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ABSTRACT 

Automated purchase order – experiments and expectations in mid-sized manufac-
turing companies 
 
Operational processes were originally designed before of large-scale information 
technology revolution in industries. Based on this fact, it has been argued that by 
redesigning business processes with help of information technology, efficiencies 
in operational processes may be achieved. Process integration and automation 
should save valuable time and resources at the same time. However, in small and 
medium sized businesses limited resources reduce possibilities to implement both 
information technology and changes in business processes. The research in this 
area concentrates whether on large corporations (in depth or on large samples) or 
on small and medium sized companies based on statistical information. Longitu-
dinal and deep analysis on business process change in small and medium sized 
companies is scarce. In depth analysis on small and medium sized companies in 
the area is scarce. 

This research investigates the savings in labour and capital that are achievable 
through automating and integrating routine purchase process within a supply 
chain. This study investigated the area of purchasing and especially routine pur-
chasing of direct production materials. Through the use of action research, quan-
titative and qualitative analysis, a variety of methods are used in order to give a 
broader view to the data and results. 

From the practical point of view, the purchase process of production materials 
is often repetitive work based on information from diverse information systems 
and sources. This study investigated the possibility of increasing efficiency 
through automated routine processes. As an indicator of increased efficiency, 
change in inventory turns was chosen. Three research questions were set: will 
purchase order automation have an effect on inventory turns, what are the main 
contributors to any observed changes in inventory turns and are the observed 
changes relevant in a larger context of small and medium sized companies?  

For the two first questions action research methodology was used with partici-
pant observation. Two projects of purchase order automation were conducted and 
effects on inventory turns were measured. The automation projects were con-
ducted in a medium sized electronics manufacturing company and with two of its 
suppliers. A controlling sample was collected from the company item transaction 
database. These results were analysed with quantitative analysis methods. The 



data includes three samples of data between years 2000 and 2004. Results 
showed that automation does not clearly improve inventory turns but the results 
are mixed. Observed changes result from improved parameter setting and change 
in business conditions. 

The third question was treated separately through semi-structured interviews 
within purchase professionals in medium sized manufacturing companies. Four 
interviews were conducted in 2014-2015 to verify results from purchase automa-
tion projects. The answers were analysed with qualitative methods. It was found 
that the process of automation and its results are relevant to medium sized manu-
facturing companies. Special care, however, should be taken while implementing 
the system and setting its basic parameters. 

From the theoretical perspective, the research emphasizes the assumption that 
the benefits of business process changes are not always clearly visible but some 
positive results may be achieved. In regard of human decision-making biases it is 
clear that they exist and the effects of these biases may be reduced through pro-
cess automation. The use of several different methods in data collection and 
analysis opens a larger picture for a deep analysis of the processes and their re-
sults. Through action research insights to the actual phenomenon are gained and 
a longitudinal analysis gives more than a snapshot to it. 

From the managerial perspective, process automation is an option to consider 
but at the same time it should be part of a larger process change initiative to see 
that it does not result into sub optimisation of processes at the expense of general 
process optimisation of a company. It is crucial to understand the biases made by 
individual decision makers in business processes and see, how the negative ef-
fects of these biases may be avoided through careful consideration of process 
automation. 
 
Keywords: action research, business process re-engineering, case study, electron-
ics industry, inventory management, medium sized companies, participant obser-
vation, purchasing, supply chain management 
  



TIIVISTELMÄ 

Automatisoitu ostotilaus – kokeiluja ja odotuksia keskisuurissa valmistavissa 
yrityksissä 
 
Operatiiviset toimintatavat suunniteltiin ennen suurimittaista tietotekniikan val-
lankumousta eri teollisuuden aloilla. Onkin esitetty, että operatiivisten prosessien 
tehokkuutta voidaan kasvattaa uudistamalla liiketoimintaprosesseja ja käyttämäl-
lä niissä tietoteknisiä sovelluksia. Prosessien integroinnilla ja automatisoinnilla 
voidaan säästää arvokasta aikaa ja resursseja samanaikaisesti. Pienten ja keski-
suurten yritysten kohdalla ongelmana ovat resurssien rajallisuus, mikä vaikeuttaa 
prosessien uudistamista ja tarvittavien tietoteknisten sovellusten käyttöönottoa. 
Tutkimus aiheesta rajoittuu joko suuryrityksiin (perusteellinen analyysi tai laa-
jempaan otokseen perustuen) tai pieniin ja keskisuuriin yrityksiin tilastolliseen 
tietoon perustuen. Perusteellinen analyysi pienissä ja keskisuurissa yrityksissä on 
tällä alueella harvinaista. 

 Tällä tutkimuksella selvitettiin, voidaanko rutiininomaisen ostotyön prosessin 
automatisoinnilla ja integroinnilla toimittajien kanssa saavuttaa säästöjä toimi-
tusketjun työ- ja pääomakustannuksissa. Tutkimus tehtiin siis ostotyön ja erityi-
sesti suorien tuotannollisten materiaaliostojen alueella. Käyttämällä toimintatut-
kimusmenetelmää, sekä kvantitatiivisia että laadullisia analyysitapoja, saadaan 
laajempi näkökulma käsiteltyyn tietoon ja tuloksiin. 

Käytännöllisestä lähtökohdasta katsoen on tuotannollisten materiaalien osto-
toiminta usein toistuvaa, rutiininomaista työtä, joka perustuu tietoon eri järjes-
telmistä ja lähteistä. Tuottavuuden nostamiseksi oli kiinnostava tutkia saadaanko 
rutiinityön automatisoinnilla tehostettua kyseistä prosessia. Varaston kierron 
muutos valittiin tehokkuuden nousun mittariksi. Tutkimuksessa haettiin vastausta 
kolmeen kysymykseen: onko ostotilauksen automatisoinnilla vaikutusta varaston 
kiertonopeuteen, mitkä tekijät vaikuttavat havaittuihin muutoksiin varaston kier-
tonopeudessa ja ovatko tässä tutkimuksessa saadut havainnot merkittäviä suu-
remmassa joukossa pieniä ja keskisuuria yrityksiä? 

Kahden ensimmäisen kysymyksen kohdalla käytettiin toimintatutkimusta ja 
tutkijan osallistumista toimintaan tutkittavassa kohteessa. Kaksi ostotilauksen 
automatisointiprojektia toteutettiin ja niiden yhteydessä mitattiin varaston kierto-
nopeuden muutoksia. Automatisointiprojektit toteutettiin keskisuuressa yrityk-
sessä kahden yrityksen tavarantoimittajan kanssa. Vertaileva otos kerättiin yri-
tyksen nimiketapahtumien tietokannasta. Nämä tulokset analysoitiin kvalitatiivi-



sin menetelmin. Materiaali sisältää kolme otosta vuosien 2000 ja 2004 väliseltä 
ajalta. Tutkimuksessa todettiin, että automatisointi ei selkeästi parantanut varas-
tojen kiertonopeutta vaan tulokset ovat ristiriitaisia. Havaitut muutokset johtuvat 
pääsääntöisesti parannetusta järjestelmän parametrien asetuksista sekä muista 
liiketoimintaympäristön muutoksista. 

Kolmas tutkimuskysymys käsiteltiin erikseen käyttäen puolistrukturoitua haas-
tattelurunkoa, jonka avulla haastateltiin ostotoiminnan ammattilaisia keskisuuris-
sa valmistavissa yrityksissä. Vuosina 2014-2015 toteutettiin neljä haastattelua, 
jotta voitaisiin tarkistaa automatisointiprojektien tuottamat tulokset. Haastattelu-
jen vastaukset analysoitiin laadullisin menetelmin. Tuloksena havaittiin, että au-
tomatisointiprosessi ja sen tulokset ovat merkityksellisiä keskisuurissa valmista-
vissa yrityksissä. Erityinen huomio tulee kuitenkin kiinnittää käyttöönottoprojek-
tiin ja järjestelmän perustietojen määritykseen. 

Teoreettisesta näkökulmasta tutkimus vahvistaa näkemystä siitä, että liiketoi-
mintaprosessien muutoksella saadut hyödyt eivät ole aina selvästi näkyvissä, 
vaikka joitain positiivisia vaikutuksia voidaan havaita. Inhimillisten päätöksente-
koprosessien alttius poikkeamille normaalista vaikuttaa myös ostoprosessiin, ja 
automatisoimalla ostoprosessia sen negatiivisia vaikutuksia varaston kiertono-
peuteen voidaan vähentää. Eri menetelmien käyttö tiedon keräämisessä ja tiedon 
analysoinnissa antaa laajemman kuvan toimintatapoihin ja niiden tuloksiin. Toi-
mintatutkimuksen avulla voidaan päästä lähemmäs asioiden todellisia syitä ja 
pitkällä tutkimusjänteellä saadaan enemmän kuin yksittäisiä kuvia tilanteesta. 

Yrityksen johdon näkökulmasta toimintaprosessien automatisointi on yksi 
mahdollisuus, mutta sen tulisi aina olla seurausta laajemmasta toiminnan arvi-
oinnista jotta vältytään yksittäisten prosessien optimoinnilta koko yrityksen liike-
toimintaprosessin optimoinnin kustannuksella. On myös erittäin tärkeää ymmär-
tää yksittäisen päätöksentekijän aiheuttamat poikkeamat prosessiin, ja se miten 
nämä poikkeamat voidaan välttää huolellisella valinnalla siitä, mitä prosesseja 
automatisoidaan. 
 
Avainsanat: elektroniikkateollisuus, keskisuuret yritykset, liiketoimintaproses-
sien uudelleenmäärittely, ostotoiminta, tapaustutkimus, toimintatutkimus, toimi-
tusketjujen johtaminen, tutkijan osallistuminen 
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1 INTRODUCTION 

The topic of this research is related to a fragment of supply chain management. 
The use of the word fragment might appear to downplay the significance of the 
work, but given the fact that a system is as strong as its weakest link: its im-
portance is not minor. Supply chains have recently become more prominent as 
firms are increasingly specialising instead of integrating vertically. This creates a 
need for suppliers and partners to obtain all the services that were previously 
supplied in-house (Samaranayake, 2005). In order to satisfy the demands of end 
customers, organisations should focus on managing and promoting the total per-
formance of the supply chain (Cox, 1999). Trust is a prerequisite in this process 
in terms of facilitating free communication in the pursuit of common goals and 
success (Potocan, 2009). 

Supply chain management, logistics and purchasing are directly linked. They 
monitor the same flows of material and goods from different perspectives and are 
connected hierarchically. The Council of Supply Chain Management Profession-
als defines supply chain management as follows:  

 
“Supply Chain Management encompasses the planning and management of all 
activities involved in sourcing and procurement, conversion, and all Logistics 
Management activities. Importantly, it also includes coordination and collabora-
tion with channel partners, which can be suppliers, intermediaries, third-party 
service providers, and customers. In essence, Supply Chain Management inte-
grates supply and demand management within and across companies.” (Mentzer 
et al., 2008) 
 

This definition shows the importance of supply chain management to compa-
nies and business: it incorporates all the planning and management activities af-
fecting the supply of goods and services. 

Purchasing makes a major contribution to business performance (Gonzalez-
Benito, 2007; Chen et al. 2004). The value of goods and services sourced from 
outside represents 70 per cent or more of overall company costs, especially in the 
manufacturing industry (Ellram and Cousins, 2007), and this applies to both stra-
tegic and operative purchasing. The role of purchasing is expanding as new pro-
cesses related to outsourcing, sustainable development and business-to-business 
relationships emerge (Zheng et al., 2007). In order to enhance performance and 
gain competitive advantage companies should direct their purchasing resources 
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to the functions and processes that add most value and promote efficacy (Baier et 
al., 2008). At the same time, e-business applications facilitate the automation of 
minor tasks and hence the redirection of resources (Zheng et al., 2007). 

Information technology has brought about many improvements in business 
processes and practices. Various Internet-based business tools are affecting pur-
chasing as well, in the form of e-auctions and the transfer of commercial data. In 
a wider context, common data-communication languages and interfaces allow 
data transfer between organisations and systems. Some 20 years ago, electronic 
data interchange (EDI) systems were introduced as a tool for inter-organisational 
communication, offering a standard language and interface through which com-
panies could connect with each other. The drawbacks included high costs, diffi-
culties with implementation and the slow development of standards (Chong, 
2008). More recently, systems using extended mark-up language (XML) and the 
RosettaNet standard have been gaining ground due to the lower investment costs, 
the speedier development of standards and the increased business opportunities 
(Chong and Ooi, 2008; Fulcher, 2005; Malhotra et al., 2005). Various applica-
tions require investments however, and consequently there are differences be-
tween larger and smaller companies in adopting these technologies (Zheng et al., 
2007). 

In order to find out more about the effects of implementing these tools and 
techniques in small and medium-sized companies, this study investigates the in-
fluence of purchase-order automation on inventory turns, and the reasons for any 
change. It comprises a single-case study involving researcher participation in a 
system implementation process. Its interest lies not only in the topic, but also in 
the research method and the availability of detailed purchase and inventory data. 

1.1 Generic Scope 

This research is based on the key concepts of logistics, purchasing and inventory 
management. All these concepts include the different stages that build up a sup-
ply chain. As difference to the operations management area, all of these concepts 
are serving the movement of “flows” in supply chains (Arlbjorn and Halldorsson, 
2001). In this particular research, the flow that is followed is the flow of materi-
als between two companies. As part of managing the flow, purchasing and inven-
tory management play a crucial role. As a tool in managing these flows, infor-
mation systems are being used. 

The aim of this research is to spotlight the effects of purchase order automa-
tion to small and medium sized companies. In this research automated purchase 
order is defined as a process that automates parts of a standard purchase order 
process at buyer and/or supplier side. Despite the focus on a part of buyer suppli-
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er relationships, there is no proper dyadic view but the research concentrates 
more on the buyer side of the relationship. Further, the scope is on industrial pur-
chasing, that is production related purchasing.  

 The focus of this research is on the behaviour of inventory levels and turns of 
electronic components in a medium-sized Finnish electronics manufacturing 
company. Several criteria were used in selecting the components from the data-
base of the company under investigation. Primarily the selection was based on 
the purchasing process: it had to have been automated during the investigation 
period. A secondary group of components purchased by traditional means served 
as a comparative basis or “normal” set of components. The lifecycle and history 
of the components also played a role in the selection procedure: only those with 
at least a three-year history at the time of the investigation were included in the 
sample. Most of them had a transaction history of four years or more in the com-
pany database.  

The components under investigation were semiconductors, widely used in the 
manufacture of all kinds of electronic devices. They were bought for the case 
company through distributors that purchased them directly from the manufactur-
ers. The focus in this research is on the purchase-order process from the compo-
nent distributor to the case company, which manufactures electronic devices for 
its end customers for their service provision. This also limits the scope of the re-
search to industrial electronics manufacturing and the related purchasing pro-
cesses. 

The following table summarises the generic scope of the research. 

Table 1 Research scope  

 
Area Scope 
Industry Industrial electronics manufacturing  
Objects Electronic components, semiconductors 
Organisation Purchasing, Inventory 
Number of cases One 
Number of compa-
nies One 

Size of the compa-
nies Medium 

 
The aspects listed in Table 1 above are further discussed in the various Chap-

ters comprising this thesis. The scope is further defined in the section on limita-
tions (Chapter 1.5). The number of cases is limited to one, and the methodology 
is further discussed in Chapter 2, The Research Process. 
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1.2 Research questions 

This research investigates purchasing and the routine processes involved. The 
basic premise is that successful purchasing contributes to the overall success of 
the company, and that there is consequently an interest in developing the meth-
ods in order to increase efficiency and corporate performance as a whole. The 
quantitative data used comprises inventory transactions and the levels after each 
transaction. The system was developed in order to rationalise and save human 
labour in routine tasks and free resources for more profitable tasks from the com-
pany management’s point of view. Following the introduction of the system the 
apparently natural question arose as to whether it was working as it was meant to. 
Its effect on inventory development was also questioned. The following research 
questions were therefore posed:  

 
1. Will purchase-order automation have an effect on inventory turns?  
2. What are the main contributors to any observed changes in inventory 

turns? 
3. Are the observed changes relevant in a larger context of small and medi-

um sized companies? 
 

The aim in the first question is to assess the effect of purchase-order automa-
tion on inventory turns. Inventory turn, or inventory cost, is recognised as a key 
general performance indicator in enterprises (e.g., Henfrey et al., 2008; Cai et al., 
2009; Dehning et al., 2007), and indicates how many times the current inventory 
level would be renewed given average historical consumption. It can also be ex-
pressed in terms of days, in other words how long the existing inventory will last 
given average historical consumption. 

The second question is more analytical and concerns the reasons for any 
changes in inventory turns. As such, inventory turns are easily measured and re-
ported as facts, but it is also important to identify the actual, or probable, reasons 
for any change. The automation of a business process may not be the only rea-
son, given that in any real, uncontrolled situation there are variables that are more 
or less uncontrolled. In this case, too, some elements were controlled, but others 
were not. 

The third question aims at raising the discussion on a more general level from 
the narrow case company findings. To answer this question, a small sample of 
purchase professionals was selected to participate in semi-structured interviews 
to see their ideas on the topic. Further, the results of the interviews were reflected 
to relevant literature. 
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1.3 Research objectives 

This section continues the above discussion on the research questions and their 
connection with the current study in further linking them to the research objec-
tives. The automation of business processes is one element of this research, spe-
cifically in connection with purchase-order processing.  

The main objective is to identify, through one case analysed from different 
angles, the link between business-process automation and the key performance 
indicator of the particular process. With regard to the case in question, a further 
objective is to find relationships between changing from normal manual to auto-
mated purchase-order processing, together with changing the parameter setup in 
the decision-support systems, and the change in KPI that is normally used in 
evaluating purchasing effectiveness, in other words inventory turn or inventory 
days of raw materials (Dehning et al., 2007).  

To verify at some level the findings from case company, four purchase profes-
sionals from different companies are being interviewed to see if the findings 
could be of more general nature. 

1.4 Structure of the thesis 

This report comprises seven main Chapters. Chapter 2 describes the research 
process, Chapter 3 the conceptual frame of reference, and Chapter 4 the case 
study. These chapters inform the reader about the basic research choices and 
methodology. Chapter 5 summarises the four previously published articles and 
essays comprising this thesis. The articles and essays are as follows: 
 
Article I: From manual to automated purchasing – Case: middle-sized telecom 
electronics manufacturing unit 
Article II: Analysis of two different automated purchase order systems in telecom 
electronics manufacturing unit 
Article III: Inventory turns changes and sophistication of automation in purchase 
order systems 
Essay I: From total quality management (TQM) through business process reengi-
neering (BPR) to supply chain management (SCM) 
Essay II: Perceptions of automated purchase order processing in mid-sized manu-
facturing companies in South-Western Finland  
 

Chapters 6 and 7 discuss the results and conclusions. In reality, the thesis con-
sists of two parts: the first gives the reader the background information required 
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to understand the subject and the area, and the second presents the results of the 
research based on these assumptions. 

This first introductory chapter briefly discusses the research questions, objec-
tives and scope. It provides the necessary background information for under-
standing the choice of research design and methodology and, further on, the re-
sults. 

The second chapter starts with discussion concerning the theoretical paradigm. 
Section 2 discusses the choice of case study and how this research represents 
case-study methodology followed by data collection methods in section 3.  The 
research design and method gives basic information about the technicalities and 
methodological choices.  

Chapter 3 summarises the conceptual discussion in previous literature. Areas 
of significance to the research include supply-chain, purchasing and inventory 
management, decision-making, and business-process integration. Given the in-
formation-system perspective, a comprehensive view of ERP (Enterprise Re-
source Planning) systems is included. 

The fourth chapter includes an extensive description of the case study, which 
is enhanced in Chapter 5 in the article and essay summaries. Chapter 6 discusses 
the results with respect to the research questions and the overall objectives, and 
assesses the generalizability of the case-study findings. Finally, Chapter 7 sum-
marises the general conclusions and gives suggestions for further research.  

1.5 Limitations 

The limitations of this research derive in part from its generic scope, which is 
discussed above. The data covers one case company in the electronics industry. 
This industry has specific characteristics in terms of logistics, and there are cer-
tain presuppositions with regard to the realities. The role of specialised distribu-
tors is essential (Shunk et al., 2007). The use of only one case company limits the 
possibilities for generalisation, but on the other hand, the methodology used is 
not limited by the industry. To open up the results from the case company a con-
trolling round of interviews was conducted within purchase professionals in simi-
lar companies in size but from different industries. 

With regard to the conceptual frame of reference, the results enhance 
knowledge of change in business processes and the effects of human decision-
making. They are therefore of relevance in the areas of supply chain manage-
ment, logistics, purchasing, inventory management, enterprise systems, change in 
business processes, decision-making and the electronics industry. This is quite a 
wide area and inevitably limits the depth of the investigation in the context of 
this thesis. There are many other fields of research that could have made a con-
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tribution but were excluded: buyer-supplier relationships (e.g., Hansen, 2009; 
Kannan and Tan, 2006) and partnerships (e.g., Ryu et al., 2009), trust (e.g., 
Smeltzer, 1997), and supply networks (e.g., Mills et al., 2004). Buyer-supplier 
relationships and partnerships, and the trust related to them, are briefly discussed 
in the analysis of the interview results in the second essay. Supply networks, on 
the other hand, fall beyond the scope of the study in that the focus is not on net-
works but on single relationships in supply chains in which purchasing and logis-
tics are of more relevance. The scope is also limited to research on buyer-
supplier interaction, and what lies around it is not discussed. There is a reason for 
this. 

The investigated case on business-process change in operative buying could 
apply to all sorts of environments, wholesale or manufacturing, for example. 
Physical transactions including supply and demand will always take place. It 
does not really matter where the input comes from or where the output is going. 
Figure 1 below illustrates this. 

 

Outside world: continuum of supply chains or networks 

 

Supplier organisation 

Buyer organisation 

The scope of this 

research 

 

Figure 1 The scope of the research 
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As Figure 1 shows, this research is limited in that buyer and supplier organisa-
tions are involved from their purchasing and sales sides, respectively, and the 
other areas are excluded. They belong to the world outside that is creating either 
demand or supply in the area and process under investigation.  The focus is on 
the exchange of information and material between the buying and selling organi-
sations. 

The analysis is based mostly on quantitative data and quantitative methods. 
The collection of qualitative data was limited, consisting mainly of e-mail dis-
cussions concerning the implementation of the automated purchase-order process 
in the case company. Of course, given the nature of the research, involving the 
participation of the author in the process, personal experience and observation, as 
well as documented discussion, also serve as material for qualitative analysis. 
The controlling interviews were analysed with qualitative methods for a deeper 
understanding of the phenomena. 

1.6 Understanding the context of electronics industry and SMEs 

During the last 30 years the electronics industry has established a presence in all 
walks of life: at home and at work, in healthcare, transportation and communica-
tion, for example. Its origins lie in the semiconductor industry (Kozmetsky and 
Yue, 1998). Semiconductors are the basic components used in all electronic de-
vices. Given the huge amount of applications, throughout its existence the indus-
try has been in a state of continuous and rapid change that has assumed a cyclical 
pattern (Shunk et al., 2007). At the same time, product lifecycles are shortening 
continuously and profitability has suffered as a consequence (Olson and Sharma, 
2008; Aizcorbe, 2006).  

In order to increase margins, large American, European and Japanese semi-
conductor manufacturers started to transfer production to low-cost countries as 
early as in the 1970s (Rasiah, 2009). Malaysia was one of the first countries in 
which National Semiconductors, one of the major players in the industry, built 
offshore factories in 1971. Other companies soon followed suit, including Ad-
vanced Micro Devices, Intel, Hewlett-Packard, Siemens and Motorola, to name a 
few. (Salih et al., 1988)  

During this time of rapid development in the electronics industry there was al-
so a change in the market for telecommunications equipment (also of major im-
portance), driven by its liberalisation in the US (Olley and Pakes, 1996). By the 
1980s US production of electronic equipment was worth over 100 billion USD, 
Europe accounting for roughly half of that, Japan a quarter and Asia and the rest 
of the world a fifth (Chiang, 2001). Semiconductors were mainly shipped to the 
US and Europe for electronic-equipment production because local Asian markets 
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only started to develop at the beginning of the 1980s, with the exception of Ja-
pan. United States and European semiconductor companies had a 62-per-cent 
market share, measured in net sales, and Japanese companies had the rest 
(Kozmetsky and Yue, 1998; Chiang, 2001). The situation had changed by the 
mid-1990s in that that US and European companies together had approximately 
45 per cent of the market while Korean and Taiwanese companies had started to 
make inroads (Kozmetsky and Yue, 1998). At the turn of the millennium the US 
still held the leading position in the production of electronic equipment, at double 
the value of that produced in Europe, Japan and the rest of the world (Chiang, 
2001). 

The electronics industry typically uses intermediaries or distributors between 
component manufacturers and product manufacturers, their existence depending 
on the policies of the semiconductor manufacturers (Levine, 1998) and on the 
industrial economic cycle (Shunk et al., 2007). On the downturn increasing cost 
awareness strangles distributors and they need to reorganise their operations and 
also to come up with new service concepts to justify their margins. By the end of 
the 1990s electronics manufacturing service (EMS) companies were thriving, and 
this started to change the customer base of component distributors (Levine, 
1998). At the same time, the emergence of electronic commerce through the In-
ternet and the appearance of virtual distributors reduced the options of traditional 
component distributors (Levine, 1998), although it appeared in 2004 that the In-
ternet was not such a big threat (Jorgensen, 2004). It is rather the allocation of 
larger volumes to EMS providers with high volume/low mix production that is 
limiting the role of distributors in that business (Shunk et al., 2007). What, then, 
remains of the business for traditional distributors? It seems that low vol-
ume/high mix OEM/ODM companies will require the services of component dis-
tributors (ibid.). However, given that the priority for customers of commodities is 
economic and for buyers of complex parts is time and availability, component 
distributors must increase the efficiency of their customer operations through 
introducing new services and attracting self-servicing customers (Shunk et al., 
2007; Jorgensen, 2004). 

As the stated above, the role of component distributors seems to concentrate 
on serving low volume/high mix OEM/ODM companies. In many cases those 
companies also fall to the small and medium sized (SME) category. The defini-
tion of SME’s itself is not self-evident. Measurement for defining them has been 
challenging over time because of the often arbitrary measures. Most often, the 
measures have included number of employees, annual sales and amount of assets, 
management organisation structure and dominance in its operating industry (Os-
teryoung and Newman, 1993). Different organisations and countries have made 
their definitions based on different interpretations and purposes for this group of 
companies (examples see e.g. Buculescu, 2013). Based on these definitions some 
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industry specific problems rise. In some industries, in this case electronics indus-
try, companies have grown in to a level where the gap between the large suppli-
ers and smaller OEM/ODM companies has widened to the measure that mid-
sized manufacturers no longer belong to the official categories of SME’s but are 
still facing the problems of SME’s due to their relative small size inside the in-
dustry. 
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2 THE RESEARCH PROCESS 

Research is a process. Conducting it and obtaining results requires a systematic 
approach to the basics. It is also important that the researcher has a clear picture 
of what needs to be done and understands the process he or she has to follow. 
These are often not the easiest choices, and sometimes the research takes over 
and goes its own way. Even then, however, the principles and practices should be 
clear in the researcher’s mind. 

The terminology describing research and the related choices may be challeng-
ing. Indeed, it seems from a review of the literature on terminology that even 
senior researchers sometimes have trouble in deciphering the meaning. New con-
cepts and terms are constantly being invented and therefore some of the topics 
covered are more recent than others. 

This research was largely inspired by practical questions and therefore the 
process does not strictly follow known methods. The aim in the following de-
scription is to clarify the process and the choices made for the benefit of the 
reader. The respective sections cover the theoretical paradigm, the research de-
sign and method, the case-study methodology and the data-collection methods 
used. 

2.1 Theoretical paradigm 

Kuhn (1996) refers to a paradigm as an accepted science incorporating a set of 
laws, theories, applications and instrumentation. It is a basis for thinking of and 
building a common understanding of scientific theory and practice. A paradigm 
is created when a synthesis is produced that attracts most of the next generation’s 
practitioners, and will generally cause the disappearance of older schools of re-
search from the field. However, it is not a stable concept but rather something 
that is further developed and limited according to the conditions.  

Gummesson (1991) defines a paradigm as “the underpinning values and rules 
that govern the thinking and behaviour of researchers.” These two definitions 
certainly refer to the same issue, but Kuhn seems to be emphasising rigor in us-
ing and accepting the given view and methods whereas Gummesson offers a 
broader perspective and more freedom to researchers to apply their own views.  

Paradigms fall into four different categories based on ontology, epistemology 
and methodological choices: positivism, constructivism, critical theory and real-
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ism. Positivism basically means seeing the world as real and objectively measur-
able, whereas constructivism acknowledges that there are multiple local truths 
and that objectivity is not necessary. The main difference between these two is 
that the former concentrates on testing the theories, and the latter aims to con-
struct new views on the world. Critical theory concentrates on the reality that is 
governed by the social values of different groups, and in this action research is 
used to change the social reality of the participant groups. In the case of realism, 
an observable phenomenon is true and real but its nature must be reaffirmed 
through multiple sources or method triangulation. Qualitative methods are main-
ly used for this purpose. (Sobh and Perry, 2006; Guba and Lincoln, 1994)  

In general, there seems to be a simplified division between quantitative and 
qualitative paradigms or schools that differ in their views of the world (Berg, 
1995; Creswell, 1994). Quantitatively oriented thinking appears to be the more 
comprehensive with quantitative methods of analysis and positivist thinking. 
Qualitative methods are mostly used in social sciences, and there has recently 
been a range of literature explaining qualitative research and different points of 
view. However, the quantitative approach is still treated with more respect in the 
social sciences (Berg, 1995). It has even been used to set the quantita-
tive/positivistic/conventional and qualitative/alternative paradigms against each 
other (Hill and McGowan, 1999).  

Perry (1998) argues that realism is the preferred theoretical paradigm for case-
study research. This is supported by the fact that such research often investigates 
“unobservable” phenomena whereas positivism requires all investigated phe-
nomena to be observable (Creswell, 1994). Critical theory and constructivism 
emphasise transformation and participation and, therefore, are perfect for action 
research and participant observation (Sobh and Perry, 2006; Huxham and 
Vangen, 2003).  

