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Abstract: Nowadays, global competition pushes manufacturing companies to continuously increase the 
customization of their products up to reach the One-of-a-Kind Production (OKP), where each product is 
designed and manufactured based on customer requirements (Hong et al. 2010). These companies supply 
high value and customised products, with deep and complex product structure. OKP companies usually have 
to adapt managerial paradigms, business models and ICT supporting tools generally developed for other (i.e. 
the repetitive) sectors. For these reasons, the main aims of our paper are to investigate strengths and (in 
particular) weakness of the main OKP business processes, analyze their ICT support level and identify levers 
for improvement. We carried out 21 case studies in Italian companies producing special machines. Based on 
the value chain proposed by Porter (1998), we first identified the primary processes and the support activities 
that characterize OKP-based companies. Preliminary results highlight that three fundamental tasks such as 
project management, planning and cost control, are not well formalized in our sample. Our research will 
focus on the creation of a framework that could define and link each other the main processes highlighted 
before in order to obtain a sort of guideline useful for re-engineering the processes and start the design of a 
new integrated ICT support for OKP companies. 
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1. Introduction 

Mass production, characterized by the repetitive 
production of a large number of identical items, has been 
largely investigated in the past decades by both researchers 
and practitioners. Different managerial paradigms have 
been proposed to drive activities and decisions in such a 
widespread production environment, pervading all the 
crucial activities in this sector: for example, the lean 
production model and its numerous implications 
/evolutions in different countries, sectors and areas (see, 
for example, Womack, 1991 and Hines et al., 2004). On 
the other hand, it is still hardly possible to recognize 
similar examples of highly effective managerial practices 
and guidelines in sectors characterized by a low level of 
repetitiveness. In fact, limited amount of research in 
supply chain management area concerning the low-
volume production is present (see, for example, Hicks et 
al., 2000; Gosling and Naim, 2009), in particular, 
concerning the One-of-a-Kind Production (OKP) 
industry, where each product is designed and 
manufactured based on specific customer requirements 
(Hong et al., 2010) to a large extent according to an 
Engineer To Order (ETO) approach (see for example 
Hicks et al., 2000).  

OKP companies generally manufacture and supply high 
value, customized products (such as capital goods with 
deep and complex product structure) by performing 
customer-order driven engineering and manufacturing 
activities, while reusing past experience and (whenever 
possible) existing products and processes (Wortmann, 
1991). In many OKP industry segments high quality level, 
flexibility and competitive price represent the main drivers 
to keep and attract new customers, and respond to Low 
Cost Countries (LCC) competitors. The main issues 
associated to this kind of production are the frequent 
customers’ requirements changes that may cause delays in 
final delivery (Hao et al., 2008), and the inevitable 
engineering changes occurring during the project 
management process (Wasmer et al., 2011). Therefore, 
responsiveness to modifications is a prerequisite for 
success in many OKP companies (Little et al., 2000), and 
the need for managing projects in synchronization with 
engineering management and manufacturing planning and 
control, becomes unavoidable (Emrah and Erlend, 2012). 

To this respect, we postulate that an effective 
management of industrial processes, along with an 
efficient ICT support, may ease companies in achieving 
these objectives. Indeed, the control of all product- and 
project-related information and activities to ensure the 
compliance of the product to the customer needs is still a 



topic of great relevance in OKP industries since decades 
(Hameri, 1997; Hameri and Nihtilä, 1998).  

Thus, a structured and optimized internal organization 
along with an integrated ICT support, guaranteeing 
knowledge and data sharing inside the company as well as 
high productivity levels, represent key factors for these 
companies to successfully deal with this context and gain 
competitive advantage against worldwide competitors. 
Our paper mainly provides an empirical study of the state-
of-the-art of information systems supporting the leading 
processes in OKP companies. In particular, the main 
contributions of the paper are: (i) to identify and 
investigate strengths and weakness of the main OKP 
business processes; (ii) to analyze the ICT support, the 
level of integration among the different ICT solutions 
adopted and the ICT functionalities required; (iii) to 
identify levers for improvement, concerning both 
organizational, methodological and informatics aspects; 
and (iv) to lay the foundation for a practical framework 
that could define and link the main processes highlighted 
in (i) in order to obtain a sort of guideline useful for 
reengineering the processes and developing a new 
integrated ICT business template for OKP companies. To 
achieve these objectives, we focus on the Italian special 
purpose machines industry – a noteworthy instance of the 
OKP industry, being Italy the fourth producers of 
machine tools in the world with 7.353 million euro, 
representing the 7,6% of the worldwide production 
(UCIMU, 2010).  

