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Abstract

Introduction

In the last decade public and private organizations face massive transformations in their
external environment leading them to internal transformations of their structure and pro-
cesses. Economy globalization, growing markets’ complexity and competition, increasing
dissemination of ICTs, rapid development of Internet/WWW and growing need for stor-
ing, maintaining and effectively utilizing great amounts of information constitute the
challenges of the present and offer great opportunities for the future, without neglecting
the fact that they hide serious risks, as well. Under those circumastances firms are making
great efforts to acquire competitive advantage against their rivals by investing great pro-
portions of their budgets in Information Systems (1S) and Information and Communcation
Technologies (ICT) in general, hoping that those investments will help them improve
their performance and achieve their objectives.

Therefore the relationship between ICT investments and business performance has been
one of the major research topics in the IS domain, and it becomes more important due to
the fact that the results of various studies have been rather contradictory. Initial studies (at
the beginning of 90”) failed to provide empirical evidence of a positive and significant
relationship between ICT investment and performance. However, more recent ones (from
mid 90” and later) have provided some evidence of a positive association between those
two variables, though there are still empirical studies with conclusions in the opposite di-
rection. Furthermore, it should be noted that most of these empirical studies, in both these
periods, have been conducted in a few highly developed countries, while there is limited
investigation of the above issues in different types of national contexts.

However, in general today it is a common belief that ICTs have a beneficial impact on
business performance. Subsequent research has shown that the benefits and value they
produce is not only through the simple automation of existing business processes, but also
through their transformation and improvement facilitated and enabled by those technolo-
gies. ICT business value varies significantly among firms, depending to a large extent on
the combination of ‘hard” ICT investments (e.g. in computers’ hardware, software and
networks) with appropriate ‘soft investments’, e.g. in new organizational practices and
skills. For this reason current research in this area focuses on the factors that should be
combined with ICT investments for enhancing its positive impacts, which are known as
‘ICT complementary factors’.

The main kind of complementary factors that have been discussed in previous literature
and practice concern business process change, which is regarded as necessary when new
technologies are introduced to an organization, so that they can be utilized to the highest
possible extent. There are two main approaches to business process change, Business
Process Reengineering (BPR) and Total Quality Management (TQM). BPR is “the fun-
damental rethinking and radical redesign of business processes to achieve dramatic im-
provements in critical measures of performance such as cost, quality, service, job satisfac-
tion, and speed” (Hammer and Champy, 1993). It is considered as one of the most im-
portant issues managers face. On the other hand TQM is defined as “a management ap-
proach for an organization, centered on quality, based on the participation of all its mem-
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bers and aiming at long-term success through customer satisfaction, and benefits to all
members of the organization and to society”.

Moving further ‘upstream’, both ICT investment and these complentary factors are af-
fected and shaped by by top management’s decisions regarding strategy as well as the
various factors constituting the external business environment. Strategy is “the determina-
tion of the basic long-term goals of an enterprise and the adoption of courses of action
and allocation of resources necessary for carrying out these goals”. Business environment
is anything that affects an organization, but does not belong to it, in other words its sur-
roundings. According to Porter’s five forces model there are five main competitive forces
that put pressure on a firm: customers, suppliers, competition, new entrants in the market
and the threat from substitute products. Therefore it is important, both from researchers
and practitioners’ perspective, to get a ‘holistic’ understanding of the whole network of
relations between external environment, business strategy, ICT and its complements and
finally business performance.

Literature review and research gaps

Previous empirical literature has a lot of gaps and defeciencies regarding the effect of ICT
investments on business performance as well as the role of factors, such as BPR, TQM,
business strategy and external environment. First of all, there are only few empirical stud-
ies regarding the mediating and moderating effects of BPR and TQM in the relationship
between ICT and performance. Furthermore, these few studies use subjective metrics for
measuring performance, based on personal judgments, which may not (completely) re-
flect reality. The absence of objectiveness has a serious impact on the conclusions that are
drawn, which may not be exploitable and comparable.

