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Engineer-To-Order (ETO) production planning & contr ol: an
empirical framework for machinery-building companies

This paper illustrates the results of an empirgtatly involving 21
Engineer-to-order (ETO) companies, operating imtilaghinery-building
industry. The study investigates the needs andnesgants of such companies in
terms of software support for governing the busieeswith particular emphasis
on production planning and control (PPC) proces&eempirical analysis
investigated two main aspects: (i) the set of essractivities performed by the
companies in the analysed industry, and (ii) thevemnt, high-level software
functionalities required for the execution of sachivities. As an answer to the
observed compelling need for reviewing the geraparoaches to PPC in
machinery-building companies, we develop an enmgiiridgh-level production
planning and scheduling reference framework, enassipg all the activities

involved in the order fulfilment process.
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1. Introduction

The variability and the uncertainty characterizongject-based, Engineer-To-Order
(ETO) companies generate a complexity that reqsipesifically tailored managerial
approaches to handle all the processes, from dasigengineering to production and
delivery (Rahim and Baksh 2003). Adopting the ETKategy for manufacturing one-
of-a-kind products (OKP) (i.e. products designed aranufactured based on specific
customer requirements), companies usually havddaptananagerial paradigms,
business models and Information & Communicationhhetogy (ICT) tools designed
for other (i.e. the repetitive) sectors (Hicks @rdiden 2000).

From the managerial standpoint, Amaro et al. (12@@) Spring and Darlymple
(2000) argue that few frameworks are availableianaging production in ETO
companies; moreover, such frameworks often considigra part of the required
functions and activities, or deal with a specifibgrocess (see, for example, Ebadian
et al. 2008; Kingsman et al. 1996). The referenodehproposed by Little et al. (2000),
for example, points out the inadequacy of existimagter production scheduling tools
and the lack of production planning and monitoatjvities.

From the ICT and software support standpoint, theptation of existing tools
leads often to (i) stand-alone software applicatiand (ii) a low level of integration
among different software, weakly supporting theihess objectives.

These findings, along with the relevance of themraary sector (a typical ETO
business) in the italian economy, led us to ingesé further the ICT support to the
implementation of the ETO strategy in such an itgud he aim of this paper is thus to
contribute to the design of an effective produciptemnning and control (PPC) process
overcoming the general limitations of existing feamorks, considering all the stages

involved in a typical ETO company.



In this paper, we present the results of a stuaediat (firstly) identifying the
software functionalities required to support andaeexe the most prominent activities
underlying the business of machinery-building comes, assumed as an instance of
the ETO strategy. In particular, we focused on PR&Zesses, which represent a
challenge to both practitioners and academics.

Due to the exploratory intent of the study, we blaser work on a multiple case
studies empirical research (see, for example, Sauda/oss 2001), aiming at
answering the following research questions:

(1) Focusing on PPC, what are the main business pexassl activities that ETO
machinery-building companies need to perform?

(2) What are the main software functionalities necgssasatisfy the ETO
machinery-building processes requirements?

(3) What is the level of integration among the différeoftware solutions adopted

to support the ETO machinery-building business @sees?

In doing this, we identified levers for improvemgeoncerning methodological
and ICT aspects. The result is summarised in aliRR€, high-level reference model,
illustrating all the activities involved in the adfulfilment process, overcoming the
limitations of the few models already existingitedature.

The remainder of the paper is structured as foll&estion 2 describes the
context of the study, while in Section 3 the addpteethodology is depicted. Section 4
outlines the main results of the research, whil8eaction 5 we describe in details the
proposed reference framework. Conclusions areexdfar Section 6 along with the

main limitations of the study and the natural regrps of the research.



2. Context and focus of the study

As stated in the introduction, machinery-buildirmmpanies that usually operate
according to an ETO strategy, represent the tarfgetir study. Thus, the objective of
this section is to briefly describe the main cheeastics of the ETO context of
reference for our analysis.

In the first paragraph (2.1), a comparison betwe€@, Mass Production (MP)
and Mass Customization (MC) is presented in ordédéntify similarities and
(especially) highlight differences between thesmlpction strategies.

The second paragraph (2.2) illustrates the exiséoky of crganizational
methodologies specifically designed for the ETOtert in particular for PPC

processes.

2.1. Overview on ETO strategy and relationship with Mass Production and
Mass Customization

Our study focused on a set of companies operatoogprding to an ETO
strategy. There are several distinctive elemerntsdaand differentiating this context
among other production strategies. Firstly, acemydo such a strategy, each product
has a distinctive degree of customization, and esighed and manufactured in
conformity with individual customer requirements & large extent. For this reason, the
ETO strategy is suitable for highly customized,alsunon-repetitive products (Pandit
and Zhu 2007, Amaro et al. 1999 second key factor is that operating an ETO
strategy involves both a non-physical stage (indgdendering, engineering, design,
and process planning activities), with differensgible configurations (i.e. new product
engineering or engineering modifications to an texgsproduct) (Amaro et al 1999;
Wikner and Rudberg 2005; Gosling and Naim 2009)d am physical stage
(encompassing component manufacturing, assemblyirastallation), as suggested by

Bertrand and Muntslag (1993). Both these stagees tmbe considered to manufacture



each required product. Indeed, ETO strategy medmghalevel of uncertainty in terms
of product specification, demand composition, sypghd delivery lead times, and
duration of the production processes (Wikner andieurg 2005). Not only the product
structure and configuration can change dependinth@rtustomer, but also the market
as a whole can change dramatically. As Andersoralet(2000) depicted, ETO
companies operate within an exceptionally volaglevironment: from one year to
another, customers’ orders and products shipmeartschange by more than 50% in
volumes.

Some other distinctive characteristics of the ETr@tegy, as emerged from the

literature review, are summarized in Table 1.

Characteristic Description References
Core competencies Design, Assembly, Project management, Caron and Fiore, 1995
P Engineering, Logistics \Wikner and Rudberg, 2005

Caron and Fiore, 1995
Amaro et al., 1999
Gosling et al., 2014

Competitive Coordination of internal and exiernal processes;
advantage high technological knowledge; production plannin

Vertical integration Usually low, companies are independent entities |Anderson et al., 2000

Gelders, 1991
Production volume Small volume production; Unique products Tu, 1997
\Wikner and Rudberg, 2005

Supplier Partnership/Contractual Hicks et al., 2001
Product Gelders, 1991
High; Deep and unique bills of material Hicks et al., 2001

customization \Wikner and Rudberg, 2005

Product design and | Many engineering changes during production Hameri, 1997
development phases; Concurrent production and design activitiHicks et al., 2001

Hicks et al., 2001
Replenishment Purchase material directly related to a project  |Caron and Fiore, 1995
\Wikner and Rudberg, 2005

Low accuracy of independent demand forecast; |Anderson et al., 2000

Demand forecasting Fluctuations in mix and sales volume Olhager, 2003

Sharing knowledge, capacity utilization, contrattuAnderson et al., 2000

Risks risk

Table 1 - Main characteristics of the ETO strategy



Due to the high degree of customization, and tad¢tated low level of
repetitiveness, the outputs of ETO companies aeraferred to as one-of-a-kind
products (OKP), in contrast with the outputs of smqaoduction (MP) companies,
which manufacture serial and undifferentiated potslin large volumes. Some authors
(Tu 1997; Wortmann et al. 1997) used the OKP aarorsferred to manufacturing
companies producing customized products withinoglpet domain. Since such a
definition overlaps the ETO companies’ charactesstiscussed above, in our study
we consider OKP as a characteristic of a produberahan a production strategy, and
we use the ETO acronym to refer to companies pinduene-of-a-kind products
(Caron and Fiore 1995). As a production strat&dyQ is usually opposed to MP, since
product customization is customarily in conflicttiwthe high efficiency level and the
economies of scale pursued in traditional mass faaturing.