The paper structure is therefore the following. In section 
two a brief analysis of the main features of special purpose 
machine sector in Italy is carried out. The research 
questions and the adopted methodology are depicted in 
section three, while section four describes the main 
findings based on 21 case studies. In the same section, the 
findings are discussed in order to point out the main 
insights of the work; conclusive remarks and directions 
for future research are drawn in section five. 

2. Research questions and methodology 

The results presented in the remainder of the paper are 
based on a multiple case studies empirical research, a form 
of quali-quantitative descriptive research that refers to the 
collection and presentation of detailed information about 
a group of companies, drawing conclusions about that 
group in a specific context (Yin 1990). These case studies 
provide an empirical research of the state-of-the-art of 
information systems supporting the leading processes in 
OKP companies.  

According to the above mentioned purposes of our 
research, the main research questions have been stated as 
follows: 

i. What are the typical OKP companies’ values 
activities (core activities)? 

ii. Which are the more and less supported ICT 
functionalities? What kind of ICT support is 
used?  

iii. Which are the functionalities that are perceived 
by the companies as more critical? 

iv. Which are the less supported processes, both in 
terms of managerial policies and ICT support? 

In order to achieve these objectives, the study explored 
the research questions by identifying good practices in a 
number of leading firms in the one-of-a-kind business. 
Our case-study approach is based on purposive sampling 
rather than a statistical one (see, for example, Hameri and 
Nihtilä, 1998). In particular, to select these companies, we 
adopted the judgmental sampling technique, a method 
that belongs to nonprobability sampling methods that are 
used for many research projects and are appropriate in 
case of limited resources and inability to exactly identify 
population members (Henry, 1990). Furthermore, 
nonprobability sampling may be a practical choice in 
exploratory research, where the aim of the research is to 
establish if a problem exists or not. According to this 
technique, in our work the sample was composed based 
on the researchers’ experience, knowledge of the sector 
and available data, considering the relevance of this kind 
of companies in Italy in terms of presence on the territory, 
the overall turnover and employment level, as well as the 
peaks of excellence reached by many of them in various 
specific sectors.  

As a result, 21 companies belonging to special purpose 
machine sector were included in the sample. Authors 
carried out empirical research of the processes 
characterizing this sector (Italian special purpose machine 
industry), along with supporting ICT functionalities and 
tools, analyzing on the field 21 companies. The 
characteristics of these companies, are briefly describes in 
Table 1. 

Company Employee 
numbers 

2010 
Turnover 
(mln €) 

ICT investments 
(%turnover) 

1 700 130 0,17% 

2 300 100 n.a 

3 199 29,5 0,06% 

4 185 23,8 1,68% 

5 156 31,85 0,69% 

6 128 33,89 0,57% 

7 117 35,55 0,04% 

8 93 37 0,29% 

9 90 22,97 0,55% 

10 90 22 4,19% 

11 80 50 n.a 

12 75 37 0,04% 

13 59 25 0,02% 

14 53 8 n.a 

15 36 4,1 1,22% 



Company Employee 
numbers 

2010 
Turnover 
(mln €) 

ICT investments 
(%turnover) 