Another serious drawback has to do with the lack of a sound theoretical foundations in
these studies (e.g. from economic or management sciences), which results in degradation
or omission of variables that are important for the production process and the resulting
business performance, such as labor and traditional (non-ICT capital), which concerns a
great proportion of firms’ fixed assets. Besides, the detailed literature review has not
identified any studies investigating BPR and TQM at the same time, using the same da-
taset for comparability reasons, so that a comparison of the above two basic approaches to
business process change as to the above issues can be made. Additionally, those two vari-
ables, which represent the extent of business change, are measured (most of the times)
with only one metric (variable), though their complexity and multi-dimensionality has
been recognised by relevant literature. This simplistic approach leads to mismeasurement
and inadequate projection of those two notions, which are multidimensional and need to
be measured by more variables. Moreover, the role of business strategy and external envi-
ronment, as well as their interplay with the abovementioned variables, have not been in-
vestigated and remain unclear. Finally there is a serious lack of empirical investigations
of these issues in various national contexts (characterised by various levels of economic
development), and also of international comparative studies, which investigate the rela-
tions between the above factors and business performance in more than one countries,
using the same survey instruments and data. Such studies would allow international com-
parisons, which would provide a better insight of the effect of the national context on the
above (critical for the performance of organizations) networks of relations.
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Finally, it should be taken into account that the introduction of ICT in an organization
constitutes a complex process, the success of which is dependent on the success of the
various individual IS developed, and therefore on various system-level factors. The suc-
cess of those individual IS creates the necessary condition for positive results at a firm-
level (cost reductions, profit increase, etc). According to the reviewed literature, an exten-
sion of the above research for the investigation and evaluation of individual IS productivi-
ty and its main determinants, is missing. In this domain existing literature focuses in re-
searching and understanding IS user acceptance, IS success, IS satisfaction, and IS critical
success factors. However those studies aim at drawing theoretical conclusions on these
topics, and not to enabling the evaluation of the productivity of particular IS and its main
determinants.

Contribution of the present research

The present PhD Dissertation contributes to the exising literature by fulfilling the gaps
that have been identified and mentioned in the previous section. In particular:

e It empirically investigates the mediating role of business process change, examin-
ing and comparing the two abovementioned basic paradigms of it, BPR and TQM,
in the relationship between ICT investment and business performance.

e It empirically investigates the moderating role of both BPR and TQM, in the busi-
ness value created by ICT investments. It offers useful conclusions regarding the
BPR and TQM activities having the highest ICT moderating effect.

e Extending this research ‘upstream’, it offers an empirical study concerning the ef-
fect of business strategy on both ICT and business process change (distinguishing
again between BPR and TQM), and through them (and also “directly’) on business
performance

e It also investigates empirically the same questions for the five M. Porter’s forces,
which constitute fundamental characteristics of the external environment of an or-
ganization.

e It conducts (for first time in Greece) a comparative empirical study of the impact
of the various forms of capital used by organizations in modern economy (‘tradi-
tional’ capital, computer capital, human capital, organizational capital (new organ-
izational practices)) on labor productivity, in Swiss and Greek firms.

e All the above empirical studies are based on a sound foundation from economic
science, the Cobb-Douglas Production Function.

e Finally, it extends the above research for the level of an individual 1S, developing
and testing empirically an extension for investigating and evaluating of the
productivity of particular IS and its main determinants by estimating ‘Value Flow
Models’.

For all the above empirical investigations, except for the last one, data were collected
through a survey of 304 Greek firms from 27 different industry sectors (covering manu-
facturing, construction and services), in cooperation with ICAP S.A, one of the largest
business information and consulting companies in Greece. Our research hypotheses have
been tested mainly through the estimation of Structural Equation Models (SEM), which is
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an advanced statistical approach that examines and calculates the ralations among multi-
dimensional constructs, which are based on several variables-items. This approach can
both test the validity and reliability of those multi-dimensional constructs (in respect to
their items/variables) as well as the correctness of theories concerning the ralations
among these constructs. For the international comparison the abovementioned data were
used (for the Greek firms), in combination with a similar dataset from 1710 Swiss firms,
which have been collected through a similar survey instrument by the Federal Technical
University (ETH) Zurich. The analysis of those data was conducted by estimating econ-
ometric models based on the Cobb-Douglas framework. For the last empirical investiga-
tion at the individual system-level we used data collected through a survey instrument
regarding the evaluation an e-service (e-learning course), which was delivered to 64 stu-
dents who attended.