In the last decade, the term mass customization) @iterged as a possible
intermediate strategy between ETO and MP, attegptirtonjugate the benefits of
both approaches in producing customized produatgtiremely efficient ways. In fact,
MC is defined by Selladurai (2003) as the integratf MP principles with processes
that manufacture custom products. Mass customisatsn implies high-volumes and
high-variety, requiring specific mechanisms for mging the supply chain’s
complexity (Coronado et al. 2004).

An in-depth analysis of these strategies is beybadcope of this paper; nevertheless,
in order to provide a concise background, we compaithout any claim of
exhaustiveness, ETO, MP and MC strategies accotditite following three
dimensions (Figure 1):
e Srategy level: we distinguish the three strategies, posing tiizdd the strategy
that aims at conjugating the efficiency of MP ahed tustomization possibility

provided by the ETO strategy.



* Processlevel: the MP strategy is implemented using a push ambrowvhere
inventory management and demand forecasting ptapstantial role in the
management of all the activities. The ETO strategythe other side, is usually
realized implementing mostly a pull approach, ensjiag flexibility and
responsiveness, minimizing WIP and finished googsmtories, but creating an
issue for processes and resource planning. Theth€gy lies in between,
ideally leveraging the benefits of ETO/MP hybricdpesses.

* Product level: the MP strategy is suitable for the productiotanfe volumes at
a relatively low unit cost, while in the oppositesgtion the ETO strategy
pursues the production of one-of-a-kind productsiaily at a higher unit cost.
In between, the MC strategy pursues the realizatiqgalmost) one-of-a-kind
products at a low unit cost, thanks to simpler emst-effective manufacturing
processes (Pine at al. 1993).

According to this discussion, Figure 1 providesaifioning of the context we have

addressed in our research.

Focus of the study
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Figure 1 - Production strategies comparison

Despite the different uses of the ETO acronym, sones adopted to identify
companies that modify existing orders (Wikner andllerg 2005; Porter et al. 1999)

whereas in other cases it has been used to ideatifypanies in which completely new



designs are developed for each order (Haug e0@P;Hicks et al. 2001), according to
the background previously described we assumetltbatain characteristic of an ETO
company is that each product is either engineerad Ecratch or re-engineered starting
from an existing design, according to the specduirements of a customer.

Adopting the ETO strategy for manufacturing OKPdurats, companies usually
face all the critical factors described above, wsitinificant difficulties in managing
labour force and reducing coordination betweenreggging and production activities
(Anderson et al. 2000). In such a context, ETO camgs have to adapt managerial
paradigms, business models and ICT tools develtgyeather (i.e. the repetitive)
sectors (Hicks and Braiden 2000). Especially fromICT standpoint, the adaptation of
existent tools leads too often to stand-alone agjtins and a low level of integration
among different software, weakly supporting theiteess objectives, and it is still
unclear which IT systems are actually suitableF®0O industry (Gosling and Naim
2009). For example, when selecting an informatistesn, an organisation in such a
context needs a tailored methodology and a likegftarget areas to consider (Deep et
al. 2007). How these organisations select their BRPother information systems as
enablers of growth needs to be investigated, becaoigxtensive research is available.
However, literature provides specific contributathwhe aim to describe the use of
enablers for controlling the on-going state of pretd in the different production
phases, such as RFID system. For example, PerBassl (2013) design and develop a
system for monitoring the order completion statithiww an ETO company and sharing
this data along the supply chain, through the appbn of an innovative system that
integrates RFID and web technologies. However, tteegiot focus on the overall IT
infrastructure required by ETO companies for impmgwoth project management and

planning activities.



To address the issues discussed above, we iddrtietypical processes for
ETO companies, focusing in particular on PPC praegswhich represent a significant

challenge to both practitioners and academics.

2.2. ETO Manufacturing Planning & Control frameworks

Despite the specific set of companies underlyingstudy, for the sake of
completeness we extended the area of analysis@fff@meworks to general ETO
companies.

The ETO industry suffers the lack of a specific Ri#@cess: as underlined by
Stevenson et al. (2005), the choice of a PPC psasesften an ill-informed decision,
based on superficial software features rather gheglection of features that are
designed for a specific industry. The main conseqe®f the lack of specific
organizational and managerial approaches for th@ &dntext is the incidence of re-
work, with consequent time-to-finish delays and@ased costs (Caron and Fiore
1995). The complexity and the variability of th@gucts often result in the adoption of
unsuitable, yet readily available approaches. ¢t Bue to the nature of the ETO
context - in which different projects are carried at the same time, at different stages,
with different levels of completion, and subjecfrequent changes - the adoption of
methods successfully implemented in other cont@xdsmake-to-stock or make-to-
order) may not yield the same benefits (Rahim aakkB 2003). This approach is well
described by Gosling et al. (2014); in their wdHey adapt and extend the typical MTS
principles for the design & operations phases d@eoto (try to) match the specific
requirements of the ETO context. Furthermore, pcodo-related tasks such as
production planning, costing, and shop floor cantould be highly complex, due to
the possible process variations related to high o volume, and complex

manufacturing instructions (Jiao et al. 2005).



The literature provides only few frameworks suitatdr managing projects in
ETO companies, as reported by Amaro et al. (1988)Spring and Darlymple (2000),
for example. As a first general reference for E@panies, the Supply Chain
Operations Reference model (SCOR 2010) providesay point for the description of
the typical (standard) processes to be performedettheless, from one hand, the main
purpose of the SCOR model is to provide a suppiyrchriented representation of the
processes, encompassing different companies frpplists to distributors. On the
other hand, the processes are described in a iggheral way, since they should be
adaptable to many different contexts.

Considering a single company as the objective ostudy, the reference model
proposed by Little et al. (2000), focused upon piag and scheduling, considers six
sub-processes, from the product configuration,utinoproject management and design
planning, towards master production, shop floor asgkmbly scheduling, thus
providing a sound reference point for the defimtad the main activities required.
Nonetheless, this framework requires substantistiornization to reflect better the
specificity of the machinery-building industry atwdinclude the cost control phase.

Gelders (1991) proposed to distinguish betweendifferent production
planning levels: a first factory level suitablenbmnitor capacity load, lead times and
activities budget, and a departmental level, thatides a more detailed order
scheduling.

