results regarding the hypotheses are somewhat mixed. As for the first hypothe-

sis, the evidence shows that not all change order management practices moderate the effects of 
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uncertainty. With respect to the second hypothesis, one should be wary of claiming that formal 

practices outperform the informal ones. That is because the absence of uncertainty’s main effect 

together with the absence of significant negative correlations between informal and formal prac-

tices indicates that both kinds of practices may coexist. The coexistence would explain the statis-

tical negligibility of the informal practices but it would not mean that the informal practices 

could not possibly complement the formal methods in some ways. Regarding the third hypothe-

sis, one can not conclude that the use of formal IT would be more beneficial than processing the 

changes in meetings. The result seems to depend on the kinds of the changes that are being proc-

essed. The judgments on the hypotheses are summarized in Table 7. 

Table 7. Summary of results 

Hypothesis Result Description 

H1: Management of change orders moderate the negative effects of uncertainty 

 Partially supported 
 

The informal practices do not seem to have effects. However, the 
formal practices moderate as hypothesized. 

H2:Formal methods of managing change orders outperform the informal ones in the moderation capability

 
Inconclusive 
 
 

Regardless of the insignificant interaction terms, the sample does 
not justify concluding that informal methods are ineffective. More 
evidence on the use of solely informal methods would be required.  

H3: Managing change orders with IT tools moderates the effects of uncertainty better than processing them
 interpersonally 

 Mixed 
 

Both the meetings and the use of IT seem to have advantages de-
pending on the source of the changes. 

V DISCUSSION 

The results of the analyses are best evaluated through graphical illustrations. The four significant 

interaction terms are graphed in Figures 3, 4, 5, and 6. The first of them depicts the relationship 

between supplier-related uncertainties and the use of integrated IT tools to process change or-

ders. All graphed functions are defined with the non-standardized regression coefficients because 



   

that way the relative influences on the delivery performance are more easily interpretable (i.e., in 

Figure 3, the non-standardized coefficient: .17 equals to the standardized value: .41 of Table 4). 

It should be noticed that the axes of the graphs are centered similarly as the variables were in the 

regression analyses. Thus, the zeros on the x- and the y-axes represent the sample averages of the 

uncertainty measures and the usages of management practices, respectively. The zeros on the z-

axes represent the points in which the uncertainties and the management practices do not have 

any influence on the performance levels. Therefore, the z-axes gauge the relative influence of the 

interaction terms when all else is held equal. 
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f (performance) = .17xy || {x, -2.5, 1.5}, {y, -2.6, 3.4},
where x : supplier-related uncertainty compared to the sample average
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Figure 3. Supplier-related uncertainty and IT-based change order management 

Figure 4 illustrates the interaction of the operations-related uncertainties and the usage of IT in 

change order management. As it can be guessed from the coefficients, the graph is almost ex-

actly the same as the one of Figure 3. Quite obviously, both coefficients fit well within each 
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other’s confidence intervals (at the level of 95 per cent), and it is not reasonable to compare their 

relative effect sizes. 
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Figure 4. Operations-related uncertainty and IT-based change order management 

The interpretation of the first two graphs is that supplier- and operations-related uncertainties 

always reduce performance but through the use of IT in the management of change orders, the 

negative effects can be alleviated. For example, when the supplier-related uncertainty increases 

from sample’s minimum to its maximum value, the performance drops only 22 per cent if formal 

IT is used to process all changes, whereas it drops up to 160 per cent if IT tools are not used at 

all. The respective decreases with regard to the operations-related uncertainties are 37 and 148 

per cents. 

Additionally, it can be noticed that the excessive processing of change orders in the absence of 

uncertainty is detrimental as well. However, it should be borne in mind that the entire surfaces of 
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all graphs are not probably empirically valid. That means that the collected data may not popu-

late all extremes in all of the illustrated graphs. The fact that both axes of all models have data 

points throughout their entire ranges does not mean that all possible combinations of the two 

axes would have their counterparts in reality. In this study, the question of empirical validity was 

examined graphically by reviewing the scatter diagrams of uncertainties and change order proc-

essing practices. They showed unsurprisingly that the data were scattered rather in a spherical 

than in a quadrangular fashion. 