Findings and conclusions

The main findings and conclusions of this PhD Dissertation are (descibed in detail in the
following chapters):

e ICT investment has a positive effect on the extent of BPR but not on TQM; on the
contrary, non-ICT investment has a positive effect on the extent of TQM but not
on BPR.

e BPR and TQM initiatives have both a positive impact on business performance.

e BPRis a partial mediator in the relationship between ICT investment and business
perofrmance, whereas TQM is not; on the contrary, TQM is a partial mediator in
the relationship between non-ICT investment and business performance, wheras
BPR is not.

e BPR and TQM have a significant moderating impact of similar magnitude in the
relationship between ICT investment and performance. Process simplification,
process improvement and horizontal process creation, are the BPR activities with
the largest moderating effects; the TQM activities with the largest moderating ef-
fects are systematic measurement of employee satisfaction, simplification of work
and close cooperation with suppliers.

e A cost leadership, differentiation or focus strategy does not affect ICT or non-ICT
investment

e A cost leadership strategy has a small effect on TQM, but no effect on BPR; a dif-
ferentiation stategy has small effects on both BPR and TQM. However, a focus
strategy has medium effects on both BPR and TQM.

e BPR mediates completely the impact of differentiation strategy on business per-
formance, and partially the impact of focus strategy on business performance; the
other business process change paradigm, TQM, mediates completely the impacts
of cost leadership strategy and differentiation strategy on business performance,
and partially the impact of focus strategy on business performance.

e Concerning the external environment, from the ‘five forces’ of M.Porter’s indus-
try analysis model, non-price competition has a small positive impact on ICT in-
vestment, while suppliers’ power have a small negative effect; none of these forc-
es affects non-ICT investment.
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e Customer power and threat from substitutes have small to medium effects on both
BPR and TQM,; also, suppliers’ power has a small to medium effect, and threat of
new entrants has a small effect only on TQM.

The abovementioned findings concern the national context of Greece, a small developing
country, with particular characteristics, such as small market size and small average firm
size. The international comparison with the Swiss firms led to the following findings:
starting from the similarities, capital (traditional, computer, human), as well as new or-
ganizational practices associated by decentralisation of decision making from manage-
ment to employees, affect labor productivity in a positive way. On the other hand new
organizational practices associated with new forms of work design, such as teamwork, job
rotation and decrease of hierarchical levels, does not affect labor productivity. However,
significant differences have been identified. Knowledge capital is much higher in Swit-
zerland, and has an impact on labour productivity, while in Greece it doesn’t. In Swiss
firms the impact of human capital, ICT capital and organizational capital associated with
decentralisation is higher than the impact of “‘traditional” physical capital, while in Greek
firms these three “*new” production factors have on the contrary a lower impact on labour
productivity than physical capital. Therefore Greek firms are weak, in comparison to the
Swiss ones, with respect to ‘knowledge capital’, and to the exploitation of the ‘new’ types
of capital (human, ICT and organizational) for improving business performance.

Finally, regarding investigation and evaluation of ICT productivity at system level, the
contribution of the present Dissertation is the development of a novel approach based
on‘value flow models’, according to which the quality of the resources and capabilities of
an IS results in user satisfaction, in high usage rates and, finally, in future usage intention
(which can be translated into acceptance and success of the system). The empirical appli-
cation of this approach and estimation of a value flow model in an e-learning system pro-
vided a good validation of the proposed approach, resulting in the identification of the
strenghts and weaknesses of the system, as well as particular improvement priorities.
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Hapayovreg AvEnong s HopayoyikotTnTog TOV AaTavay
IAnpogopikng kot Emkowvoviov tov EAAnvikov Envyeipios-
ov- Aielbveic Lvykpiosic.