Dekker (2006) discussed the concepts of the OrdayPoints (also known as
the Customer Order Decoupling Point) and modulargieto address the conflicting
requirements of productivity, lead-time and variéitiie resulting framework is a high
level representation suitable for strategic deosiabout the structure and organization

of the sales, engineering, procurement and manufagtactivities.



In some cases, MTO frameworks can be used astmgthase for the
development of ETO frameworks since, to some exthatlatter can be considered as
an extension of the former with the addition of tlesign and engineering phase.
Ebadian et al. (2008) provide a decision-makingcstire, although limited to the order-
entry stage, to evaluate the customers’ requests MTO context; the decisions about
which of the arriving orders are feasible and patfie for the company are based only
on price and delivery time criteria. This contriloatunderlines the reievance of an
evaluation phase aimed to prioritize the arrivinden, possibly rejecting those that are
deemed as not profitable for the company. Similadgmmati et al. (2012) discuss a
comprehensive decision making structure for acoegtar rejection of incoming
orders. Kingsman et al. (1996), instead, propos@eceion support system aiming at
identifying the resources needed in terms of skifld machines to satisfy technical
features in a multi-project environment, emphagjzhre feasibility of being able to
produce the order with the current work load afiedént delivery times. In a different
industrial context than the main one considerettigpaper, Kagioglou et al. (2000)
identified six key principles, drawn heavily froimetmanufacturing sector, considered
to provide the basis for an improved process peréoice in the construction sector.
Many of these principles, such as the whole projent, the process consistency and
the maintenance of a feedback loop have been tefléc our proposed framework.

Given this scientific background and consideringm@search and experience in
the machinery-building industry, we were not albléind an existing framework
fulfilling all the requirements gathered from theese studies: some existing frameworks
were too general, others were incomplete with retsjoethe considered industry.
Therefore, the reference framework proposed inghpger aims at contributing a novel

PPC, high-level reference model for the machinenjdbng industry informed by



existing frameworks, overcoming their limitatiomsyd illustrating all the activities

involved in the order fulfilment process.

3. Methodology

According to our research questions, we analyseduirent practices in a number of
leading firms operating in the machinery-buildingustry adopting an ETO strategy.
Due to the nature of the research questions, atitetexploratory intent of the study,
we opted for a multiple case studies empiricalaese(Sousa and Voss 2001).

In fact, case studies allow the questions of whyatsand how, to be answered
with a relatively full understanding of the natamed complexity of the complete
phenomenon. Furthermore, case studies are reconegh@riten dealing with complex
adaptive systems, such as engineering and proguetapment projects: in these cases,
researchers should consider “insider” and “paréitopy” approaches to research
(Gosling et al. 2011; Ottosson and Bjork 2004 );dpture depth, nuance, and complex
data during the interviews (Mason 2002).

To better understand the needs and the requirenmeteisns of software
functionalities, we decided to invite companieswah already established basic
knowledge of the subject. Therefore, the sampld usthin the research was built
adopting a judgmentai sampling (Hameri and NiHB®8; Ferreira and Merchant 1992;
Eisenhardt 1989) seiecting cases according tordiftecriteria (Yin 2009; Eisenhardt
1989). This technigue is used in (exploratory) aesle projects and deemed as
appropriate in case of limited resources (Henry0).99

According to the judgmental sampling approach,saumple was based on
available data from industrial associations, thihans’ experience, and their knowledge
of the Italian machinery sector. We also consid¢nedelevance of machinery-building

companies in Italy in terms of presence on thettey, the overall turnover and



employment level, as well as the peaks of excellerached by many of them.

We selected 21 representative Italian-based corapdsee details in Appendix
A) where the unit of analysis was represented byltddian production branch of the
company. Since this study involved a large numibsites, we used multiple
investigators (Voss et al. 2002; Eisenhardt 1989).

A well-designed protocol is particularly importantmulti-case research
(McCutcheon and Meredith 1993), in order to enhdheeaeliability and validity of
case research (Yin 2009). Following these refergnee built the research protocol

summarized in Figure 2 and described hereafter.

Design

()

Data collection

jecti \ Results
* Objectives and o \
bo{]mdan'es * Preliminary \Data analysis « Software
* Instruments . ggﬁ?ﬁ;?ﬁ;ﬁe d |» Within cases analysis functionalities
(ql_lgs{iionnaire, o / * Cross-case analysis * Criticality level
idelines, ... ! i .
o gumple ) » Direct observation / Process framework
/

Questionnaire Software Validated
. . alidatec
results functionalities
framework and
O Interviews Synthesis High-level Discussion with  functionalities
framework companies
Review Review

Figure 2 - The research protocol

Different data collection methods were used, iniclgé preliminary
guestionnaire, semi-structured interviews, diregdtifobservation, and a structured
database to collect and store the information &feh interview. According to the
designed protocol, the preliminary questionnaire wsed to gather general
demographic information about the specific indusitey companies are involved in, the

manufactured products, the turnover, the numbenygdloyees, the amount of



investments in ICT, and so forth. The semi-struedunterviews were then used to
gather other specific data related to the way camnegedo their business, in terms of
process and software support. To this end, theafaitee designed protocol included
the “guideline for interview” (see Appendix B), aaiment designed for interviewers,
outlining the subjects to be covered during anriiésv, stated the questions to be
asked, and indicated the specific data requireg$\& al. 2002). Therefore, the
“guideline for interview” served both as a promgt the interview and a checklist to
make sure that all topics were covered.

Each interview required between one and two dawyparticular, each interview had a
variable duration depending on the number of qaestand on people availability. For
each company, about five people from different hess roles were interviewed, for a
total of 112 interviews within the 21 case studi@gferent respondents from the same
company were sometimes inquired on the same quedtiocross-verify the accuracy of
the answers. The interviews were mainly directecC®O/entrepreneur (19% of the
cases), ClO (19%), sales/marketing manager (108djeq managers (9%) and R&D
manager (8%). Whenever necessary, other managspeafic areas, such as
production, logistics and purchasing, were involirethe interviews (35%).

Key respondents were inquired about the main isaddsessed by the research
questions as the objectives in terms of cost, aneprofitability of the order, the
peculiar features of a custom order, the descnptidche main activities (primary and
support) that are involved in the custom orderilfaient, the description of the
company information system(s) and of its main fesgwand criticalities due to its use in
an ETO context, developing a list of supporteddgsired) software functionalities (see

section 4 and Appendix C).



Upon the completion of the interviews, we analyedpattern of data within
cases to become intimately familiar with each @@sa standalone entity, and to allow
the unique patterns of each case to emerge bedeking to generalise across cases
(Eisenhardt 1989). This preliminary analysis alldvperforming cross-case analyses
related to the investigated issues (Yin 2009)easnted in the remainder.

Then, we performed the final phase in which wegtesil and developed a high-
level process framework (and the related softwanetionalities), with the aim at
supporting the development of processes to fillntian gaps highlighted during the
cross-case analysis, and discussed in Section 4.