The results for the operations-related uncertainty are the most interesting because both the meet-

ings and the IT tools have significant interactions with it. Normally, the effects could be weighed 

against each other by comparing the slopes of the interactions but in this case again, the slopes fit 

within each other’s confidence intervals, and thus, the comparison would be inconclusive. Nev-

ertheless, differences can be speculated because, in the moderation model of the meetings, also 

the use of IT tools gets a coefficient that approaches significance (p =.068). If that can be ac-

cepted, then the use of IT would leverage the moderation of the meetings as shown in Figure 5. 

The lowest surface of Figure 5 depicts the interaction of meetings and operations-related uncer-

tainty, when IT is not used at all. The highest layer, in turn, shows the surface when, in addition 

to the meetings, IT is used in all possible changes. The layer in the middle shows the sample av-

erage of IT usage (cf. the descriptive statistics of Table 2). Here, the buffering effect of the meet-

ings themselves is such that the performance decrease between the minimal and the maximal 

levels of operations-related uncertainty is 4 per cent, when all changes are discussed in meetings, 

and 149 per cent, when none of them leads to a meeting. It is noteworthy that regardless of how 

frequently changes lead to meetings, the simultaneous use of IT can leverage the performance 

quite substantially. In fact, the range in which the performance varies due to the usage of IT is 

almost as wide as the range of the interaction term. Specifically, it is 95 per cent of the interac-



   

tion term’s range – if the far left corner of having excessive meetings is not considered because 

of its lack of empirical data points. 
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Figure 5. Operations-related uncertainty and meeting-based change order management 

Why then is it so that the effect of using both IT and meetings does not show in the moderation 

model of the IT tools? The question can be answered from both quantitative and qualitative per-

spectives. As for the former, the examination of the raw data reveals that up to 42 respondents, 

who told that they use formal IT in change order management, answered that they did not know, 

whether meetings were held as well. Consequently, the effect of meetings’ leverage in the IT-

moderated model would have to have been very large and clear in order to become statistically 

significant. In the reversed situation, only 9 respondents, who told that they participated in the 
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change order meetings, answered that they did not know whether any formal IT was used as 

well. Thus, the studied sample enabled the lesser effect size of IT’s leverage to approach signifi-

cance. The evidence can be roughly interpreted so that the graph of Figure 4 represents positions, 

where only formal IT is used in the management of change orders whereas the graphs of Figure 5 

represent those positions, where both meetings and formal IT are used together. Naturally, the 

leverage should become visible from both directions, when more data is collected. One possibil-

ity to study that would be to include both interactions in the same model or incorporating a three-

way interaction term. That would enable quantitative examination of the optimal mix of using IT 

and meetings under various levels of operations-related uncertainty. However, the results (e.g., 

four-dimensional surfaces) would not be very easily interpretable. Thus, the qualitative insights 

to this issue may be more informative. 

In addition to the quantitative results, also the qualitative preliminary study, which preceded the 

survey, indicated of the asymmetry between the use of integrated IT tools and meetings. That is 

to say that in certain positions and with regard to certain events of uncertainty, meetings were 

held irrespective of whether some other parts of the organizations processed the same events in a 

formal IT system. Such positions were located in manufacturers’ front-end units, where changes 

often had multiple alternative outcomes and finding the best way to accommodate them required 

inputs from several parties. For example, the front-end units were often able to accommodate 

manufacturing delays in the installation, on-site assembly, or transportation schedules but finding 

out the best solution for each situation seemed to require collaboration among such personnel as 

sales representatives, installers, logistics planners, project managers, and so on. At least in the 

studied organizations, the back-end personnel seemed to be represented in the collaboration 

meetings by separately assigned people, whose titles were project coordinators, order managers, 

and alike. After the meetings, these people executed the resolutions in the back ends’ IT systems 

by rescheduling production plans, or changing, prioritizing and expediting production orders. 
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Hence in those situations, where both meetings and IT tools were used, the most of the back-end 

personnel did not have to be aware of the meetings at all. That is, in fact, how an integrated IT 

system should ideally work. It should reduce the amount of labor and manual work in achieving 

integration in complex organizations (e.g., Galbraith, 1974; Davenport, 2000). 