Evpeia Ilepiinyn ota EAAviKG

Ewaymyn

Tnv tehevtaio dekoeTion 01 ONUAGLOL Kot 101WTIKOL opyavicuol avtipetomilovy Eva koua
TEPAOTIOV 0AAOY®DV 0TO ££®TEPIKO TEPPAAAOV TOVG, TO OTOI0 TOVG 0dNYEL o€ UEYAAES
aAhayEG TV SOU®MVY Kot dtadikactdv Tovg. H maykoosonoinon g owkovopiag, n e€EMEN
TOV OAOIKTHOL, 1) AVEAVOUEVT] TOAVTAOKOTNTA KOl AVTOYOVIGUMV TOV AyOpdV, 1 d1dyvon
TOV TEYVOAOYIDOV TANPOoPopIkNG Ko emtkowvoviov (TTIE), n taydtamn avarntuén tov In-
ternet/WWW kot or av&avopeveg avaykeg yio amobnkevon, dtathpnon kot a&lomoinon
TEPACTIOV ATOOEUATOV TANPOPOPING, ATOTEAOVV TIC CUYYPOVEG TPOKANGELS Yl TIG EML-
YEPNOELG, Kol TPOGPEPOVV UEYALES gvKapieg, aALL TAVTOYPOVO EYKVHOVOVV Kot UEY(-
Aovg kvovvous. Kt amd avtég t1g ouvinkec ot emyelpnoclg mpoonafodv va amoKTn-
COLV OVTOY®VIOTIKO TAEOVEKTNUO £VOVTIL TOV OVIUWTAA®V TOVG ENEVOVOVTOG GTUAVTIKA
TOGOGTH TV TPOHTOALOYICU®Y TOVG o€ TANpopoplakd cuotiuata (I1X) ko TIIE yeviko-
TEPA, TPOOOKADVTAG OTL 01 EMEVOVGELS ALTEG B Tovg BonBncovy va BeATidcovy Tig EMdO-
oeig (business performance) tovg kat vo TETHYOLYV TOVE GTOYOVGS TOVE.

Mo avtdv Tov AOY0o M oxéon petasy emevovoewv o€ TIIE kon emyyeipnuatikig enidoong
amotelel €va omd TOL GNUOVTIKOTEPO TTESID £PEVVOG GTO YDPO TWV TANPOPOPLOKAOV GL-
omudtov. Ta aroteAéouato MOTOG0 TOV JAPOPOV HEAETMOV CYETIKA e TOo BEua ovTo
Tapovstalovy aviipdoels. Apykég pnekéteg (otig apyés g dekaetiog Tov 90°) dev Katé-
MI&av og gumelpIKeg eVOEIEEIS BETIKNG KO GTATIOTIKG CNUOVTIKNG OYEONS UETOED EMEVOD-
GEWMV TANPOPOPIKNG Kol EMYEPNUOTIKNG eMidoons. Nedtepeg Opmg peréteg (omo 1o dev-
TEPO NUIOL NG dekaeTiog Tov 90° ko petd) emPePaincav ) Betikny oyéon peta&d TV
00 HETAPANTOV, AV Kot VITAPYOVV OKOUN EUTEIPIKEG LEAETEC L€ GUUTEPAGILOTO TTPOG TNV
avtifetn katevOuvon. Eniong, npénel va emonuavOel 01t o1 meplocdtepec and avTEg TIg
EUTEPIKEG PEAETEG, KL OTG OVO ALTEG TTEPLOSOVG, £xovVv deaybel oe Likpd apOud yopov
HE LYNAN OKOVOULKY] avamtuén, evd Ta mopardve 0épata £xovv ehdyiota depevvndel
o€ J10POPETIKOVG TOTOVG €BVIKOL TePPAALOVTOC.