The evaluation of the functionalities identifiedrithg the interviews and the
framework validation process were conducted thraugiscussion with the companies
during anad hoc workshop. A validation workshop is very usefukase studies
research: in fact, as presented in Baines and floigh(2013), in this phase some
refinements could be made, inconsistencies identitfatnd additional anecdotal
evidence offered. The workshop was structured adodgy entirely dedicated to the
analysis of the case results. The discussion imebB82 managers (at least one person
per company, see Appendix D), and helped us brintgigether practical and
experiential knowledge of processes and pattetosgavith consideration of
propositions and theory (Gosling et al. 2011). Mwe¥, the workshop, as suggested by
Kagioglou et al. (2000), was also implemented uheotto:

« Collect feedback: we illustrated the proposed fraoré “step-by-step”;
managers were asked to review our work in terntoofpleteness, correctness
and practical applicability. They discussed all élgévities involved in the order
fulfilment process, providing feedback to refineconfirm them,;

e Validate the process framework: in the final phaflsthe workshop, we made a

comprehensive re-reading of the new version ofrdm@ework, highlighting the



main changes to ensure their correctness. Afterstieip, the process framework
(and the related functionalities) was considerdaiated. The final version is

presented in section 5.

4. Case study results and insights

One of the first results emerging from the casdisf) answering the first research
guestion, was the identification of the main atig of a typical ETO machinery-
building company, concerning PPC processes.

As reported in section 2.2, the extant literaturggests the distinctive elements of an
ETO company, but a comprehensive framework relatelde PPC processes is still
missing. Thus, starting from the ETO charactessteported in literature (section 2.1
and Table 1), we drew from the interviews the nRRC activities performed by a
typical machinery-building company. For the sakelafity, we organized the gathered
information according to the widely adopted defontof primary and support activities
provided by Porter (1985). The results are sumradria Table 2.

Depending on the company strategy, some activiti@g be outsourced; nonetheless,

this does not affect the following data analysid dre framework definition.

Primary activities Quotation and order management: it consists in preparing an offer in respons
(Activities to a customer request for proposal (RFP), and suiesely to process the ordg

performed for the received from the customer.
manufacturing and

delivery of a product
or the provision of a
service)

= @

Technical and commercial development: it deals with the definition of the
product’s technical features starting from custosexquirements.

Design: it consists of mechanical, electrical and sofevdesign to meet the
customer’s requirements.

Purchasing: it refers to the procurement of material and congnmts needed to
fulfil customer orders.

—

Production, assembly and testing: it refers to assembly and test of the produg
after the completion of the design and purchasatiyities.

Delivery: it refers to the disassembly of the product Fer delivery to the
customer.




Commissioning: companies’ technicians are responsible for reasiegithe
product at the customer’s site and putting it isgovice.

After-Sales service: it consists in providing services to support oustrs in
case of malfunctions or breakdowns.

Support activities
(Activities helping
the improvement of
efficiency and
effectiveness of
primary activities to
gain competitive
advantage)

Project management: it is related to the identification of order pkastheir
sequence, resources (both human and technicaBtraons, and the time
needed to complete each phase. This activity alsorepasses order progres
monitoring in terms of time, and planning and inmpéntation of corrective
actions.

Uy

Planning: it consists in scheduling the primary activitewl allocating the
resources (equipment, people, and materials). $ihgcand resource
allocation have to respect all the constraints céyp constraints, precedence
constraints, and other constraints coming fronypitegect management) and
assume a multi-project point of view.

Cost contral: it deals with the on-going and final monitorinfitioe main
financial performance, in order to measure objesti@chievements of an enti
order (or a single activity) and to provide feedtsato project management fo
planning corrective actions. It also addressesi#iimition of the order budget
and performance objectives.

re

Table 2 — Primary and support activities for maehyrbuilding companies

Regarding the second and the third research qusstioe definition of the

typical primary and support activities was a preoufor the subsequent identification

of the most relevant high-level software functidgties required for the execution of

these activities in a machinery-buiiding companye Mentified 42 software

functionalities spanning over all the primary angort activities, from “Contract

management” to “Packing list management” (thelfstlof software functionalities is

reported in Appendix C). The way such functiona$tare implemented varies from

company to company. Therefore, to perform a crese-@analysis, and identify some

behavioural patterns among companies, we classhiedample on the basis of the

following two ratios:

* SF=the number ofupported software functionalities over thetotal number of

identified functionalities. A software functionality is consideradpported if it is

actually implemented in the ERP system (or simigegrated software

solutions) or in a stand-alone application. Forpunpose, an integrated



software solution is a software tool interactinghithe ERP, guaranteeing full
tracking and data integration across the compaogvéersely, a stand-alone
application is not synchronized with the ERP sysfeen office productivity
suites), and does not allow seamless data integratiross the company.

* |F =the number ointegrated software functionalities overthe total number of
identified functionalities. The integrated software functionalities are those
implemented in the ERP system (or in an integratdtivare soiution), thus
excluding those implemented in a stand-alone soéw@learly, IF< SF since
the IF ratio may include a subset of the functidies considered for the
evaluation of the SF ratio.

Figure 3 depicts the positioning of the sample canmgs related to the IF ratio

(horizontal-axis) and the SF ratio (vertical-axis).
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Figure 3 - Clusters of sample companies

We then classified the sample in the following folusters, which minimize the loss of
information consequent the merge of different obstgon points (Aggarwal and Reddy,

2014):



e Cluster 1: it includes companies (14% of the sample) thati@ment less than
35% of the identified functionalities with a veigw level of integration (less
than 10% of the software functionalities perfornusdhg the ERP or an
integrated software solution). This cluster encosspa mainly those companies
that still do not have a fully-fledged ERP systenpiace, and mainly implement
the activities through stand-alone software appbca.

e Cluster 2: it includes companies (38% of the sample) thagi@ment between
40% and 60% of the identified software functionesitwith a rather modest
level of integration (less than 25%). Companiethia cluster do have an ERP
system in place, but stand-alone applications frevar the integrated systems.

e Cluster 3: it includes companies (38% of the sample) thasi@ment between
50% and 80% of the software functionalities, mainith the support of the
ERP system or integrated applications.

e Cluster 4: it includes companies (10% of the sample) impleting and
supporting through the ERP or integrated applicatite highest number of

software functionalities.

Starting from this company classification, to ursdend better the similarities within the
clusters we investigated three main dimensionsymed to asctivity formalization
level, ICT software support, andsoftware functionality criticality level. In the remainder

of this section, we further define and discussatad the above reported dimensions.