Lastly, the graph of Figure 6 presents the interaction between the meeting-based change order 

management and the customer-related uncertainty. In this model, the usage of formal IT did not 

have a similar lever effect as in the previous model. Instead, the negative main effect of the 

meetings became significant, which made the surface to twist more abruptly than in the other 

graphs. This means that the estimated model is more sensitive for the balance between meetings’ 

frequency and the perceived uncertainty. However, it should be pointed out again that the dataset 

did not include an observation of a position, where the relative customer-related uncertainty 

would have been -2.3 and the relative use of meetings 4.0 (i.e., 1 and 6 in absolute terms). Thus, 

one should be wary of concluding that excessive meetings may have a catastrophic impact on 

performance. (That would be -3.8 in the five-point delivery performance metric). 

The graph of Figure 6 and the absence of formal IT’s significant effect are together an indication 

of the same phenomenon as discussed with regard to Figure 5. Apparently, the meetings are 

more important, when the change orders are processed in the front ends of the manufacturing 

companies. A question, which can not be answered decisively, is whether the phenomenon is a 

result from IT systems not being able to support the processing of events that involve consulting 

several parties or from the fact that the IT tools were just not used systematically in the front-end 

units of the studied manufacturing companies. The qualitative part of the study indicated that re-

gardless of the availability of IT tools, many sales managers and other front-end personnel pre-

ferred personal communications to the use of IT. Thus, it may not be appropriate to conclude 

normatively that manufacturers should not invest in formal IT at their front-end units. 
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Figure 6. Customer-related uncertainty and meeting-based change order management 

Altogether, the above observations and considerations can be summarized so that the use of for-

mal IT appears to be more effective, when changes are related to manufacturers’ back-end opera-

tions, while the practice of discussing the changes in meetings seems to be more effective, when 

the changes require processing in the front-end units. A possible explanation for this is that the 

further in the back end the uncertainties occur, the less there is to be discussed in meetings. For 

example, in an MTO environment, such delays in raw material deliveries that necessitate change 

orders, often consider dedicated materials that are purchased to be consumed in particular cus-

tomized products of certain customer orders. Such delays will unavoidably affect the ability to 

deliver those products on the originally confirmed date. Thus, discussing the issue in meetings is 

not of any help. Instead, it is important to pass the message rapidly and reliably to the other parts 

of the organizations, which may then prioritize the execution of other customer orders, and thus, 

improve the overall delivery performance. Meanwhile, the changes, which can be solved in the 
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front ends, tend to be more multifaceted in nature. In situations, where for example, a customer 

asks for a possibility to make a change in the specifications of an order, the mere passing of that 

information does not suffice but the relevant parties have to discuss their response for the request 

and to evaluate the alternative solutions for executing it. Table 8 summarizes this synthesis. 

Table 8. Summary of observations 

Dimension of uncertainty Meetings Use of formal IT tools 

Supplier-related changes 
 
 

The ineffectiveness of meetings may 
be due to the unavoidable nature of 
these changes. 

IT’s effectiveness may be due to fact 
that the only thing that can be done 
is to inform others fast and reliably. 

Operations-related changes 
 
 
 

Solving these changes requires efforts from both the back-end and the front-
end units. Thus, both methods are effective: IT in the back-end positions 
and meetings in the front ends. When both methods are used simultane-
ously, the use of IT leverages the buffering effect of the meetings. 

Customer-related changes 
 
 
 
 

Meetings are effective because the 
nature of these changes requires re-
ciprocal processing and problem-
solving. 
 

The ineffectiveness of IT may result 
from either IT’s inability to process 
these changes or from front-end per-
sonnel’s preference to rely on inter-
personal communications. 