16 32 5,5 0,40% 

17 30 4,5 0,08% 

18 25 4 0,38% 

19 13 1 0,00% 

20 10 n.a n.a 

21 80 n.a n.a 

Table 1. Company demographics 

Upon the receipt of the agreements from the companies 
to participate into the study, we submitted the preliminary 
questionnaire to the selected sample, requesting general 
information about the industry they are involved in, the 
products manufactured, turnover, number of employees, 
and the amount of investments in information and 
communication technology (ICT). The questionnaire (as 
well as the later interviews) was addressed to specific 
people within each company. Hence, others specific data 
were gathered by structured interviews, directed, in first 
instance, to the entrepreneur and, when present, to project 
managers and/or CIO. Whenever necessary, other 
managers of specific areas, such as production, logistics 
and purchasing were involved in the interviews. Key 
respondents were inquired in order to fully understand 
how a customer order is carried out by the company, and 
which are the values activities and the business functions 
involved in the order fulfillment process, with particular 
emphasis on the definition and the analysis of primary and 
support activities. In addition, a detailed description and 
analysis of the company information system(s) and of its 
main features and criticalities due to its use in an OKP 
context were carried out. Observations at the target 
companies and informal discussions with engineers were 
used to gather data, as suggested by Glesne and Peshkin 
(1992).  

The data collected through the interviews allowed to 
perform some cross-case analysis related to the 
investigated issues and reported in the remaining of the 
article. Figure 1 summarized our research procedure, 
composed of 4 relevant steps. More details about design, 
data collection and data analysis are presented in Figure 1. 

 

Figure 1. Case study protocol 

3. Main findings 

The analysis of the outcomes of the structured interviews, 
are briefly summarized in this paragraph. Based on 
Porter’s value chain (Porter 1985), Figure 2 shows the 
primary and support activities identified as the core of an 

OKP-based company. Following this value chain we 
classify “quotation and order management”, “technical 
and commercial development”, “design”, “purchasing”, 
“production, assembly and testing”, “delivery”, 
“commissioning”, and “after-sales service” as primary 
activities and “project management”, “planning”, and 
“cost control” as support activities.   

 
Figure 2. Value Chain for OKP companies 

After this definition, the first objective of the interviews 
has been to analyze whether the identified support and 
primary activities are formalized inside the companies, 
namely if the activities are structured and then governed 
by procedures and rules. Thus, Figure 3 shows, for each 
activity, the percentage of company that formalizes it.  

 

Figure 3. Formalization level of primary and support 
activities 

In the same way, Figure 4 summarizes the main findings 
related to the ICT support of these activities. For this 
purpose, we distinguished ICT support between:  

� ERP (Enterprise Resource Planning) or Integrated 
applications 

� Stand alone applications 

 

Figure 4. ICT support of primary and support activities 

Figure 3 and Figure 4 show that almost all the primary 
activities are properly structured and governed by 
procedures and rules, and properly supported by ICT 
tools. On the contrary, the results highlight that three 
fundamental supporting processes (“project 
management”, “planning” and “cost control”) are not well 
formalized. This suggests that there is room for 
improvement in the OKP managerial practices because 



these processes may be considered as the core of project-
based enterprises, since the high customization results in 
frequent changes of product design, process planning and 
production routines (Tu and Dean, 2011) and resource 
usage has to be carefully handled and monitored. 

In order to better investigate the highlighted general lack 
of an integrated ICT support, especially regarding support 
activities, a list of 50 ICT functionalities has been 
identified from the answers to the preliminary 
questionnaire. This analysis provides further evidence that 
the area of supporting processes is a potential field of 
substantial improvement both in terms of managerial 
policies and ICT support. Based on support level and 
criticality, the matrix in Figure 5 has been built, where 
each point represent a functionality (listed in Appendix 
A). The horizontal axis indicates the support used by the 
majority of companies of the sample (no ICT support/not 
formalized – stand alone application – ERP or integrated 
application) and the vertical axis reports the percentage of 
companies that deemed the functionality as critical. 
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Figure 5. Criticality and support of functionalities 

Briefly, from this matrix emerges that about 25% of 
functionalities (12 over 50) are realized through stand-
alone applications and the 60% of functionalities (30 over 
50) are not even supported or formalized by the majority 
of companies in the sample. Among them, functionalities 
such as resource allocation (planning), project activities 
modification (project management), activity status 
monitoring (project management), activity planning 
(planning), and activity plan representation (planning) are 
perceived as critical by the majority of companies and are 
either not implemented at all or supported by stand-alone 
applications. Similarly to project management and 
planning, the functionalities related to cost control are 
considered critical by the sample, meaning that they would 
need an improvement in the ICT support of man-hour 
and cost allocation to order, deviations analysis, order 
accounting, and order budget issuance. 