There has been a move in operations management from traditional positiv-
ist/empiricist (Fuller and Mansour, 2003; Hill and McGowan, 1999) to interpre-
tive research (Craighead and Meredith, 2008). This development is evident in 
this study. The three published articles could be defined as positivist given the 
use of quantitative methodology if analysed separately. To set the results of the 
quantitative analysis in a larger picture, the results from them was investigated 
through a case study among purchase professionals in medium-sized manufactur-
ing companies. The aim in this report is to analyse the phenomena described in 
the articles and essays. Even though realism suits case research, the thinking is 
on the constructivist side, which is manifested in the desire to explain the reality 
behind the different findings reported in the three articles. This brings in unob-
servable phenomena, which is not characteristic of positivist thinking. Next sec-
tion describes the research design and explains the choices made. 
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2.2 Case study methodology 

Case study research and methodology have their roots in cultural and other social 
studies (Lukka, 2005). The methodology is applicable to quite a wide variety of 
evidence and data. It may be either qualitative or quantitative and come from var-
ious sources. It is also possible to combine different types of data (Yin, 1981). 
The benefits of data triangulation are seen to improve accuracy of the infor-
mation of a phenomenon (Jick, 1979). Quantitative methods have been dominant 
in many fields of research (e.g. logistics, Halldorsson and Aastrup (2003)) and 
over time there has been many questions about the applicability of qualitative 
methods in research and especially together with case study methodology (e.g. 
Jick, 1979). This does not mean, however, that qualitative methods should be any 
less accurate in describing the phenomenon and contribute to theory (Ahrens and 
Chapman, 2006). 

  Eisenhardt (1989) defined case study as “a research strategy, which focuses 
on understanding the dynamics present within single setting”.  However, there 
has been discussion for and against case studies as appropriate for scientific re-
search (Yin, 1981). It has also been argued that they should not be used in post-
graduate research (Perry, 1998). Nevertheless, it is also suggested that case-study 
research makes a substantial contribution in terms of constructing new theory 
(Eisenhardt, 1989) and incorporating information from contemporary phenomena 
into operations management, marketing and management accounting (e.g., Voss 
et al., 2002; Perry, 1989; Lukka, 2005). 

Given the large variety of methodological choices and application areas, there 
are numerous ways of conducting case research. Lukka (2005) distinguishes be-
tween two classes based on the intervention of the researcher: non-interventionist 
and interventionist. The basic premise is that the (management accounting) re-
searcher adopts one of two positions in his or her empirical intervention. The 
dominant position is that the researcher should be objective and value-free, 
whereas the less dominant one allows intervention in order to influence the re-
search object in question. 

Non-interventionist modes of research include theory discovery, illustration, 
refinement and testing. These different modes are discussed briefly below. Theo-
ry-discovery case research is typically open-ended, focusing on new theory or 
theory building, and Grounded Theory is possibly its most structured form. Theo-
ry illustration involves using an existing theoretical framework to interpret the 
empirical findings, whereas theory refinement, as the name suggests, adds more 
details or makes the theory broader in scope. Finally, the main principle in theory 
testing is to strengthen existing theory. Basic case-research methods are used in 
all of these modes and the researcher remains objective and value-free. (Lukka 
2005) 
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Interventionist modes of case research, on the other hand, involve the active 
participation of the researcher. There are two alternative approaches, action re-
search and constructive research. Action research began to emerge as early as in 
the 1940s when Lewin (1946) suggested that researcher participation in practical 
development work automatically and simultaneously produced a theoretical con-
tribution. Such a contribution is not minor in comparison with the non-
interventionist modes discussed above. Another type of interventionist research 
that is especially prevalent in the Swedish action-research tradition is the con-
structive approach, which emphasises limited intervention. Real-world problem 
solving is done together and in co-operation with the organisation. (Lukka, 2005) 

Case studies may involve different cases in the same company or cases in dif-
ferent companies (Voss, 2002). There may be single or multiple cases. Yin 
(2008) describes four different types based on the number of cases or the exist-
ence of embedded units of analysis. Moreover, both induction and deduction may 
be used (Perry, 1998) There are nevertheless some problematic areas. A case 
study, by nature, offers “rich and thick” description (Gummesson, 2007) from a 
variety of angles and is adaptable to the different conditions and changing poli-
cies of organisations. Case-study research in supply chain management should 
cover several stages of the supply chain in order to produce a better description, 
but also needs to be well documented in all respects (Seuring, 2008). On the oth-
er hand, Peikkari et al. (2009) found in their survey that there were case studies 
involving single or a limited number of cases and quantitative data from the case-
specific environment that were not designated as a “case”. In their view these 
could easily be turned into real case studies. 

In terms of case-study methodology this thesis describes a situation in which 
the researcher participated in the process and therefore produced the results. Of 
Lukka’s (2005) different modes of case research, action research comes closest: 
unlike traditional positivist approaches it involves both action and research 
(Coughlan and Coghlan, 2002). It resembles ethnography, but the difference is 
that the focus in ethnography is on observation, whereas in action research the 
key is participation (Näslund, 2002). It is not considered as stable and predictable 
as other research approaches, however (Coughlan and Coghlan, 2002). Neverthe-
less, it has been found useful in many areas of business research: marketing (Per-
ry and Gummesson, 2004; Kates and Robertson, 2004), operations management 
(Westbrook, 1995; Coughlan and Coghlan, 2002), information systems (McKay 
and Marshall, 2001; Avison et al., 2001) and logistics (Näslund, 2002), although 
there may be problems distinguishing between the practical and theoretical con-
tributions (Zuber-Skerritt and Perry, 2002; Gummesson, 1991). As a research 
process, Zuber-Skerritt and Perry (2002) define two project areas in academic 
thesis writing: core action research and thesis action research. This division clari-
fies the difference between learning experience in the organisation and theory 
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contributing to knowledge creation. McKay and Marshall (2001) describe the 
clearly twofold cyclical nature of an action-research project: one cycle of prob-
lem identification, context learning, problem-solving planning activity and then 
act-and-learn rounds, and another cycle of identifying research themes/questions, 
reviewing the literature, planning and designing the research and finally imple-
menting and evaluating. Westbrook (1995) similarly presents an evolved model 
of action research in operations management. By way of a synthesis, the follow-
ing simplified model of action research is suggested 

 

Figure 2 A simplified Action Research model 
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The model presented in Figure 2 is based on the models of Westbrook (1995), 
McKay and Marshall (2001) and Zuber-Skerritt and Perry (2002). As mentioned 
above, the area of investigation is divided into theoretical and practical areas. 
Basically, the model does not differ radically from normal research design except 
in the area of action and the fact that the researcher works as a facilitator or par-
ticipant in the change process. 

This research employs case-study methodology in two steps: first involving a 
single case analysis with multiple units of analysis. Second step is a case analysis 
collecting qualitative evidence through semi-structured interviews. Given that the 
researcher participated in the action in first step, it could be classified as a partic-
ipative type of case study and as applying the basic tenets of action research 
while the second step includes simple case study with qualitative data analysis. 

2.3 Data collection  

This research uses both quantitative and qualitative data. In first step the data 
consists of qualitative and quantitative data concerning the case company and the 
two supplier companies involved in the process under study. In addition to the 
data of the focal company, the second step uses data collected from a round of 
interviews held among purchase professionals in manufacturing companies in 
order to review the results from focal case company. 

In case of the first step of the research, quantitative data consists of inventory 
transaction information and inventory value levels derived from the transactions. 
It was obtained from the focal case company’s database through the same query 
for all units of analysis, and includes the following information. 
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Table 2 Basic data for analysis 

Information Explanation 

Item ID (ITMIDT) Item code in the ERP system 

Registered date 
(RGSDTE) 

Date of the transaction (year, month, day) 

User (LSTUPDUSD) System user who made the transaction 

Transaction quantity 
(TRSQNT) 

The quantity of the transaction in pieces 

Quantity on hand 
(STRQNTHND) 

Quantity on hand in the inventory after the previous 
transaction (before the transaction of the current 
line) 

Purchase order ID 
(PRCIDT) 

Purchase order number in ERP 

Final delivery option 
(FNLDLVOPT) 

Marked if the transaction completed the delivery  

 
Figure 3 below is an example of the data extracted from the ERP database by 

means of a query tool. It shows earlier data for one component item.  

ITMIDT RGSDTE LSTUPDUSD TRSQNT STRQNTHND PRCIDT FNLDLVOPT 
5196010 20010105 avanttop 2500 0 0   

5196010 20010109 etuhma 2500 2500 136283 X 
5196010 20010109 teamsmd 2500 5000 0   
5196010 20010123 suokmi 2500 2500 136305 X 
5196010 20010208 teamsmd 2500 5000 0   

5196010 20010216 suokmi 2500 2500 136340 X 
5196010 20010309 teamsmd 2500 5000 0   
5196010 20010321 suokmi 2500 2500 136369 X 
5196010 20010418 korpjo 2500 5000 0   

 

Figure 3 An example of the data extracted from the database 

Later the data was aggregated to the monthly level and the monthly average 
inventory was calculated in order to calculate the inventory turn. The average 
purchase-order quantity was also calculated on a monthly basis in order to ana-
lyse the changes. 

Inventory turns were calculated from average monthly inventory levels. Ob-
taining the 12-month inventory turn involved dividing 12-month consumption by 
the average inventory level over the 12-month period. This was repeated for the 
periods with both normal and automated purchase orders. The average turns from 
both periods were then compared.  
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Qualitative data in the form of e-mail discussions was also collected and pro-
duced in order to complement the quantitative material. These discussions took 
place before the application of automated purchase ordering and therefore offer 
insight into the very process. They occurred between different participants in the 
three companies involved. Given the involvement of the researcher in the pro-
cess, this data forms part of the discussion in the case study description. 

In the second step, to place the results from focal case company to a larger 
context, interviews were conducted among purchase professionals in medium-
sized manufacturing companies. Those interviews were constructed as semi-
structured and following some observed phenomenon from the focal case com-
pany data. Four interviews were made out of which the answers were analysed in 
a table. 
 

2.4 Research design 

The research design is the logic that connects the data to be collected to the initial 
research questions (Yin, 2003). In this case the interest was in the effects of pur-
chase-order automation. The data collected is directly linked to the research 
questions concerning the effects of the automation on inventory turns, which is in 
line with the notion that the design should start with the selection of a topic and a 
paradigm (Creswell, 1994).  

There are also different ways of looking at the research design. It could be de-
scribed in terms of four basic questions: How will the empirical material interact 
with the paradigm in question? What is the phenomenon under study? How is the 
inquiry organised? What are the collection methods? (Denzin and Lincoln, 1994) 
Another possibility is to draw an analogy with dance: it is present in the four 
stages of choreography, warming up, exercise and cooling down, in other words 
in the initial question, the starting of the study, conducting the pilot and ongoing 
studies and making the decisions (Janesick, 1994).  

This research sprung from a practical interest in improving a business process. 
The improvement initiative was based on the assumption that automating busi-
ness processes will save resources from manual and routine tasks that could be 
directed to more productive tasks. In fact, the research started from a conceptual 
idea that developed into an action in which the researcher was involved as project 
manager. The implementation took place, and after some results had been 
achieved the analysis focused on improvements in inventory turns, statistical 
methods being used in order to highlight the impact of the business-process 
change. The publication of the articles coincided with the analysis, and thus there 
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was a constant reviewing of the findings in the light of relevant literature in the 
field. Figure 4 below illustrates the research design and process. 
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Figure 4 The research design with reference to the conceptual framework 

The research design is presented in terms of practical action and the conceptu-
al frame in accordance with the actual facts. The initial aim of the research was to 
improve part of a business process. The data-collection process started a few 
years after the automation was implemented in order to allow enough data to ac-
cumulate to compare it with the data on manual purchase ordering. This phase 
corresponds with research on Enterprise Resource Planning (ERP) and Material 
Resource Planning (MRP), as well as with the purchasing literature. The data 
analysis reported in articles I-III was derived from the conceptual framework. 
Finally, the decision-making and special features of the electronics industry are 
taken into consideration in combining the relevant research results and theoreti-
cal issues.  

2.5 Research method 

The starting point of this research was the author’s interest in the results of a 
business-process change. It took some time to consider the various research op-
tions in this context and to select methods that would suit this subject. A data 
search of the ERP system in connection with the author’s Master’s thesis sparked 
his interest, and the logical way of investigating the change was to search similar 
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data and use it for this research within a longer timeframe and focused on com-
ponents for which the automated purchase-order process had been implemented. 

The research started in 2001 with the implementation of a change to part of a 
business process. In this sense it started as a management consultancy exercise. 
There is clearly a danger of mixing management consultancy with research. 
However, action research makes it possible to combine practical change with 
inductive theory building (Gummesson, 1991). In fact, the data to be analysed in 
the future was produced through the business-process change. It was first sub-
jected to quantitative analysis in order to assess the results of the process change 
and to see if the assumptions made at the beginning of the process were valid. In 
the course of the research questions arose from some of the results of the quanti-
tative analysis, and these were addressed through qualitative analysis of the data 
produced during the change process.  

As stated earlier, the research methodology reflected the participant action that 
is typical of action research (Gummesson, 1991). It also combined different data 
types even if quantitative methods prevailed, which is often referred to as trian-
gulation (Jick, 1979). In fact, the research could be called a case study. The tech-
nical definition of a case study is twofold: it examines a contemporary phenome-
non in its real-life context in which the limits of the phenomenon and the context 
are not clear, and it uses multiple data sources and existing theory to guide the 
data collection and analysis (Yin, 2003). Figure 5 illustrates the research process. 
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Figure 5 The research process 

As Figure 5 shows, the initial analysis of the situation was based on an ex-
pressed practical management problem in the case company in mid-2001. At the 
same time the initial theoretical framework was formed. The practical design and 
implementation started at the end of 2001, managed by the author of this thesis. 
Articles I, II and III are referred in Chapters 5.2, 5.3 and 5.4 respectively as the 
essays I and II are referred in Chapters 5.5 and 5.6. Treatment of the three re-
search questions has been marked with corresponding articles as RQ1, RQ2 and 
RQ3. 

The analysis phase started after the implementation at the end of 2004, in the 
form of quantitative data analysis conducted by the author. Professor Hilmola, 
who co-authored the articles, inspired the practical writing process while the au-
thor carried out the data analysis. The first article analyses the effects of auto-
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mated purchase order implementation to inventory turns. The second article 
started to take shape at the end of 2005 after publication of the first one and fol-
lowing a similar pattern with analysis of second case of purchase order automa-
tion within the same company. In this article, the two cases of automation are 
compared in terms of changes in inventory turns, order size, inventories and con-
sumption. At this point the author decided to explore the changes with a refer-
ence group of component items. The results of previous analyses were compared 
with the initial framework, and comparative quantitative data was gathered from 
a process that had not been transformed. This was done in order to set the base-
line for comparing the results in the case processes. The results of this analysis 
were again compared against the initial theoretical framework. This analysis was 
reported in article III, and was presented at the annual NOFOMA conference in 
2007. In this article, the results were also analysed through statistical analysis. 
Based on the process described above, it was clear that some results had been 
obtained from a single company, multiple case analyses. It became obvious in the 
process that supply chain management (SCM), total quality management (TQM) 
and business process re-engineering (BPR) as concepts needed to be discussed 
separately in order to further understand their meaning to the cases at hand. The 
first essay is written to open and develop this framework. Then at the practical 
side a question was raised: Where the results in concordance with the larger pic-
ture of purchase management and in other similar companies? This question was 
then treated with a multiple case analysis through purchase professional inter-
views, which was reported in the second essay that was also presented at the 
NOFOMA 2016 conference as full paper.  

 The final analysis phase (this thesis) constitutes an additional theoretical 
framework together with qualitative data analysis from the business-process 
transformation, the aim being to enhance understanding of the subsequent chang-
es and results. The additional framework is also meant to facilitate understanding 
of how human decision-making processes influence the results of research. The 
conclusions and the final discussion are based on all these analyses in a summary 
of the theoretical and practical implications of the research. 
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3 CONCEPTUAL FRAME OF REFERENCE 

This conceptual frame of reference connects the research to the discussion and 
results of previous research on the same topic. In this case, as no doubt in many 
others, there were many subjects to choose from and it was a question of taking 
those that best fitted the case in question and the phenomenon to be investigated.  

Purchasing and supply management as approached in this study incorporates a 
multitude of topics. Current research on supply chain management is clearly rel-
evant but the focus is mostly on logistics, purchasing and inventory management. 
Because it is question of automating part of a purchasing process, changes in 
business processes and enterprise systems are also of interest. It also became 
clear during the research period that human decision-making and its characteris-
tics belong to the area under investigation. It is therefore included in the discus-
sion in this Chapter. 

3.1 Supply Chain Management 

Supply chain management is discussed in a wide range of current textbooks. 
Most of the ones referred to below have been published in the 21st century. The 
emergence of the subject could be attributed to the increasing predominance of 
global trade and manufacturing. The raw material is often excavated in one part 
of the world, refined in another and finally consumed in a third. Companies are 
increasingly seeking cost-efficient manufacturing solutions and locations world-
wide, and this has increased the need to transfer goods, information and money 
around the globe.  

In describing these transactions there have been many attempts to define the 
chain of material, information and money supply. A major contributor to these 
definitions is the concept of the value chain as presented by Michael Porter in his 
book Competitive Advantage, published in 1985. This has inspired several au-
thors to define the supply chain accordingly (e.g., Kotler, 2003; Fill and Fill, 
2005; Schary and Skjott-Larsen, 2001; Gourdin, 2001). 

For reasons of clarification, Porter brings in the concept of a value system, 
which combines several value chains one after another. He uses the value system 
in an attempt to describe the creation of competitive advantage between firms. As 
mentioned earlier, this is a good start in defining the supply chain, but possibly 
concentrates too much on the firm’s internal functions and does not put enough 
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emphasis on networks of companies. Fill and Fill (2005) avoid this by linking 
value chains to supply chains and ignoring Porter’s definition of a value system. 
Kotler (2003) uses the term value-delivery network to describe the value system, 
but acknowledges the term supply chain in parenthesis. 

Fill and Fill (2005) complete the picture in defining the supply chain as a mar-
keting channel (successive value chains) with a physical flow involving the 
“movement of parts, supplies, and finished products moving from source of raw 
material to the end customer”.  Furthermore, they define the supply chain as “the 
activities that bring the right product, in the right place, for the right customer to 
access in a timely and convenient way”. Schary and Skjott-Larsen (2001) also 
consider the origin of the supply chain in the concept of the value chain. Interest-
ingly, they add: “The supply chain is also open to different interpretations de-
pending on the management perspective”, thereby leaving the definition some-
what open. 

There are also definitions that do not directly link the supply chain to the con-
cept developed by Porter. The value system is seen as a clear chain with a focal 
company and divergent members up- and downstream. Other non-value-system-
related definitions also adopt this simple viewpoint. Waters (2003) refers to se-
ries of activities and organisations moving goods from initial suppliers to final 
customers. It has also been described as “a string of organizations” (Barrat and 
Whitehead, 2004) and a chain of different operators (Chopra and Meindl, 2007). 
Mentzer et al. (2008) focus on the relationship between supply chain manage-
ment and logistics, marketing, production and operations management, coming to 
the conclusion that management of the supply chain involves “applying analyti-
cal tools and frameworks to improve business processes that cross organisational 
boundaries”. 

Upon closer inspection, descriptions of a supply chain often seem quite sim-
plistic because relationships in modern business are far more complex than just a 
chain of operators and activities. A network view is evident in some of the defini-
tions. As mentioned above, the notion of the supply chain suggests “a string of 
organizations”, but from a professional perspective it could be considered more 
of a supply network (Barrat and Whitehead, 2004). This definition gives more 
scope to the concept and acknowledges that a supply process does not always 
resemble a straightforward chain but has more complex patterns. It might be that 
the word “chain” used to be appropriate, but new rules and forms of partnering 
and the trend towards uniqueness in customer needs is turning chains into more 
complex networks of relationships (Bowersox et al., 1999) or facilities (Laudon 
and Laudon, 2002). The chain analogy may leave aside some indirect parties, and 
therefore networks or clusters would be a more appropriate definition (Michael et 
al., 2003). 
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The fundamental discussion went on for a period of 10 years. Michael Porter’s 
definition of the value chain was published in 1985; Bowersox et al. (1999) de-
scribed the nature of the supply chain more than ten years later, using the expres-
sion that it was more complex than just a chain. Nevertheless, many authors 
came back to the idea of a chain several years after this. It seems that all the defi-
nitions are quite similar but differ in the details. The supply chain is not a new 
concept that appeared some 10 to 20 years ago. It could also be described in 
more contemporary terms as what is now called logistics but was previously 
known as physical distribution (Fill and Fill, 2005). This interesting link between 
these two definitions provides a stepping-stone to the following paragraphs on 
the concept of logistics. 

3.2 Logistics 

Logistics has its roots in history and military manoeuvres (Gourdin, 2001). War 
used to involve large-scale transportation and warehousing operations that were 
crucial to its success, and the interruption of supplies had devastating effects in 
hostile foreign territories. In modern times the term implies much more. Previ-
ously the emphasis might have been more on moving physical goods to meet cus-
tomers’ requirements, but with the increasing importance of service elements in 
supply it may be more appropriate to refer to the moving of desired benefits to 
customers in the right conditions, at the right time and to the right place 
(Gourdin, 2001). 

Logistics typically involves physical activities: the flow of materials (Waters, 
2003), transportation, inventories and information (Schary and Skjott-Larsen, 
2001). From this it would seem to concentrate more on physical activities and 
distribution than the supply chain. At the same time, the supply chain as a term 
refers to a chain of activities. Nowadays logistics is focused more on transporta-
tion and warehousing, which becomes apparent when one browses published ar-
ticles in scientific journals. It is also becoming more competitive and cost-aware 
(Soosay and Chapman, 2006), and logistics management therefore has an im-
portant role in enhancing supply-chain performance (Bhatnagar and Teo, 2009). 
Its role in supply-chain management is also becoming more prominent and the 
subject of much discussion (Mentzer et al. 2008; van Hoek et al. 2008). In fact, 
there is lively debate among professionals on how to define SCM. According to 
the Council of Supply Chain Management Professionals (CSCMP, earlier known 
as the Council of Logistics Management, CLM), it includes all logistics-
management activities. The same council defines logistics management as fol-
lows: 
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“Logistics management is that part of Supply Chain Management that plans, 
implements, and controls the efficient, effective forward and reverse flow and 
storage of goods, services and related information between the point of origin 
and point of consumption in order to meet customer requirements.” (Mentzer et 
al., 2008) 

Logistics management thus involves managing the flow of physical goods, and 
the information flow that is closely related to it. 

3.3 Purchasing 

Purchasing is one part of the supply chain, or according to the ideas of Porter the 
value chain. In supply-chain terms it is the function that is responsible for procur-
ing the necessary goods and getting them to where they are needed. It has tradi-
tionally been of prime importance to manufacturing companies in which a large 
proportion of the product cost is the material. According to Baily and Farmer 
(1981), the total cost of materials includes their specification, inventory levels, 
timing and price. Of course price is traditionally considered the most important 
factor, but there are benefits to be gained if procurement is taken into account at 
the very beginning of the product-specification process when the major decisions 
affecting total materials costs are made. It should be noted that purchasing is a 
high-priority function in other types of organizations as well. It is vital in the 
wholesale business, for example (Baily and Farmer, 1981). It is typically consid-
ered a functional department, but in fact it is more of a process involving a large 
number of professionals other than purchasing experts (Zheng et al., 2007). 

3.3.1 Objectives for purchasing in firms 

Purchasing functions in firms have several objectives. Baily and Farmer (1981) 
suggest the following five: 

 Maintaining a steady relationship with a range of current and potential 
suppliers so as to ensure a steady flow of materials and services that will 
meet planned needs  

 Efficient buying in order to extract the most value from the money that is 
spent  

 Effective inventory management, given the importance of inventories 
 Being a source of information to other departments in the organization and 

providing insights into the outside world of supply.  
 Taking responsibility for developing the staff, policies and procedures, 

and the whole organization of purchasing and procurement. 
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In a similar way, Eberhard E. Scheuing (1989) developed a list of objectives 
he called “The Ten Commandments of Purchasing”. The objectives are similar to 
those of Baily and Farmer, and also include keeping up with market trends and 
thereby being involved in developing the organization’s competitiveness. This is 
an important point: purchasing provides the organization with value-creating op-
portunities. An identical list is also to be found in Dobler and Burt (1996). Inter-
estingly, Colton and Rohrs (1985) put buying at the lowest possible price at the 
top of their ten-point list of managerial objectives with regard to purchasing. Pre-
vious lists emphasise getting the best value rather than paying the lowest possible 
price as the ultimate objective. There are two views on this. Of course, getting 
the best value for money is also paying the lowest price for the defined quality. 
However, putting the lowest possible price as the first target undermines the im-
portance of acquiring goods and services of the desired quality. 

3.3.2 Different aspects of purchasing  

In the light of the above definitions and objectives of purchasing, and with refer-
ence to Porter and the value chain, two different types emerge: routine purchas-
ing and procurement. What are the different roles? Procurement is seen as creat-
ing the purchasing framework and therefore concentrates on sourcing and suppli-
er-management activities. E. Raymond Corey (1978) divides the procurement 
function into supplier selection, pricing and negotiation. This clearly describes a 
function that supports the day-to-day purchasing process. 

Dobler and Burt (1996) classify materials management on three different lev-
els: purchasing activities, procurement-process activities and supply-management 
activities. They are mentioned here in terms of their tactical or strategic focus, 
purchasing activities being the most tactical. Essentially, they include everything 
from source search and identification to purchase-order issuance and on this level 
there is quite a strong focus on the tactical. Procurement activities include in-
volvement in material specification and market research, for example. Supply-
management activities have the strongest strategic focus, and include corporate 
strategic planning, material and acquisition planning, and partnering and strategic 
alliances. This classification lifts purchasing above the day-to-day level on which 
suppliers are known and purchase orders are based on valid framework agree-
ments. In fact, the basic purchasing process is lifted from the operational to the 
tactical level. 

Interestingly, all the sources quoted above attribute the task of creating physi-
cal purchase orders to purchasing managers. Should not purchasing managers 
have more strategic tasks than routine buying? Bilborough and Dale (1985) dis-
cuss this in their paper on the different roles of corporate and factory buying. 
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They base their argument on the fact that a corporate structure incorporates many 
layers of purchasing professionals. On the corporate level purchasing is responsi-
ble for annual contracts and larger capital investments, whereas on the factory 
level purchasing professionals are mostly occupied with materials and the meas-
urement of supplier performance on a daily basis. This division reflects Porter’s 
notion that corporate-level purchasing is more of a support function and factory 
purchasing is one of the operational functions that directly create value. Compa-
nies operating worldwide have geographically dispersed sourcing and purchasing 
operations. Purchased goods and services and their commonality change from 
company to company and are dependent on the industry. The need for sourcing 
integration in this kind of company is affected by uncertainty related to category 
characteristics, supply-environment characteristics and interdependence among 
the purchasing units. In all of these cases the information-processing-capability 
requirement increases as the level of uncertainty increases (Trautmann et al., 
2009).  

On the strategic level the field of purchasing or sourcing is covered in many 
different theories, including resource dependency, network theory, system theory 
and transaction cost economics (Shook et al., 2009). This is evidence of the con-
siderable interest in purchasing and supply management in many areas of re-
search. The division of purchasing into strategic and tactical functions is justifia-
ble given the management focus on aligning the purchasing and the corporate 
strategy in order to enhance the financial performance of the company (Baier et 
al., 2008). A recent study shows that procurement professionals consider their 
position to be strategic, but their view is not shared in the organisational context 
(Tassabehji and Moorhouse, 2008). 

3.4 Inventory management 

Successful inventory management is considered crucial to the success of a com-
pany (Gourdin, 2001; Coyle et al., 1996; Sahin and Robinson, 2007). The word 
successful here means optimal and avoiding excess: the inventory ties up compa-
ny resources and working capital. Successful inventory management improves 
the overall financial performance of the firm (Sahin and Robinson, 2007), and is 
therefore crucial.  

There is always good reason to keep an inventory. Gourdin (2001) suggests 
three: to facilitate economies of scale, balance supply and demand, and guard 
against uncertain demand. Sahin and Robinson Jr. (2007) give similar reasons. 
Upon closer inspection, it could be said that the function of the inventory is to 
make up for any imperfections in the supply chain in terms of timing and sched-
uling. If there is not the need for quantities that produce economies of scale, in-
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ventory holding is obligatory in order to secure some level of discount based on 
purchased quantities. Secondly, the balancing of supply and demand is especially 
relevant in the case of seasonal demand patterns. When consumption is in a nar-
row time period, it may be advantageous to extend the production over a longer 
period, which would require lower investment in labour and machinery, and thus 
to suffer some inventory costs. Third, protection from uncertain demand is possi-
bly related less to time and more to the level of customer service: when demand 
is uncertain, the service level increases through inventory holding.  

Coyle et al. (1996) place inventories in two categories, physical supply and 
physical distribution. Physical-supply inventories support the processing and 
manufacturing functions of the firm, whereas physical-distribution inventories 
cover finished goods waiting to be shipped to customers.  

Another inventory classification distinguishes between independent and de-
pendent demand (Sahin and Robinson Jr., 2007). Independent demand means that 
the demand for one item does not affect the demand for others, as with the sale of 
retail and wholesale merchandise, and repair or maintenance items. Dependent-
demand items include the components, parts and subassemblies that are required 
to manufacture a product. 

There are also various types of inventories. Normal inventories (Gourdin, 
2001), or cycle stock (Sahin and Robinson Jr., 2007), enable the organisation to 
supply products based on average demand. This is the main inventory and there-
fore it is important to manage its value in order to optimise working capital. Safe-
ty stock (Gourdin, 2001; Sahin and Robinson Jr., 2007) is created to reduce un-
certainty in supply, demand and lead-time, and is normally used to avoid running 
out of materials and supplies. Other types of inventories include speculative 
stock and work in progress. 