VI CONCLUSIONS 

This paper has reported a comparison of different practices for managing change orders in MTO 

manufacturing. The study was based on Galbraith’s (1974) proposition on the formalization of 

communications and the use of IT being facilitators of organizational integration. On those 

bases, it was hypothesized that the formal and IT-based methods of processing change orders 

would outperform the informal and interpersonal methods in the capability to buffer against 

various uncertainties. The reported results are preliminary because the data collection is still con-

tinuing. Thus far, it seems that comparing informal and formal practices against each other is dif-

ficult because they are not mutually exclusive. It appears that the informal practices, which in-

clude communicating changes in phone and via emails, prevail regardless of the possible utiliza-
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tion of the more formal practices, which include processing changes in meetings and within inte-

grated IT tools. Nevertheless, differences could be observed between the two formal practices. 

The results do not provide unconditional support for the hypothesis of IT-based practices being 

better buffers than the meeting-based approaches. Instead, the results suggest that the hypothesis 

should be further elaborated into theses that would account for the kinds of uncertainties, which 

are to be processed. This elaboration can be formulated as the following propositions: 

P1: In manufacturers’ back-end units, the use of integrated IT tools is a superior 

method of processing change orders because the imperative is to pass messages 

rapidly and reliably to the other parts of the organization. 

P2: In manufacturers’ front-end units, arranging meetings is a superior method of 

processing change orders because the imperative is to involve all relevant par-

ties in the efforts to find the best solutions to accommodate the changes. 

P3: When uncertainties affect both the back-end and the front-end units, the use of 

integrated IT tools and discussing change orders in meetings complement each 

other because both: the systematic messaging and the collaborative problem-

solving are imperative. 

If these propositions can be supported in further studies, the managerial implications will be s-

traightforward. The propositions suggest that managers should think of two issues when consid-

ering how to manage change orders in their organizations. Firstly, investing a lot in IT tools for 

this purpose may not be worthwhile within the front-end units but implementing them in the 

back ends should be beneficial. Secondly, the emphasis on a certain formal method should de-

pend on where the changes typically occur. The further in the back end the changes take place, 

the better justified are the investments in the integrated IT tools. The contrary applies, if the 

changes typically occur only within the front-end operations. 

When considering the implications, one should be aware of this study’s limitations. Firstly, the 

change order management in itself is insufficient to buffer against any uncertainties. A necessary 
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requisite is the flexibility to adapt to the changes. This study’s contribution is therefore only in 

pointing out that in addition to having flexibilities, it is important to be able to appropriately 

communicate, when and how they need to be exercised. Secondly, the propositions may only re-

flect the situations in the studied organizations. Due to the case-study methodology the results 

are not statistically generalizable to any population of MTO manufacturers. In practice, it means, 

for example, that the variety of the examined IT tools was limited. Thus, the ineffectiveness of 

IT tools as the moderators of customer-related uncertainties may not result from the nature of IT 

tools per se but from the unique characteristics of those applications that were included in the 

dataset. Thirdly, the issues in constructs’ validity and in measurements’ reliability could not be 

addressed adequately in this study because the results of the CFA’s were unsatisfactory, and sur-

rogate variables of the constructs were used in the analyses. However, to evaluate results’ sensi-

tivity to this shortcoming, the same analyses were conducted with the summated scales. The re-

sults showed that at least meetings’ moderation effects paralleled the results of the surrogate 

variables. Possibly, when more data is collected, the factor structures can be clarified and the re-

sults of this paper can be tested with valid and reliable latent variables. 
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APPENDIX: MEASUREMENT MODELS 

As told in the methodology section, the CFA’s did not provide convincing support for the as-

sumed factor structures. However, the fitness statistics are not totally terrible either. Hence, there 

is a fair possibility of improvement when more data has been gathered. The results of the CFA’s 

are presented in Tables A1 and A3. The correlations between the scale items are shown in Tables 

A2 and A4. The CFA’s were conducted separately for the uncertainties and the performance di-

mensions due to the size of the sample. The only item to be dropped from the hypothesized fac-

tor models was the employee absenteeism. In addition for not fitting into the correlation structure 

of the other operations-related uncertainties, it had a lot of missing values (30 per cent) and it 

was skewed towards “very seldom” (for instance, it did not have any data points in “very often”). 