4.1.  Activity formalization level

With regard to the primary and support activitiesgented in Table 2, for each
company we identified the subset of activities altjuformalized, that is the activities
present in the company’s organization and govebyggrocedures and rules. In almost

all the companies of the sample, the primary detwiare formalized; the only



exception is represented by the technical and cotiatelevelopment activity,
formalized only in the 19% of the sample (Figure®)is result stems from the fact that
19% of the interviewed companies consider the teahand commercial development
as a separate activity, while in the remaining &ff%he sample this activity belongs to
the design phase. Designers themselves, withoutemmediate function, define the

machine technical features.
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Figure 4 - Formalization level of primary and sugactivities

Conversely, the level of activity formalizationgsbstantially lower for the
support activities: in fact, fewer companies fonzglcost control and project
management. In particular, 33% of companies betantp clusters 1 and 75% of
companies belonging to cluster 2 consider costrobattivities as formalized. Only
33% and 25% of clusters 1 and 2, respectivelyndedpecific procedures and rules for
project management activities. In addition, amdregthree support activities, project
management is the less formalized one. In factn@srged from the interviews, project
management is still based on people expertiseaatidictured process with a well-

defined procedure and a shared outcome (i.e., & Gzart showing projects schedule)



is often missing. As a consequence, a large nuoft@mpanies, especially belonging
to clusters 1 and 2, claimed that the on-goinggatsj status, in terms of both time and
costs, is not monitored: updates related to ofidezliness are tracked only through
weekly meetings with the different process manggeinde cost deviations from budget
are calculated only after the product has beenel@d to customer and the order

closed.

4.2.  Software support

We further investigated the software support topthmary and support activities,
distinguishing between ERP, Integrated applicatgursport and stand-alone

applications support, as reported in Figure 5.
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Figure 5 - Software support level of primary adies by cluster

Integrated software tools, especially in compabgsnging to clusters 3 and 4,
support primary activities, besides being propsttyctured and governed by

procedures and rules. On the contrary, clustersll2awhich comprise more than 50%



of the total sample, support most of the primanyvéies through stand-alone
applications. According to our experience and netem this field, companies
operating in the ETO context are often trappedtirade-off between premium software
solutions and more economic, entry level solutidige former usually offer a relevant
part of the functionalities useful for these companbut with relevant costs that SMEs
may not be willing to afford, and without the desirinteroperability among different
systems. Conversely, the latter offer basic fumetiies, due to the reason that this
type of software has been developed for the répefiiroduction sector, and
subsequently adapted to the non-repetitive ondJibiging some lacks even in the
functionalities that should be considered as bafsan ERP software.

Similarly to Figure 5, Figure 6 shows the softwan@port level of project
management, planning and cost control divided bgtels. The results reported in this
chart, along with those reported in Figure 4, higittlthat these three fundamental
supporting activities are not well supported by regority of the sample. This suggests
room for improvements in both the managerial pphes and procedures, and in the
software support of these processes. Indeed, tlagybe considered the core of project-
based enterprises, since the high customizatiartsas frequent changes of product
design, process planning and production routinesafid Dean 2011), and resource

usage has to be carefully handled and monitored.
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4.3. Software functionalities criticality level

We analysed the criticality level of the softwan@dtionalities. To this end, we
distinguished between:

» Critical functionalities: a functionality is deemed as critical if an impement
in the software support, or the implementation aéa one (if not supported
yet), is required by the interviewed companies.

* Non-critical functionalities: a functionality is deemed as non-critical if the
company does not need any improvement in the duscdtware support, or

does not require any implementation at all.

Clusters 1 and 2 deemed as critical the majorityio€tionalities (respectively,
93% and 72% of all the identified functionalitiag @onsidered critical), confirming

that an improvement in the software support is aded



In particular, the criticality level analysed oretactivity basis (Figure 7) suggested that
the support activities are generally consideredencoitical by the majority of

interviewed companies.
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Figure 7 - Criticality level of software functioni@s by activities

Recalling the results related to the formalizatol the support level of the
different activities, a common weakness emergeuh fitte case studies is the lack of
managerial procedures and software support, eslyaaighe production planning and
project management area. In the investigated emviemt, each customer order is like a
new project for the company, sometimes substayptiliierent or with few
commonalities with previous projects. For this magproject management and
production planning should be well known discipine ETO machinery-building
companies, to optimize project sequences, actviateduling, and project status
monitoring. On the contrary, software functionaktisuch as resource allocation

(planning), project activities modification (projgoanagement), activity status



monitoring (project management), activity plann{ptanning), and activity plan
representation (planning) are perceived as crifroah the majority of companies, and
are either not implemented at all or supportedtbgds-alone applications.

A possible motivation underlying this finding resgdin the evolution of the
business context that Italian ETO machinery-bugdiompanies are facing. As
emerged from different interviews, up to some ye&s the business of these
companies was blooming, margins were rather higiepts and activities planning
were headed by few experienced people - usuallgghgany owner or the operations
manager - and some cost inefficiencies were t@dralowadays, customers are
requiring more and more customized machines, shiede times, and lower prices.
Consequently, cost and time efficiency has beconeetioe most important factors to
allow companies to make profit and survive. Fos tigiason, project management and
planning have become very critical processes, simegcan help these companies to
optimize resource allocation, minimize costs, mazexelivery timeliness, monitor
project status, check deviations from budget, dad porrective actions. Furthermore,
since these companies focus more and more on etsts;ost control becomes a
crucial support activity to allow a better evaloatiof costs and financial performance.

As a conclusion of the analysis, it is possiblsttaie that, regarding company
allocation to the different clusters (Figure 3¢ thore a company is closed to the top
right corner of the graph (cluster 4) the more istructured and supported from the ICT
viewpoint. This kind of companies formalizes a Emprtion of the identified high-level
software functionalities required for the executadrthe primary and support activities.
In addition, they support these activities thro&dkP or integrated software
applications; thus, all the information is tracled theoretically always available and
updated. However, another aspect to be considerée ianalysis is also the criticality

level, since the ERP (or the integrated softwamiegtion) should really facilitate the



functionalities execution and fully satisfy the issel'hus, a company should aim at
reaching cluster 4 position but, in the meantirhshould minimize the criticality level.
Regarding the sample, the companies belonginguigier 4 declared an average low
criticality level (5% of functionalities are criaat), meaning that their ICT support is
quite effective. In line with the general resuttg only critical functionalities for the

cluster 4 companies are those related to the plgrand project management activities.

5. Proposal of a reference framework

Through the 21 industrial case studies performetisstudy, we identified a
compelling need for reviewing the general approad¢behe planning, scheduling, and
control activities in typical ETO machinery-buildirompanies. Such a need led us to
the development of an empirical (i.e. derived frolpservation rather than theory), high-
level production planning reference framework, enpassing all the activities involved
in the order fulfilment process. As the analysishaf case studies underlined, the
production management processes in the analysegatoes play an important yet
often underrated role.

Starting from the maps of the companies’ main &, we outlined a general
reference model aiming at assisting company maneageim the review of their
processes. Such a framework, graphically summane&dyure 8, encompasses all the
tasks supporting the primary activities relate@RC processes, resulted as the most
critical and less implemented for the involved sbegé companies. The support
activities are further intertwined with other adtii®s in an ideal flow from the request
for proposal to the cost assessment and control.