Given that inventories cost money and often account for a significant propor-
tion of the total logistics expenditure (Coyle et al., 1996), efforts have been made 
over the years to find ways of optimising the costs through the optimisation of 
one or several of the attributes. One of the most common models is the economic 
order quantity model, in which the number of units to be ordered is calculated 
based on the cost of placing an order, annual demand, inventory costs and the 
unit cost of the item, although new control methods and systems are constantly 
being developed. Terms such as postponement, quick response (QR), vendor-
managed inventories (VMI), just in time (JIT) and material requirements plan-
ning (MRP) have gained ground. MRP systems were introduced in the late 1960s 
and early 1970s, coinciding with the increasing use of computer-aided calcula-
tions in inventory management. The focus in the following section is on enter-
prise systems, the aim being to shed more light on this form of inventory man-
agement.  
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3.5 Enterprise systems 

Modern firms tend to use company-wide information systems (Samaranayake, 
2009), and for some time have been moving beyond company boundaries to in-
clude suppliers and customers in the supply network. This development is on 
going, and it seems that existing enterprise systems (ES) fall short of fully sup-
porting it (Xu, 2009). One reason for this could be that Enterprise Resource 
Planning (ERP) systems were not intended for this kind of use. Another reason 
could be that their implementation has suffered from reductionist and fragmented 
thinking (Wood and Caldas, 2001): they were mainly used in internal company 
transactions (Davenport and Brooks, 2004). ES traditionally include an ERP sys-
tem, packaged or customised, accompanied with auxiliary systems to support the 
activities (Davenport et al., 2004).  

Given that many ERP systems are packages with predefined processes the im-
plementation should also include taking a critical look at the company’s business 
processes and possibly re-engineering them (Chen, 2001; Wood and Caldas, 
2001). The systems have traditionally been implemented in larger firms, but as 
more affordable packages become available they are increasingly attracting small 
and medium-sized businesses. There is still a need for more research on the suc-
cess of the implementation (Snider et al., 2009). In the MRP context it has been 
found that management support, the level of functional integration and data accu-
racy are important in small and medium-sized companies (Petroni, 2002). The 
impact of the systems on corporate financial performance has been found not to 
be negative (Hendricks et al., 2007), but there is no uniform positive indication. 
It has also been found that internal processes and inventory indicators may suffer 
as a result of ES implementation, but there are improvements in response to ex-
ternal partners and profitability (Hendricks et al., 2007; Dehning et al., 2007). 

3.5.1 MRP systems 

MRP (Materials Requirements Planning) is a system of parameters and logical 
rules related to materials management inside the organisation. It covers material 
net requirements and resource usage depending on the scope, based on the gross 
requirements in the master plan. These systems have been implemented in con-
junction with the computerisation of operations (Colton and Rohrs, 1985). With 
the increasingly heavy usage of computers in production control, MRP and ERP 
systems and applications have become more popular. Despite new materials-
planning techniques and the problems associated with MRP, it seems that such 
systems continue to prevail in the manufacturing sector. Oliver W. Wight and 
Joseph Orlicky developed the basic MRP logic (Kumar and Meade, 2002).  
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There are three goals related to the use of MRP: securing component availabil-
ity, maintaining the lowest possible inventory level, and the planning of manu-
facturing, delivery and purchasing (Coyle et al., 1996). The system is designed to 
control and time material flows inside the organisation. This internal perspective 
was prevalent when data communications were still under-developed. The execu-
tion was based on information calculated by the system (Colton and Rohrs, 
1985). The development of EDI and other inter-company communication tools 
and integrated ERP and MRP systems has made it possible to automate the im-
plementation process and connect companies to networks. On the tactical level 
this has not changed the reality of interaction between companies related to nego-
tiations on prices and other matters. On the operational level, however, it has 
lowered the barriers between companies and has facilitated the simplification and 
automation of inter-company processes.  

3.5.2 Material Requirements Planning  

MRP, or Material Requirements Planning, concerns how gross requirements set 
out in a master plan, and downstream of the supply chain, can be met from opti-
mised inventories especially in manufacturing firms (Rabinovich et al., 2003). 
The objective is to define the requirements for each inventory item in a time-
phased manner. This involves planning how to cover the requirements of the 
master plan, and generates net requirements and planned actions. The attachment 
to time is elementary compared to order-point-based materials management (Or-
licky, 1975).  

The purpose of MRP systems is supposedly to serve manufacturing by holding 
only a minimum inventory, taking into consideration current changes in demand, 
anticipating future changes and reacting to them so as always to cover the gross 
long-term requirements (ibid.). There are several sources from which the MRP 
system takes the inputs on which the requirement calculations are based: the 
master production schedule, external orders, forecasts of independent demand, 
inventory records and the bill of materials (ibid.) Inventory-level information 
together with safety stocks and scheduled receipts enable the calculation of net 
requirements from gross requirements (Coyle et al., 1996). 

The processing of the inputs through the MRP system creates certain outputs, 
primarily notices to release, reschedule or cancel an order. They also include 
backup data with which to analyse item status and planned orders for future re-
lease. There are secondary outputs that depend on the system and the pro-
grammed options. (Orlicky, 1975) 

MRP implementation follows one of two different planning logics: regenera-
tive or net change (Orlicky, 1975). The main difference between them is in the 
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planning frequency and the reason for starting the process. The regenerative ap-
proach involves re-calculating, level by level, the requirements for each item 
from the end product to the components on the deepest level. The net change 
method, on the other hand, involves calculating the net requirements only in part 
at any one time. In other words, every time there is a transaction all the affected 
items are re-calculated. Thus there is no comprehensive requirement calculation, 
but partial calculations are done constantly. (ibid.) 

According to Orlicky (1975), it is not possible to run a complete regeneration 
frequently due to the massive amount of data requiring to be processed. Given 
the developments in data processing and information technology it is more com-
mon to implement a regeneration-based system (Coyle et al., 1996). 

The basic components of the MRP system - BOM (Bill of Material) infor-
mation, inventory-level information and the MRP program (Coyle et al. 1996) - 
are discussed in the following. 

3.5.3 The basic components of MRP systems 

The Bill of Material (BOM) is a list of all the components comprising a product. 
It includes the material items catalogued in the MRP system that are linked to 
form the product, and may have several levels if there are sub-assemblies that 
make up the end product. It also includes the numbers of items and the lead times 
of the components, and indicates the order in which the components have to be 
purchased in order for manufacturing to start (Coyle et al., 1996). 

Inventory-level information is needed in order to define the production sched-
ule and purchase requirements. Net requirements are based on this information 
and on gross requirements. It also incorporates safety-stock information and fa-
cilitates inventory optimisation (Coyle et al., 1996). 

The MRP program is a calculating tool that is based on end-product demand 
and uses BOM and inventory-level information to create a master production 
schedule and a list of purchase requirements based on net requirements (Coyle et 
al., 1996). 

Coyle et al. (1996) also mention the master production schedule and outputs 
and reports as key elements of MRP. In fact, the schedule and outputs derive 
from MRP calculations in which all the needs are pooled and scheduled based on 
the lead times introduced into the system. As can be seen, MRP in this configura-
tion does not take capacity issues into account. Capacity was considered infinite 
in the initial systems, and was added in the second phase, also called MRPII, to-
gether with manufacturing routings and work-centre capacities (Kumar and 
Meade, 2002). Other primary functions such as marketing and finance were also 



 45 

included at this point, as well as personnel, engineering and purchasing, although 
there were minor differences to ERP systems (Chen, 2001). 

3.6 Decision-making 

This section concerns the biases that are typical in decision-making situations. 
When people make decisions they do so with the best knowledge available, but 
their information-processing capacity is limited (Hogarth, 1980). This is the typi-
cal psychological perspective on human decision-making. In economics it is tra-
ditionally considered a rational process (Simon, 1986). However, there are dif-
ferences in how rationality is defined: in economics it refers to the choices made, 
whereas in psychology it lies more in the process (Simon, 1986). This is widely 
discussed in the literature on decision-making and the rationality of human deci-
sions. 

Hogarth’s (1980) model comprises a simple information-processing scheme 
leading to judgement: the acquisition of information, its processing, and the out-
put (decision). The acquisition and the processing may be biased in many ways. 

 In the case of supply management, decisions are bound to be based on availa-
ble information. Inherent in the MRP system are several parameters that are set 
in order to achieve the correct planning result. In terms of logistics performance, 
conditions are related to item characteristics, environmental characteristics and 
parameter setting, and have an impact on the overall performance. Problems arise 
when a large amount of information related to these characteristics is available, 
but the lack of appropriate analysis tools and feedback makes it difficult for hu-
mans to make optimal decisions on control parameters (den Boer, 1994). This 
often leads to the situation that in each case an individual decision-making pro-
cess is run through even though an adjustment of the system parameters would 
improve performance. The uncertainty about the results remains because the in-
dividual is not aware of all the consequences of his or her decision (Einhorn and 
Hogarth, 1986). This typically leads to a disregard of system suggestions and 
decisions, and a case-by-case problem-solving approach (Fransoo and Wiers, 
2008). It is also recognised that humans are better at inductive than at deductive 
reasoning. Inductive reasoning is characterised by the use of patterns in compli-
cated decision-making situations, and the result of using them will then strength-
en or weaken our beliefs about them (Arthur, 1994). Humans typically tend to 
emphasise the positive sides of the selected alternative, and the negative features 
of the non-chosen alternatives (Janis & Mann, 1977, Einhorn, 1982). 

Carter et al. (2007) reviewed the literature on decision-making bias. They 
identified 76 different biases and created taxonomy of nine. These categories are 
summarised in Table 3 below. 
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Table 3 An overview of decision biases and their effects on rationality 
(Carter et al., 2007) 

Category Effect on judgement or deci-
sion rationality 

Example from supply manage-
ment 

Availability 
cognition 

Over-optimistic/-pessimistic 
evaluation 

Disregard of relevant alternatives 

The perception or recall of productive 
collaboration between producer and 
supplier may lead to over-
optimistic evaluations 

Base rate Over-optimistic/-pessimistic 
evaluation 

Erroneous evaluation of event 
probabilities of outcomes 

Adjustment error concerning the re-
ception of new relevant information 
about supply-market developments 
may lead to over-optimistic/-
pessimistic evaluations 

Presentation Disregard of relevant alternatives 
Over-optimistic/-pessimistic 

evaluation 
Erroneous evaluation of even 

probabilities or outcomes  

Perceived comprehensiveness in the 
presentation of a set of alternative 
suppliers may lead to an unjustified 
disregard of other suppliers 

Control illusion Erroneous evaluation of event 
probabilities or outcomes 

Over-optimistic/-pessimistic 
evaluation 

Disregard of alternatives 

A sequence of random events such as 
previous supplier innovations may 
be mistaken for the essential char-
acteristic of a process 

Output  
evaluation 

Over-optimistic/-pessimistic 
evaluation 

Erroneous evaluation of event 
probabilities or outcomes  

Disappointing supplier collaboration 
may be associated with poor luck 
and satisfaction with the abilities of 
the supply department 

Commitment Over-optimistic/-pessimistic 
evaluation 

Disregard of relevant alternatives 

A supply-management department 
may commit to an unsatisfactory 
course of action (supplier integra-
tion) by including sunk costs in its 
evaluation 

Confirmatory Disregard of relevant alternatives 
Over-optimistic/-pessimistic 

evaluation  
Erroneous evaluation of event 

probabilities or outcomes 

Tendency to search for or interpret 
information in a way that confirms 
ones preconceptions about a sup-
plier or supplier base  

Persistence Disregard of relevant alternatives 
Over-optimistic/-pessimistic 

evaluation 

As individuals have a strong tendency 
to maintain the status quo this may 
be an obstacle in terms of consider-
ing other suppliers  

Reference point Over-optimistic/-pessimistic 
evaluation 

Erroneous evaluation of event 
probabilities or outcomes 

Adjustments from an initial position 
(anchor) are usually not appropriate 
for setting target prices 

 
In terms of the effect on judgment and decision rationality in the above taxon-

omy, over-optimistic/-pessimistic evaluation occurs in all categories, and other 
characteristics also appear in several or almost all. This raises the question of 
why the column exists if there is little difference between the biases on that di-
mension. There is no clear explanation in the text. The third column, giving ex-
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amples from supply management, is more relevant and illustrative. In any case, 
the taxonomy gives a comprehensive picture of recent developments and findings 
in the research on decision-making bias.  

3.7 Business-process change 

There are many discussions concerning change in business processes, one of the 
most well-known being Porter’s (1990) value-chain analysis. There are also 
many different terms in use: process reengineering, process improvement, pro-
cess innovation, and business process redesign (Kettinger and Grover, 1995). The 
concept Business Process Reengineering (BPR) emerged at the beginning of the 
1990s and was widely adopted as a way of improving business performance 
(Burgess, 1998). The instigators were Davenport and Short (1990) and Hammer 
(1990) (Kettering and Grover, 1995), and Hammer and Champy developed it 
further in 1993 (Drago and Geisler, 1997). It featured heavily in the literature at 
first, but at least initially it did not seem to produce evidence of great success 
(Burgess, 1998; Kettering and Grover, 1995, Drage and Geisler, 1997). It also 
seemed to cause trouble because of its apparently easy implementation and large 
gains (Al-Mashari et al., 2001). Later the emphasis started to move from radical 
change to continuous improvement, which was seemingly less productive but 
worked better in organisations (Davenport, 1993; Kettinger and Grover, 1995). 

Davenport and Short (1990) define a business process as: “a set of logically 
related tasks performed to achieve a defined business outcome”. This basically 
means that tasks are organised so that customers will be satisfied with the or-
dered good or service. In any case there are several processes that form a busi-
ness system. Davenport and Short (1990) attribute the need for business process 
re-engineering to the fact that most business processes were designed at a time 
when information technology (IT) did not play a prominent role. They argue that 
the implementation of IT systems heralded an era of sub-optimisation, and the 
need for BPR. Figure 6 below depicts the five-step process-redesign model: 
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Develop business vision and process objectives 
Prioritise objectives and set stretch targets 

Identify processes to be redefined 
Identify critical or bottleneck processes 

Understand and measure existing processes 
Identify current problems and set baseline 

Identify IT levers 
Brainstorm new process approaches 

Design and build a prototype of the process 
Implement organisational and technical aspects 

 

Figure 6 Five steps in process redesign (Davenport and Short, 1990) 

Figure 6 clearly shows how the process of redesigning in the model is imple-
mented through corporate-wide analysis. This sets quite high requirements and 
demands rigor in following the plan. 

The fact that large-scale business-process change was found to be less than op-
timal provoked a discussion about the alternatives. Davenport then developed a 
classification of operational change, as depicted in Figure 7.  



 49 

 
Pace of change 

Degree of change 

  Fast  Measured 

Tactical 
Focused Process 
Improvement 

(Quality, Time, Cost) 

Continuous 
Improvement 

Strategic  Focused restructure 
Business Process 

Innovation 

 

 

Figure 7 Alternative approaches to operational change (Davenport, 1993) 

The figure shows four types of operational change along two dimensions, the 
degree and the pace of change. The options in the former are tactical and strate-
gic change, ranging from limited tactical change to profound strategic change in 
how the organisation operates. In terms of pace, the change may be fast or meas-
ured. Fast change runs rapidly through the organisation whereas measured 
change concentrates on the longer term. This creates the following four different 
types of process change (Davenport 1993): 

 Tactical and fast change: focused process improvement that is strictly lim-
ited in scope to quality, time and cost. The change process may only take a 
few months. This type of change does not fundamentally change the way 
of working on the general organisational level. 

 Strategic fast change: focused restructuring includes different means of 
acquiring, consolidating or divesting organisational capabilities to pro-
foundly change ways of working. This does not necessarily mean that the 
changes remain. 

 Tactical measured change: continuous improvement means that incremen-
tal improvements are made to processes on an ongoing basis. 

 Measured strategic change: business-process innovation means building 
the processes up from scratch. Existing processes are ignored. 

According to this typology, change in business processes should focus on in-
novation, then continuous improvement. In other words the preference is for 
measured rather than fast change: a slower pace and a well-organised process 
often produce better results than fast changes that are not co-ordinated on the 
corporate level (Al-Mashari et al., 2001). 

 Even at the end of the 1990s there was a sense of connection between Supply 
Chain Management (SCM) and BPR (Burgess, 1998). Process re-engineering 
already recognised the inter-organisational processes and their importance to the 
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company, as well as the benefits of IT and EDI (electronic data interchange) 
(Davenport and Short, 1990). Later, when the trend towards inter-organisational 
relationships and IT-enabled processes gathered pace, the literature on business 
processes began to focus on SCM and IT or enterprise systems (Bhatt and Troutt, 
2005; Davenport and Brooks, 2004; Xu, 2009). 

Despite the problems with the concept of business process reengineering, there 
are benefits to be gained from its implementation. Like any other strategic, large-
scale change in corporate structure, it has the potential to foster competitive ad-
vantage on condition that it is acknowledged to be relevant to the problem in 
question and that all parties understand that real change takes time and effort 
(Burgess, 1998). Successful process change also requires good knowledge-
sharing and learning practices, and awareness that organisations do not exist in a 
vacuum but belong to larger networks. It is also a top-down project, meaning that 
top management should give the strategic initiative (Kettinger and Grover, 1995). 

Information technology has always been a part and an enabler of process reen-
gineering, and is sometimes seen as the most radical change agent in the process 
(Davenport, 1993). ERP and other enterprise systems have recently become the 
motor of change in business processes (Samaranayake, 2009; Bhatt and Troutt, 
2005; Davenport, 2004; Berente et al., 2009), and most small and medium-sized 
companies currently run an ERP system. Even though the systems are in place, 
however, their full potential is not exploited in terms of eliminating waste, and 
simplifying, integrating and automating business processes (Samaranayake, 
2009). Improvements in communication technologies over the years have fo-
cused interest not only on intra-organisational processes but also on inter-
organisational process integration (Davenport and Brooks, 2004; Bhatt and 
Troutt, 2005; Xu, 2009). In general, information consistency and availability are 
critical in IT systems. Keying in known data is the most common problem, in 
other words manually transferring system data from one area to another (Berente 
et al., 2009). In order to enable the transfer of inter-organisational data, different 
standards and processes have been developed that facilitate standard communica-
tion between different enterprise systems. This started with EDI standards, but 
the development has been slow compared to the more recent RosettaNet standard 
(Chong and Ooi, 2008). The easier connectivity to other companies also provides 
a broader view of the information transferred, and improves the visibility of the 
whole supply chain (Malhotra et al., 2005). 

3.8 Summary  

In conclusion, this section summarises the above conceptual discussion. The 
conceptual frame includes the following areas: supply-chain management, logis-
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tics, purchasing, inventory management, business-process change, enterprise sys-
tems, decision-making and the electronics industry. It operates on two levels. The 
first comprises a basic theoretical knowledge of supply-chain management: logis-
tics, purchasing and inventory management serve as a base on which the remain-
ing theoretical issues stand. The second level incorporates business-process 
change, enterprise systems, decision-making and the electronics industry, which 
provide additional context to the basic theoretical knowledge. Figure 8 below 
clarifies this division and shows how the concepts influence each other. 

 

Supply‐chain management 

Logistics Purchasing Electronics 
industry 

Decision‐making 

Business‐

process 
change 

Enterprise 
systems 

Inventory 
management 

 

Figure 8 The relationships between the topics incorporating the theoretical 
frame of this research 

As the figure shows, within the concept of supply-chain management the focus 
of the investigation is on logistics, purchasing and inventory management, which 
in turn are conditioned by the effects of decision-making, business-process 
change, the electronics industry and enterprise systems. These effects are now 
considered in more detail. 

As mentioned, the supply chain is a broad concept incorporating the tools and 
frameworks that affect the process across company boundaries. Purchasing and 
logistics are, according to this definition, business processes or parts of business 
processes in the framework of supply chain management. Thus the focus is on 
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operative purchasing, and on one part of that process. Logistics processes are 
concerned in that the focus of the discussion is on the effect of purchase-process 
outcomes on one of these processes: inventory management. The processes are 
connected in some way through the fact that purchasing supplies goods to inven-
tories and production that are influenced by purchasing decisions. Inventory 
management is affected by the purchasing decisions and should be monitored and 
analysed in order to optimise output. The demand side of the discussion is miss-
ing here, except for the fact that demand is uncertain and therefore safety stocks 
are needed. In this case it is production that is geared to operations management. 
Given the focus in this research on purchasing and inventory management, de-
mand is taken as given and there is no possibility of affecting it. This is also sup-
ported by the fact that consumption could also be a sales issue. Therefore, in 
terms of this research it does not matter where the demand comes from. 

Decision-making is one of the major issues in the supply-chain context. Deci-
sions are made daily on strategic, tactical and operational levels. They affect the 
outcome of the supply chain, but at the same time various inputs from it that are 
consequences of other decisions affect the decision makers. A set of human deci-
sion-making biases is identified that affect day-to-day decision-making in some 
way or other. With regard to purchase decisions the relevant biases include base-
rate thinking, according to which new information about the current situation is 
compared to the actual level, and the amplitude of the change is not considered 
large enough to affect the functioning of the system. Secondly, confirmatory bias 
means that the decision maker tends to search for information that confirms pre-
viously established presumptions. A third possibility is reference-point bias. This 
is similar to base-rate thinking and leads to situations in which decisions do not 
take into account the magnitude of the change, but rather attenuate it. 

Business-process change happens in almost all organisations on a regular ba-
sis, although it might not be identified as such a change, or it may not happen 
organisation-wide as when the concept was developed. Nowadays when IT ap-
plications are in use in almost all organisations, IT is a normal and essential part 
of every business-process change. In the current context the change affects part 
of the operational business process, and because of the existing interconnection 
with logistics and supply-chain management it also affects these processes. This 
example shows how small changes in one operational process may have an ex-
tensive impact on processes on different levels. 

As mentioned above, IT is part of almost all business processes, and therefore 
is naturally part of the theoretical framework incorporating the concept of change 
in business processes. In the case of supply-chain-management processes, special 
IT tools such as ERP systems have been developed. Together with current com-
munication technologies the development of these tools is an essential part of the 
reality of supply chains, which is why they are discussed separately. Modern 
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ERP systems and inter-organisational communication tools and techniques bene-
fit operative purchasing though supply chain management, in new ways. Their 
calculation capacity facilitates automation, higher accuracy and effective deci-
sion-making. 

The electronics industry is particularly relevant here because the realities - the 
historical development and certain facts about the supply chains in the industry - 
in some cases limit and in some cases enable different processes. The particulari-
ty of some inventions and the nature of the electronics business therefore affect 
the operational purchasing processes in this case. 
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4 CASE STUDY DESCRIPTION 

4.1 Basic information about the case company 

The case company is a medium-sized manufacturer of industrial electronics in 
the field of telecommunications, and exports 90 per cent of its production to op-
erators worldwide. It has its own sales offices in Europe but operates through 
partners in other markets. It has developed worldwide market coverage although 
it has not targeted South America. Despite its extensive network of sales offices 
it ships most of its orders from its headquarters in Finland, where the central 
warehouse and major manufacturing facilities are located. The company also has 
an operating unit in the Far East as well as subcontractors supplying semi-
finished assemblies and end products.  

At the time of this research the author had just graduated from Turku School 
of Economics and had signed on as a doctoral student. At the same time he was 
appointed manager of a project involving a move from defined business to auto-
mated purchasing. The subject was fascinating and his interest in the results of 
automated purchasing was awoken. When the first project ended a second one 
followed, which gave further insight into the effects of automated purchase or-
dering on inventories.  

The case company was then using a standard ERP (Enterprise Resource Plan-
ning) system to run the logistics at its headquarters and factories, and the inven-
tories attached to it. The software covered the functions of manufacturing, inven-
tory management, sourcing, purchasing, customer service and materials require-
ment planning (MRP). The ERP system was taken into use in 1999 and ran until 
the beginning of 2005. 

In the electronics industry the manufacturing of devices normally starts with 
the assembly of a circuit board, which is frequently called a module. It is usually 
a part that completes one of the product’s functions. End products frequently 
contain one or more circuit boards, the elements of which include a printed wired 
board (PWB) and a number of electronic components (e.g., transistors, resistors, 
memories and processors) assembled by machine or manually by inserting com-
ponents into the PWB. The case company has its own module manufacturing 
facility even though it sub-contracts part of that phase of the production. 

The components needed for module manufacturing are supplied either directly 
by the manufacturers or through distributors. Distributors mainly provide value-
adding services in warehousing and logistics, but in the case of small and medi-
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um-sized customers the manufacturers also use them to split larger manufactur-
ing lots. In this sense distributors are of interest to both component manufacturers 
and manufacturing customers, and are able to reduce the number of customers 
and the number of suppliers, respectively (e.g., Berry et al., 1994). 

There are many ways of packing electronic components depending on the size, 
type and need. The most common practice is to pack the components individually 
in a tape that is rolled on a reel. This is the most convenient method from the 
manufacturing customer’s point of view because the machines used to assemble 
the modules use these reels as standard. The reel contains more components in 
one unit than other packing methods, typically from 200 up to 10,000pcs, and 
this enables a high usage rate for the assembly machines. Tube packing is also 
possible, and is used when a whole reel is not needed. It is convenient in the 
sense that assembly machines may also use tubes to supply components. The ca-
pacity of a tube is typically limited to between five and 30pcs depending on the 
component type.  The most labour-intensive packing method is the tray: the 
components need to be fed manually into the machine or inserted in tubes for 
assembly. A tray typically contains 10-50pcs, but manual treatment is often re-
quired before the assembly machine can use the components. 

For this research the investigation focused on the relationship between the 
case company and two of its distributors through purchasing. The case company 
was developing a system to automatically transfer demand information on a 
range of components to these two distributors on a weekly basis. This arrange-
ment was made in an attempt to rationalise the work at the case company and 
release manpower to work on more complicated sourcing issues faster with the 
same amount of resources. This could also be called a business-process-
improvement initiative. The suppliers probably had the same kind of purpose 
because the initiative came from the component distributor in the first place. 

4.2 Purchase order processing concepts 

Three different purchasing modes are described in this research, all concerning 
the practical process from the purchase request to the delivery of the goods.  Fig-
ure 9 below depicts a typical manual purchasing process.  
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Figure 9 A manual purchase-order process 

The purchasing side of this manual purchase-order process is represented in 
the top half of the figure. The dashed line in the middle represents the boundary 
between the purchasing and the selling company, and the lower part represents 
the selling company. The process starts with the individual requirements of the 
production or another department. If it is a wholesale organisation the require-
ment comes from direct customer demand. The demand is processed through an 
MRP system, as described in the theoretical framework. Aggregate demand is 
transformed into purchase requisitions, which are manually gathered together in a 
purchase order that is sent on to a supplier. This supplier receives the order and 
enters it into its system for processing in its inventory or manufacturing system. 
In the case of wholesale purchasing the order is requested directly from the 
warehouse. This model does not incorporate the internal process of securing the 
availability of the materials, the assumption being that they are available. The 
requests on the supplier side are sorted by the customer and picked up from the 
warehouse. Delivery and invoicing take place after the pickup. The buying com-
pany duly receives the goods and enters the information into its operating system. 
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The next time MRP is running the increase in inventories is taken into considera-
tion, the purchase order no longer remains open and demand for the goods is sat-
isfied. 

The above is an example of a manual purchasing process. It was in use in the 
case company before the implementation of automated purchase ordering de-
scribed in the two samples that follow. The automation project discussed in the 
following sections was meant to simplify the process through the elimination of 
the manual steps. A crucial element of it was the ERP system and the automation 
inherent in it. This integration enables the use of entered data throughout the or-
ganisation, and reflects business-process re-engineering with its goals of waste 
elimination, simplification, integration and automation (Samaranayake, 2009). 
These principles were followed in terms of eliminating manual data entering, 
simplifying the process, and integrating and automating customer and supplier 
processes. The purchase-order process was fully automated in the first sample 
and partially automated in the second. It was adapted as described in the follow-
ing case descriptions. 

4.3 Two case samples  

This research concerns two case samples representing two different forms of pro-
cess change. The two samples involve two sets of electronic components pur-
chased through different processes. The Chapter describing the research process 
outlined some of the basic principles applied. Here the component samples are 
presented in the context of the ERP system, which is essential in terms of under-
standing the behaviour of the item samples. Table 4 below gives the samples and 
their characteristics. 

Table 4 Sample characteristics 

Characteristic Sample 1 Sample 2 
Number of items 18 18 
Lead time 5 working days 5 working days 
Minimum order quantity Manufacturer package size Manufacturer package size 
Safety-stock-calculation 

principle 
20 days demand, defined as 

a 6-month average 
20 days demand, defined as 

a 6-month average 
Period of supply  15 days 15 days 
Investigated automation 

period 
22 months 16 months 

Type of process after the 
change 

Fully automated Semi-automated 
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As indicated, the parameters were the same in both samples. The differences 
were in the period of investigation and the type of process change. The investiga-
tion period for sample 2 started approximately 12 months later than for the first 
one, but continued some six months longer. The number of items and the lead-
time expectation were also the same. The minimum order size was set to the min-
imum manufacturer package size, which is an industry standard and varies from 
half a dozen components to several hundred depending on the item. Safety stock 
was set at 20 days consumption in order to keep enough items in stock to meet 
short-term demand. The period of supply could be defined as the period forward 
of which the system looks at demand. It could also be called the demand win-
dow, which is open for 15 days to come. This basically means that all require-
ments for the next 15 days are anticipated and combined in the same purchase 
lot. The total number of different items in this component area was 2,323 that 
were supplied by 93 different suppliers.   

4.4 The first sample 

The collection of data for the first case sample started at the end of 2001 with a 
discussion of the MRP (Materials Requirement Planning) results and package 
sizes in the system. This discussion was on going between the case-company 
sourcing director (SD), the operative buyer (OB), the IT specialist (ITS) and the 
project manager (PM). It soon extended to the supplier’s sales assistant (SA) and 
later its IT specialist (SITS). Prior to this the case company had a commercial 
relationship and a contract with the distributor specifying products, prices and 
minimum order size. The total number of items included was 76 at the beginning 
of the investigation period, after which the number of active components was 
found to be 42. Thus, the investigation included some 40 per cent of the compo-
nents in the automated purchase ordering from this supplier. The supplier was 
special in the sense that there was a binding contract covering annual volumes. 
The case company also had some items that were strictly customer-specific, and 
the contract was more rigorous with regard to these components. 

The order process had been manual and the buying was MRP-based. OB is-
sued orders through ERP and sent them by fax to the counterpart sales assistant 
(SSA). SD had agreed on the standard order-lot sizes with the supplier, and it 
varied from a single package to a lot of several. OB and SSA made changes to 
the standard lot sizes on a daily basis. OB and SD also defined the safety stock 
information in the ERP component by component, and also freely defined the 
order frequency.   