Ouwg yevikd, N emkpatovca dmoyn onuepa ival 6Tt ot TIIE odnyodv og vynid enineda
O0PEADV Y10 TIG EMYEPNOELS KO OETIKEG EMTTAOGELS OTNV EMYEPNUATIKY EMid00T|. MeTa-
vevéotepn épevva £de1Ee OTL Ta 0pEAN Ko 1 OAN a&la mov mpocepépovv ot TIIE dev mpo-
KOTTEL LOVOV HEG® TNG OMANG GUTOLOTOTOINGNG TOV TPOLTOPYOVCMV ETLYEIPTUOTIKMOV
SdKAGIOV, OAAG Kot HEG® NG aAlayNS Kot BEATIOONG TOVS, 1| OOl TPy LLOTOTTOLEITOL
ue Tig teyvoroyieg avtég. H emyeipnuatiky aio (business value) tov enevovoswv TITE
TAPOLGLALEL ONUAVTIKES SIOKVUAVOELS HETAED TOV EMXEPNCE®V, EQPTMOUEVT GE HEYOAO
Bobuod omd tov cvvovacpo ‘okinpav’ enevovoewv TIIE (hard ICT investments) pe ‘€b-
Kaumteg’ emevdvoelg (Soft investment), .. ov dnpovpyio VE®V TPAKTIKGOV Kot de&lo-
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TTOV TPoconkoD. o avtdv Tov Adyo N chyypovn £pevva oToV YDPo avtd eoTialeTon
0TOVG TTOPAYOVTEC TOV cuvovalopevol pe Tig emevdvoelg TIIE odnyodv oty advénon tov
OETIKOV NG EMIMTOCEMV, Ol 0Toiol OVOUALoVTOL ‘GUUTANPOUOTIKOL TAPAYOVTEG TOV
TIIE (ICT complementary factors).

H xvpiotepn katnyopio COUTANPOUATIKOV TOpaydvTwv, ot omoiol Exovv eEgtacbel amd
TNV EMOTNUOVIKT EPELVO KOL TNV ETLXEPNOLOKT TPAEY, 0POPOVV GTNV AUy TV EML-
yelpnuatikdv dadikacidv (business process change) mov amatteiton KoTtd TV €l00y®YN
VE®V TEYVOAOYIMV GE £VOV OPYOVICUO, £TG1 DGTE AVTEG Vo a&tomtotnBodv 6tov vYnAOTEPO
ovvotd Bobpd. Ymapyovv dvo Pacikég mpocseyyioelg oty aAAAYY] TOV ETLXEPUOTIKOV
dwadikooldv, o Avacyedacuog Enyeipnuatikdv Awdikoaoidv (AEA) (Business Process
Reengineering) ka1 1 Atoiknon OAwkng [Towvtntog (AOIT) (Total Quality Management). O
AEA opiletar o¢ ‘n ek Begpediov ovabedpnon Kot avacsyedacUOg TOV ETLXEPTLOTIKMOV
OLOOIKOCLOV Yo TNV MiTeELEN PEYIA®V PeEATIOGE®MY GE PACIKEG HETPIKES EMIOOONG, OTMG
KO0TOG, TOOTNTA, £ELTNPETNON, KavVOToinon meloT®dv Kot Tayvtnta’. Baoiletor oty
OpPACTIKN OALOYT KOl GTOYEVEL GTO VO PEPEL TNV ‘EMAVACTOCT AVOPOPIKE LE TIG OAAAYEG
nov mpoteivel. Xapaktnpiletor ®¢ éva amd To CNUOVTIKOTEPO BEUATO TOV AVTILETOTTI-
Covv ta ovyypova drotkntikd otedéyn. H AOII opiletar wg ‘pia S101KNTIKA TPOcEyyion
Y10 TOVG OPYOAVIGHOVG, 1) OTTOL0L APOPA oTNV TOLOTNTA, BacileTal 6T cuppeToYn OAOV TOV
HEADV TOLG KOl GTOYEVEL OTN LOKPOYPOVIOL ETLTVUYI0 LECH TNG TKOVOTOINOTG TOV TEANTOV,
NG TPOSPOPAS 0PEADV € OAO TO. LEAT TOL OpYyoVIGHOD Kol TG Kowvaviag’'. Baoileton
otV e£EMEN, 6TV OHOAT aAlayT| Kol 6T cuveyn Peitimon).