In the development of the framework we aimed dutiog the best practices
identified through the interview process. The pnaiary model was presented and

discussed in a dedicated workshop with a panetadyction planners and managers



from the companies involved in the study. The fveision was amended according to
the feedbacks received during the workshop wittptiséessional partners. Although of
a relatively high-level, the logical flow of thetagties was judged reasonable and
coherent with the goals of the involved companié® most relevant feedbacks leading
to changes in the framework were related to:

» the name of the activities: in two cases, it was deemed useful to adjushémee
of the activities to make their content more explice. from “RFP
Management” to “RFP Management and preliminary peb@ngineering”, and
from “Product design review” to “Product designissv & update”);

« thelevd of detail of the activities: in one case, it was requested to split one
activity into two activities, to provide a bett@presentation of the content. In
particular, the former “Project management” acyivias been split into the
“Project planning and management” and “Aggregatécapacity planning”
activities in the final version of the framework.

We provide a description of the final result (tlee proposed framework) in the

next section.
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5.1. Framework description

The proposed framework encompasses two main phiasedEngineering and
plan phase, where the company manages the first contactthé@ltustomer gathering
his requirements, designs and engineers the regupstduct, and plans the future
activities to define the proposal for the customaed ii) anExecution and control
phase, during which the company actually manufacturesgioduct through production
and assembly activities. Further details abouttrgents of these phases are provided
hereafter.

Upon the receipt of a request for proposal (RFREi$png the customer’s
needs and requirements, the company performstaWietuation to define the product
technical characteristics, features and designbisit match the requirements. This
engineering task is a critical task of the wholegasss; in fact, it contributes to the
definition of the activities to be performed, i@ tttecision about which parts must be
planned for purchasing or manufacturing, and winesources should be used or
acquired. During this specific task, designersrearse existing solutions and former
bids to shorten the lead time, and improve the gcbdesign reliability. The level of
detail required in this task depends upon the §pexmintext. Nonetheless, at this stage
of the whole process the company should be aldenerate a draft design effectively,
accurate enough to allow for a proper understandirige required activities and
resources.

The preliminary product design and the RFP are #évatuated to define the
RFP priority compared to already committed ord&he priority index is based on
several parameters such as the requested deliggzyttle relevance of the customer,
the resource requirements, the degree of similaiiity other orders, and so forth.
Therefore, the specific rules and policies goveagriims task depend mainly upon the

company’s orders management strategy and the casi@agmentation strategy. The



priority index defines the access precedence t@wegasources. Each prioritized RFP
then passes to a project-planning task under gporesibility of a project manager, who
refines the product design when needed, and elasoagoroject plan defining all the
required activities and sequences required fofitia production. In case of many,
simultaneous RFPs (or in case the company elalsaitseeRFPs on a batch-base) each
one is evaluated independently (i.e. consideriegptioduction system as empty, and all
the resources immediately available). In this viag,theoretical amount of resources
required to manufacture each proposal is determanediell as the hypothetical
duration of each activity and the delivery datehef final product.

With these resource requirements, an assessmdre pbtential load imposed
upon critical resources must be made before acaptiie order. Therefore, the
subsequent task in the framework is the integratiche RFP with the already
committed orders, to evaluate the impact of the, nmiential orders on the production
system at an aggregate capacity planning levehsidering the RFPSs’ priority indexes,
the advancement status of on going orders, angetiwairces availability, the aggregate
planning activity aims to generate an aggregate gihewing the projected load profile
of the production system. This load projectionwaidor the identification of the
impacts of new orders upon critical resources, supp the decision makers in
managing the workflow and delivery dates. The assest of the impact of the new
RFP on the company’s system is a pillar of theifability management task: the
company can now decide whether to proceed witlptbposal asking the confirmation
to the customer, or reject it and return to a nagoh stage with the customer in order
to change RFP’s parameters, such as the genewalaegnts or the delivery date.

Once the customer accepts the proposal, the RF#ri@sca committed order.
Therefore, it is possible to process the infornmatiba higher detail level, reviewing

and refining the product design, if needed. Theltieg) final design can thus be used to



perform a detailed production planning at the sfiopr level, and scheduling all the

activities of the production process, to drive i@nagerial decisions in the short-

medium term. The detailed plans are then passpobtiuction-floor manager, and the

cost assessment and control activities are contslygerformed until the end of the

order delivery. This on-going monitoring can rdise need of a re-planning, either at

an aggregate or at a detailed level, that candmsequence of internal or external time

deviations, or requirement changes. Table 3 sunzemthe activities in the proposed

framework.

Activity

Tasks description

RFP management
and preliminary

product engineering

Receives the RFP from the customers

Elaborates the preliminary technical and commendiaracteristics of the
product

Manages the RFP during its life cycle

RFP Prioritization

Defines the priority of the RFP according to muéipriteria (i.e. relevance
of the customer, type of the order, products, egstontracts and
agreements...).

Project planning and

management

Defines the required design activities on the bakthe preliminary design
Defines the required resource and manufacturirigites (production,
assembly, purchasing...)

Defines the preliminary sequence of the manufaog@ssembly, and
purchasing activities

Aggregate and

capacity planning

Elaborates the aggregate requirements
Elaborates the capacity planning and resource remeints

Profitability

management

Evaluates the profitability of the proposals
Provides information for the acceptance/rejectieqision

Customer proposal

acceptance

The customer decides whether to accept or rejegbithposal

Product design

review & update

Reviews and/or updates the product design upowimgstrequest
Engineers the final version of the product, sedtlime product design for th
next tasks

U

Renegotiation

Supports the renegotiation of the RFP or of thgpsal in case of rejection

Shop-floor and

assembly scheduling

Defines the detailed sequence of the manufactusisggmbly, and
purchasing activities

Provides medium- to short-term scheduling to mactuféing and assembly
departments

Production,
Assembly, Testing &

Control

Executes the production and assembly tasks
Surveys the production advancement

Monitors the exceptions

Resolves operational issues and defines countenact
Controls the execution of the required activities

On-going cost

assessment & contrg

Monitors the execution of the tasks
Monitors the costs




Final cost assessmente Monitors the final cost

upon order » Archives costs data for future budgeting activities

completion

Table 3 - Activities in the proposed framework

This framework aims at representing an initial eeasonably comprehensive
model of the logical, high-level flow of the regedr activities, which could serve as a

reference for the development of new processesaitare support.

6. Conclusions

Today’s competitive pressure often emphasizesub®mer’s requirement for highly
customized products. For this reason, EngineerrttieOcompanies play a pivotal role
in many industries, allowing for the realizationasfe-of-a-kind products upon
customer’s specification. Due to the peculiaribéshe ETO manufacturing strategy
and of machinery-building companies, carefullyaeed managerial paradigms,
methods, and supporting tools are required forfiacteve and efficient management.
Nowadays, these companies are becoming aware ag#tof suitable tools and
managerial paradigms to handle the multi-facetédipcflows from order receipt to
product delivery and commissioning.