 The first topic of discussion before the implementation of the automated order 
system was order size. The aim was to set this as one package, which would al-
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low the smallest possible order especially when deliveries were supposed to take 
place weekly. The agreement between the case company and the distributor stat-
ed a minimum safety stock to be kept by the distributor, in order to avoid stock-
out situations. SD agreed with the distributor SSA that the minimum order quan-
tity (MOQ) would be one package, and OB and SSA went through the compo-
nents covered in the agreement to enter this information into the ERP systems of 
both companies. The safety stock of components intended to be included in the 
automated purchase order with this distributor was based on six-month historical 
demand and set at two weeks. This calculation was made on a monthly basis. The 
two-week safety margin was based on the idea that when a purchase order goes 
through with the demand information there will be one week before the next pur-
chase order is set and those goods would be delivered two weeks from the pre-
sent. The following figure from Rantala and Hilmola (2010) describes the result-
ing purchase-order process: 
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Figure 10 An automated purchase-order process (Rantala and Hilmola, 2010) 

Figure 10 above depicts the fully automated process as created in the first au-
tomated purchase-order implementation. The dotted line in the middle of the rep-
resents the company boundary, the case company being above it and the supplier 
company below. Individual production requirements are combined in the MRP 
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calculation to create purchase requisitions for each item if there are not enough in 
the inventory. Purchase orders are based on the rules explained above. The sup-
plier ERP system receives the order automatically and creates the requirements in 
its MRP for the warehouse/purchasing to supply. When the items are ready for 
shipment they are picked up and packed for transportation to the customer. The 
customer enters the items manually into its ERP system, and the next MRP run is 
to meet individual requirements. 

The system ran from February 2002. A single open purchase order was in-
cluded in the ERP system to enable the receipt of shipments. At first there were 
some problems concerning partial shipment and the related reports, as well as 
pricing issues. OB and SSA discussed these day-to-day matters, which were re-
solved case by case without upsetting the delivery schedule and therefore did not 
affect the inventory transaction figures significantly. They mostly concerned the 
ERP technology and had no commercial importance. Later on, SD and SSA dis-
cussed updating the contract and adding new items because the distributor ERP 
system blocked new items that were not included in the trade agreement.  

4.5 The second sample 

The case company initiated the second sample in September 2002. Discussions 
started following a seminar in which the supplier presented its electronic com-
merce solutions. The case company had intended to implement a similar system 
with this distributor to the one described in the first sample. The supplier (a com-
ponent distributor) could either operate through a local messaging service in ac-
cordance with the RosettaNet standard (see e.g., Fulcher 2005, Malhotra et al. 
2005, Choong and Ooi 2008), or communicate through e-mail messaging. The 
latter was selected because using a service provider would have incurred the ad-
ditional cost of connecting to the server and a regular maintenance fee. The au-
tomated e-mail service was free of additional charges. It was also comparable to 
the service described in the first case. The initial discussions were between the 
Project Manager (PM) and the Supplier IT Specialist (SITS), and later on the 
Sourcing Manager (SM), the Supplier Sales Manager (SSM), the Operative Buy-
er (OB) and the Supplier Sales Assistant (SSA) joined in. The case company IT 
Specialist (ITS) was involved in the implementation phase. 

Discussion between PM and SITS started at the end of September 2002 and 
covered general aspects of the e-commerce solution, specifically its extent (pur-
chase orders and/or forecasts), and types of information-transfer files and their 
contents. It then moved on to practical issues such as order frequency, order size 
and delivery time. It was concluded that a weekly cycle was suitable in this case, 
too: the order size and delivery time were the same as in the normal delivery con-
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tract with the distributor. There was further discussion about the information to 
be distributed to the case company concerning the process and delivery status. It 
was agreed that the customer would receive an order confirmation by e-mail or 
fax and would be informed in case of deviation from the normal procedure. 

The next phase concerned the selection of items for the automated purchase-
order system. It was concluded that the fastest-moving items and those with bet-
ter availability should be included and that slow-moving and customer-specific 
(by the classification of the distributor) items should be excluded. This was based 
on SM’s and OB’s argument that with slow-moving items there were more often 
situations that required discussion between the case company and the distributor. 
The total number of items at this supplier was 600 but only 18 were included in 
the automated purchase-order process according to the inventory-turn and com-
monality criteria. The necessary definitions and choice of items were agreed by 
the end of October 2002 and the first test messages were sent from the case com-
pany’s database.  
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Figure 11 A semi-automated purchase-order process (Rantala and Hilmola, 
2010) 

During the test phase the distributor asked for price information to be included 
in the file as well. The final order form covered the following information: item 
number (case-company database), requested date, quantity, price and contract 
number. Testing was on going during November 2002 due to problems in the 
distributor’s IT systems. The next delay was due to the fact that from this distrib-
utor needed to be shipped to two different delivery addresses. This problem was 
solved through the use of separate files for each address. Changes in trade 
agreements and items to be included in the automated system delayed its imple-
mentation until the beginning of 2003. By mid-December 2002 the following 
parameters had been updated in the case company’s ERP system for use in auto-
mated purchasing with this distributor: two weeks safety stock, a five-day deliv-
ery time, and the screening of unsettled requirements in a 30-days-ahead win-
dow. This last parameter basically introduced the idea that all item requirements 
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that were visible 30 days forward would be ordered from the distributor. This 
second case sample adopted a semi-automated process, as depicted in Figure 11. 

The difference in this semi-automated process from the fully automated sys-
tem is that when the case-company system sent the purchase-order information to 
the supplier it was electronically received, but entered manually into the suppli-
er’s ERP system for MRP processing. The data was reviewed at this point and 
possible anomalies were communicated to the case company. 

The samples were analysed separately and together in the three articles at-
tached to this thesis. The following chapter briefly summarises these articles and 
essays, and assesses their results in line with the analysis. All of the processes 
described above were used in the samples. 
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5 SUMMARIES OF THE ATTACHED ARTICLES 
AND ESSAYS  

5.1 Introduction 

The articles summarised below follow the logic of automated purchase-order im-
plementation, but at the same time the findings offer something new and each 
article brings novel insights. The first two present two separate sets of data and 
the results of their analysis, which are compared in the third article with a third 
set of data that serves as a reference point.  

The first article describes automated purchase-order implementation and its 
results in inventory turns. The theoretical basis lies in net requirements logic and 
its implications in terms of demand data. The inventory turns of the first case are 
analysed before and after the implementation of the automated system. 

The second article analyses the data from the second case and reviews that 
from the first case. The differences between the three different kinds of purchase 
process are explained, and the two cases are compared in terms of changes in 
inventory turns, order size, inventories and consumption.  

In the third article the two automated-purchase-order data sets are compared 
with a larger set in which the purchasing was processed manually, and which 
covered the whole investigation period of approximately four years. This set pro-
vided a reference point for the automated process. Three hypotheses were posited 
in order to assess inventory-turn improvement in automated purchase-order sys-
tems, the influence of the level of automation, and the impact of the absolute 
component price. The first essay comprises a discussion about the similarities 
between supply chain management and two other concepts that are closely relat-
ed to change processes. In terms of theory it is based on the literature on total 
quality management (TQM), business process reengineering (BPR) and supply 
chain management (SCM). It makes a valuable contribution in terms of explain-
ing the context in which processes are automated or reengineered. 

Finally, the second essay is a written analysis of the controlling round of inter-
views on purchase professionals run in order to place the results from case com-
pany to a larger context of purchasing. 
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5.2 From manual to automated purchasing – Case: middle-sized 
telecom electronics manufacturing unit 

The starting point of this research was the implementation of an automated pur-
chase-order system involving the case company and one of its suppliers, a large 
component distributor. The case company wanted to free human resources to 
concentrate on more productive tasks such as solving day-to-day problems relat-
ed to sourcing and purchasing. This would add momentum to its sourcing work 
and so increase its competitiveness.  

The focus in the article is on the effects of automation on inventory values and 
the turnover of raw materials. Changes in order size, average inventory value and 
average consumption are also analysed in order to give a fuller picture of the sit-
uation and of changes in the data. Variance and standard deviation were calculat-
ed in order to show the change in the whole set of items before and after automa-
tion. The data concerned items that were included in the automated process, 
which ran from March 2002. With a view to comparing the inventory turns be-
fore and after automation the data collection started in 2000 and ended in 2003, 
thus giving an investigation period of almost four years, covering periods of al-
most equal length for both purchasing methods. 

Analysis of the data revealed that the average inventory turn of all items in-
creased from 7.73 to 10.11, the variance decreased from 27.0 to 5.0, and the 
standard deviation from 5.0 to 2.0. This suggests that the automated process was 
successful in terms of inventory turns. It also reduced the differences in compo-
nent turnover, as the heavily reduced variance and reduced deviation show. With 
regard to individual components, there was great variation in the changes, which 
was attributable to the above-mentioned change in variance. During the automat-
ed period it appears that one item had a different pattern from the others: the in-
ventory turn for Ftheta dropped from 24.0 to 4.0. This was due to the fact that 
customer demand for the item suddenly dropped, and was also visible in the 78-
per-cent drop in average consumption between the two periods. Other items also 
showed a negative consumption development but they at least maintained or in-
creased the inventory turn. There was a similar development with Fgamma, but 
of lower magnitude. In this case the reason was the temporary heavy demand 
increase that affected the safety stock calculated on the basis of the previous six 
months’ consumption. The safety stock remained high even when consumption 
dropped heavily. This reduced the inventory turns by 24 per cent between the 
manual and the automated periods. 

Another interesting finding was the extremely high improvement in inventory 
turns in one group of items. The reasons for this were twofold. First, there was a 
heavy increase in the consumption of two items during the automation period. 
Together with the decreases in order size and inventory demand this created a 
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high inventory turn. Secondly there was a lower demand for two items than in the 
manual period. However, stock levels and order size showed a similar decrease, 
and thus there was an increase in inventory turns despite the decreased demand. 

Overall, there was item unification in terms of inventory turn. Furthermore, 
there was a reduction in average order size and average stock despite the reduc-
tion in consumption of most of the components between the two periods. In order 
to implement such a system companies must have a basic data-management pro-
cess covering stable items and reliable current demand data, as well as a long-
term contract base with suppliers. A further prerequisite for companies with sev-
eral production facilities is to use either combined requirements or “chained” 
MRP systems. This would avoid increasing the inventories in several manufac-
turing locations on account of the individual minimum-order-size requirements 
of each unit.  

5.3 Analysis of two different automated purchase order systems in 
telecom electronics manufacturing unit 

The outcome of the first case of purchase automation raised the question of 
whether automation would also work in other cases. The second sample was ana-
lysed quantitatively in the same way as the first so as to allow comparison of the 
results. The results are presented in the second article. 

The different purchase-order processes are first described in order to clarify 
the situation in the two cases. The manual system is then explained in order to 
provide a point of comparison. They all differed in terms of the process but the 
flow of goods followed a regular pattern. The major difference between the two 
automated processes was in the reception of the customer’s purchase order on the 
supplier side: in the fully automated process the supplier received and registered 
the order automatically whereas in the semi-automated system the known infor-
mation was entered again into the supplier’s system. The parameters of the MRP 
system are reviewed next. 

The analysis of the fully automated system follows the same logic as in the 
first article, as does that of the semi-automated system, with the same calculated 
values. The number of items is also the same in both samples. Because the sec-
ond process only began at the beginning of 2003, the investigation period was 
extended from the end of 2003 to mid-2004 for that sample.  

The analysis of the semi-automated system revealed differences in characteris-
tics compared with the first case analysis. There were practically no changes in 
average inventory turn between the automated and the manual periods. What ap-
peared to be similar in the two series was the reduction in variance and standard 
deviation: variance was reduced to one fifth in the fully automated and by a half 
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in the semi-automated system, having originally been on the same level in both. 
It was still considerably higher in the semi-automated system at the end of the 
process. Furthermore, average consumption decreased by almost 20 per cent 
whereas the change was 69-per-cent positive in the first case. It could be said that 
in these conditions maintenance of the average inventory turn was a challenge. 

There were two groups of exceptions, however. The first case sample revealed 
a case of MRP nervousness that is present when there are sudden changes in de-
mand, and which creates disturbances in component demand. MRP systems often 
suffer from this effect. It concerned one item in the fully automated system and 
two items in the semi-automated system. As mentioned above, there was one 
high-consumption peak affecting safety-stock calculation in the former, and two 
items with several high demand peaks (Adelta, Aeta) and one with only periodi-
cal demand (Arho) in the latter.  

The second group of exceptions concerned contractual issues with suppliers 
when customer demand suddenly drops. This development was visible only in 
the Ftheta item, as explained in the first article. 

In sum, the semi-automated purchase-order system did not seem to significant-
ly improve the inventory-turn pattern. This was not the case with the fully auto-
mated process, which resulted in significant improvement. However, in the for-
mer case there was a saving in direct labour and overheads, allowing the alloca-
tion of staff to more profitable tasks in the company. It was also observed that 
purchase-lot sizes decreased, which according to economic-order-quantity think-
ing (EOQ) should improve inventory turns. It is interesting that in both systems 
the average annual inventory turn was almost tenfold, the variance decreasing 
simultaneously on the component level. This was supposedly due to the uniform 
setting of the item parameters. The failure of the semi-automated system could be 
attributed to two possible causes: either the period of investigation was not long 
enough or the system is inherently less effective than the fully automated system. 
Comparison with a set of components purchased in the normal manner would 
shed light on the development of these two systems. 

5.4 Inventory turns changes and sophistication of automation in 
purchase order systems 

This article continues the theme of the two previous ones. It begins with a brief 
description of the two automated purchase-order systems, and then sets out the 
three research hypotheses. 
Hypothesis 1: Purchasing automation enables inventory turn improvement re-
garding purchased component inventory. 
Hypothesis 2: Level of automation has an effect on inventory turn improvement. 
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Hypothesis 3: Expensive components have higher inventory turns. 
The research environment is briefly reviewed next, the case company and 

component distributors are introduced, and the basic parameters of automated 
purchase ordering are explained. The empirical data analysis follows. 

This article introduces a new sample of 56 different items purchased normally 
(manually) from different component distributors, including the two with auto-
mated purchase ordering. The same data-analysis principles were applied as with 
the analysis of the automated samples, and the additional data was further ana-
lysed separately with both. The observation period for these manually purchased 
items was over 50 months. Regression analysis was used in the analysis. 

It appeared from the results of the regression analysis that automation was not 
the primary reason for the improvement in inventory turns: the likelihood of a 
consequent decrease in the fully automated system almost reached a statistically 
significant level. The conclusion was that it was not automation that caused the 
increases but the fact that the basic parameters, and especially order-lot size, 
were set to a minimum. Thus, the first hypothesis did not seem to be valid. 

At first glance the second hypothesis about the level of automation seemed to 
hold. However, deeper analysis revealed that the success of the safety stock and 
other parameters, together with demand development, had a greater impact on 
inventory-turn development. Consequently, the second hypothesis was also re-
jected.  

With regard to the third hypothesis, it turned out that the item price level had 
an impact on inventory-turn improvement. It was concluded that this was at-
tributable to the fact that more expensive items are often packed in smaller pack-
ages, which in turn affects purchase-order quantities. 

Process automation, especially in the supply-chain context, is assumed to in-
crease efficiency and improve the use of inventories. However, it seems from the 
results of this research that automation itself is not a driver of such improvement, 
and that other parameters, such as demand and stock levels, play a role. Interest-
ingly, order quantities had no significant effect on inventory turns, and in some 
cases automation might even lower the levels. It thus seems that traditional mate-
rials-management parameters are essential and key elements in terms of improv-
ing inventory turns. This analysis only covered a small fraction of one supply 
chain and the inventory holding within it. In future and in order to validate these 
results, larger-scale research should be carried out in organisations capable of 
generating similar data. Chain-wide inventory-level analysis would shed light on 
inventory development in the supply-chain context. 
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5.5 From total quality management (TQM) through business pro-
cess reengineering (BPR) to supply chain management (SCM) 

Total quality management (TQM), business process reengineering (BPR) and 
supply chain management (SCM) are seemingly separate concepts. However, the 
literature identifies connections between them that could enhance the success of 
the changes in business process that commonly occur in companies. SCM as a 
concept is possibly the oldest of the three. TQM evolved at the beginning of the 
1980s in a bid to increase competitiveness in US industry, and BPR developed 
from this in order to increase the effectiveness of change. These concepts have 
common features, of which the most important are process orientation, the use of 
information technology and inter-organisational coverage.  

Information technology (IT) is common to all of the concepts but has a some-
what different role in each one. Its role in TQM is to facilitate its development 
and practices, but it is only a business-development tool. On the other hand, it 
has a leading role in BPR in terms of redesigning business processes. IT has fea-
tured in SCM for a long time in the form of MRP and ERP applications, which 
currently define many aspects of supply-chain thinking. EDI and other communi-
cation-technology tools have extended the use of IT to inter-organisational rela-
tionships.  

The use of IT in SCM is logical in logistics, which has traditionally focused on 
flows of materials and information. However, SCM also incorporates process-
based thinking so as to better describe these flows. By definition, TQM presents 
an opportunity to involve suppliers in the process of continuous improvement. In 
the context of BPR inter-organisational relationships are seen more broadly as 
inter-organisational processes. A change in focus from the transactional to the 
holistic would produce greater benefits. 

It is obvious from the above discussion that the point of these three concepts is 
to increase competitiveness, and not only inside company borders but also further 
afield among other companies working together in a chain or network. Such co-
operation could be fostered with the help of modern IT tools through the spread-
ing of strategic processes among organisations on the transactional as well as on 
more advanced levels. It is crucial to understand that while routine transactions 
are transformed, the whole picture should be taken into consideration for that 
obsolete processes are not given too much attention. 
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5.6 Perceptions of automated purchase order processing in mid-
sized manufacturing companies in South-Western Finland 

Purpose of this essay is to report the findings from a multiple case study. This 
study was made in order to place the results from above-reported studies to a 
larger picture in purchase order management. Research was made based on semi-
structured interviews made among purchase professionals from four manufactur-
ing middle-sized companies. All of the companies were chosen from a database 
of participants to a larger research programme in South-Western Finland. Their 
business areas varied and included electronics manufacturing, automotive and 
general machinery manufacturing industries. More important than the companies 
were the respondents and their professional opinions and experiences about the 
subject. 

The covered topics were concentrating on the applicability of automated pur-
chase order. The questions were asked in form of propositions that were testing 
the results obtained from the focal company case study. Topics varied from tech-
nical and economical realisation to practical implications of the applied automat-
ed order processing. 

It was found that most of the respondents had no personal experience on au-
tomated purchase order processing. One of the respondents had recently imple-
mented the automated purchase order processing in his current position. Even 
though most of the respondents did not have personal experience on the matter, 
they quite well were able to end up with the same conclusions than the one with 
more experience. The most time and effort consuming task was found to be the 
review of item basic data in beforehand of the system implementation. Secondly, 
the competence and resourcing of the system implementation team was identified 
as important to success in the process. 

On the items in focus, those with long lifecycle in view and stable demand 
were seen suitable for automation. Vendor Managed Inventory (VMI) was seen 
as an alternative way of purchasing to those items. This finding is interesting be-
cause it stresses the need of long term contractual relationship with suppliers 
where automated purchase order is a sign of trust and longevity of the relation-
ship. As interesting is that if compared, VMI seems to build even stronger rela-
tionship because the supplier is willing to invest in inventory on customer prem-
ises. In case of small or medium sized (SME) companies the automated purchase 
order may be the preferred option from both sides: from suppliers’ because no 
intensive inventory building is necessary in a probably small scale and to the 
buyer for more simple structure of reporting and data processing. 

Experiences of the automated purchase order in one of the companies were in-
teresting. Their driver to automate was increase performance of purchase person-
nel and related cost savings in fixed costs. As flow of products was optimised, 



 71 

increase in use of working capital was achieved. What was found negative in the 
system was “blindness” to the material flow that required additional controls in 
order to monitor the effects of purchase order to inventory levels. The problems 
were identified to be related either the malfunction of the system or incorrect 
item basic data in the system. 

In conclusion, automated purchase order was seen to add rigor in item data 
management, increasing the use of capital and reducing fixed costs. The system 
was also seen suitable for an SME company both operationally and implementa-
tion-wise. The phenomena should be further researched from buyer-supplier rela-
tionship point of view as well as from key figure impact analysis point. 
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6 DISCUSSION 

The story of this research is a long one. As stated earlier, a supplier made a prop-
osition to the case company to develop an automated purchase-order system. The 
case-company representative accepted the proposition and the work to establish 
automated routine purchasing began. The underlying assumption, reflecting the 
literature on process re-engineering (e.g., Samaranayake, 2009; Kettinger and 
Grover, 1995), was that automation would save resources and time and improve 
inventory management. The thinking of the persons starting the process, the deci-
sion makers, may not have been related to any of the theories of business-process 
change or supply chain management, and may have been more practical in terms 
of following good business practice and saving manpower for something more 
productive. Nevertheless, the essential thinking was there. As a recent graduate 
working on different kinds of projects in the case company the author considered 
this just one assignment among others. Of course it was interesting on the same 
practical level in that it would potentially save money and resources. 

Thus began the practical part of the research. On the theoretical and academic 
levels the origins are more difficult to define. The emphasis in Chapter 2 on re-
search methodology introduces case-study methodology and action research. 
Certainly, there are elements of both. The quality of the research compared to the 
methodological description is another issue. Action research starts from the theo-
retical consideration of a problem area on a larger scale (Westbrook, 1995; 
McKay and Marshall, 2001; Zuber-Skerritt and Perry, 2002). It is a type of case 
research, which would make this a single case study with multiple perspectives 
on the same phenomenon. Larger-scale theoretical thinking was not conscious at 
this stage. Conscious thinking started in line with the data analysis. Thus there 
are flaws in the methodological process. The effect of these flaws on the results 
of the research may be analysed through the reading of this thesis. Despite this 
shortcoming the research could be said to have started at the beginning of the 
implementation process, which conforms to action-research methodology. 

The development phase started with the adjustment of the parameters, a time-
consuming and difficult task due to number of parameters involved and the need 
to understand their effect on the functioning of the system. There was a one-year 
interval between the implementation of the two systems. It could be said that the 
first implementation served as a prototype of the second on the system-parameter 
side. The second implementation raised new issues concerning delivery address-
es and different IT system configurations on the supplier side, however, and was 
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therefore not a copy of the first. Furthermore, experience was not the only pa-
rameter used in the process changes in that there were environmental conditions 
that forced the system into a different configuration than in the first automated 
system. Figure 12 below illustrates these influences. 

 

The first implementation of 
automated purchase ordering 

The second implementation of 
automated purchase ordering 

Learning from the first 
automation case 
contributing to the 
second implementation 

External factors such as 
supplier requirements 
influence the second 
implementation 

 

Figure 12 The origin of changes in the second case of purchase-order automa-
tion 

There was clearly a learning process before the new implementation started. 
Unfortunately, there was no concrete return to the existing theoretical frame at 
this point. One reason for this was that there was not enough data available be-
fore the second implementation to see a permanent change in the development of 
inventory value. In fact, compliance with action-research methodology would 
have required the second implementation to have taken place some two years 
after the first one so as to enable conclusions to be drawn about inventory devel-
opment. This was more of an improvement than a change in the business process 
(Kettinger and Grover, 1995). 

IT systems were at the heart of this project. Of specific significance are the en-
terprise systems that currently account for a major proportion of IT investments 
in companies (Samaranayake, 2009). However, there are two faces of IT in-
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volved in a process like this: technical and business knowledge. Technical 
knowledge in this case serves as the basic facilitator for setting communication-
system parameters for the different systems involved. On the other hand, busi-
ness knowledge comprises an understanding of the business facts and data in the 
IT systems that facilitate understanding of the business picture of the case in 
question. This knowledge allows the setting of parameters based on business 
facts and an understanding of the various data in the system’s history and for the 
foreseeable future. Knowledge about and the establishment of operative process-
es are considered critical success factors in ERP implementation (Snider et al., 
2009). However, if it is a question of changing the behaviour of the system to 
better support the business process, then technical IT knowledge is required. The 
starting point in this project was that the suppliers were able to transfer simple 
messages concerning purchase-order data into their ERP systems. It was assumed 
that setting up the automated purchase-order system would not require extensive 
resources. On the case-company side technical IT knowledge was used in setting 
up the order communication to suppliers, whereas the discussion on business IT 
knowledge was more intense, especially with regard to the parameter setting. 

Thus there were requirements related to IT, purchasing and business process-
es. What was not known at this point was how the system would behave nor what 
the critical outcome would be: the effect on inventories was used as one measure 
of purchasing performance. There was also a lack of understanding of the fact 
that a person making purchasing decisions is bound by the limitations that are 
typical of any human being. The decision-making and assessment of the situation 
are biased by a number of factors. This appeared to be of fundamental signifi-
cance in explaining the results of the experiment. 

Three research questions were posed at the beginning of this thesis. Two of 
them concerned the effect on inventory turns of purchase-order automation and 
the main constituents of the observed change. The third question asks whether 
the results observed from the case company are relevant in a larger context of 
SME companies. The published articles address the first question, mainly 
through the quantitative analysis of inventory turns. The second question is more 
complex in that it focuses on why the changes took place. The third question is 
investigated in the second essay in detail. 

6.1 The first research question 

As mentioned, the results on inventory-turn changes are analysed in the pub-
lished articles. It was found that there was not a uniform change in direction in 
the case of purchase-order automation. The first sample provided evidence that it 
improved inventory turns in general, but there were large differences between the 



 75 

individual items. Analysis of the second automated sample revealed no signifi-
cant improvement, although the levels remained the same as in the first one. The 
levels in the first sample were, on average, initially weaker than at the starting 
point of the second sample. When they reached the same level the average in-
crease was high. The statistical analysis showed signs of a negative effect of au-
tomation, but not quite to a significant level. In terms of the first research ques-
tion it could be said that the results are mixed. There was no clear improvement 
in inventory turns but there was no clear deterioration either. 

The results regarding the first research question are, in fact, in accord with the 
literature on enterprise systems. It was argued in Chapter 3 that the implementa-
tion of supply chain and enterprise systems seems not to have negative effects on 
a company’s financial performance (Hendricks et al., 2007), but in fact it was 
also found that internal measures (including inventory indicators) seem to suffer, 
at least immediately after the implementation (Hendricks et al. 2007, Dehning et 
al., 2007). This confirms the mixed results of this research: it is not a question of 
implementing a full enterprise or supply-chain system, and allowance should also 
be made for partial process change. With regard to the results and methods of 
previous research, statistical analyses have involved large numbers of companies 
and extensive public data. Care should be taken in comparing the results with 
those of this study, but all in all the same phenomenon was found and this con-
firms the findings. 

6.2 The second research question 

The second research question is more complex than the first in that it concerns 
why the inventory turns were affected as they were. The results of the quantita-
tive analysis give some insights, but the qualitative analysis based on the obser-
vations of the participating researcher and deductions from the theoretical frame 
were also revealing. There were, in fact, two sorts of change: change to the whole 
sample and changes within the samples. 

Changes in the entire samples were identified when they were analysed indi-
vidually and in comparison. As reported in the published articles, the first analy-
sis covered the single fully automated sample, the second was a comparative 
analysis of the fully and semi-automated systems, and finally, both automated 
samples were compared with the “normal” sample of manually purchased items. 
The first analysis showed a positive average trend in inventory turns, and it was 
argued that there was a pattern of decreasing order-lot size and unification as a 
whole. This was interpreted as improvement due to fully automated purchase 
ordering and parameter setting. It seemed from the second analysis that fully au-
tomated purchase ordering gave better results than the semi-automated process. 
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By the time of the third analysis everything pointed to the probability that pur-
chase-order automation at any level improved inventory turns. However, follow-
ing comparison with the “normal” data the picture changed. It appeared from the 
statistical analysis that purchase-order automation brought no improvement. It 
was thus concluded that the new parameter setting and changed business condi-
tions had been largely responsible for the improvement. 

6.2.1 The second research question in a decision-making context 

The fundamental change in the process would seem to be the transfer of the pur-
chase decision from a human being to a machine. As discussed earlier, Fransoo 
and Wiers (2008) found that production planners largely ignore MRP calcula-
tions. They tend to change the parameters for the single production order but do 
not touch the basic parameters guiding the system. This shows a lack of trust in 
MRP to calculate the right amounts to order. It also indicates a belief that human 
beings are superior to machines in making purchase decisions. This might be 
true, but according to the theory, human decision-making is biased by the infor-
mation received prior to and during the process. There are different ways of dis-
missing the totality of a change, and even when accepted it is referenced to a 
base rate and its force is reduced. In fact, moving routine decision-making to a 
machine should improve the quality, especially when the algorithms and parame-
ters are correctly set to respond to the requirements and changing conditions. 
This reflects the results of the first analysis of automated purchase orders. 

Especially in the first sample, the effect of the decision-making was visible in 
the sample: there was significant variance in inventory turns before the automa-
tion. This may have been due to the fact that the basic parameters were adjusted 
individually to the items in accordance with the knowledge that was available at 
the time. Another reason might have been that the parameters had not been up-
dated for a considerable time, and this affected inventory turns in the long run. 
The demand for some items may have changed but the guiding parameters may 
not have been adjusted accordingly. Demand is mentioned here as an issue be-
cause change in demand was identified as significant in explaining the changes in 
inventory turns. Even when changes were made they were influenced by the bias 
inherent in human decision-making. This individual treatment of items probably 
influenced the change in the first sample. The situation seems to have been better 
in the second sample because the turns were initially at the level the first sample 
ended up with. Therefore, no such change was observed in the second sample. It 
is impossible to say from this analysis why the second sample had better invento-
ry turns at the beginning. 
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6.2.2 The second research question from a business-process-change perspec-
tive 

In theoretical terms, a change was made inside the business process. This is far 
from the notion of re-engineering, which involves the remodelling of complete 
processes or all the processes of an entire firm. As discussed in Chapter 3, the 
initiative for change in information technology and processes must be technology 
driven. Figure 13 below depicts the change process positioned in Davenport’s 
(1993) model.  