Kwovpevotr ‘mpog ta wiocw’, katovoovue 0Tt toco ot enevoveelg TIIE, 660 kan o1 moparmd-
VO GUUTANPOUATIKOL TOPAYOVTES, ETNPEALOVTOL KOt SLOHOPPOVOVTOL OO ATOPACELS TNG
O10iknomng GYETIKA [e TV oTpoTN YK Tov B akolovdnoel N emyeipnon, dnwg Kot amd
T1G OAPOPES SVVAUELS TOV SLOUOPPDOVOLY TO eEMTEPIKO TTEPIPAAAOV TOVG, GTOoLYElD TOL O-
moia emmpedlovv yevikdTEpa TN AElTOLPYIO TOVG, KO, CUVETMG, TO. OTOTEAEGUOTE TOVG.
Q¢ otpamnyikn opiletan ‘€va cOVOAO OmMOPACE®V Yio TO HEALOV TOV OPYOVIGHOD, Ol O-
moieg kabopilovv Tovg HEALOVTIKODG HoKPOTPODESLOVE GTOYOVG, KOOMDS emiong Kot Tig
KatevBvvoelg dpdong Kot Katavoung Tépwv yioo v enitevén tovg’. Awaxkpivetor og 600
Boowd enineda: to entyepnolokd (business level strategy), mov mepilapfaver tpeig faoct-
KEG OTPATNYIKEG EMAOYEG, NYESTO KOGTOVS, SLOPOPOTOINGT KOl EGTINGT], KOl TO OPYUV®-
olakd eminedo (corporate level strategy), mov meptlapfdver Kupimg Tig emA0YEG TG Emé-
KTOOTNG € VEEG aYOpés, o€ véeg dladikacieg Kot TV Kouvotopio. Qg eEmtepkd mepPda-
Lov (external environment) opileton ‘otidnmote ennpedlel Tov opyaviopud, aAAd dev avni-
KEL G€ QVTOVY. ZUUPOVO LE TO HOVTEAO T®V dvvapewmv tov Porter vdpyovv mévte Paot-
KEG OLVAELS YEVIKEDIEVOL OVTOY®OVIGLOD TOV OlOKOVV TEGELS GE EVOV OPYOVIGUO: Ol TE-
AGTeG, OL TPOUNOEVTEG, O AVTAYWOVICUOG OO GAAAEG OLOEIDELG EMLYEIPNOELS, 1 OTEIAY E1G0-
d0V VE®V avVTOy®VICT ®V Kol 1] el amd vrokatdotata oyodd. Zuvenmg etval onuovi-
K6, TOGO Yo TNV £PELVA GTOV YDOPO ALTO GGO KO Yo TV TPAEN, VO OTOKTNCOVE pia ‘O-
MoTIKn Katovonomn’ Tov 6Aov OIKTOOV oyéoemV HeETACD TOv e£MTEPIKOV TEPIPAALOVTOG,
g otpatnykng, Twv TIIE kot Tov GUUTANPOUATIKOV TOVS ToPAyOVI®OV KOl TEAKE TV
EMYEPTUOTIKOV EMOOGEDV.

Evtomopog epeuvnTIKOV KEVOV KOl 00VVOHIOV vadpyoveag fipiroypagiog
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H vrdpyovoa sunepikn PipAoypagio epeavilel apketd kevd Kot adLVOUIES CYETIKA TO-
GO LIE TNV EMOPAOT TOV EMEVIVCEMV TANPOPOPIKNG GTNV EMIOOCT TOV EMYEPNOEDV OGO
Kot pe to poAo TV maporave mopoyodviov (AEA, AOIIL, otpatnywkn, eEmtepikd mept-
BaArov). Katapyds, AMyec HOvVov eumelpkéc LEAETEG EXOVV YIVEL OVOQPOPIKE [LE TO SLOLE-
coAafntiko (mediating) kot evioyvtikd (moderating) poro twv AEA ko AOIT 6t oyéon
peta&y emevovoewv TIIE kan emyyeipnuatikng enidoons. EmumAiéov, ol vndpyovoeg pelé-
TEG YPNOYLOTOLOVV VITOKEUEVIKEG EKTIUNGELS WG PETPOL TNG EMYEIPNUATIKNG ETIOOONG Kot
™G ovuporng twv TIIE og avty, ot onoieg Paciloviotl 6N TPOGHOTIKN YVOUN TOV EPWOTN-
0EVIOV GTEAEY®V, KoL EVOEYOUEVMG VO UMV OVTOTOKPIVOVTOL (TANPMOC) GTNV TPOYUOTIKO-
mrto. ATovotdlel SNANOT TO GTOLYEIO TNG AVTIKELEVIKOTNTOG OTN LETPNOT TNG EMLYEPT-
patikng entdoong, kabmg eniong kot g ovpuPoing tov TIIE og avtiv, £totl Ta cvumepd-
oHOTO TOL EEAYOVTOL VO UMV €lval TOAAEG POPEG AEIOTOU GO 1) CLYKPICTU.