Table A1. Uncertainty measures’ validity and reliability analysis 

“How often end-products’ production orders are changed due to…” 
1: very seldom, 2: quite seldom, 3: sometimes, 4: quite often, 5: very often 

Standardized 
item loading 

Supplier-related uncertainty (composite reliability = .67, variance extracted = .55) 

 SU1: “…raw material shipments being late” .969*

 SU2: “…raw materials that do not match the specifications of purchase orders” .621*

 SU3: “…the unacceptable quality of the raw materials” .568*

Operations-related uncertainty (composite reliability = .77, variance extracted = .39) 

 OP1: “…overload of manufacturing capacity” .674*

 OP2: “…poor yield of manufacturing operations” .620*

 OP3: “…machine breakdowns in manufacturing units” .570*

 OP4: “…employee absenteeism in manufacturing units” dropped 

Customer-related uncertainty (composite reliability = .87, variance extracted =  .49) 

 CU1: “…customer’s need to change the delivery schedules” .839*

 CU2: “…customer’s need to change the quantities of ordered products” .663*

 CU3: “…customer’s need to change the specifications of the ordered products” .655*

 CU4: “…customer’s need to change the designs of the ordered products” .611*

χ2 = 53.28, degrees of freedom = 35, p = .025; CFI = .900; RMSEA = .076 [.028, .116] * p < .01 
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Table A2. Descriptive statistics and intercorrelations of uncertainty measures 

 SU1 SU2 SU3 OP1 OP2 OP3 OP4 CU1 CU2 CU3 CU4 

N 76 75 79 85 82 67 64 89 85 88 85 

μ 3.49 2.77 2.65 3.53 3.72 2.27 2.20 3.30 3.12 2.80 2.99 

σ .93 1.11 .93 1.09 1.14 1.01 1.14 1.08 1.10 1.01 1.21 

SU2 .601*           

SU3 .348* .543*          

OP1 .220  .190  .212          

OP2 .009 -.016   .093  .372*        

OP3 -.064   .117  .360* .354* .418*       

OP4 -.099  .023 .211 .212  .075  .410*      

CU1 .151  .054  -.041  .174  .286* .110  .147      

CU2 -.039   -.005   -.042   .186  .332* .104  .150  .465*    

CU3 .147  .110  .141  .253† .263† .230  .207  .530* .534*   

CU4 .176  .018  .000  .318* .185  .068  .148  .342* .463* .571*  
* p < .01, † p < .05 

Table A3. Performance measures’ validity and reliability analysis 

“How well do you perform in comparison to [three most important competitors]…” 
1: much worse, 2: somewhat worse, 3: about similarly, 4: somewhat better, 5: much better 

Standardized 
item loading 

Cost efficiency 

 CO1: “…in the unit costs of own operations” 1 

Delivery performance (composite reliability = .93, variance extracted = .69) 

 DE1: “…in the ability to confirm delivery dates for the first customer requirement date” .733*

 DE2: “…in the ability to deliver on the confirmed delivery date” .882*

 DE3: “…in the average lead time from receiving orders to the deliveries” .862*

Responsiveness (composite reliability = .78, variance extracted = .54) 

 RE1: “…in the ability to customize products according to customers’ specifications” .683*

 RE2: “…in the ability to match the product mixes with the changes in demand” .848*

 RE3: “…in the ability to match the production volumes with the changes in demand” .661*

χ2 = 25.99, degrees of freedom = 15, p = .038; CFI = .919; RMSEA = .090 [.021, .147] * p < .01 
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Table A4. Descriptive statistics and intercorrelations of performance measures 

 CO1 DE1 DE2 DE3 RE1 RE2 RE3 

N 69 65 63 66 74 72 63 

μ 3.19 2.92 3.05 2.97 3.61 3.08 2.97 

σ .959  .816  .812  .841  1.083 1.319 1.191 

DE1 .109        

DE2 .079  .653*      

DE3 .021  .754* .626*     

RE1 .035  .288† .441* .260†    

RE2 .219  -.074   -.013   -.040   .316*   

RE3 .346* .020  .157  .017  .513* .588*  
* p < .01, † p < .05 
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