 
Pace of change 

Degree of change 

 Fast Measured 

Tactical 
Focused Process 

Improvement (Quality, 
Time, Cost) 

Continuous 
Improvement 

Strategic Focused restructure Business Process 
Innovation 

 

 

Figure 13 This research in the context of alternative approaches to organisa-
tional change (Davenport, 1993) 

The positioning of this research in focused process improvement is easy to jus-
tify. There was some improvement in one part of a process that was meant to im-
prove the quality, time and cost of carrying out one part of a business process. 
The approach was both fast (the change took only a few months) and tactical (an 
operative purchasing-process change in one commodity area).   

Thus, what happened in this study was that technology-driven change did oc-
cur and human resources were freed for other process-related tasks. In practice 
the two implementations together saved the contribution of one white-collar 
worker on a yearly basis. Each implementation, in turn, required three months’ 
work from one white-collar employee. In terms of other costs, there was no need 
to invest in hardware or software because the system used current ERP function-
alities and common office applications. Therefore it could be stated that the im-
plementation payback time for the two systems was half a year in terms of la-
bour, other costs being insignificant given that the organisation had a compliant 
ERP system and common office applications.  
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It can be seen from the statistical analysis that the effect of the business-
process change on the change in inventory turns was even negative in certain 
cases. Basically, the process was not initiated as a business-process change and it 
lacked the necessary systematic approach. This may explain the effect on inven-
tory turns. It could be argued that the effect might have been more positive had 
the correct process been followed. Given that the implementation was part of the 
research, this failure could be attributed partly to a failure in the research process. 

6.2.3 The second research question in the context of the electronics industry  

The electronics industry has many particularities, one of which is the structure of 
the supply chain. As the level of investment required for the production of elec-
tronic components is quite high, the suppliers are often considerably larger than 
the customers. It is a cyclical industry, partly due to rapid technological devel-
opment and the economic cycles that affect consumer demand, on which it is 
strongly dependent. Cyclical demand is also a fact in industrial electronics manu-
facturing, in which the case company operates, and technological change also 
plays a role. All these factors have opened the market to component distributors 
that offer warehousing and technical services. In the era of the Internet this is one 
way in which distributors can justify their existence in the electronics supply 
chain (Jorgensen, 2004). 

 The use of those distributors was a crucial factor in this research. On the one 
hand they had a positive effect in terms of pooling demand from several small 
customers and were therefore able to offer inventory-management and safety-
stock services at affordable costs. However, because some of the items were cus-
tomer-specific, certain rules applied in case of drops in demand. Packaging is one 
item in the electronics industry that may cause problems in the supply chain. 
There are several options in packing electronic components, but all these packing 
methods include more than one component. The components are therefore al-
ways ordered in bulk, and the package size is often not the optimal for production 
needs so the leftover quantity remains in the inventory. This is especially true of 
components with low quantity requirements. 

The comprehensive business model enabled the use of automated purchase or-
dering due to the guaranteed availability of the components from the distributors. 
Their highly developed IT systems and inventory management made it possible 
to introduce the system described in this thesis. Therefore the improvement in 
inventory turn, if any, was due to the advanced inventory-management and busi-
ness model of the distributors.  

However, there were also changes on the individual-component level attribut-
able to the distributor business model that had a negative effect. Such a change 
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was observed for one component when the inventory turn collapsed during the 
investigation period. This collapse was attributable to the decrease in demand, 
but also to the contractual condition that forced the case company to take a cer-
tain amount of customer-specific stock at given times even if there was no de-
mand. This kind of obligation easily reduces the inventory turn with regard to 
items with drastically reduced consumption. 

Generally, the specific nature of the electronics industry may affect inventory 
turns in many ways. Positive factors stem from the use of distributors that allow 
the timely fragmentation of the sales batch from the manufacturer. The distribu-
tors, at least in the cases presented here, had advanced IT systems that supported 
supply-chain development. Negative features included package-size requirements 
and contractual restraints that disturbed the pattern regularly and on special occa-
sions when there were disruptions in demand. 

6.2.4 The second research question from the perspective of the enterprise 
system 

As far as the enterprise system was concerned, the reason for the change could be 
attributed to the fact that MRP systems work within given parameters, which are 
used until they are changed. The basic systems are not so intelligent and not all 
the information required for purchase decision-making is there. In this particular 
case the system had item-specific fixed parameters, with the exception of safety 
stock the level of which was based on the monthly average consumption over a 
six-month period. On the general level this setting did not appear to influence the 
inventory turn, but it did have an effect in individual cases. For an item with a 
high peak in demand the safety stock is affected for six months to come, and in 
this case it is logical that this will have a direct effect on the inventory turn of 
that item. There was a single extreme case and some minor cases of this in the 
sample. It could therefore be argued that this had an effect on the item level, 
which was attenuated on the aggregate level. 

6.3 The third research question 

Third research question is mostly about generalizability of the research results. 
Based on the experience and answers of the respondents of the interviews run in 
the frame of the case study described in the second essay, automated purchase 
order systems are a valuable tool in streamlining purchase order functions on a 
larger scale. Both experience and perceptions from the interviewed sample indi-
cate improvements as savings in fixed costs and inventory turns. As was found in 
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the statistical analysis, the improvement in inventory turns is not a result of au-
tomation itself but the streamlining and rationalisation of item basic data affect-
ing MRP calculations. Even though respondents were not asked specific ques-
tions related to the item basic data setting principles in case of automated pur-
chase orders, their answers indicated clearly that systematically setting them is 
key to success in process automation. 

As of the experience of the case company compared to attitudes and experi-
ences of the sample respondents, the case company seems to have been quite tim-
id in implementing the system thus probably not achieving all of the benefits 
when done in larger scale. Case company benefits of fixed costs was not seen as 
significant driver at the level of automation while in the interview sample the 
company that had automated purchases had experienced true savings in fixed 
costs. The difference was due to the scale in automation. In fact, as discussed in 
section of decision-making effects on second research question, to avoid the 
harmful effects of human decision-making biases, all of routine purchasing 
should be done automatically based on calculated parameters. This would im-
prove the use of human resources as well as the results of purchasing at key per-
formance indicators level on inventories. 

All in all, this means that in system implementations a multi-focus view is re-
quired. Not only item or supplier focus is enough but a holistic view is required 
to include items, supplier relationships and information systems. Industrial pecu-
liarities are not absent to this review but are of minor importance. The following 
picture will show the process to consider. 
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Preparatory phase 

Item classification 
‐ demand pattern 
‐ lifecycle 

Supplier classification 
‐ required 

relationship type 

System capabili ties 
‐ systems 

required in 
place 

Change process 

‐ system implementation with selected suppliers and items 
‐ build up controls to monitor the system 

Follow‐up 

‐ monitor item parameters based on demand data and changes 
‐ update items in automated system based on item classification 
‐ update supplier list based on relationship types 

 

Figure 14 Purchase order automation process 

In the figure above, the purchase order automation process is presented. Be-
fore automation it is important to make necessary classifications to items and 
suppliers and verify that systems are capable of working with the automated sys-
tems. In this case, item classification means classifying items by demand pattern 
and foreseeable lifecycle. Only items with stable demand pattern and long lifecy-
cle will be selected. In supplier classification only those suppliers that are seen to 
be trustworthy on a longer term are selected with adaptable IT solutions. Secur-
ing the system capabilities includes the review of ERP and MRP systems so that 
they enable automated message transfer between external systems. 

In the actual change process, the system is implemented with selected suppli-
ers and items. On the items, it is important to review all item basic data and set 
them to agreed parameters. At the same time controls should be built up to be 
able to monitor the behaviour of the system and its influence to e.g. inventory 
levels. 

Probably the most important part of the process is the follow-up phase, where 
the controls established allow monitoring the functioning of the system. At the 
same time continuous update of the system is required to remove items that no 
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longer fill in with the stability criterion. Similar process is run continuously with 
the supplier base. It is utmost important to keep the supplier base updated for that 
there is no stagnation in price and other conditions for to keep the company com-
petitive. 

If comparing these results to the concept of Peter Kraljic (1983) on supply 
strategy it may be stated that in nature, items are different through their meaning 
to a company but in case of the automated purchase order, different criteria is 
used. The application of Kraljic model may be used to follow a supply strategy 
but in tactical decisions over way of purchasing the goods, all the principles in 
Kraljic model do not apply. This is best shown in the fact that for an item to be 
included to the automated routine, it does not matter whether it is of crucial im-
portance or a leverage item. Process-wise these items are all treated equally as 
long as demand pattern, item life cycle and supplier relationship factors are in the 
right position. The strategic positioning of the items is more of a question while 
strategic decisions are being made concerning supplier selection and analysis. 
For an SME the situation seldom is such that purchase volumes would allow 
simultaneous use of several sources for same items on an economical manner. 

 

6.4 The generalisability of the research results 

This research was conducted in one case company and used several samples to 
analyse the effects of purchase-order automation on inventory turns. The nature 
of the study is more longitudinal than wide, longitudinal in this case referring to 
an investigation period of approximately four years. The data was analysed with 
care and comparative data was used in order to establish base rates. 

The industrial context was electronics manufacturing, which set some parame-
ters with regard to basic assumptions concerning the data. A typical feature of the 
electronics industry is the industrial supply chain. MRP systems are quite com-
mon, but other business-planning tools are also in use. 

Generalising research results is complex for the reasons described above. 
Therefore a controlling study was made in form of interviews to see the generali-
zability at least to other industries. In view of the results from the interviews, re-
sults of this research could be applied to medium-sized companies operating in 
manufacturing industries and using MRP to manage their production and pur-
chase schedules. The findings also stress that industries where there is a relative-
ly low level of stock-outs on the supplier side, IT systems support, automated 
sending and receiving of demand information, multi-item packaging of items to 
be purchased, and needs that are defined based on MRP logic will benefit from 
the system. 
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7 CONCLUSIONS 

7.1 General conclusions 

Processes should always be considered with a critical eye (Samaranayake, 2009; 
Bhatt and Troutt, 2005). Even if we do not call our activities processes, we 
should question them from time to time. This will keep things moving and devel-
oping, and help us to find sensible ways of doing things and to abandon activities 
that do not add value, whatever it may be. It has been argued that it is better to 
adopt a policy of continuous improvement and change rather than changing eve-
rything at the same time. In this way the overall context is known and the effects 
of the changes are visible. This applied to the changes brought about in the case 
company: one part of the process changed and the results were reviewed in the 
light of the old and current processes. The current research followed the same 
path: samples were compared with previous data, against each other, and against 
data indicating no changes. 

 In principle, automated purchase-order processing saves resources and frees 
them for more productive work. The benefits may be calculated in terms of re-
source savings or additional profit resulting from the more productive use of la-
bour in the supply chain. Naturally, any savings should be greater than the inevi-
table disadvantages arising from the process change, which always involves in-
conveniences and resistance, to a greater or lesser degree (Burgess, 1998). Now-
adays, with the multitudes of innovations in communications technology, tools 
are not what are missing. The implementation of SCM IT systems improves fi-
nancial performance on many levels (Dehning et al., 2007). What seems to cause 
most problems is extracting accurate information from the systems and endowing 
them with the adaptability and intelligence that will enable them to respond to 
sudden changes in the real world.  

In the supply-chain context system automation can reduce excess inventories 
and minimise stock-outs (Dehning et al., 2007). Automated systems are most 
appropriate in environments that are stable and relatively free from sudden 
changes. When there are disturbances the parameter setting might not follow the 
developments, as reported here. In such cases it should also be automated to fol-
low changes in demand patterns.  

There are also two levels of success in this kind of project: overall average 
success and the success of the individual items involved. Overall success is, of 
course, dependent of the success of the individual parts: analysis of the success 
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factors and disturbances to the general pattern requires analysis on the individual 
level. The learning process starts through the disturbances registered with regard 
to the individual items. What has also been learned is that things may look differ-
ent when viewed from different angles and based on different measurement 
points. In the case developed here, as long as the samples were looked at individ-
ually and compared to the historical data a positive change was registered, but 
when they were compared to a “normal” sample it appeared that there was no 
such uniform development. Therefore on the individual level the samples pro-
duced positive results, but at the same time there was a general improvement go-
ing on that was revealed only when they were compared to a reference group. 
Based on these results, it is quite difficult to give an exact answer whether there 
really was an improvement based on automated purchase order process.  

Through the set of interviews there was a confirmation that through right pro-
cedures positive results may be obtained. Success may also come as better deci-
sion-making. As decisions are made on the right level with right tools, an im-
provement in general level may also be achieved. In case of this research it 
means that purchasing professionals define the general guiding parameters for 
the systems and then leave the system decide on right purchases at the right time. 
As a result, the work of professionals is directed to complex problem solving is-
sues while disturbances in the general setting happen. This means bill of material 
changes or technological driven changes in demand as well as disturbances that 
automated systems cannot handle. 

7.2 Research objectives and research questions 

Two objectives were defined at the beginning of this thesis, one on the theoreti-
cal level and one on the practical level. The first, theoretical objective was to: 

 
Identify any link between business-process automation and the key perfor-

mance indicator of the particular process. 
 
The second, more practical objective was to: 
 
Find relationships between changing from normal manual to automated pur-

chase-order processing, together with changing the parameter set-up in the deci-
sion support systems, and the change in KPI that is normally used in evaluating 
purchasing effectiveness, in other words inventory turn. 
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These objectives were pursued in the light of the three research questions ad-
dressed in the three attached articles together with two essays and the discussion 
in Chapter 6 of this thesis.  

The first research question concerned the effect of business-process automa-
tion, in this case of a purchase-order process, on inventory turns. In terms of the 
first research objective it was verified that there was a link between automation 
of the process and the key performance indicator.  

The identified link was weak, but the process automation was not in itself the 
reason for the improvement in the key performance indicator. On the practical 
side the aim was to see whether purchase-order automation would bring about an 
improvement in inventory turn and reduce the amount of working capital re-
quired to run the business. It was found that automation in itself did bring about 
the improvement. 

The second research question concerned the relationships leading to the 
change, if any, observed in the inventory turns after purchase automation. On the 
theoretical level this explained the reasons for the change and directed further 
research to areas that could shed light on the phenomenon, namely business pro-
cesses and information-technology systems. On the practical side, there are sev-
eral items to be studied before the process automation is started as well in the 
process itself as in the targets of the process. 

It was found that parameter setting in an MRP environment is crucial to the 
success of purchasing and thereby to inventory turns. This is connected to the 
decision-making and the biases involved. When parameter setting is logical and 
rational the system makes better decisions than human beings at times of rela-
tively stable demand. However, there must be rapid reaction to sudden changes 
in demand patterns, and this is where professionals are needed. Those responsible 
for day-to-day purchasing should otherwise trust the logical parameter setting 
and only react to sudden change in demand. 

The third research question wanted to verify the applicability of the results to 
a wider context of business, especially small and medium-sized companies. It 
was verified through a case sample that findings in case company were applica-
ble to a larger context. Especially the fact, that parameter setting really is crucial 
to the success of the system. At the same time a control factor was raised to pic-
ture: in order to properly manage the outcomes of the system, controls need to be 
established to monitor the automated system. 
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7.3 Recommendations for the case company  

For the case company, the practical implications from the research concern the 
automated purchase-order process and the reasons for the changes as well as its 
total strategy of application. 

Implementation should be viewed as a decision that involves purchasing and 
the suppliers in question, and also a change in processes that affect business suc-
cess. The implementation process described took account of direct practical is-
sues but lacked a process perspective. This suggests a need for a sharper focus on 
the process and on analytical aspects. In general, supply-chain automation and 
integration should be pursued. If processes are only sub optimised there will be 
no benefits on a larger scale. This was seen while comparing the situation of the 
verification sample company with large scale automated purchase order imple-
mentation: they had obtained savings on both fixed costs and working capital. 

The items involved in the samples were screened prior to the implementation 
to include only those with regular patterns of demand and consumption. More 
thorough screening might help in terms of avoiding some individual failures. A 
regular demand pattern seems to be crucial for the proper functioning of auto-
mated processes. Cases of drastic change in demand or higher input than required 
are especially challenging, and prevent the system from functioning as expected. 
Hence automation of the purchasing process is not suitable when demand is high-
ly uncertain. However, the case company should also be more ambitious in in-
cluding items to the automated system to achieve savings in fixed costs as well as 
improve the use of working capital on a larger scale. The situation where majori-
ty of the items is automated and only exceptions are handled manually is to be 
pursued. This will reduce the biases of human decision making and leave time to 
tackle with problems on a larger scale. 

In terms of information systems there are a few points to be made. Investments 
are often expensive, and systems with advanced planning capacity are often eco-
nomically beyond the reach of a small or medium-sized company. Moreover, 
they might not always produce the expected improvements in overall financial 
performance (Rabinovich, 2003). Therefore special care should be taken only to 
implement projects for which there are sufficient resources and system support. 
Many enterprise-system implementations fail or do not produce the expected re-
sults. The most important prerequisite is an MRP system that functions properly 
and is able to supply calculation results that can be passed on to suppliers. As 
seen from the results of the controlling case, internal controls should be estab-
lished to be able to monitor the system. This will also reduce the willingness of 
operative buyers to manually alter the automated purchase process. Thus, trust 
needs to be built among buyers that the system is able to perform the tasks while 
buyers can concentrate on more productive work with suppliers. 
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In this particular case purchase-order automation required a reliable MRP sys-
tem and parameters that were adjustable to the changing demand conditions, giv-
en that change in demand had the most significant effect on inventory turns. On 
the other hand, automated parameter-setting calculations are beneficial because 
people might not make the actual changes to the system appropriately, or may 
not see the importance of a change in demand pattern. As has been found in pre-
vious research, manual reviewing of parameters tends not to be on the level of 
needs (Jonsson and Mattsson, 2006), or they are ignored in the planning process 
(Fransoo and Wiers, 2008). It is also important to ensure employee trust of IT 
systems if the automated system is to function without manual interference. What 
was found beneficial in the system setting was the unification of the inventory 
turns among the items, meaning that items behave in more or less the same way 
when the parameters have clear rules and are regularly set. 

As far as future actions on the broader level are concerned, the case company 
should manage its programme for change in operative processes as illustrated in 
Figure 15 below. 

 
Pace of change 

Degree of change 

 Fast Measured 

Tactical 
Focused Process 

Improvement (Quality, 
Time, Cost) 

Continuous 
Improvement 

Strategic Focused restructure Business Process 
Innovation 

 

 

Figure 15 The recommended route for operational-process change in the case 
company (adapted from Davenport, 2003) 

As Figure 15 shows, the case company should move from focused to continu-
ous improvement through business-process innovation. In other words it should 
take a fresh look at its operational processes in general, which should be rede-
signed in a controlled manner, and continue the process after the implementation. 
As the case shows, automating part of a purchase process saves some resources 
at quite low cost. However, achieving savings through process innovation and 
continuous improvement would offer higher potential in terms of gaining com-
petitive advantage and making savings. Automating processes that are no longer 
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valid is not a source of competitive advantage and therefore the automation 
should take place after their redesign, in the spirit of continuous improvement. 

Given that the case company is not working in a vacuum, it should also take 
into consideration the total supply network in which it is acting. The automated 
purchase order system was facilitated by the fact that suppliers were holding 
stocks based on an agreement that enabled it to keep lower inventories than it 
otherwise could have done. It should be noted that these arrangements should be 
carefully reviewed, and the functioning of the total supply network and the dif-
ferent possibilities it offers should be fully understood. It is also important to be 
aware of the total cost of supply. The case company could save money if it al-
lowed suppliers to hold safety stocks, but the cost of acquisition should be care-
fully analysed with a view to identifying feasible alternatives. 

7.4 Future research areas 

This research has brought new insight to the phenomenon of process automa-
tion and its effects on one key performance indicator from the perspective of one 
case company and two of its suppliers. It has confirmed that the implementation 
of a new supply-chain system does not necessarily improve the functioning of the 
supply chain. This opens up several interesting research opportunities that would 
enhance understanding of supply-chain processes. 

The particularity of this research was the very deep focus on a set of items a 
change of purchase order process. The emphasis was on the process inside the 
case company. In this the research differs from studies on process change and IT-
system implementation from an external perspective, of which there are several 
examples (e.g., Dehning et al., 2007; Bhatt and Trout, 2005). The results imply 
that purchase-order automation does not necessarily improve inventory turns to a 
significant extent. It should be noted that all cases are unique, and thus exact rep-
lication of the setting could be challenging. Indeed, it should be enough to find a 
similar setting or case dealing with the same phenomena. 

One interesting avenue for further research would be to test purchase-order au-
tomation in different settings and with different basic parameters. The context of 
this study was the electronics industry and a manufacturing case company. The 
aspect of manufacturing is not emphasised because the study could have been 
conducted in many other environments. The focus was on the parameter setting 
and the effect of demand on inventory turn given the current setting.  

This research was limited to one case, and it would be most interesting to see 
the same methodology applied to other cases in order to confirm or negate the 
results. There are industry-specific features that may limit the findings, and more 
instances are needed in order to form a larger picture of the phenomenon. Some 
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indication of the results was obtained through the interviews between purchase 
professionals. Previous studies have concentrated on superficial analysis of com-
pany performance indicators on the general scale, and more detailed research is 
called for. 

There is also an interesting research opportunity in the area of human deci-
sion-making. Fransoo and Wiers (2008) discuss this issue in relation to produc-
tion planners, and thus it would be useful to gather results from purchasing and 
sales, for example. The updating of basic information is important in the 
ERP/MRP environment, and it is recognised that this work is often neglected 
(Jonsson and Mattsson, 2006). The aspect of human decision-making and change 
resistance in process automation is an interesting topic, which was briefly 
touched on in this study. It would also be interesting to study the effects of de-
mand forecasting and its transmission on the chain in terms of comparing auto-
mated communication with manual communication and its effects on availability. 

Finally, given the focus in this research on one part of the supply chain and 
one buyer-supplier interface, the impact of process automation on the whole sup-
ply chain, or network, remains to be investigated in detail. The current results 
concern the case company, and the impact on the component distributor’s inven-
tories is unknown. The effect on the rest of the supply chain when one operator 
changes its demand behaviour remains to be seen. 
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ABSTRACT

MRP systems were implemented three decades ago to schedule production and increase 
efficiency in intra-organizational perspective. But mostly improvements were intended to 
be gained from purchasing, since net requirement calculations could produce purchase 
orders automatically for further manual processing. Situation has not dramatically changed, 
as ERP systems were introduced during 90's; most interfaces between organizations should 
be integrated in order to achieve 'once typed data' objective (integration). The aim of this 
has been to integrate inter-company relationships to follow the same logic as intra-
company relationships. Anyhow in inter-company relationships there are traditionally 
stronger needs to sub-optimize the performance of different partners than in intra-company 
relationships. This work presents an analysis of two automated purchase order systems 
together with a manual purchase order system data using multiyear observation period from 
medium-sized telecom electronics manufacturer and compares the performance of these 
systems. The focus in this research is to investigate, does automation generally have an 
effect on inventory turns change, and how the level of sophistication in automated systems 
affect on these results. Our research results indicate that both automated systems perform 
significantly better than manual counterparts. However, regression analysis argues that 
automation is not the reason for this, but consumption changes, inventory level changes 
and in some cases prices of the components that have impact on inventory turn change. 
Thus, automated systems use standardized procedures for ordering, which in the end enable 
to take into account these root issues of inventory turn improvement. 

Key Words: Purchasing, level of automation, supply chains, inventory levels, MRP.
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1. Introduction 

Modern logistics and supply chain management requires huge databases; for example, in the 
end of 90’s Walmart had an information exchange capacity of 24 terabytes, being the second 
largest in the USA (after the government, see Cooper & Tracey 2005). Similarly 
Korovyakovsky (2006) reports Russian railways to have 10 terabytes storing capacity in their 
IT system. It is not surprising that global market place with merger and acquisition waves 
have created so vast need for Enterprise Resource Planning (ERP) and database solutions (e.g. 
Application Service Providers). For example, huge information technology (IT) companies 
such as Oracle and SAP were non-existent several decades ago. Increased competition, or 
even hyper competition, in global markets has enforced companies to automate their 
administration procedures with ‘once typed philosophy’ (intra-company IT integration, 
consisting multiple locations, possibly in different continents; Gulledge 2006). However, 
further improvements in cost efficiency, inventory reduction and responsiveness are in most of 
the cases built through inter-organizational IT system integration initiatives and 
implementations (Tarn et al. 2002; Neubert, Ouzrout & Bouras 2004; Helo & Szekely 2005).  

Inter-organisational relationship have been under discussion for a while and it has somewhat 
changed the view of industrial economics. Especially in industrial marketing, the buyer 
supplier relationships have been under investigation (e.g. Håkansson 1982), although 
industrial markets may resemble to the consumer market (Howard 1989). One way of 
describing the difference in behaviour is the transaction cost approach (Williamson 1985); in 
industrial settings transaction costs from abandoning supplier and taking new one in might be 
very costly due to initial cost of learning. Therefore buyer-seller interdependency leads to 
source loyalty and to stability in industrial marketing exchanges (Howard 1989). So, due to 
the fact that industrial relations are more stable than consumer relations, there is also the aim 
for increasing the cost efficiency attained in rationalising the daily routine transactions 
between the parties. The most common transactions are of course related to buying and selling 
transactions (Hill 2005), where IT has increasing role. EDI (electronic data interchange) has 
been one application and source for several studies on its impact on supply chain (e.g. Walton 
& Gupta 1999; Leonard & Davis 2006; Machuca & Barajas 2003).  

Until today, we have not identified case study research reports regarding to comparison of 
automated, semi-automated and manual purchase order systems, which are vital part of 
productivity improvement, especially in fast changing and high clock speed industries (e.g. 
electronics). However, automated purchasing is relevant further avenue in this industry, since 
responsiveness and time based management strategies have been identified as key factors of 
profitability (Papadakis 2003 & 2006; Appelqvist & Gubi 2005; Helo 2004). Automation of 
purchasing orders is important topic in electronics (Rantala & Hilmola 2005), since product 
variety is vast and volume spikes rapid, and eventually outsourcing is being used in great 
extent, not only in soldering, placement of components and assembly work, but as well as in 
wafer fabrication of integrated circuits (Lu, Hung & Yang 2004). Additional dynamics in this 
sector is being created by price erosion of purchased components; Grimm (1998) estimates 
that memory chips have yearly lost 20 % from sales price in time period of 1985-1996, while 
microprocessors have faced more severe yearly decline of 35 %. However, most often it is 
forgotten that small and medium-sized manufacturers have longer life cycles in their products, 
and the end of life cycle component purchasing is therefore relatively problematic. Constant 
yearly declines could change rapidly into hefty increases (price development reminds 
frequently much like a “bathtub” –type of curve); this gives high requirements for 
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management to follow price recovery of different products in short intervals of time (e.g. Rao 
& Miller 2004; Rao 2006).  

This research bases its findings on the case study of medium sized telecom electronics 
manufacturer, which automated its purchasing in the early 2002. We base our research on 
Yin’s (1991 & 1993) case research methodology, since one of the authors of this paper was 
part of the implementation team, and it therefore fulfils triangulation requirements (using 
multiple source of evidence, and intuition, e.g. Eisenhard 1989), although it is being reported 
using quantitative data. Our research is ‘explorative’ (as suggested by Yin 1991) in the sense 
that the purchasing method is new; and is forming a single case study using induction (from 
data to theory, please see Hilmola, Hejazi & Ojala 2005). It basically tries to generate 
modification and justification for inventory management theories with respect of automated 
purchase orders. It should be noted that implementation could not be repeated in research 
laboratory, since the automation did not only consist internal operations, but database 
interface to distributor was also automated, and eventually ERP net requirement logic triggers 
orders in some of the selected components. Also availability of components and other issues 
of operations management affect greatly results. In a case of semi-automated purchase orders 
also behavioural (e.g. opportunistic or sub-optimization) issues have implications on 
automation results. As we show in this paper, this change also required significant changes 
inside of the manufacturer (developing standard algorithms for component purchasing 
parameter estimation), but also externally from suppliers (using e.g. the buffering services of 
distributor more widely). Our research is only limited in one case study, but embedded 
(multiple units of analysis) analysis instead of holistic (single unit of analysis) increases 
generalization. However, it should be reminded that in operations management single case 
studies are most frequently used (Hilmola & Häkkinen 2005). We are interested to answer 
following research questions with our work: (1) Do automated purchasing systems improve 
inventory turns? (2) Do different levels of automation in supply chain affect inventory turns 
change? and (3) Does expensive components behave differently in terms of inventory turns 
during the automated period than less expensive ones? 

This paper is structured as follows: In the following Section 2 we will introduce different 
purchasing processes in ERP environment, and also briefly discuss about integration issues, 
lot sizing, and other technical matters of ERP/MRP (material requirements planning) based 
purchasing. In Section 3 is represented research environment, medium sized telecom 
electronics manufacturer and its two distributors. It is evident that electronics purchasing is 
demanding issue due to several factors (shortening life-cycles, outsourcing activity as well as 
increased complexity, used product platforms etc.), and medium sized Original Equipment 
Manufacturers (OEM) need to use distributors, which have diverse service portfolios for their 
customers. Empirical data analysis is completed in Section 4, where two different automated 
systems are analyzed together with manual purchasing, and results of purchasing automation 
for inventory efficiency are discussed in Section 5. In the final Section 6 we will conclude our 
research work and provide avenues for further research. 

2. Purchasing Processes in ERP – Manual, Semi-Automated and 
Fully Automated Systems 

Generally research has agreed that information technology improves purchasing performance 
(e.g. Hemsworth et al. 2005), but research rarely discusses about inter-organizational issues of 
purchasing, and mostly interest has been on the lot sizing, quantity discounts, and limited 
planning horizon (Bergman 1991; Hu & Munson 2002; Yenisey 2006). However, rarely 
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research has discussed about the information system integration in purchasing, between 
(OEM) and its suppliers. Based on the literature, integration of (Helo & Szekely 2005; 
Gulledge 2006) different computer system could be completed, e.g. with hub-and-spoke 
technique (Enterprise Application Integration) or more traditional database-to-database 
integration method. The latter mentioned is most often completed in real-life with separate 
files, which are produced from one system, and sent to another, and structures, items and other 
technical issues are standardized in this file to enable communication between organizations.  