In addition, we noticed that companies are becoming 
aware of the need of tools to share and synchronize 
knowledge and data inside the company. Thus, 
functionalities such as document management, PLM, 
PDM, ERP interface with other applications, design 
software data synchronization with information system, 
and product quotation are perceived more and more 

critical, and companies showed their interest in this kind 
of applications. 

4. Discussion and conclusions 

The results proposed in Section 3 highlights a widespread 
weakness in OKP companies, that is a lack of managerial 
procedures and ICT support in the planning, project 
management and cost control area. This general lack can 
be related to the blooming economy characterizing this 
industry until some years ago, when margins were rather 
high, projects and activities planning was headed by few 
experienced people - usually the company owner or the 
operations manager - and some cost inefficiencies were 
tolerated. In this economic background, companies 
decided to prioritize investments in advanced design 
software that allowed them to strengthen and support 
their core competences on product design and 
development, instead of focusing on specific software for 
project management, planning and cost control.  

Nowadays, cost and time efficiency has become one the 
most important factor to allow these companies to make 
profit and survive, since customers are requiring more and 
more customized machines with shorter lead times and 
lower price than before. For this reason, project 
management and planning have become very critical 
processes because they can help these companies to 
optimize resource allocation, minimize costs, maximize 
delivery timeliness, monitor project status, check 
deviations from budget and plan corrective actions. Thus, 
the definition of sound procedures and the identification 
of easy to use and effective ICT tools to support project 
management and activity planning would represent 
important levers of improvement for this kind of 
business, considering also the special features of this 
industry. Furthermore, since these companies focus more 
and more on costs, also cost control becomes a crucial 
support activity to allow a better evaluation of costs and 
financial performance, keeping under control the 
company health and assuring its survival. Another critical 
aspect emerging from the interviews is related to the lack 
of performance evaluation of activities. Human efforts, 
order profitability, offer hit ratio, and non-conformities of 
inbound products are the most monitored indicators. 
Other indicators referred to total order performance, such 
as delivery delay to customers, are completely not 
monitored inside companies. Thus, a further lever of 
improvement for OKP companies will be the 
identification of a dashboard to monitor performance, 
identify critical area and propose corrective actions.  

These results coming out from case studies are useful to 
lay the foundation for the development of a framework 
that, starting from a scientific base, aims at bridging the 
gap between theoretical development and practice, 
representing a useful guideline for the practitioners who 
are involved in project management, planning and cost 
control. This framework is based on the following 
definitions of these three processes, specifically referred to 
OKP context and deeply discussed and shared with 
sample companies: 



� Project management: this process is divided in three 
sub-processes, namely project portfolio management, 
single order planning, and monitoring. Project portfolio 
management consists in the assignment of a priority 
index to each new order, based on the existing order 
portfolio features. After that, single order planning allows 
the identification of order phases, their sequence, the 
resources (both human and not) and the time needed 
to complete each phase considering an empty system, 
and the critical path. Monitoring consists in evaluating 
order progress in terms of cost and time, analyzing 
order deviations from budget, and planning and 
implementing corrective actions.  

� Planning: this process can be distinguished in high 
level planning and low level planning. High level planning 
consists in the multi-order scheduling considering 
finite capacity and long time bucket (i.e. month): 
taking into account the single order plans coming 
from the previous phase and other high level 
constraints, the outputs of this activity are the 
definition of starting and ending date of each accepted 
order, and the evaluation of new order feasibility. 
Starting from this high level order plans, the low level 
planning deals with order scheduling considering more 
detailed order activities, constraints, and time buckets 
(i.e. week or day). 

� Cost control: it can be divided in preventive control 
(definition of the order budget and performance 
objectives), on-going control (real time deviations 
calculation), and final control (final deviations 
calculation from budget). 

These process definitions entail the individuation of a 
sequence of activities an OKP company should perform, 
from new order evaluation and quotation up to single 
primary activity planning and to project status control (in 
terms of both cost and time).  