‘Eva dAho coPapod petovéknua ivor n EAAeyM evOG 16YVPov Bewpntikod vtoBddpov oTig
EUTEPIKEG AVTEG UEAETES (T.)Y. OO TOV YMPO TNG OKOVOUIKNG 1 TNG OOIKNTIKNG EMOTY-
ung), n omoia 0dnyet otV VIOPEOUION N} KoL TNV TANPT TAPAAELYTN CNUOVTIKDOV UETAPAN-
TOV OV EIVOL OTLLOVTIKES Y10 TNV TOPUY@YIKN dtadikaoia, 6mmwg 1 epyacia (Labor) kot to
‘topadootakd’ kepdrato (Non-ICT Capital), mov agopd tov oo (extoc TIIE) e€omit-
oud mayiov Tov opyaviopov. Emiong, katd v ektevn emokOmnon otn oxetiky Pipito-
yYpopio dgv gvtomiotnKav peréteg mov va eEetalovv tov AEA kot v AOIT mapdAinia,
YPNOLOTOIDVTAG TO. 1010 dedopéva, dote va glval dvvatn pio cvykpion petasd Tov 600
AVTOV POCIKOV TPOCEYYICEDV GTNV OAAAYT TOV ETLYEPNHOTIKOV SL0OIKAGIOV OGOV a(pO-
pa T Tapomdve Bépata. Emmiéov ol petafAntéc autéc, ol onoieg amekovifovv 10 Babud
EMYEPNUOTIKNG OAAOYNG, LETPOVTOL, TIC TEPLGGOTEPEG POPEG LE LIl LOVOV YEVIKN UETO-
BAnty, av Kot 1 TOALTAOKOTNTA Kol 0 TOAVSIAGTATOS YOPOKTNPAG TOVS EXOVV AVAYVMPL-
o0t amd v oyetikn PipMoypagio. Avtd €xel cav amotérecyo TV EAMT Kot pun aglomi-
OTN HETPNOT TOV EVVOLDV OLTMV, Ol OTOIES Elval EK PUGEMG TOAVIIACTUTESG KO TPETEL VOl
UETPOVTOL PECH EVOG KATAAANAOL GLVOALOL HETARANTOV KAOE piaL.

Eni m\éov, o pdAog TG oTpaTNyIKNG Ko TOV eE®TEPIKOD TEPIPAALOVTOC, Kot 1) AAANAETI-
dpaon| Tovg pe TIg Tpoavapepbeioes petafAntés, dev £xovv enapKmg depevvnbel kot ma-
papévouv acapeic. Téhog, omv PipMoypapio VIAPYEL CNUAVTIKY EAAELYT EUTEIPIKOV
OlEPELVICEMV TOV TOPATAVED BepdTomv o€ dtbdpopa eBvikd mepiPdilovta (e ddpopa &-
TMEOO OUKOVOUIKNG OVATTTUENC), Kol AmOVCIALoVY GUYKPITIKEG d1eBvelg LeEAETES, 01 Omoleg
OlEPELVOVV TIG GYECELG HETAED TV TOPATAVED TOPAYOVI®V, KaODS ENIoNG Kot LE TIG EML-
O0CEIC TOV EMYEIPNCEMV OE TEPIGGOTEPES OO U0l YDPES, XPNOULOTOLDVTOS KOV EPYOL-
Aeto €pevvag (epotnuatoroyia). Tétoleg peiéteg Ba mapeiyov v dvvotdtTa debBvov
ovyKpicewv, o1 omoiec Ba Edtvav TV duvaTOTNTA EEAYMYNG CUUTEPAGUATMV YO TNV ETi-
dpaon Tov £6vikol TePIPAAAOVTOG OTIC TAPUTAV® KPICIUES CYECELC.