2.1. Manual Purchasing Process in MRP/ERP 
Manual purchasing process is a typical procedure of inter-organization database utilization, 
where requirements are gathered from information system through Material Requirements 
Planning purchasing netting calculations. This requirement creation is one of the basic MRP 
processes, and is widely reported in the course books of production and operations 
management (Tersine 1985; Plossol 1994; Vollman et al. 1997; Ptak 2000). When net 
requirements are created, they are then summarised and combined to purchase orders by using 
different combination criteria: buyer, supplier, commodity type etc. Basically main drivers in 
calculations are end-item demand, inventory positions and bill of materials. In normal 
situation purchase requisitions are used as tools for buyers to make purchase decisions on a 
daily basis. Individual requisitions may also be combined manually into a different 
configuration that was initially made by MRP. System parameters are also often set manually 
and on more or less random way (or with Economic Order Quantity based logic). Adjustment 
of the parameters might be made on a daily bases to answer the current needs. 

When purchase order has been created, it will be communicated to a supplier with such 
different means as attachment file of e-mail (like PDF file) or fax. Sometimes even ordinary 
postal services are used. This purchase order is then received by a supplier sales contact (or 
directly to warehouse) and communicated to the organisation through a mean. If the supplier 
has an ERP system, purchase order is opened as sales order and, in case of use of an MRP; it 
will then be processed as a requirement further in the upstream of a supply network. 
Purchasing information is in this case hand typed from purchase order to another database. 
This manual process is depending on the speed of the mean transmitting the purchase order 
and also the workload of sales personnel. 

In case of a distributor, the sales order is addressed to the warehouse as picking job. Job is 
then picked at requested time and then delivered and invoiced manually or automatically. At 
supplier side the order is received often against the purchase order. This receiving will then 
settle the original requirement created by MRP. 

In manual purchasing process of MRP, number of different people are involved in the order 
process, and quite often initial order from OEM is not the final one. For example, in case of 
inventory shortage, supplier might negotiate with OEM that initial order should be decreased, 
or then some amount from delivery is on the backorder. However, more typical is the situation 
that supplied tries to “sell” entire inventory from warehouse or larger economic production 
lot, and therefore discounts for OEM are given in the hope of larger order. It is not uncommon 
to find out that OEMs own purchasing department does not see the value of smaller orders, 
and they manually double or triple net requirements to save their working time. 

2.2. Semi-Automated Purchasing Process in MRP/ERP 
Semi-automated purchasing is a mode of supply-delivery chain including some automated 
components of the same purchase order process described earlier. As in the manual process, 
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individual requirements are created and possibly combined in MRP, if combination setup is 
used. Based on those requirements created by MRP, the system is creating a purchase order 
with preset parameters that include the purchase order form, supplier, order frequency etc. 
This order is then sent through (directly after net requirement calculations) an electronic mean 
to supplier (no human intervention). Normally, sales order is then created in ERP as in the 
case of manual purchase order and transmitted to the supplier by MRP requirements. So, name 
of semi-automated purchasing becomes in this case from non-automated side of the supplier 
organization. This enables similar order negotiation culture between OEM and supplier, which 
is the case in the manual purchase orders of MRP. Occasionally automated purchase order is 
completed several times, since every now and then supplier makes a counter offer, which 
OEM can’t refuse to utilize.  

2.3. Fully Automated Purchasing Process in MRP/ERP 
In fully automated purchase order process, MRP is creating purchase requisitions via net 
requirements calculations as in the previous cases. Requirements are then combined 
automatically to purchase orders and transferred by an electronic mean to supplier, usually 
with separate file. Supplier treats this file with own information system, converting order 
information into its database, or in some cases special middleware programs complete this 
task. After data transfer, supplier’s ERP system converts completed purchase order as a sales 
order. Requirements of that sales order are communicated as picking requisitions to the 
warehouse. Order is shipped together with the invoice to the customer, and received against 
the automatically created purchase order.  

Fully automated order enables the full use of “economic order quantities” and its derivatives, 
since supplier does no longer have negotiation power against OEM. In some cases, 
warehousing operations are in these cases often automated, since orders could be given 
directly into automated warehouse systems. Only downside in this system is the inventory 
availability; sometimes supplier’s automated system is not capable to deliver needed amounts, 
and these are discovered as parcels reach OEM warehouse/manufacturing unit. There exist 
some research works, which are reporting results entirely against of automated purchasing, 
e.g. Leonard & Cronan (2005) argued, based on the large empirical data analysis from 
company level, that electronic supply chain solutions do not yield better price or availability.  

2.4. Research Hypotheses 
Based on the understanding presented in the above subsections, as well as inventory theory 
(models of economic order quantity, Harris 1913) we have developed following research 
hypotheses: 

Hypothesis 1: Purchasing automation enables inventory turn improvement regarding 
purchased component inventory. 

Hypothesis 2: Level of automation has an effect on inventory turn improvement. 

Hypothesis 3: Expensive components have higher inventory turns.

These hypotheses have as key component inventory turn improvement that is one of the key 
performance indicators in inventory management (e.g. Scheuing 1999). 

3. Research Environment 
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3.1. Techco 
Techco is a medium sized company focusing on product development and manufacturing of 
communications network equipment. Most of the main competitors are larger than Techco, 
and business is in general geographically shared in equal parts among different companies 
(e.g. U.S companies dominate in Americas, while European market is shared among far 
smaller local companies).  

Techco has two different business areas, which are partly using the same technology, but 
targeting to different customer segments. Product development plays very important part, but 
lately logistics/supply chain functions have increased their importance, mostly through 
sourcing and procurement functions. Techco has an integrated ERP system used in most parts 
of the operative functions. Thus, the high rate of configurability of the products has increased 
the need for accurate information and requirements set. The item library of ERP database 
contains thousands of items, including approximately 6000 active material items (purchased 
components), 300 modules (semi-finished items) and 2000 active end-product items. To the 
active product range should also be added customized products, which are being built through 
the use of modular product platforms and software; this practice offers millions of different 
possible product alternatives. In the recent years the competition has intensified, and therefore 
new product development has been used to generate new products for existing customers, and 
also reaching new market segments. However, this development has made the life of 
purchasing more complex, since the amount of active items has increased significantly. 
Techco has tried to manage this undesired situation with the use of modularity and platforms, 
but this has only been partial solution for the arising problem.  

3.2. Component Distributors – Distri I and Distri II 
Electronics distributors Distri I and II have emphasis to offer services all around the world, 
and represent wide range of electronic component manufacturers. In many cases both of the 
two distributors offer components from same manufacturers. As the most of global 
distributors, like Techco’s Distri I and II, offer technical support, warehousing and other 
logistics solutions. Those are the main competitive advantages they own. Normally the 
margins in distribution business itself are quite low and profits are needed to be created from 
other value added services (e.g. component buffering for number of different customers using 
same item, resulting on lower supply chain inventories due to demand pooling; theoretical 
justification please see Zin et al. 1989, Das & Tyagi 1999). Distributors have centralised 
distribution warehouses serving their respective areas in the world. 

Both Distri I and II are specialised in offering a wide range of components to a large customer 
base in differing order volumes. Their IT systems have generally been designed to support 
multiple customer-manufacturer item libraries. Quite often central question in OEM-
distributor relationship is the used part numbering system; OEMs frequently use own coding 
system, while distributor favours the codes used by component manufacturer. Both Distri I 
and II have an ERP-system made in-house for the needs of the company. For the customer the 
system is shown as integrating sales, operations and finance. The most important feature for a 
customer is automated processes and ability to receive simple forms of information through 
electronic means. These include reception of order with confirmation of reception, order 
confirmation, automated warehouse functions with order pick-up and delivery notice with 
freight forwarder’s tracking number. However, it should be reminded that level of 
sophistication and automation is different between these two distributors: Distri I has an 
integrated ERP with fully automated process. Thus, Distri II has resolved the purchase order 
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reception and confirmation with a manual process. Automatically released and sent purchase 
orders are sent to supplier as in fully automated process. The difference is that purchase order 
is received manually and transformed to a sales order in the ERP system (semi-automated). At 
this same moment, some adjustments might be made concerning minimum order quantities.  

3.3. Determining Parameters for Automated Purchase Order (APO) 
Processing  

Automated order processing was established between Techco and Distri I in spring 2002. The 
two partners have contracted buffer stocks at Distri I’s warehouse for Techco’s needs. Techco 
is issuing forecasted information to adjust buffer stocks at Distri I’s site. This has been seen a 
way to improve availability of supplied items (Kaipia et al. 2006). Before year 2002 orders 
were made manually to Techco’s ERP system and sent over to national sales representative, 
who entered the order into Distri I’s system to be delivered from regional warehouse by 
express airfreight. The orders were passed over to supplier in a random matter depending on 
the urgency of the lines needed. Each component was having individually defined safety 
stocks and minimum order quantities. 

In the case of Distri II, automated purchase orders were initiated in the beginning of 2003, 
almost a year after automation of Distri I orders. This was due to two reasons: there were 
doubts in Techco organisation about the functionalities and security of automated purchase 
orders. Also Techco was willing to see the function of all parameters set to Distri I automated 
purchase order. Distri II had a similar gateway to offer than Distri I for purchase orders to 
enter but they did not authorise the purchase orders to be automatically converted into sales 
orders and added to the sales order stock. Therefore purchase orders were received by the 
system and then transmitted in a special view to sales assistants’ attention. Then purchase 
orders were manually converted to sales orders by sales assistants. For forecasts the situation 
is the same with Distri II. Forecasts are transferred electronically to Distri II, but they are then 
analysed and released to the ERP manually. 

The relationship between Techco and Distri II was also a bit different compared to the 
relationship between Techco and Distri I. Distri I requested Techco to sign contracts over 
buffered quantities and Techco was requested to clear all excess at the end of each contract 
period that was normally set to one calendar year. With Distri II the situation was somewhat 
different. They were much more flexible in buffer setting and allowed greater liberty in 
keeping extra inventory to their customers. This is also why in data of Distri II no such peaks 
were registered than at Distri I that was related to buffer stock clearance.   

When designing automated purchase orders, the following decisions were made on item 
parameters: 

• Lead time for components is set to be 5 working days 
• Minimum order quantity (MOQ) is the manufacturer package size and its coefficients 
• Safety stock for parts is 20 days demand, estimated based on 6 months’ historical 

demand 
• Period of supply (POS) for needs is 15 work days (ERP ‘batches’ future 15 days needs 

into one purchase requisition) 

The lead-time for components has been set to five workdays for the reason that deliveries 
from suppliers are made once a week and the delivery time is more or less from 24 hours to 5 
working days. Maximum delivery lead-time is used in the system due to reason that deviations 
in order fulfilment could in this way be hedged. The standardisation was important not only 
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for requisitions of the system, but also to gather information on automated purchase orders in 
general. 

4. Empirical Data Analysis 

Empirical data was gathered from Techco’s ERP-system consisting four years time period. 
The time period was slightly different to every component. The investigation period starts 
from year 2000 and ends at mid 2004. Automated purchase order system was implemented in 
March 2002 for Distri I and in January 2003 for Distri II.  

Most of the purchased items for Distri I have nearly equal amount of observation points before 
and after system implementation. However, in some of the cases before implementation data 
was incomplete, and observation period therefore begins from some other early months of the 
year 2000. So, it could be concluded that for all Distri I items automated purchase order 
observation period is 22 months, while manual period varies from 19 to 26 months.  

For Distri II the situation is somewhat different. Manual observation period is approximately 
30 months. The absolute number of months depends on item and the period starts either from 
the beginning of January 2000 or from January 2001. For all items it ends when purchasing 
was automated in January 2003. The automated period is then shorter than manual period. 
Automated period is 16 months for all items. For some items there were no transactions on the 
16th month that is affecting the results on three items out of eighteen. 

In addition to automated purchase order data, some manual purchase order data on component 
level was collected. This manual sample consists of 56 similar items that were used in 
automated samples. They are sourced from different component distributors including Distri I 
and Distri II. This data has been analysed with same parameters than automated samples. Two 
sets of indicators were calculated to conform to the periods in two automated cases. In this 
paper both automated samples are analysed together with their respective manual data set. 
Manual data includes as mentioned previously 56 items with similar time frame as automated 
items. The period for items in average is 50 months with minimum value of 39 months and 
maximum of 53 months. To better determine the data set, median was calculated over the 
individual periods with result of 52 months as median. This shows us that most of the items 
are having a period of 50 months or over. 

Data contains information about received orders and used items. Received order information 
contains data about received quantity and date of reception. With this information it is 
possible to calculate average orders size and amount of received components per month. 
Consumption information is represented by the amount of used components by production. 
Because some items are used by packages, consumption information is on a rough level. Item 
consumption is therefore measured only on monthly level. 

Based on this information we have compared the inventory turns for different items on a basis 
of a moving average. This means that for each component, a moving average was calculated 
so that the first value was calculated 12 months after the first observation for manual and for 
automated period.  This means that the total number of observations was: number of 
observation months – 22 (11 for both periods).  

4.1. Analysing Regression Model of Distri I – Full-Scale APO System Use with 
Comparative Data from Manual Purchasing  
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In full-scale APO implementation, our research results indicate (as is shown in Table 1) that 
among 74 purchased items (of which 18 were fully automated purchased items, while 56 were 
order with manual and more traditional purchasing methods), automated systems are nearly 
significant in explaining inventory turn change among items. Thus, oppositely as expected, 
coefficient of automation has negative impact on inventory turns! However, stock change and 
consumption change are, of course, significant factors in inventory turn change, and their 
coefficients are as expected (as stocks increase, these will negatively affect on inventory turns, 
while consumption increase will improve it). However, it should be noted that overall three 
variable regression models is able to predict inventory turn change by 51.4 %, and therefore 
still another half from the change is explained by other factors. 

It is rather complicated to understand the negative relationship of full-scale automation in 
purchasing on inventory turns change. As Figure 1 shows, automation could be with a first 
glance argued to have superior effect on inventory turns change. However, as regression 
model earlier suggested that most important issues regarding to improvement are related to 
stock and consumption changes. As full APO implementation is observed in item level, we 
identify that nearly in half of the cases; demand for these components has been increasing 
considerably (even three digit percentage improvements). However, another half of the items 
experience considerable demand decrease. Thus, the positive demand change in firstly 
mentioned items was so huge that group of components altogether showed considerable 
inventory improvement. Another issue in full APO system to have much better average and 
median values was developed detailed algorithm to estimate needed safety stock level. This 
formula proved to be good for demand growth items; as demand improved in these 
components, stock levels did not increase that much and this was clearly a route for improved 
performance. However, in one component out of 18 we identified that MRP nervousness 
created inventory performance deterioration, and in another one relatively large once 
happened quantity buy back during APO use period due to failed aggregate forecast (buffering 
service contract). 

Table 1 Regression model to estimate inventory turn change in full scale automated 
purchasing system and manual ordered items during the same period. 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.7169
R Square 0.5139
Adjusted R Square 0.4930
Standard Error 0.7456
Observations 74

ANOVA
df SS MS F Significance F

Regression 3 41.1329 13.7110 24.6653 0.0000
Residual 70 38.9116 0.5559
Total 73 80.0445

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.221 0.106 2.083 0.041 0.009 0.433 0.009 0.433
Average stock change -1.686 0.225 -7.487 0.000 -2.135 -1.237 -2.135 -1.237
Average consumption change 1.275 0.160 7.979 0.000 0.957 1.594 0.957 1.594
Automation -0.426 0.238 -1.788 0.078 -0.901 0.049 -0.901 0.049
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Figure 1 Inventory turns change (%) in fully automated system and manual purchasing 

As price of single component is important factor in appropriate management actions regarding 
to different items (higher value items will gain more interest, since larger and sometimes 
unnecessary inventory holdings will gain management interest due to higher amount of needed 
working capital in operations), we enlarged our regression model with price considerations. 
Based on the experience gained from daily purchasing, we divided different items in two 
groups, where 10 euros per component was dividing factor (high value items were 10 euros or 
above, while low value items had value of under 10 euros). In larger multifactor regression 
model this resulted on situation (where average order size was also one explaining factor, but 
having low probability to explain inventory turns change), where price was having 9.5 % 
probability that it will not affect purchasing performance, but in smaller model ( 

 below) it is considered as statistically significant in explaining inventory turns change during 
period. Interestingly in smaller regression model automation had much lower probability since 
in this model we forced regression model to start from zero position in y and x-axis, as larger 
model had probability for its significance 14.6 %. Thus, coefficient of possible price change 
effect on inventory turn change is as could be a priori assumed – higher price improved 
roughly 46 % inventory turn change. It is also interesting to note that smaller amount of 
variables in here is able to explain inventory turns change a bit better (58.5 %) than what is 
the case in previous model.  

11 

Table 2 Regression model to estimate inventory turn change in full scale automated 
purchasing system and manual ordered items during the same period, model extended with 
component price information 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.765
R Square 0.585
Adjusted R Square 0.553
Standard Error 0.743
Observations 74

ANOVA
df SS MS F Significance F

Regression 4 54.438 13.610 24.650 0.000
Residual 70 38.648 0.552
Total 74 93.086

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Average stock change -1.693 0.223 -7.578 0.000 -2.138 -1.247 -2.138 -1.247
Average consumption change 1.285 0.159 8.063 0.000 0.967 1.603 0.967 1.603
Automation -0.315 0.219 -1.434 0.156 -0.752 0.123 -0.752 0.123
Price 0.464 0.211 2.202 0.031 0.044 0.884 0.044 0.884

4.2. Analysing Data of Distri II – Semi-APO System Use with Comparative 
Data from Manual Purchasing 

Regression analysis results regarding to semi-automated purchasing system do not show any 
further support for the effect of automation on inventory turn change (74 observations, from 
where 18 were included in semi-automated system). As Table 3 reveals, probability that 
automation has not affected on inventory turns is 58.4 %, and this performance is explained 
mostly with average changes in stock levels and consumption. Overall, these two factors 
(among intercept) explain above 60 % from total change, which is slightly better than in firstly 
analyzed automated system. All the significant factors have similar coefficients as was earlier 
recognized.  

Further analysis of our research data reveals the reason, why automated system does have 
connection to inventory turns; on the average (Error! Reference source not found.Figure 2) 
automated system is clearly better, and in the median level as well. However, situation is the 
same as in the full scale APO system; there exist several items, which have improved their 
inventory turns impressively, but performance deterioration was identified in several 
components (in two of those, due to MRP nervousness). 

Table 3 Regression model to estimate inventory turn change in semi -automated purchasing 
system and manual ordered items during the same period. 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.7788
R Square 0.6065
Adjusted R Square 0.5954
Standard Error 0.4729
Observations 74

ANOVA
df SS MS F Significance F

Regression 2 24.4750 12.2375 54.7170 0.0000
Residual 71 15.8792 0.2237
Total 73 40.3543

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.1829 0.0689 2.6532 0.0098 0.0454 0.3203 0.0454 0.3203
Average stock change -1.2821 0.1411 -9.0867 0.0000 -1.5635 -1.0008 -1.5635 -1.0008
Average consumption change 1.2841 0.1483 8.6600 0.0000 0.9884 1.5797 0.9884 1.5797
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Figure 1 Inventory turns change (%) in fully automated system and manual purchasing 
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Figure 2 Inventory turns change (%) in semi-automated system and manual purchasing 

As automation did not have any affect on inventory turn change, interestingly prices did not 
explain it either (Table 3). We used in here same dividing criteria as in previous case (10 
euros). In larger model (inc. also consumption change and automation) probability that price 
has not an effect on inventory turns change is 15.7 %, and its significance decreases 
considerably in smaller model (65.8 % probability that it will not have any effect). In the 
larger model, we could identify that, if prices have an effect on inventory turns, dearer 
components will improve turns change with approx. 20 %. Explanation power of larger model 
in here has similar performance with previous one. However, in smaller price based model, 
regression curves without intercept looses much of its ability to predict this behaviour. 

Table 4 Regression model to estimate inventory turn change in semi-automated purchasing 
system and manual ordered items during the same period, model extended with component 
price information. 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.4806
R Square 0.2310
Adjusted R Square 0.1952
Standard Error 0.6722
Observations 74

ANOVA
df SS MS F Significance F

Regression 3 9.6358 3.2119 7.1074 0.0003
Residual 71 32.0861 0.4519
Total 74 41.7219

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Average order size change 0.2344 0.1947 1.2035 0.2328 -0.1539 0.6226 -0.1539 0.6226
Average stock change -0.8218 0.2048 -4.0133 0.0001 -1.2301 -0.4135 -1.2301 -0.4135
Price 0.0955 0.2150 0.4440 0.6584 -0.3333 0.5242 -0.3333 0.5242

5. Discussion  

Based on our research, we identified that automation alone is not primarily the reason for 
inventory turn improvement, and interestingly in the first model, it was nearly statistical 
significant that automation will decrease inventory turns. After further investigation and 

13 

research especially thanks to the regression analysis, we realized that automation itself was 
not the primary reason for improved inventory turns. It appeared to us that the standardization 
of item parameters in MRP calculation is the reason among demand increase (in some of the 
items) for improving inventory turns. One interesting point is that items are bought in after 
MOQ. When starting the APO order quantities were reviewed and set to lowest possible level. 
Regression analysis did not show any significance of purchase order size to inventory turns. 
This is not that surprising result, since currently used MRP systems (periodic demand) do not 
lead on inventory investment based on order quantities as what was the case in traditional 
EOQ (Economic Order Quantity) models.  As case company is mid-sized telecom electronics 
manufacturer, high variety among moderate demand creates often situation where one 
standard package is enough to satisfy production needs. Package sizes are often driven 
eventually by production needs, and reels save labour time in production and therefore these 
are favoured in purchasing. So, taking these factors into account, it is rather easy to 
understand the insignificant role of order quantities. 

So, our first hypothesis appeared not to be valid, and our initial assumption based on 
literature. Surprisingly, the second hypothesis stating that the level of automation has an effect 
on inventory turn improvement might at first sight reveal to be true. But after a more detailed 
view on the development it seems that the reason for differences among APO systems is in the 
successfulness and fit of algorithms developed to safety stock estimation, and customer 
demand development. Therefore, we reject second hypothesis, and argue that different APO 
systems do not have an effect on inventory turns. This was further supported by correlation 
analysis between different factors of this research work and automation – as Table 5 shows in 
Semi-APO case automation tends to be utilized with cheaper items, while in full scale APO 
consumption change and automation have positive correlation relationship (maybe high 
demand expectation items were eventually automated – this was first implementation case). 

Table 5 Correlation (Pearson) analysis concerning semi-APO implementation items and 
comparative items from manual purchasing (denotations: OSC = Order Size Change, SC = 
Stock Change, CC = Consumption Change and InvC = Inventory Change). 

Automation
Semi-APO

Price
Semi-APO

Automation
Full-APO

Price
Full-APO

Pearson Correlation -0,114 -0,227 -0,196 -,288(*)
Sig. (2-tailed) 0,331 0,052 0,094 0,013
N 74 74 74 74
Pearson Correlation -0,016 -0,163 0,127 -,236(*)
Sig. (2-tailed) 0,893 0,166 0,283 0,043
N 74 74 74 74
Pearson Correlation 0,148 -0,073 ,434(**) -0,173
Sig. (2-tailed) 0,209 0,534 0,000 0,140
N 74 74 74 74
Pearson Correlation 1 -,237(*) 1 0,028
Sig. (2-tailed) 0,042 0,816
N 74 74 74 74
Pearson Correlation -,237(*) 1 0,028 1
Sig. (2-tailed) 0,042 0,816
N 74 74 74 74
Pearson Correlation 0,090 0,123 0,209 0,160
Sig. (2-tailed) 0,448 0,295 0,073 0,174
N 74 74 74 74

OSC

SC

CC

Automation

Price

InvC

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Figure 2 Inventory turns change (%) in semi-automated system and manual purchasing 
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Our research indicated that the price level of a component has an impact on inventory turns 
change. However, this is not statistically significant in every case. In literature it is often 
explained that organization itself develops methods to improve inventory efficiency of higher 
priced items. Thus, we have found in case company that exogenous factors also have an affect 
to inventory turns. In dearer items suppliers favour extremely low supply quantities for these 
items. Also in some of the cases dearer items are have larger size (more sophisticated and 
integrated chips), so this also favours lower delivery quantities (as it is needed). This 
argumentation holds some possible ground with full scale APO system in Table 5 – price 
leads into lower purchase order quantities and lower inventory holding levels. 

6. Conclusions 

It has generally been assumed that automated IT-systems improve efficiency of 
manufacturing, and lowers the transaction costs considerably. This effect is further enhanced; 
as suppliers or customers are integrated into transactions with commonly agreed database 
structures or even use EAI (Enterprise Application Integration) systems between different 
parties. However, it is still unknown, whether these automated systems truly improve 
performance of logistics, and especially amount of inventories. Based on the earlier supply 
chain research, inventory holdings should decrease in a whole chain context due to shorter 
delays in a process, and enhanced information availability and visibility. However, our 
research did not verify these assumptions; automation and more efficient purchasing system is 
not the driver of inventory turn change, but actually in every case change in stock levels, and 
demand play most important part. Interestingly, if automation has an affect on inventory turns, 
it is most probably negative one. In some of the items automated systems truly improve the 
performance, and observing automated system through aggregate numbers (like average and 
median) at first glance it seems to be case that these system really have positive impact on 
inventory efficiency. However, regression analysis treats and fits linear curve into data 
through all purchased items, and therefore this resulted in our case to the situation, where 
automated systems do not improve performance at all. Based on this research we argue that 
traditional materials management variables play important role in explaining inventory turns 
changes. It should be reminded that due to several different factors (MRP systems, moderate 
volumes and high variety), order lot sizes do not seem to have any connection to inventory 
turns change.  

In the future this research should be followed with similar type of data and same analysis 
method in different environment and greater sample of automated items. Current cases of 
automated purchase orders include 18 items and regression analysis of these quantities is not 
reliable enough to make larger generalizations. Therefore we suggest that this research should 
be repeated with greater sample (e.g. 35 items ordered via APO-system) and analysed 
accordingly. Through this research, the nature of automated purchase order and the impact of 
other factors to inventory turns could be tested. This research has been treating a very narrow 
concept of automated purchase orders that is only one fragment of all supply chain processes. 
In addition, the meaning of automated purchase order and its applications should be presented 
in a wider context and investigate all the related processes. This might offer more ideas and a 
total view for process automation to improve the effectiveness of supply chain processes. Also 
in a chain context, amount of total inventories should be analyzed, by including distributor 
inventory holdings in figures as well. However, distribution inventory holding is not that 
simple issue to be further researched, since inventories could be dedicated for the customer, or 
inventory holdings are general, and serve the purpose of number of different customers. 
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1 FROM TOTAL QUALITY MANAGEMENT 
(TQM) THROUGH BUSINESS PROCESS RE-
ENGINEERING (BPR) TO SUPPLY CHAIN 
MANAGEMENT (SCM) 

Abbreviations of concepts or theories often comprise three letters. 
Practitioners are ready to adopt them, and if they reflect the concept they will 
be easy to implement in practical life. Some concepts derive from an urge to 
change things, which obviously applied to one of the proponents of TQM, W. 
Edwards Deming (see Deming, 1985). In other cases there is need for 
something new that will bring sizable benefits within a short time period, 
which seems to have been the driving force behind BPR (see Davenport, 
1993). SCM has been developing more or less smoothly over time. Several 
authors trace its origin to Michael Porter’s (1985) seminal work Competitive 
Advantage (1985), in which he presented his view of the value chain (e.g., 
Kotler, 2003; Fill and Fill, 2005; Schary and Skjott-Larsen, 2001; Gourdin, 
2001).  

All three concepts have achieved prominence, some more recently than 
others. They are connected by the fact that the aim is to change management 
practices and improve organisational quality and profitability, elements that, 
according to the literature, are intertwined and have common characteristics. 
The purpose of this essay is to show how the three theories or concepts are 
linked. 

1.1 The emergence of the concepts 

The three concepts, TQM, BPR and SCM, emerged for different reasons. 
TQM thinking grew from the need to strengthen the competitiveness of US 
industry against Japanese companies in the early 1980s. W. Edwards Deming 
(1985) voiced this cry for higher quality and competitiveness in the 14 points 
he made for improving the Western style of management. These points fall 
into the following categories: constant improvement, transformation, constant 
quality work, teaming, total costing, and professional support of the personnel 
on all levels. Moreover, they correspond to typical Japanese management 
philosophies. The emergence of the concept in the US certainly contributed to 
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its booming start there. According to Easton and Jarrell (1998), it achieved 
fame through a national quality award and the participation of major US 
companies in it.  

The arrival of BPR was probably less related to national urgency. It was 
conceived of through the work of Hammer and Champy (1993) and Davenport 
(1993), the driving force being to complement TQM thinking with something 
that would offer managers a less costly and faster change process that 
produced results more quickly. This view was dismissed later as short-sighted 
thinking (Al-Mashari et al. 2001). It soon became evident that drastic change 
was not appropriate to practical life, however. Davenport and Short published 
an article in 1990 in which they were already suggesting combining 
information technology (IT) and business-process redesign. It is interesting 
that at this stage it was still a question of redesign rather than re-engineering. 
The authors also claimed that the power of IT as a tool for change was 
comparable to Frederick Taylor’s industrial engineering. From the beginning 
IT has been a driver of BPR, and in this sense process development became a 
necessity because information systems (IS) tend to change the way work is 
done. Hammer and Champy (1993) differentiate between BPR and TQM, 
suggesting that the aim in the latter is to improve existing processes, and in the 
former to match them better with current needs. IT is also considered 
important, but it is clearly not useful to automate obsolete processes. 
Davenport (1993) sees two roles for IT in facilitating re-engineering: 
producing better designs and implementing new ones.  

SCM gradually emerged as a concept through the work of different authors 
and the definitions they put forward. Supply chain management developed 
from materials management, physical distribution and logistics (Coyle et al. 
1996). Its first use can be traced to the early 1980s when it was described in 
Oliver and Webber: Supply Chain Management: Logistics catching up with 
strategy (1982) (Jüttner et al. 2007), and various definitions have been put 
forward over the years. Later, Michael Porter (1985) presented his idea of the 
value chain, which has been an inspiration to many. There has always been a 
somewhat holistic view of the complete chain of activities involving 
purchasing, production and logistics management. Information systems are 
also a natural part of the supply chain in that different enterprise systems (ES), 
such as ERP (Enterprise Resource Planning), are used in companies of all 
sizes and types. 

Thus, these concepts have very different starting points, but they all 
represent a process view of the company. They also emerged for different 
reasons. TQM was a response to the national outcry to be more competitive, 
and BPR offered faster and easier access to organisational change and quick 
results. Supply chain management has different origins even if the term 
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emerged in the same decade as TQM: its roots go back centuries to the 
development of logistics.  