In our opinion, the results of the 21 case studlestrated throughout the
paper, support the relevance of the addressedrcbsgaestions. As a matter of fact,
many activities are still performed in inconsistesatys, using different software
supporting tools (implying possible redundancy amsialignment), or even manually.
Therefore, as the feedbacks from the involved marsagnderline, the machinery-
building companies still suffer the lack of compeakive process frameworks and
related software tools encompassing the wholefsattivities required to develop the

business (RQ 3).



One major contribution of this study, as the resaftthe study underline, is the
clear identification of a lack of ICT support ofadundamental tasks such as project
management and planning. This evidence, in conjumetith the analysis of the
criticalities of software functionalities (RQ 2)mnessed by the participants to the study
(see Appendix C), led us to infer that there isssaifitial room for improvement in this
concern. To this regards, although this aspect gegsnd the specific goal of this
paper, we envision the possibility of extending élesting software offering, designing
and providing tailored applications for the machyneontext. The development of an
integrated software environment to support (inipaldr) project management and
planning activities, specifically addressed to #irsd of ETO companies, could help
them in improving their performance and competiip®s.

Another contribution to the current body of knowgeds the identification of a
compelling need for reviewing the general approatbehe planning, scheduling, and
control tasks in ETO machinery-building companiesthis end, the proposed
framework aims at representing an initial and reabty comprehensive reference
model of the logical, high-level flow of the regedr activities (RQ 1). Being based on a
selected sample, the framework includes good mefrom different machinery-
building companies operating according to the ETr@tagy. It is noteworthy to
mention that the specific contents of each actiaitg task, as well as the mode of
implementation of the required functionalitiesb@und to the specific industry, product
and context being realized. Therefore, due to thle Wariety of industries for which the
ETO strategy is suitable, it is not possible tarbany sense exhaustive.

Considering both the practitioners and researghargs of view, further
investigations are required to tailor the framewtarlother real cases, even involving
other ETO industries (e.g. special earth-movinghrae; offshore platform), with

companies coming also from other countries. Segome envision the possibility to



apply the proposed framework in real companiesuiin@d hoc intensive case studies,

in order to drive the design and implementation@i managerial processes in the PPC
area. A longitudinal study, in fact, could allow fostronger validation of the
framework, and for a factual measure of the poaébenefits. To this end, both
organizational and technical questions should loeessed. Considering the latter
aspect, the framework can serve as a referentcbdatesign of a tailored ETO software
support, providing a sort of checklist of the maaftware functionalities required for

managing the business.



Appendix A — Sample demographics

% of products

Employee | Turnover c designed on
ompany
Company class class . Industry customer
. size ;
[number] [mio €] requirements
(P)

Company 1 <50 <10 Small Mechatronic systems P>80%

Company 2 <50 <10 Small Grinding 60%-< P < 809
Industrial automation,

Company 3 <50 <10 Small especially in the steel P>80%
industry

Company4 | 50-250 | 10-50 | Medium|SPecial fire fighting 60%< P < 80%
vehicles

Company 5 50 - 250 10-50 Medium CNC machiningessn P >80%

Company 6 50 - 250 10-50 Medium Electric ovens %8 < 80%

. Automated assembly
Company 7 50 - 250 10-50 Medium systems for batteries P>80%
. Machines for food

Company 8 50 - 250 10-50 Medium packaging P>80%

Company 9 <50 <10 Small Test benches P >80%

Company 10 50 - 250 10-50 Medium Rolling steahpd P>80%

Company 11 50 - 250 10-50 Medium Milling Systems 60%< P < 80%

Company 12 50 - 250 10-50 Medium Calenders 60%<8B%

Company 13 | 50-250 | 10-50 | Medium| B&iancing, measuring and g0, b oo
testing systems
Assembly lines and

Company 14 <50 <10 Small machines, palletizing P>80%
systems and testing

Company 15 | 50-250 | 10-50 | Medium|Automatic washing 60%< P < 80%
systems
Machines for processing

Company 16 50 - 250 10-50 Medium | different materials (wood| 60%< P < 80%
glass, plastic, ...)
Trencher for excavating

Company 17 > 250 > 50 Large machines and machines| 60%< P < 80%
for stringing cables

i 7 . Equipment for the

Company 18 50 - 250 10-50 Medium extrusion P>80%
Dies and molds for

Company 19 <50 <10 Small casting aluminium venee P>80%
Machines for the

Company 20 50 - 250 <10 Medium | automation of assembly P>80%
processes

Company 21 > 250 > 50 Large Machines for hosiery %8M < 80%

Table 4 - Sample demographics



Appendix B — Guidelines for interview

ID Source Domain Topic Variable/Question (possible) Bpondents
1 Prehm_mary_ Compgny Demogrgphlc Company name Entrepreneur / CEO
Questionnaire Overview information
2 Prehm_mary_ Compgny Demogrgphlc Corporate designation Entrepreneur / CEO
Questionnaire Overview information
3 Prehm_mary_ Compgny Sectpr ‘_?f ATECO Code Entrepreneur / CEO
Questionnaire Overview application
4 Prehm_mary_ Compgny Demogrgphlc Location (City/Address/...) Entrepreneur / CEO
Questionnaire Overview information
5 Prehm_mary_ Compgny Demographlc Web site Entrepreneur / CEO
Questionnaire Overview information
6 Prel|m_|nary_ Compgny Demographlc Foundation year Entrepreneur / CEO
Questionnaire Overview information
Preliminary Company Company s
7 Questionnaire Overview governance Does the company belong to a corporate group? fietneur / CEO
8 Prel|m_|nary_ Compf’my Company Indicate the number of production plants Entrepreneur / CEO
Questionnaire Overview structure
9 Prel|m_|nary_ Structural_ . Economics Yearly turnover Entrepreneur / CEO
Questionnaire characteristics
10 Prel|m_|nary_ Structural_ . Demographlc Number of employees Entrepreneur / CEO
Questionnaire characteristics information
11 Prehm_mary_ Structural_ . Company Yearly investment in ICT Entrepreneur / CEO / CIO
Questionnaire characteristics structure
- o T
12 | Interview Context Market Has the sector been hit by the crisis? Is it redog@ How your company seg  Entrepreneur / CEO / Sales
the future? manager
13| Interview Context Market What is the market growipectation? Sales manager / CEO
14| Interview Company Critical succes$ Which are the critical success factors in the itig@sWhich are your strengths  Sales manager /Marketing
Overview factors and weaknesses? manager
. Company Critical succes$ Which are your core activities? Do specific ICTIsadequately support Entrepreneur / CEO / Projec
15| Interview .
Overview factors them? manager / CIO
. Custom order Product Describe the main features, objective and spetifafi your product/orders, if Entrepreneur / CEO / Projec
16 | Interview - o L
features characteristics | terms of cost, quality, time and profitability manager
17 | Interview Custom order Product ... | Describe the value for the customers (for whatlaeg willing to pay?) Entrepreneur / CEO / Projec
features characteristics manager / Sales Manager