Only in recent years, with the affirmation of the mass 
customization concept, we are assisting to a growing 
concern for the OKP model, that otherwise can count on 
a paucity of managerial paradigms if compared to the 
mass production environment. In this paper, we recognize 
activities (as defined in Porter 1985) and ICT support as 
the pivotal elements around which companies 
performance are built. Therefore, we discussed the results 
of a multiple case studies empirical research carried out on 
21 Italian companies operating in the special purpose 
machinery industry aiming at highlighting major 
weaknesses and potential actionable points to improve 
SMEs results. As the discussion pointed out, the lack of 
formalization and ICT support of three fundamental tasks 
such as project management, planning and cost control 
underlines that there is substantial room for improvement 
under managerial practices and ICT support perspectives, 
where entry level s IT solutions seems still far from 
compliance with OKP operations requirements. 

These results, along with the relevance of the special 
purpose machine sector in the Italian economy, suggest to 
devote more effort to OKP model in order to design 
effective business processes and adequate ICT supporting 

tools. For these reason, this paper proposes the 
definitions of project management, planning and cost 
control processes, that entail the identification of en ideal 
sequence of activities an OKP company should perform 
to fulfill customer requirements in an effective and 
efficient way. Beyond identifying different phases of the 
order management process, a further step of this research 
will be the definition  of a list of functionalities and 
methods in order to obtain a concrete and innovative 
business template for OKP industry. In particular, a 
scouting of literature related to methodologies to support 
project management, planning and cost control, and a 
selection of methods that better fit the needs of 
companies belonging to the industry under investigation 
will be carry out. The final purpose of this research will be 
the development of an integrated IT environment to 
support (in particular) project management and planning 
activities, specifically addressed to OKP companies, that 
would help these companies to improve their 
performance and competitiveness. 
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Appendix A. List of functionalities 

ID Activity Functionalities 
1 Purchasing 

Purchasing 
Purchasing 
Purchasing 
Purchasing 
Purchasing 
Purchasing 

Purchasing cycle 
2 Item classification 
3 Purchase order request 

4 Management of supplier master 
data  

5 Contract Management 
6 Stock movements 
7 Labels/barcode printing 

8 Cost control Man-hour and cost allocation to 
order  

9 Cost control Deviations analysis 
10 Cost control Order accounting  
11 Cost control Order budget issuance 
12 Cost control Budget modification 
13 General Document management 
14 General Business intelligence 
15 General ERP interface with other 

ID Activity Functionalities 
applications 

16 General Knowledge management 

17 General 
Product data management 
(PDM)/Product lifecycle 
management (PLM) 

18 General Reporting application 
19 General Due register 
20 General Workflow management 

21 Commissioning and 
service Dial-up 

22 Commissioning and 
service 

Put into service problem 
management 

23 Commissioning and 
service Complaints management 

24 Commissioning and 
service Assistance management 

25 Commissioning and 
service Commissioning activity log  

26 Commissioning and 
service Service reporting 

27 Offer and Order 
emission Configurator 

28 Offer and Order 
emission 

Customer Relationship 
Management (CRM) 

29 Offer and Order 
emission Quotation Database 

30 Offer and Order 
emission Product quotation 

31 Planning Resource allocation 
32 Planning Activity planning  
33 Planning Activity plan representation 

34 Production, 
assembly and testing Items allocation 

35 Production, 
assembly and testing Order production management 

36 Production, 
assembly and testing Order assembly management 

37 Production, 
assembly and testing Testing report 

38 Design Bill of Materials generation 

39 Design Bill of Materials change 
management 

40 Design 
Synchronization of electrical 
design sw data with information 
system 

41 Design 
Synchronization of mechanical 
design sw data with information 
system 

42 Design Software versioning 
43 Project Management Activities plan sharing 
44 Project Management Project activities modification 
45 Project Management Activity status monitoring 

46 Delivery Determination of loading 
production plans 

47 Delivery Supporting documentation 
48 Delivery Packing list management 
49 Delivery Missing material reporting 

50 Tech. & Commercial 
development Technical specifications 

 