1.2 The development of the concepts 

SCM and TQM evolved in parallel, whereas BPR only came to light in the 
early 1990s. The three development paths are described in more detail in the 
following. 

1.2.1 TQM 

Easton and Jarrell (1998) first revealed evidence of improvements in 
accounting variables and stock returns from an investigation they conducted in 
1998. This development was certainly facilitated by the strong support from 
US organisations with an interest in improving the competitiveness of the 
national economy. However, the basic TQM principles Deming listed in 1985 
were already pointing in this direction in that they incorporated some of the 
principles that were typical of Japanese management philosophies that had 
proved successful. Later, Easton and Jarrell (1998) listed the key 
characteristics as follows: 

Table 1: The key characteristics of TQM (Easton and Jarrell, 1998) 

Characteristic Description 

Process focus The process concept is a fundamental building block of the organisation 

Systematic improvement Prevention -based orientation, focus on quality improvement, cycle-time reduction, 

waste or cost reduction 

Companywide emphasis Process and improvement goals implemented throughout the company 

Customer focus Customer focus in terms of customer satisfaction, service, information and 

integration 

Management-by-fact Objective data and information-based decision-making with established metrics 

Employment involvement and 

development 

Decision-making close to the employees and to the actual process, involvement in 

improvement 

Cross-functional management Cross-functional view on improvement and on the process 

Supplier performance and supplier 

relationship 

Holistic view of suppliers in process and quality improvement 

Recognition of TQM as a critical 

competitive strategy 

Senior management should provide leadership in the development and deployment 

of quality management 

2
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strategy (1982) (Jüttner et al. 2007), and various definitions have been put 
forward over the years. Later, Michael Porter (1985) presented his idea of the 
value chain, which has been an inspiration to many. There has always been a 
somewhat holistic view of the complete chain of activities involving 
purchasing, production and logistics management. Information systems are 
also a natural part of the supply chain in that different enterprise systems (ES), 
such as ERP (Enterprise Resource Planning), are used in companies of all 
sizes and types. 

Thus, these concepts have very different starting points, but they all 
represent a process view of the company. They also emerged for different 
reasons. TQM was a response to the national outcry to be more competitive, 
and BPR offered faster and easier access to organisational change and quick 
results. Supply chain management has different origins even if the term 
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emerged in the same decade as TQM: its roots go back centuries to the 
development of logistics.  

1.2 The development of the concepts 

SCM and TQM evolved in parallel, whereas BPR only came to light in the 
early 1990s. The three development paths are described in more detail in the 
following. 

1.2.1 TQM 

Easton and Jarrell (1998) first revealed evidence of improvements in 
accounting variables and stock returns from an investigation they conducted in 
1998. This development was certainly facilitated by the strong support from 
US organisations with an interest in improving the competitiveness of the 
national economy. However, the basic TQM principles Deming listed in 1985 
were already pointing in this direction in that they incorporated some of the 
principles that were typical of Japanese management philosophies that had 
proved successful. Later, Easton and Jarrell (1998) listed the key 
characteristics as follows: 

Table 1: The key characteristics of TQM (Easton and Jarrell, 1998) 

Characteristic Description 

Process focus The process concept is a fundamental building block of the organisation 

Systematic improvement Prevention -based orientation, focus on quality improvement, cycle-time reduction, 

waste or cost reduction 

Companywide emphasis Process and improvement goals implemented throughout the company 

Customer focus Customer focus in terms of customer satisfaction, service, information and 

integration 

Management-by-fact Objective data and information-based decision-making with established metrics 

Employment involvement and 

development 

Decision-making close to the employees and to the actual process, involvement in 

improvement 

Cross-functional management Cross-functional view on improvement and on the process 

Supplier performance and supplier 

relationship 

Holistic view of suppliers in process and quality improvement 

Recognition of TQM as a critical 

competitive strategy 

Senior management should provide leadership in the development and deployment 

of quality management 
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As the above table shows, there is a holistic view to the company in terms 
of processes. Different functions are involved in their continuous 
development, as are customers and suppliers. The primary focus is still on 
customer satisfaction with the whole product, which applies to the company 
and the suppliers, the aim being to gain competitive advantage through 
operational excellence.  

1.2.2 BPR 

The adjectives fundamental, radical and dramatic characterise the BPR process 
(Hammer and Champy, 1993). Davenport (1993) suggested integrating BPR 
with TQM in order to match radical innovation with continuous improvement, 
and just three years later he announced the demise of BPR (Davenport, 1996).  
The greatest reason for this “sudden death” was the radical thinking behind the 
concept. The application of radical change did not take into consideration of 
realities in corporate world and factors of human resistance to change. Sudden 
change of all processes in a company often means interruption in supply to 
customers. This is difficult to accept in the world where short term profit 
follow-up is current practice. Several authors have discussed the failure of 
BPR. Burgess (1998), Drago and Geisler (1997) and Al-Mashari et al. (2001) 
all see the concept problematic.  

Drago and Geisler (1997) see five different problem areas in BPR 
implementations: lack of sufficient preparation, problems associated with 
implementation, organisational weaknesses, weaknesses inherent in BPR and 
problems developed in the aftermath of BPR. To overcome these challenges, 
they propose a seven point list. They also argue that constant improvement is 
essential and the concept itself is viable. Al-Mashari et al. (2001) also found 
that implementing the BPR requires careful planning and implementation to 
succeed. They also found that if the organisation had previous experience of 
TQM the chances of success were greater. This appeared to be one reason why 
US companies performed somewhat better than others.  

1.2.3 SCM 

The SCM concept has been developing freely since its creation, and there are 
several definitions. It is worth noting that it has replaced logistics as a term in 
many cases, being considered wider in scope and more appropriate for 
processes describing material and information flows. Divergent views have 
evolved and SCM has been connected with the network view (supply-network 
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management) and marketing (demand-chain management or demand-supply-
chain management). 

IT tools are essential to SCM, having supported its further development in 
terms of process integration. An example of this is the real-time view of the 
supply chain to the different players involved, which enables demand 
information to move along the chain without constraints. This works through 
data communication and specially designed software packages (Davenport and 
Brooks, 2004). ERP systems are at the core of SCM, and the question has been 
raised whether they support its development or vice versa. It has also been 
noted that even if electronic data interchange (EDI) programs have been 
available and in use in larger companies for decades (Davenport and Brooks, 
2004), current software solutions still cannot support the co-ordination of an 
entire network (Xu et al., 2009). 

1.3 Common features and links between the concepts 

The three separate concepts described above have some commonalities and 
some differences, which with regard to TQM and BPR are discussed above. 
The link between these two and SCM is less obvious, however, although like 
BPR SCM is nowadays heavily dependent on IS in many respects. One thing 
that is common to all three is the process-oriented view of organisations. 

Different companies have different ERP systems, and the focus on inter-
organisational relationships is increasing the need for IS-enabled linkage. 
Increased networking requires opening the door to more and more partners, 
including subcontractors and suppliers. The use of information systems in this 
is transforming working practices and, though the need for re-engineering, 
creating more work. On the inter-organisational relationships level, changing 
practices in communicating with suppliers, customers and other partners 
requires changes in internal practices as well. This connects SCM with TQM 
and BPR.  

In terms of principles, both TQM and BPR rely on changing processes. 
Deming (1985) does not mention the word process, but he clearly sees a 
connection between the work of different company functions, and a link to 
supplier and customer companies. This is quite well aligned with the notion of 
a process as: “a set of logically related tasks performed to achieve a defined 
business outcome” (Davenport and Short, 1990).  

However, the concepts have different perspectives on change: in TQM it is 
a slow and time-consuming process that transforms the organisation over a 
longer time period, whereas BPR aims at fast change and revolutionary 
approaches. Davenport (1993) pointed out at the very beginning that both 

4



1734 

As the above table shows, there is a holistic view to the company in terms 
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processes describing material and information flows. Divergent views have 
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management) and marketing (demand-chain management or demand-supply-
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IT tools are essential to SCM, having supported its further development in 
terms of process integration. An example of this is the real-time view of the 
supply chain to the different players involved, which enables demand 
information to move along the chain without constraints. This works through 
data communication and specially designed software packages (Davenport and 
Brooks, 2004). ERP systems are at the core of SCM, and the question has been 
raised whether they support its development or vice versa. It has also been 
noted that even if electronic data interchange (EDI) programs have been 
available and in use in larger companies for decades (Davenport and Brooks, 
2004), current software solutions still cannot support the co-ordination of an 
entire network (Xu et al., 2009). 

1.3 Common features and links between the concepts 

The three separate concepts described above have some commonalities and 
some differences, which with regard to TQM and BPR are discussed above. 
The link between these two and SCM is less obvious, however, although like 
BPR SCM is nowadays heavily dependent on IS in many respects. One thing 
that is common to all three is the process-oriented view of organisations. 

Different companies have different ERP systems, and the focus on inter-
organisational relationships is increasing the need for IS-enabled linkage. 
Increased networking requires opening the door to more and more partners, 
including subcontractors and suppliers. The use of information systems in this 
is transforming working practices and, though the need for re-engineering, 
creating more work. On the inter-organisational relationships level, changing 
practices in communicating with suppliers, customers and other partners 
requires changes in internal practices as well. This connects SCM with TQM 
and BPR.  

In terms of principles, both TQM and BPR rely on changing processes. 
Deming (1985) does not mention the word process, but he clearly sees a 
connection between the work of different company functions, and a link to 
supplier and customer companies. This is quite well aligned with the notion of 
a process as: “a set of logically related tasks performed to achieve a defined 
business outcome” (Davenport and Short, 1990).  

However, the concepts have different perspectives on change: in TQM it is 
a slow and time-consuming process that transforms the organisation over a 
longer time period, whereas BPR aims at fast change and revolutionary 
approaches. Davenport (1993) pointed out at the very beginning that both 
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revolutionary thinking (BPR) and continuous improvement (TQM) were 
required in order to increase profitability through change. He also noted that 
IS provided the fundamental support for and facilitated the change process. In 
his view, BPR came first in terms of updating processes radically in response 
to organisational change. This radical change made room for continuous 
improvement promoted by TQM thinking.  

Figure 1: Alternative approaches to operational change (Davenport, 1993) 

Figure 1 illustrates the different change processes along the dimensions of 
degree and pace of change. The degree of change may be tactical or strategic, 
and the pace may be fast or measured. When the pace is fast it is possible to 
make focused process improvements (tactical change) or to effect focused 
restructuring (strategic change). When the change is measured, on the strategic 
level it is possible to achieve business process innovation whereas tactical 
change brings continuous improvement. This seems to be one way of adopting 
elements of TQM (continuous improvement) in BPR and thus integrating the 
two in order to effect more strategic development and less drastic patterns of 
change.  

According to Kettinger and Grover (1995), all business-process-related 
change has a common goal, and different terms are used to describe what used 
to be business process re-engineering: process improvement, process 
innovation and business-process redesign could all be combined to describe 
change in business processes. They also note the accommodation with TQM 
that brings a broader perspective to BPR.  

On the other hand, Burgess (1998) found certain similarities between SCM 
and BPR: a fundamental rethinking, a process-based approach, strategic 
consideration and the use of information technology as a catalyst. In terms of 
fundamental rethinking, inherent in both concepts is the assumption that 
companies have to adapt to a larger spectrum of customer requirements. It is a 
question not only of making existing products efficiently but also of designing 
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new products effectively. Furthermore, companies do not operate in isolation 
but work in co-operation. Process-based thinking is evident in both concepts, 
in other words a function-based structure is outdated and the entire process 
should be followed from one end to the other, from supplier to customer. On 
the strategic level, companies need to reformulate their strategies in order to fit 
in with such thinking. Time is also of the essence: there is a tendency to 
minimise time and effort that do not add value, and thus to compress process 
lead time. The elimination of waste is another key common goal, in the 
achievement of which IT has a crucial role.   

Customer orientation is a driving force behind all of the concepts. In the 
case of TQM, the loss of markets and customers to competing foreign 
companies triggers the drive for a better internal organisation and a process 
orientation. A customer focus is possibly a little less obvious in BPR, but the 
drive for competitive advantage fuels the wish for radical change. A customer 
orientation is visible in SCM in the focus on the competitive advantage of the 
complete supply chain. 

1.4 The role of IT in TQM, BPR and SCM 

IT has a role in each of these three philosophies or concepts. For the most part 
it facilitates the development and implementation of processes aimed at 
ensuring higher quality, reducing costs and increasing the speed of delivery. 

Its role in TQM is evident (Sanchez-Rodriguez et al. 2006), but it is not an 
essential element of TQM thinking. It facilitates its development and practices, 
but it is only a tool in terms of business development. This is not the case with 
BPR and SCM. IT has had a clear role in BPR from the very beginning, and 
according to Davenport and Short (1990) the following capabilities reflect its 
contribution potential: Transactional, Geographical, Automatical, Analytical, 
Informational, Sequential, Knowledge Management, Tracking and 
Disintermediation. Later, Hammer and Champy (1993) emphasised the role of 
IT as an essential lever, but at the same time warned that its misuse could 
reinforce old working ways and habits and jeopardise re-engineering. It is 
clear that it can support change and create new ways of working. Similarly, 
just as it is recognised that IT is changing ways of working, it is also assumed 
that electronic commerce as one type of application will also change business 
processes, and this calls for the application of BPR. IT tools have been used 
exclusively in automating business processes and thus lowering transaction 
costs and eliminating intermediaries. Today, widespread enterprise systems 
offer possibilities for integration and process optimisation (Davenport et al., 
2004). 
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revolutionary thinking (BPR) and continuous improvement (TQM) were 
required in order to increase profitability through change. He also noted that 
IS provided the fundamental support for and facilitated the change process. In 
his view, BPR came first in terms of updating processes radically in response 
to organisational change. This radical change made room for continuous 
improvement promoted by TQM thinking.  

Figure 1: Alternative approaches to operational change (Davenport, 1993) 

Figure 1 illustrates the different change processes along the dimensions of 
degree and pace of change. The degree of change may be tactical or strategic, 
and the pace may be fast or measured. When the pace is fast it is possible to 
make focused process improvements (tactical change) or to effect focused 
restructuring (strategic change). When the change is measured, on the strategic 
level it is possible to achieve business process innovation whereas tactical 
change brings continuous improvement. This seems to be one way of adopting 
elements of TQM (continuous improvement) in BPR and thus integrating the 
two in order to effect more strategic development and less drastic patterns of 
change.  

According to Kettinger and Grover (1995), all business-process-related 
change has a common goal, and different terms are used to describe what used 
to be business process re-engineering: process improvement, process 
innovation and business-process redesign could all be combined to describe 
change in business processes. They also note the accommodation with TQM 
that brings a broader perspective to BPR.  

On the other hand, Burgess (1998) found certain similarities between SCM 
and BPR: a fundamental rethinking, a process-based approach, strategic 
consideration and the use of information technology as a catalyst. In terms of 
fundamental rethinking, inherent in both concepts is the assumption that 
companies have to adapt to a larger spectrum of customer requirements. It is a 
question not only of making existing products efficiently but also of designing 
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new products effectively. Furthermore, companies do not operate in isolation 
but work in co-operation. Process-based thinking is evident in both concepts, 
in other words a function-based structure is outdated and the entire process 
should be followed from one end to the other, from supplier to customer. On 
the strategic level, companies need to reformulate their strategies in order to fit 
in with such thinking. Time is also of the essence: there is a tendency to 
minimise time and effort that do not add value, and thus to compress process 
lead time. The elimination of waste is another key common goal, in the 
achievement of which IT has a crucial role.   

Customer orientation is a driving force behind all of the concepts. In the 
case of TQM, the loss of markets and customers to competing foreign 
companies triggers the drive for a better internal organisation and a process 
orientation. A customer focus is possibly a little less obvious in BPR, but the 
drive for competitive advantage fuels the wish for radical change. A customer 
orientation is visible in SCM in the focus on the competitive advantage of the 
complete supply chain. 

1.4 The role of IT in TQM, BPR and SCM 

IT has a role in each of these three philosophies or concepts. For the most part 
it facilitates the development and implementation of processes aimed at 
ensuring higher quality, reducing costs and increasing the speed of delivery. 

Its role in TQM is evident (Sanchez-Rodriguez et al. 2006), but it is not an 
essential element of TQM thinking. It facilitates its development and practices, 
but it is only a tool in terms of business development. This is not the case with 
BPR and SCM. IT has had a clear role in BPR from the very beginning, and 
according to Davenport and Short (1990) the following capabilities reflect its 
contribution potential: Transactional, Geographical, Automatical, Analytical, 
Informational, Sequential, Knowledge Management, Tracking and 
Disintermediation. Later, Hammer and Champy (1993) emphasised the role of 
IT as an essential lever, but at the same time warned that its misuse could 
reinforce old working ways and habits and jeopardise re-engineering. It is 
clear that it can support change and create new ways of working. Similarly, 
just as it is recognised that IT is changing ways of working, it is also assumed 
that electronic commerce as one type of application will also change business 
processes, and this calls for the application of BPR. IT tools have been used 
exclusively in automating business processes and thus lowering transaction 
costs and eliminating intermediaries. Today, widespread enterprise systems 
offer possibilities for integration and process optimisation (Davenport et al., 
2004). 
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IT has gradually assumed a major role in SCM, particularly if materials 
requirements planning (MRP) and ERP software are included. Later, EDI 
applications steered SCM towards inter-organisational processes, and new 
tools that are easier and more cost-effective are currently gaining ground. 
Various applications that facilitate intra-organisational work are also being 
implemented, including intelligent automated transportation systems and radio 
frequency identification (RFID). 

1.5 Inter-organisational relationships  

Inter-organisational relationships are relevant to the three concepts in various 
ways. TQM, as Deming defines it, incorporates inter-organisational aspects 
with regard to co-operation and a focus on the total cost of acquisition. 
Suppliers should be taken into account in design, manufacturing and sales in 
order to bring competitive and high-quality products to the market. In other 
words, it is the total cost that matters, not only the cost of the product from the 
supplier (Deming, 1985). The role of suppliers is also clearly important in 
product design and sales. This is a significant change to the traditional arm’s-
length principle according to which the supplier only supplies the necessary 
goods at the lowest possible price, and can be changed easily if the attributes 
are not satisfactory. Basically, the change process still only concerns the 
internal processes of the company. Suppliers are involved through their 
participation in tasks that have traditionally been regarded as belonging to the 
company’s internal processes, and their processes are not considered in this 
definition. 

In BPR inter-organisational relationships are considered inter-
organisational processes (Davenport and Short, 1990), which in many 
organisations take the form of simple transactions automated through the use 
of EDI or a similar tool. However, a true inter-organisational business process 
involves the parties on a much broader level. As mentioned above, the aim is 
still to involve suppliers in a very wide range of functions, such as 
manufacturing and design. The role of IT as discussed above is also important 
in process optimisation and integration in the context of inter-organisational 
relationships. 

SCM by its very nature is inter-organisational. As the name implies, it 
concerns the management of a chain of suppliers, and if it is to work properly 
it requires inter-organisational co-ordination. The partner relationships are of 
strategic importance (Sheth and Sharma, 2007), and in the case of SCM the 
focus should shift from the transaction to the relationship. This effectively 
describes the SCM perspective on inter-organisational relationships: given its 
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different offshoots such as supply network management and demand chain 
management, the emphasis on the relationship aspect only increases. 

1.6 Discussion 

As demonstrated above, all three concepts discussed in this essay are 
interrelated, the common denominator being the use of IT as a facilitator. 
Information technology has been developing over the years, at an increased 
pace since the 1980s. ERP systems have arrived, communication systems have 
evolved and more recently mobile communications have transformed not only 
voice but also data communication. Systems are updated through hand-held 
devices by means of radio frequency identification (RFID): data is 
automatically fed into the IT system based on distance reading. IT systems 
development is aimed at increasing efficiency and shortening cycle times in 
business processes, and IS processes have to be remodelled to fit the 
organisational realities. 

The three concepts have certain common features. As stated above, 
information technology is one, and a process-based view is another. Inter-
organisational relations are a third common aspect, and are particularly 
significant in that they increase the competitiveness of the total chain or 
network. They are thus the key to the overall success of process change. 
Fourthly, both customers and suppliers are key resources in the development 
of competitive advantage. There are also differences of course. TQM is 
probably closest to organisational philosophy given its intensive development 
in the 1980s and 1990s, whereas BPR is mostly classified as a tool for 
consultants and there is not so much theoretical discussion behind it (Kettinger 
and Grover, 1995). SCM has developed slowly from materials management, 
physical distribution and logistics to embrace a more holistic view on the flow 
of material and goods from raw materials to end customers (Coyle et al. 1996). 
Both TQM and BPR focus on the internal organisation of the firm in focus, 
although the importance of involving customers and suppliers is recognised. 
SCM differs from the other two in its broader perspective on the supply chain. 
The focus extends from raw-material suppliers to end customers, and the aim 
is to optimise processes in between so as to offer the most value to the end 
customer and thereby gain competitive advantage and market share. 

Figure 2 below illustrates the similarities and differences described above. 
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IT has gradually assumed a major role in SCM, particularly if materials 
requirements planning (MRP) and ERP software are included. Later, EDI 
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business processes, and IS processes have to be remodelled to fit the 
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The three concepts have certain common features. As stated above, 
information technology is one, and a process-based view is another. Inter-
organisational relations are a third common aspect, and are particularly 
significant in that they increase the competitiveness of the total chain or 
network. They are thus the key to the overall success of process change. 
Fourthly, both customers and suppliers are key resources in the development 
of competitive advantage. There are also differences of course. TQM is 
probably closest to organisational philosophy given its intensive development 
in the 1980s and 1990s, whereas BPR is mostly classified as a tool for 
consultants and there is not so much theoretical discussion behind it (Kettinger 
and Grover, 1995). SCM has developed slowly from materials management, 
physical distribution and logistics to embrace a more holistic view on the flow 
of material and goods from raw materials to end customers (Coyle et al. 1996). 
Both TQM and BPR focus on the internal organisation of the firm in focus, 
although the importance of involving customers and suppliers is recognised. 
SCM differs from the other two in its broader perspective on the supply chain. 
The focus extends from raw-material suppliers to end customers, and the aim 
is to optimise processes in between so as to offer the most value to the end 
customer and thereby gain competitive advantage and market share. 

Figure 2 below illustrates the similarities and differences described above. 
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Figure 2: The commonalities of the concepts 

  
The figure shows the common features rather than the differences because 

they are clearly identifiable. It also illustrates the relationships between the 
concepts: TQM is further away from SCM than BPR, and vice versa. The 
development of a common framework combining them is rather more 
difficult. However, TQM and BPR could be seen as tools driving SCM 
processes to a higher level of efficiency and competitiveness. 

Figure 1 above represents an attempt to combine TQM and BPR. In such 
circumstances, it would be more fruitful for companies undergoing fast change 
on a tactical level to move to a more strategic level. Figure 3 below illustrates 
this development. 

Figure 3: Alternative approaches to operational change (Davenport 1993) 

The focus should move from tactical and fast development through strategic 
and measured development to tactical and measured development. This is how 
the change process should be planned on the strategic level in order to take in 
the chain as a whole: in order to avoid continuous improvement of obsolete 
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processes, business-process innovation should aim at redesigning them. When 
they correspond to the current situation, the continuous improvement can start 
again. 

From the relationship perspective, given that all of the process-change 
models lay emphasis on inter-organisational relationships, they should also be 
in focus when the processes change. Given the increasing involvement of 
customers nowadays, perhaps the focus should be on supplier relationships. 
The word relationship is important. Co-operation is often based on 
transactions, and the most common ones are routine. In order to fully benefit 
from the advantage created through inter-organisational processes, other than 
transactional relationships should be developed. EDI solutions or similar tools 
often prevail when it is a question of deciding the role of IT in buyer-supplier 
processes. These are typical examples of transactional process optimisation. 
Of course, transactional processes are often easier to change and automate 
than processes involving several organisations. Even so, consideration should 
also be given to how other process types will fit in with them. Inter-
organisational relationships as such are an interesting area of research, and it 
would be interesting to explore them in combination with the concepts 
discussed here. This would enhance understanding of quality, business 
processes and supply chains, and of the role these relationships play. 
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Figure 2: The commonalities of the concepts 
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ABSTRACT

Purpose
Purpose of this research is to find out whether operational efficiencies could be achieved
through purchase order automation in mid-sized manufacturing companies.

Design/methodology/approach
To answer the research question, a set of companies was chosen in South-Western Finland in
connection to another research project. Case study methodology is used with semi-structured
interviews analysed with qualitative methods. The approach to the subject is through
application of supply chain and purchasing concepts with lean thinking. Kraljic (1983) model
on item classification is reviewed. The development of business-to-business e-commerce and
small and medium sized enterprise context are taken into consideration as well.

Findings
While automating parts of a process, the whole process should be considered in terms of
information systems as well in order to achieve sustainable change.

Research limitations/implications
The limited sample of companies is limiting the generalizability of this research. Therefore a
larger sample with wider geographical spread would open up the phenomena. As well the
constant development of information systems is increasing the possibilities of process
automation.

Practical implications
Purchase order automation seems to decrease fixed costs and also improve efficiency. It should
also be kept in mind that purchase order automation should be accompanied with a larger
process improvement and information systems development in supply chain considering
supplier processes as well.

Original/value
In this paper, the effects of purchase order automation and the linkages on other business
processes are researched through professional experience. The results open interesting avenues
for further research in small and medium sized companies.
Keywords:  Purchasing, Process automation, Supply Chain Management, Small and medium
sized enterprises
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1. INTRODUCTION

In 1983 Peter Kraljic titled his largely cited article “Purchasing must become supply
management”. In this article Kraljic created an item based classification of supply management
strategy. Later on, supply management has become supply chain management that The Council
of Supply Chain Management Professionals defined as “…In essence, Supply Chain
Management integrates supply and demand management within and across companies”
(Mentzer et al. 2008). Purchasing, though, has not disappeared from the field of business. It
needs to be performed in order to receive the necessary physical items from upstream of the
supply chain. Lean thinking and supply chain management stress that there is a continuous flow
where unnecessary stockholding is minimised (Krafcik 1988, Lamming 1996). In purchasing
this is translated to supplier partnership and streamlining the relationship with suppliers
(Krafcik 1988, Ansari and Modarress 1988). In day-to-day purchasing activities this translates
to automation of all routine tasks in order to increase efficiency.
This article investigates the views on automated purchase order with its pros and cons through
analysis of interviews made within purchase professionals in manufacturing industries. It is
based on the results of previous research presented in Rantala and Hilmola (2010). Purchase
order automation serves as part in integrating supply chain through the means offered by
information systems and supports the ideas of lean thinking. Objective of this research is to find
out whether operational efficiencies could be achieved through purchase order automation. The
research is done through analysis of answer of four semi-structured interviews to purchasing
professionals in Finnish small and medium-sized manufacturing companies.
This paper continues with discussion on the theoretical frame related to supply chain
management, lean thinking, purchasing and business-to-business e-commerce. Finally, the
context of small and medium-sized enterprises is discussed. Based on the theoretical discussion,
a simplistic model of automated purchase order process is presented followed by data collection
and operationalization methods. The results of the interviews are concluded with a discussion
and suggestions for further research.

2. METHODOLOGICAL CONSIDERATIONS

Purpose of this research is to investigate on purchase order process automation concept from
the practical side. Previous research (Rantala and Hilmola, 2010) has shown that purchase order
automation leaves open questions on the benefits of its application. This research attempts to
verify, how purchase professionals see the pros and cons of automated purchase order. In order
to achieve this goal it is important to define research strategy, type of evidence collected and
the data collection method. It is important to clearly define these as there is often confusion
around these concepts but their definition is critical in defining case studies (Yin, 1981). In this
research, case study is used as a research strategy. The evidence is in form of qualitative data
collected with semi-structured interviews.

Yin (2003) defines case studies as examining a contemporary phenomenon in its real-life
context in which the limits and the context are not clear, and it uses multiple data sources and
existing theory to guide the data collection and analysis. Barrat et al. (2011) see several data
sources in qualitative methodology: structured or semi structured interviews, observations and
archival sources. In this research purchase professionals are being interviewed with semi-
structured interviews. The choice of semi-structured interviews has been made because it allows
updating the tool while data is collected. This way emerging, interesting data related to the
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phenomena under investigation may be collected even if it is not included in the original plan
of data collection.
Selection of case companies was made based on a database collected during a larger research
project among manufacturing companies in South-Western Finland. Selected companies were
representing the larger side of the participating companies and were found willing to participate
to this study. The main criterion for selection was that they were manufacturing companies
using typical material planning methods (MRP). The previous experience in automated
purchase order was not asked in beforehand. This choice was made because the purpose of the
research was to find out perceptions of the purchase professionals in the company, not
especially their experience at current employer.

3. CONCEPTUAL FRAME OF REFERENCE

3.1. Supply chain management
Supply chain management can be defined as integrating supply and demand management within
and across companies (Mentzer et al. 2008). The discipline itself is quite new and might not be
yet called as a discipline in scientific sense. It appeared at first through articles in trade journals
written by consultants. (Ellram and Cooper 2014)

Supply chain integration has been discussed several years. One definition of supply chain
management integration was developed by Näslund and Hulthen (2012) as follows: ”Supply
chain management integration is the co-ordination and management of the upstream and
downstream product, service, financial and information flows of the core business processes
between a focal company and its key supplier and its key customer.” In 1996 after a large survey
conducted in United States, integration seemed more supported than implemented (Neuman
and Samuels 1996) and that there still is little empirical evidence of supply chain management
integration (Näslund and Hulthen 2102)
Integrating the supply chain within different partners requires the use of information technology
(IT) (Gunasekaran and Ngai 2004). Information technology and information systems (IS) are
not only vital inside each company in the supply chain but also in between different
organisations of a supply chain (Williamson et al. 2004). Based on these arguments information
systems have become an integral part of supply chain management.

In relation to IT, it is important to align the IS in order to manage the supply of goods from
upstream of the supply chain (Qrunfleh et al. 2012). Contractual relationship with suppliers that
enable information sharing has proven to lower risks and costs (Durugbo 2014) and IT-based
sharing capability seems to affect positively firms supply chain flexibilities (Jin et al. 2014). At
the same time, integrating the supply chain through transaction automation requires trust
between partners (Paiva et al. 2013). In order to achieve the required level of trust, and thus
integration, in supply chain, building long-term relationships is vital (Prajogo and Olhager
2012). Supply chain management and integration play an important role when streamlining the
relationship between partners in supply chain. Lean thinking as described in next paragraph
will complement each other.