ID Source Domain Topic Variable/Question (possible) Bpondents
18| Interview Custom order Product ... | How would you describe your typical product? Sales manager / Marketing
features characteristics manager / Project manager
. Custom order Product Relevance of the design phase on your typical prodidentify which are the Project Manager / R&D
19| Interview TS N :
features personalization| "real" ETO product in the company) Manager /
20| Interview Custdtn orgler Product .__.._ | Which is the % of products designed based on clestoaguirements? Project Manager / R&D
features personalization manager /
21 | Interview Custom order Product How does your company mainly answer to customeersfi Project Manager / R&D
features personalization (Engineering to order; Make to order; Assembly tdew... Mixed or other) manager /
. Custom order What processes and company's functions are negdesdine customer order| Entrepreneur / CEO / Projec
22| Interview : Processes :
fulfilment fulfilment? manager /
. Custom order Is there a specific responsible for each ordetfidsole of "project manager"| Entrepreneur / CEO / Sales
23| Interview : Processes ;
fulfilment formalized? manager /
. Custom order Level of collaboration between the different busméunctions: specific Entrepreneur / CEO / CEO
24| Interview : Processes . > . . . :
fulfilment meeting, deliverable, information exchange, progeeslysis... Assistant / Sales manager /
. Custom order Activities ; . . Entrepreneur / CEO / Projec
25| Interview fulfilment composition Which are the primary and support company acts/ftie manager / R&D manager
For each activity (see # 25):
26 | Interview Description of Processes Is this activity formalized inside the company (chiised in the company Specific function manager
main activities quality manual)? Which are the main objectiveshid activity? Which are the /Project manager
main tasks and connected input/output?
For each activity (see # 25):
- have you defined specific roles and responsibdit
- have you defined performance indicators and isfge
. Description of - have you defined structured formal procedures&tidb manage this activity Specific function manager
27| Interview ; L Processes . : .
main activities and its main tasks? /Project manager
- have you defined specific methods and implemehfedols to support this
activity?
- which are the main features/criticalities of thigivity?
Compan For each activity (see # 25):
Interview Description of . pany What kind of IT tool is used to support the actiits this tool adequate for Specific function manager /
28 ; L information ; : S T S
main activities svstems you? Which are its main criticalities? ClO
Y (list of IT tool mainly used to support the specifirocess)
Description of Company For each activity (see # 25): Specific function manager /
29| Interview P information Which is the integration level of this tool withhet company' software? P 9

main activities

systems

(e.g. Integrated with ERP, stand-alone...)

CIO




ID Source Domain Topic Variable/Question (possible) Bpondents
Software Which of these software functionalities (see SWfionality check list) are Specific function manager /
30| Interview IT tools supported by the information systems? (Analyse tisonain features and P 9

functionalities

criticalities due to its use in an ETO context)

CIO

Table 5 — Guidelines for interview




Appendix C — Software functionalities

# | Activity Functionalities

1 | Quotation and order management Product Configurat

2 | Quotation and order management Customer Relaijphsanagement (CRM)

3 | Quotation and order management Order quotatitabdae

4 | Quotation and order management Order quotation

5 | Technical & Commercial developmeritechnical specifications management

6 | Design Bill of Materials generation

7 | Design Bill of Materials change management

8 | Design Synchronization of electrical design safsvdata with ERP

9 | Design Synchronization of mechanical design software datta
ERP

10 | Design Software versioning

11 | Purchasing Purchase order request

12 | Purchasing Item classification

13 | Purchasing Purchasing cycle management

14 | Purchasing Management of supplier master data

15 | Purchasing Contract Management

16 | Purchasing Stock movements

17 | Purchasing Labels/barcode printing

18 | Production, assembly and testing Items allonatio

19 | Production, assembly and testing Order prodactianagement

20 | Production, assembly and testing Order assemahagement

21 | Production, assembly and testing Testing report

22 | Delivery Determination of loading production pda

23 | Delivery Supporting documentation

24 | Delivery Packing list management

25 | Delivery Missing material list reporting

26 | Commissioning and service Commissioning actildty

27 | Commissioning and service Commissioning prolbieanagement

28 | Commissioning and service Complaints management

29 | Commissioning and service Technical assistaransagement

30 | Commissioning and service Remote monitoring

31 | Commissioning and service Service reporting

32 | Project Management Activities plan sharing

33 | Project Management Project activities modifiati

34 | Project Management Activity status monitoring

35 | Planning Resource allocation

36 | Planning Activity planning

37 | Planning Activity plan representation

38 | Cost Control Man-hour and cost allocation toeord

39 | Cost Control Deviations analysis

40 | Cost Control Order accounting

41 | Cost Control Order budget issuance

42 | Cost Control Budget modification

Table 6 - List of 42 identified software functioitias




Appendix D — Workshop attendance

Domain Gender | Experience Job position Role in the meeting
Academic M Over 10 years Full professor Moderator
Academic Over 5 years Assistant professor Workshop
coordinator
Academic Over 5 years Post-doctoral researcher Workshop
coordinator
Academic Over 5 years Post-doctoral researcher Observer
Academic 5 years or less PhD student Observer
Academic 5 years or less PhD student Observer

Professional Over 10 years CEO Domain expert
Professional Over 10 years CEO Domain expert
Professional Over 10 years CEO Domain expert

Professional

Over 10 years

CEO assistant

Domain expert

Professional

Over 10 years

CEO assistant

Domain expert

Professional

Over 10 years

CEO assistant

Domain expert

Professional

Over 10 years

Entrepreneur

Domain expert

Professional

Over 10 years

Entrepreneur

Domain expert

Professional

Over 10 years

Entrepreneur

Domain expert

Professional

Over 10 years

CIO

Domain expert

Professional

Over 10 years

CIO

Domain expert

Professional

Over 10 years

EDP manager

Domain expert

Professional

Over 10 years

EDP manager

Domain expert

Professional

Over 10 years

EDP manager

Domain expert

Professional

Over 10 years

EDP manager

Domain expert

Professional

Over 5 years

EDP manager

Domain expert

Professional

Over 10 years

Project manager

Domain expert

Professional

Over 10 years

Project manager

Domain expert

Professional

Over 10 years

Project manager

Domain expert

Professional

Over 10 years

Project manager

Domain expert

Professional

Over 10 years

Project manager

Domain expert

Professional

Over 5 years

Project manager

Domain expert

Professional

Over 10 years

Sales and marketing manage

Domaerex

Professional

b IEEAEAEd EdD b E EAED EAE4EDED R I EDEd R T T EY B R R ED D | -

Over 10 years

Sales and marketing manage

Domaerex

Professional M Over 10 years R&D manager Domain expert
Professional M Over 5 years R&D manager Domain expert
Professional M Over 5 years R&D manager Domain expert
Professionali M Over 10 years R&D manager Domain expert
Professional F Over 10 years Purchasing manager Domain expert
Professional M Over 10 years Purchasing manager Domain expert
Professional M Over 10 years Production and logistic manager Dorespert
Professional M Over 10 years Production and logistic manager Dorespert

Table 7 - List of people attending the workshop
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