The above discussion may be concluded that supply chain integration is a vital part of
developing supply chain core business processes. As a tool in improving information exchange
as part of supply chain integration, information systems play a crucial role.
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3.2. Lean thinking
The roots of lean thinking are in the automotive manufacturing and what was called Fordism
with high level of vertical integration but later was adopted by Toyota as Just-In-Time (JIT)
with focus on supplier partnerships (Krafcik 1988). The basic idea is that production is a
continuous flow where the time elapsed between the start and completing production is
minimised. Krafcik (1988) illustrates the idea through opposite concepts of buffered and lean
concepts where buffered means buffer stocks all along the production chain and lean the
situation where stocks are kept at minimum level at all stages. The supply chain management
is naturally involved in lean production thinking because in automotive manufacturing,
suppliers and part assemblers have had a large role in added value (Lamming 1996). Womack
and Jones (1984) stressed that companies must unite their efforts to build a lean enterprise that
forms a value stream to offer superior products and services at lower costs. Ansari and
Modarress (1988) ranked major improvement activities of JIT purchasing to include smaller lot
sizes, reduction of number of suppliers and forming partnership relations with them. To achieve
this, MRP tools are essential in providing a master schedule and requirement picture
(Aghazadeh 2003). Through the optimisation of purchase order processing, one stage at
implementing lean thinking may be achieved.

3.3. Purchasing
Purchasing in a manufacturing company is, at its very basic, a manual work lead by calculations
on material sufficiency in the warehouse. Depending on the size of the company and its
manufacturing operations different systems may be used to calculate material requirements.
Increased complexity in manufacturing operations often requires advanced enterprise resource
planning (ERP) and material requirement planning (MRP) systems in order to form material
requirements for purchasing. MRP systems have at least three advantages: it provides the
calculations on dependent demand, with basic parameters the calculation is more accurate than
with earlier systems and changes in production plan are taken into consideration (Aghazadeh
2003) In large companies purchasing is often divided into operational buying and strategic
buying: operational buying performing the daily procurement activities at the same time as
strategic buying is concentrating on tasks that have longer effect on general procurement
pattern. Dobler and Burt (1996) classify materials management on three different levels:
purchasing activities, procurement-process activities and supply management activities.
Bilborough and Dale (1985) divide purchasing to corporate and factory buying. These different
classifications clearly show the different aspects that purchasing needs to work with. Purchasing
activities (Dobler and Burt, 1996) and factory buying (Bilborough and Dale, 1985) by definition
are responsible for the day-to-day activities of acquiring required materials to warehouse.

Purchasing is related to items and suppliers. Items are different in nature as well as the suppliers
of them. Over time, there have been several classifications of items and suppliers in different
categories. In item classification Kraljic (1983) has been probably the most cited author but
after, other classifications have followed, namely Olsen and Ellram (1997). Lately, Terpend et
al. (2011) have attempted to verify the strategy creation based on the classifications used among
professionals in large US companies without any predetermined number of purchase types.
They identified similar patterns than Kraljic, Olsen and Ellram but also some new dimension
on item-supplier classification. As the original Kraljic classification, the idea is based on the
power situation on the market and the strategic meaning of the purchased item to the buyer.
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Figure 3.1 Kraljic (1983) stages of purchasing sophistication

In the Kraljic model in the figure above, there are four different stages that classify the
purchasing sophistication in two dimensions: importance of purchasing and complexity of
supply market. Purchasing management may be used when there is abundant supply of non-
critical items (commodities) from local sources. Both importance of purchasing and complexity
are low. The move to materials management is characterised by increasing importance of the
purchasing to the company in terms of cost of material compared to total cost of the product.
Sourcing management stage is characterised by increasing complexity of supply market while
importance of purchasing to the company remains low. Items belonging to this category are
typically bottleneck items. Not necessary representing important cost factor but posing
availability issues and thus threatening the production process of the company. Supply
management stage means high market complexity and high importance to profitability of the
company. At this stage the importance of the materials require long term contracts on supply
with central control inside the company. To shape the supply strategy, Kraljic has four phases:
classification, market analysis, strategic positioning and action plans. Through this
classification for the strategic items, there are three alternative strategies depending on company
strength and supplier strength: where the company strength is highest, it should exploit the
relationship. In the opposite, where the supplier strength is highest, the company should
diversify sourcing and seek for a balance. Caniëls and Gelderman (2007) pointed out the
importance of power and interdependence underlying in the Kraljic model thinking. The results
of their survey indicate that a supplier dominated relationship may be found satisfactory from
buyer’s perspective. Terpend et al. (2011) also discuss the fact that product based classification
might not always be the right one when relationships and performance characteristics are
dominant. Clearly, each purchased items have their characteristics. They may be defined by
their physical or relational characteristics but it is important to consider their origins and
attributes related to those origins. Thus, a buyer needs to consider not only the physical
attributes of the purchased items to the company but also the relationship that is created through
the business relationship to the supplier of an item.

3.4. Business-to-business e-commerce
Based on previous sections on supply chain management, lean thinking and purchasing the
context is finalised with discussion on business-to-business (B2B) e-commerce (EC).

Reason to use EC in B2B relationships is driven from changing traditional business processes
to use the possibilities offered by IT. Kettinger and Grover (1993) list in their principles of
business process change as fourth principle that “Business process change should leverage
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information technology’s process, storage and communication abilities to facilitate knowledge
sharing capability”. There are two important concepts of knowledge sharing and IT
leveragability that are related to B2B EC. Based on the idea of Kettinger and Grover, efficient
sharing of knowledge through IT tools generates performance improvements in the supply
chain. To ensure the usability of IT in this knowledge sharing, both tools and standards have
been created. At the same time it has to be accepted that B2B EC is only a mean to support
supply chain strategies (Cassivi et al. 2005)

MRP and ERP systems are commonly in use in today’s business companies (Aghazadeh 2003).
Automation and process integration has often been justified by improvement in general
corporate performance. This generation of superior performance has led to the fact that more
and more companies and supply chains adopt these solutions. Thus adoption of MRP and ERP
is also influenced by pressure from competition (Sila 2013). It has been shown that SCM IT
implementations (Dehning et al. 2007) and especially ERP implementations (Bendoly and
Schoenherr 2005) improve effectiveness and impact to B2B e-procurement and enhanced time-
based delivery performance (Iyer et al 2008).

Implementing B2B EC offer certain advantages as discussed above. EC in B2B relationship
often strengthens general business relationships because of the strategic and monetary
investments required by collaborative practices (Cassivi et al. 2005; Standifer and Wall Jr
2010). But strengthening of the relationship requires trust in trading partners (Paiva et al. 2013;
Sila 2013). Companies with less trust in their trading partners seem to adopt B2B EC less than
others (Sila and Dobni 2012). Top management support is essential to the implementation (Sila
and Dobni 2012; Sila 2013).
For SME’s system (Fu et al. 2014) and data security and complexity (Sila 2013) are issues while
implementing B2B EC systems and SME’s have more difficulties in adopting B2B EC
practices. While the information exchange itself seems rather simple matter, apparently the
complexity in information exchange technology and different interfaces is not diminishing
(Schubert and Legner 2011).

3.5. Small and medium-sized enterprise context
Small and medium-sized enterprises (SME) have been investigated largely on national contexts.
Examples of these are lean procurement in New Zealand (Wilson and Roy 2009) and in Sweden
(Karlsson and Åhlström 1997), ERP implementation in Norway (Zach et al. 2014) or in the
Netherlands (De Loo et al. 2012) and in Portugal (Ruivo et al. 2014). In these examples one
source of discussion is the restraining fact of limited resources of the SME’s in relation to larger
companies when implementing enterprise systems and philosophies. On purchasing and SME’s
the research has been scarce (Ramsay 2008). Through research in UK SME’s it was found that
in many companies purchasing was not a separate function and its importance was ranked very
low (Quayle 2002), there was great variations in purchase activities, purchasing was not used
strategically and there was little evidence of supplier evaluation (Pressey et al. 2009). A
research in Swedish SME’s showed that managers are reluctant to source abroad and entries to
the market are often more reactive than proactive (Agndal 2006). All previously mentioned give
a quite depressing view to the development of SME’s in terms of processes and new
technologies. On the contrary, Karlsson and Åhlström (1997) found that most of the lean
principles are applicable to SME’s while adaptations must be made in order to fit them into the
setting where resources are scarcer than in large corporations.
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3.6. Summary of the reviewed concepts
Based on the discussion above, as part of the supply chain management integration, purchasing
should select proper strategies in order to fit different item categories and their supply patterns
to fit in supply chain management integration strategies with proper information systems. Lean
thinking should be applied so that all unnecessary stock holding is minimised and processes run
continuously. In routine purchasing of commodities of low added value to the company, the
most cost efficient way of acquiring those materials should be introduced. IT tools to apply
B2B EC should be analysed to achieve this goal. When small and medium-sized companies are
in case, the information systems should be simple and cost efficient to implement for not to
waste limited resources of the company.

4. CASE DESCRIPTION

4.1. Definition of the automated purchase order
Cullen and Webster (2007) have created a model of B2B e-commerce that relies on connectivity
and purpose. The model includes nine different scenarios for business transactions that are
presented in table below

Table 4.1 B2B e-commerce scenarios model (Cullen and Webster 2007)

Scenario Purpose Connectivity Involve an
intermediary?

Individual trading Selling 1 supplier – many buyers No
Collaboration Selling Few suppliers – many

buyers
Yes

Marketplace Selling / buying Many suppliers – many
buyers

Yes

Proprietary sales Selling /
integrated

1 supplier – few buyers No

Private trading
exchange

Integrated Few suppliers – few buyers Yes

Aggregation Buying Many suppliers – few
buyers

Yes

Intranet / EDI Integrated 1 supplier – 1 buyer No
Restricted bid, RFQ Buying Few suppliers – 1 buyer No
Reverse auction Buying Many suppliers – 1 buyer No

First column of the table is the description of the scenario; the second describes the primary
purpose of the user who initiates the transaction. On connectivity column is the typical structure
of parties involved in the transaction and the fourth column informs if there is typically an
intermediary involved in the design of the solution. This research is describing a scenario of the
type Intranet / EDI that is integrated one-to-one interaction model and is efficient in dealing
with large number of repeated orders (Cullen and Webster 2007). This model clearly calls for
established, contractual buyer-supplier relationships and requires investments and trust from
both parties.
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Schubert and Legner (2011) developed five different scenarios on technical integration of B2B
in global supply chains. Their model is based on a dyadic structure that is well described by
previously presented as Internet / EDI in Cullen and Webster scenarios. The following table
presents these five scenarios.

Table 4.2 B2B technical integration scenarios by Schubert and Legner (2011)

Scenario Main information
system

System access Use of intermediaries

1 Separate / different Manual No
2 Separate / different Data interchange No
3 Separate / different Data interchange Yes
4 Same / central Joint use No
5 Same / central Joint use Yes

In Table 4.2, the scenarios are presented with their characteristics in system description, system
access and use of intermediaries. Based on the inquiry of Schubert and Legner (2011) in their
sample the most common scenario (42% of cases) was scenario 2, where parties were using
their own operating system (ERP) with direct data interchange connections between buyers and
suppliers. Based on these definitions, an automated purchase order scenario is defined in the
following.

A prerequisite to use an automated purchase order is that contractual relationships exist with
suppliers. For the items under automated purchase orders, it requires that common rules are
agreed on item codes, package size, delivery times and possible safety stocks. This defines the
setting to an established relationship between the two parties. To define automated purchase
order, a simple definition was made. The following figure illustrates the principle of it. The
figure was first presented by Rantala and Hilmola (2010) and is used here as a basis for to
illustrate one possible scenario of automated purchase order.
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Figure 4.1 automated purchase order process (Rantala and Hilmola 2010)

It consists of ERP system with included MRP system at both ends of the buyer-supplier dyad.
As part of the ERP system or as separate software, a system that automatically, with a set of
parameters, collects purchase order proposals from ERP system and transfers them to
predefined supplier in ERP system. Items have defined package sizes and orders are always
made on complete packages. This order is received into the ERP system of the supplier, handled
automatically and delivered without manipulation from the personnel of the selling company.
The ideal situation is to work on a regular (weekly or more frequent) order pattern.

4.2. Data collection / operationalization
The data was collected using semi-structured interviews in 2014-2015. This method was chosen
to collect not just answers to the specific questions but also to the logic behind them. The
questions were designed to investigate on presumptions of the respondents on implementation
of automated purchase order and its effects on inventory turns. A five-step grading was used to
answer structured questions and was as follows: very likely, likely, probably, unlikely, very
unlikely. After each specific question the respondents were asked to justify their answer. Open
questions were asked for to find other possible benefits and pitfalls of the purchase order
automation. The questionnaire was mostly directed to the persons interviewed to open their
individual ideas as purchase professionals. Information on their current employer was asked in
order to reveal some of their current professional background.
As in many IT system implementations, maintaining schedules and budgets are often criticised.
Often their complex nature is denied which leads to unsuccessful implementation processes
(Wood and Caldas 2001). It seems that the key to success even in smaller companies is to invest
in proper planning and staffing of high quality (Petroni 2002). As research on Portuguese
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SME:s show, ERP systems take on average 70% of the firms IT investments (Ruivo et al. 2014)
and therefore are crucially important to the company’s success, questions were ask in order to
review respondents ideas about the cost effects of the implementation process.

There are several means to measure supply chain performance. Gunasekaran et al. (2001)
classified supply chain performance measures and metrics. Based on their research,
performance metrics may be classified to strategic, tactical and operational metrics. Further,
these metrics are divided into financial and non-financial metrics. In financial operational
metrics, inventory-carrying cost is the most cited metric in the reviewed metrics. Dehning et al.
(2007) found that IT-based SCM systems improved inbound and outbound processes with first
improvement in inventory turnover. Based on this information, a question of effects on
inventory turns was included to the questionnaire to reflect the impact of process automation to
a key financial measure.
Based on the Kraljic (1983) it is important to optimise the cost of acquisition of commodities
and items of low value added to the company. In relation to this, questions about the
applicability of automated purchase order to items were asked.

4.3. Case companies described
Interviews were made within four manufacturing companies in different industries in order to
see ideas of professionals of purchase order automation and possible experiences on the related
projects. The companies were divided in the following way: one in electronics industry
(company A), one in automotive industry (company B) and two in general machine building
industry (companies C and D). The characteristics of the companies are described in Table 4.3.
The selection of companies was made with the principle that they had to be manufacturing
companies.
Company A in electronics industry is working on contract manufacturing business.  Company
B in automotive industry is a supplier to automotive manufacturers and the companies C and D
in general machine building industry are original equipment manufacturers. Number of
purchased items varied between 3 000 and 8 000 items and the number of suppliers of those
items was from 40 to 200 different suppliers.  The companies were also asked to tell, how many
suppliers supply 80% of the purchases in monetary terms. The answers varied between 10 and
30 suppliers. As of monetary volume, the amount of annual purchases varied between 6 and 10
million euros.
The amount of so-called passive items out of monetary value of the inventory was asked. These
passive items were defined as items with inventory to be sufficient for a year or more with
current demand. Company A had only 6% of inventory of this kind of items. This is easily
explained by the fact that items are bought mostly after the orders from OEM companies. This
helps in controlling the inventory turns compared to OEM manufacturers. Company D had only
5% of the slow moving inventory. This is due to fact that most of the purchased items are made
to measure due to the high customisation of end products. Companies B and C with own product
development and their slow moving inventory were 20-30% of the total inventory value. The
reasons for high slow moving items were due to discontinued products and safety stocks of
discontinued components.
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Table 4.3 Characteristics of interviewed companies

Company A B C D
Industry Electronics

manufacturing
Automotive General

machinery
General

machinery
Purchase type Components Components,

parts and
products

Components,
parts and
products

Components
and parts

Number of items 7 000 – 8 000 6 000 3 000 4 000
Number of suppliers 200 150 150 40
No. of suppliers
delivering 80% of
purchases

30 15 15 10

Yearly purchase
volume (millions
EUR)

6-7 10 10 7-8

Share of slow moving
items 6% 30% 20% 5%

Seasonal demand
peaks No No No Yes

Number of yearly
peaks 0 0 0 1

Share of demand
during peaks 0 0 0 75-80%

There were also questions concerning seasonal peaks in demand. This question was formulated
in order to identify the seasonality patterns of the demand. The definition of peaks was left
rather open and only characterised by situation where large changes in demand were observed
on a seasonal manner. Only company D identified peaks in the demand and in their case the
peak was rather large compared to the annual volume: the company estimated that one peak
represented 75-80% of annual demand.
Persons interviewed were of different functions in the companies. The main criterion for
selecting persons interviewed was the experience in purchase activities. Their current position
was also purchase related. In companies B and D the persons interviewed were mostly in
managerial positions; in companies A and C the persons were in clerk or expert positions in
their respective organisation. The experience in purchase functions for the interviewed persons
in companies A, C and D was over 10 years, for the person in company B the experience was
only a few years.

For the IT systems used, all companies had ERP and MRP systems in place to support
purchasing. In companies A, B and D a regular forecasting pattern towards suppliers was in
use. In company B an automated purchase order system was used. All companies purchased the
items directly from suppliers but in company B there were also centralised purchases on the
corporate level that the company was using in part of the material supplies. Company B thus
has a corporate purchase department in addition to purchase departments in regional companies
with company B being one of the regional companies. The use of corporate pooling was limited
because of the corporate negotiated lot sizes were too large for the subsidiary. Purchase orders
in the companies are done one by one. Companies A, C and D use also scheduled orders based
on yearly contracts. This means that yearly purchase volume has been agreed with supplier
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having certain inventory level reserved. For the company B, an automated purchase order
system was in use that was based on a weekly scheduling instead of single purchase orders.

4.4. Perceptions on automated purchase order system
Perceptions on the automated purchase order were quite unanimous in the interviewed group.
The technical implementation was estimated to take time by the companies A, B and C. They
argued that cleaning up the item basic data was the main obstacle for fast implementation. Some
concern was also directed to the technical readiness of the existing systems. Company C pointed
out that if there is no reliable sales forecast, the implementation is not possible at all. Companies
A and D argued that project management and increased investments were drivers to speed up
technical implementation.

The costs of implementation were estimated to remain probably in the budget. When asked for
reasons for this answer, the respondents were quite confident that if the plan and current state
ERP analysis was made thoroughly, the only risk on cost side was the possible system supplier
and the competence of their consultants. Respondents A and D emphasized the importance of
the preparatory work and resourcing of the assisting persons inside the company.
The respondents were asked whether all of the company’s purchased items were suitable to be
purchased based on the automated purchase order. The answer from all respondents was that it
is not possible. There were several reasons mentioned including short life cycles, uncertain
forecast, large seasonal variations in demand, project based demand. The obvious result was
that only items with stable demand pattern were eligible to automated purchase order. A
controlling question was asked whether items with stable demand pattern could be automated.
The answers were all very likely. In reasoning the automation was seen only a technical issue.

On question about the influence on automated purchase order on inventory values, the
respondents considered the inventory turns to improve moderately due to the purchase order
automation. There were many aspects to support this. Firstly, it was seen that the increased
control over items in inventory was improving the turns. As well, the impact of human error
was mentioned in three out of four answers meaning that when system calculates and regulates
the flow of incoming goods, the speculation of the future needs is reduced or eliminated from
the order processing.
For the general benefits of the system the most important was the release of human resources
to more productive work and reduction in human resource costs. It seemed the benefits
depended on the size of the company. More the company had operative buyers, more cost
benefits were seen. In smaller companies a shift to more productive work was emphasised.
The cons of the automated purchase order were related to the blindness and loss of control to
the order process. When the order processing no longer is under a person’s control, it raises
fears of a system that is no longer under control. So it was seen that in case of purchase order
automation, some systems should be created in order to monitor the system performance and
actions. Threats were also seen in the occurrence of false item basic data that more easily
translates into unwanted inventory or problems in supply depending on the failure in setting up
basic data.

4.5. Purchase order process and automation experiences of
company B

The interviewed company B had been running an automated purchase order system for 18
months and the overall results are positive. The company uses three different purchase order
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methods: single purchase orders, vendor managed inventory (VMI) and automated purchase
orders. Single purchase orders are applied to items that are rarely needed. The reasoning for
this was that then they are not ordered over the actual need. The automated purchase order
system was described as follows.
In the automated system, the company does not make any separate orders but updates a delivery
schedule. On Fridays, a new requirement plan is run to the system. On Sundays, new supply
plan is distributed to suppliers including frozen supply window that will no longer change in
the forthcoming plans. This window is from one to four weeks depending on the item type and
agreement reached with the supplier. The company B always wishes to freeze the fixed window
to a week but suppliers often request a longer period up to four weeks. Items are supplied from
the suppliers based on the plan. Only deviations to actual supply are communicated from
supplier to company B. If there is no reaction from supplier side, the items will be delivered
based on the plan on the frozen periods. The supplier always receives demand information on
12 months but can limit the view for example to three months independently. Company B
normally has knowledge of 60% of the demand up to six months in beforehand.

The implementation took some 6 months. Most of the work was related on cleaning the ERP
system basic data and correcting purchased item information. Soon after the implementation it
became clear that additional reporting is needed on items in the warehouse. Several causes of
disturbances were identified: batch arriving to inventory with no future needs, arriving batch
was far too large for the current demand pattern. To find answers to these occurrences, the
company B needed to improve warehouse reporting. The respondent estimated the item basic
data clean-up to take yet more time while the system is in use.
The cost of implementing the system was estimated to have remained in the budget, but this
was not completely proved because of the difficulties in following and costing own work in the
project. In this case there was support from corporate headquarters to the subsidiary. The system
had been implemented previously in other subsidiaries meaning that an internal process had
been defined to the implementation process.

The benefits of the purchase order automation were estimated substantial. There was a certain
increase in inventory turns but that was mostly attributed to the line-up and cleaning of item
basic data. The most important benefit was the reduction of personnel in purchase order
management from five to three persons meaning a 40% reduction of costs on that area. There
was a change in tasks of the remaining purchase personnel from individual order follow-up to
supplier negotiation tasks (eg. prices, lot sizes, quality issues etc.). The current status is that
80% of the items are moved to automated order processing.
A change was also observed at supplier side. Some suppliers realised the benefits of order and
lot size reduction to their own processes. Previously, when lot sizes were higher or not
controlled, orders created a peak in demand. Through the lot size reduction and increased
delivery frequency, there have been improvements in responsiveness and scheduling in
suppliers’ internal processes improving also the cash flow in both supplier and buyer. As well,
increased visibility was found beneficial as company B was willing to share their demand data
for several weeks to come.

Negative experiences relate to the blindness of the situation that creates uncertainty without
proper reporting on the inventory. Item basic data must be followed and updated continuously
in cases of changes in demand due to end-of-life, product mix change, etc.
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5. DISCUSSION

Based on the results of the interviews, the respondents seem to agree on several ideas.
Implementing automated purchase order system takes time and effort, notably in reviewing
item basic data. The cost seems not to be an issue as long as the implementation process has
been well defined. Implementation team has a most important role in the implementation.
Crucially important is the commitment of qualified personnel from the consulting company.
These same ideas were identified in a study on Canadian SME:s for ERP implementations
(Snider et al. 2009) As the example of company B shows, a well-defined implementation
process helps the success of the process.
On items to be automated, critical success factor was quite clear to the respondents: it is not
possible to automate purchasing of all items but those with stable demand and long life cycle.
Based on the interviews a demand pattern based classification appeared: items with unstable
demand with classic manual purchase orders, items with more stable demand to be purchased
with automated purchase order or through vendor managed inventory (VMI) as was found in
case of company B. The underlying idea or even requirement for the purchase order automation
is the existence of contractual relationship with a supplier that includes terms in relation to
safety stocks and lead times. Safety stocks are not mandatory if supplier is able to produce with
a constant volume to ensure availability. Therefore it seems not to be important which items
are moved to automated purchase order as long as the buyer supplier relationship and items
with it are stable enough in demand and life cycle. This supports the idea of Terpend et al.
(2011) that product based classification might not always answer to the question, which strategy
to use but also the relationship built in between the parties.

The discussion between automated purchase order and VMI is interesting due to some
similarities: both require contractual relationship and some security of demand over a certain
time. What is separating VMI from automated purchase order is the fact that supplier is willing
to invest in inventory holding in customers premises. This means that in VMI there is an
inventory but with automated purchase order inventory holding is not necessary in case the
supplier’s production process is able to follow customer demand pattern. Schubert and Legner
(2011) concluded that in fact VMI requires stronger information processing needs than order-
based relationship. This reveals also something about automated purchase order systems. A
system where single purchase orders are sent periodically to suppliers might not be as intensive
relationship wise than the example of company B where the customer sent a long term forecast
with frozen order period. Even that case might not be as binding between parties because in
VMI also the supplier reveals more to customer in terms of inventory holding levels.

This relationship building does not necessary tell about power but certainly of interdependence
as well as trust. In case of power, Caniëls and Gelderman (2007) found that suppliers are
perceived to dominate satisfactory relationships. This would mean that formation of successful
automated purchase order setting would involve a stronger, trusted partner that an SME can
rely on in the supply of needed items. Somehow this is in conflict of the model presented by
Kraljic (1983): he sees increasing power of suppliers a reason for the company to diversify
sourcing. In case of SME’s that would no longer be the case but the most successful strategy
would be to build a strong relationship to this dominant supplier. The Kraljic model seems also
more suitable to a frame with large organisations and large supply volumes. In case of company
B, head office was supporting the subsidiary through supply contracts and system support. This
means that the head office has most probably done the tasks of analysing item and supply base,
possibly through an application of Kraljic model or similar.
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What then comes to the application of corporate policy to the subsidiaries, a decision to transfer
an item to automated purchasing may as well fit to a strategic item with stable demand and long
life cycle as well as to a commodity with similar attributes. The key is that supply is stable
whether it is realised through warehousing of the items or a flexible manufacturing solution
(lean, JIT, etc.) and has adapted information systems.

On the other hand, strong relationships with suppliers include the risk of stagnation of the
purchasing dynamics. This means that when relationships are built, there might be the
possibility that price levels are fixed with less interest to search for alternative sources of supply.
Partly, this is probably a result of purchase professionals’ preference of supply security over
cheapest price.
From SME’s viewpoint, automated purchase order is a desirable way of following a supply
chain integration strategy. It should not be forgotten that purchase order automation is a small
part of IT strategy inside supply chain integration.  The economic restraints are best seen in
reliance on software consultant use. While company B as small subsidiary of a large corporation
received guidelines and ready software tools to implement purchase order automation,
independent companies need to run towards ready solutions and seek for experienced
consultants to find best solutions. As pointed out by Zach et al. (2014) many SME’s do have
the IT knowledge to implement complex systems. In view of resources the investments are
often quite large for small companies (Ruivo et al. 2014)

The experiences of company B are relevant to the results of the other respondents. Experienced
benefits were including reduction of labour in routine purchasing tasks. Persons previously
charged with daily purchasing were able to move to more productive and proactive tasks and
create value through e.g. price negotiations. This was identified as the root cause of moving to
the automated purchase order system. Increase in sharing information and continuous flow of
products benefitted both supplier and buyer. The following picture summarizes the perceived
benefits of automated purchase orders in company B.

Figure 5.1 perceived benefits of automated purchased order

As may be seen, the perceived benefits are in concordance with lean purchasing and their goals
(Ansari and Modarress 1988). Through reduction of lot sizes, increased delivery frequencies
and trusted partnership with suppliers, both parties can enjoy fixed cost savings and increased
capital turnover with more stable production processes.
From the negative effects of purchase order automation the company B identified the blindness
of buyers to the real materials flow. This meant that controls needed to be built up to secure
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correct function of the system. In other case companies the answers were not so precise but they
all identified a sort of “blindness” that was related either to the malfunctioning of the system or
to the incorrect basic data. This derives the danger that if the system is uncontrolled and
incorrect basic data is influencing purchase orders, the situation may cause either shortages or
unnecessary stocks of materials.

As stated by van Hoek (2001) it should be secured that supply chain management and the use
of IT in it does not remain on fragmented parts of a supply chain but that higher goals are set
in order to achieve strategic and integral view of the e-supply chain. Therefore, in enhancing
the supply chain performance will require that supplier management practices are aligned with
IS strategy (Qrunfleh 2012). Also the examined phenomenon is a dyadic integration of
information between a buyer and a supplier which is still far of real supply chain management
integration (Näslund and Hulthen 2012).

6. CONCLUSIONS AND FUTURE RESEARCH

Based on this research, purchase order automation is an important topic in streamlining daily
routines in purchase-related tasks. Purchase order automation has potential and some proven
track in reducing fixed costs and adding value to the work of purchase professionals. Purchase
order automation seems to add rigour to the item basic data update. That finally is the way of
improving the use of working capital. Implementation of automated purchase order gives way
of increasing the importance of key supplier relationships. Implementation process itself needs
focus and rigour to achieve a reliable and cost efficient system. Implementation should also
follow and complement the overall IT strategy. For SME’s economic realities may restrain the
application of the solution but it is also possible to implement it without large IT investments.

There are also some problem areas. While automated purchase order increases the importance
of selected suppliers, it also stiffens the supplier network structure and possibly blurs the price
level knowledge of the market. Inside the company “blindness” to the material flows and system
total influence to the inventory level requires additional controls to monitor warehouse levels
of components and their key performance indicators.
The discussion raises questions about several interesting areas of research. Firstly, automated
purchase order processing or B2B EC is a topic that is interesting to professionals. Tools on
this area are developing constantly and their applications may be done in many different ways.
There are clearly many ways of implementing it and larger samples should be collected to
investigate the phenomena. Purchase order processing and use of different ordering methods
(purchase orders, VMI etc.) is an interesting topic also on a relationship view as well as their
impact on key financial metrics.

Buyer-supplier relationships and their impact on supply strategy is a widely discussed issue.
Development for models based on relationships would be interesting viewpoint in addition to
current item or product based taxonomies. It seems that a trusting relationship with a supplier
does not necessarily limit the spectrum of goods purchased from the supplier.
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