Téhog, Oa mpémet va AneBel v’ dyv 611 N elcaywyn Tov TIIE og évav opyavioud amnote-
Aet g moAvTAoKN dradikacio, n emttuyia TG omoiag e€aptdrol amo TV emttvyio S1Po-
pov ent pépovg [1X mov avanthocoval, Kol GUVETMSG od SLAPOPOLS TAPAYOVTEG TOV Ol
@opovv ta enl pépovg IIZ. H emruyio avtdv tov I1X dnpiovpyel Tig¢ katdAinieg mpov-
noBéoelc yio Oetikd amoteléopato oe emimedo emyeipnong (peimorn Aeltovpyikov KO-
GTOVG, AHENCN KEPOOPOPING, KTA). ZOUPMOVO LE TNV EMOCKOTNCN TG OXETIKNG PiAoypa-
olog, amovotalel pio EMEKTAOT TNG £PEVVAG OV TEPLYPAPONKE OTIC TPONYOVLEVES TTOPOL-
YPAPOLG Ylo TNV O1EPELVNOT Kot aSloAdYNoN TG TAPAY®YIKOTNTOS TV eml uépovg T1X
Kol TOV BaciK®V KaBOpIoTIKOV TG TapayovImv. ZTo Y®Po ovtd 1 vrdpyovsa Pipito-
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ypapio eoTidleTon KUPIG oTNV HEAETN Kol KoTavonon g arodoyng I and tovg ypn-
oteg (IS User Acceptance), tng emtuyiag ITZ (IS Success), g kavomoinong amd ™ xpn-
on I[1X (IS Satisfaction) kot otovg kpioipovg Tapdyovteg enttvyiog ITX (IS Critical Succes
Factors). Qo160 01 HEAETEG OVTEC GTOYELOVY GTNV EEAYMYN YEVIKAOV OE®PNTIKOV GLUTTE-
POCUAT®V Y10 TA TOPATAVED OEpaTa, Kot Ol otV VTooTNPIEN TG AEI0AGYNoNG TNG TOPaL-
YOYIKOTNTOS cVYKeEKPUEVOV [TE Kot Twv kaBoploTik®V TS TopayOovVTmy.

YoveloPopa TS mapovcsas AraTpipnig

H moapovoa Awdaktopikn Awatpiffny cvuvelscpépel otnv vdpyovsa Piproypaeio KaAdmTo-
VTOG TO KEVA TOV avapEPONKAY GTNV TPONYOOLEVN EVOTNTA. ZVYKEKPUUEVAL:

o Efetdlel eumelpikd 10 O1opeGOAUPNTIKO pOAO NG AAAAYNG ETLYEPNUATIK®OV O10-
dkao1mv, ££eTAlOVTOG Kol GUYKPIvovTag Kot T 000 Tpoavapepbeicec mpooeyyi-
oelg, Tov AEA kot v AOII, ot oyéon petald enevdévoewv TIIE kot emyeipnpo-
TIKNG EMIOOONC.

o E&etalet epumepcd tov evioyvtikd poio tov AEA kot g AOIL, oty mopomdve
oxéon petalh emevovoewv TIIE kot emiyelpnpatikig €nidoons Kot yevikotepol
otV enyelpnuotikny oo mov mpokvmtel ano Tig enevovoelg TIIE. EEdyet emiong
PO cvpumepdoaTo oYETIKA pe Tig Opactnplotnteg AEA kot AOIT mov éxouvv
TOVIGYLPOTEPO EVICYVTIKO OTTOTEAEGLOL.

e Emexteivovtog v perétn avt ‘mpog ta Tow’, pue otdyo v dnuovpyio piog ‘o-
AoKANpoUEVNS EIKOVOC', TPAYUOTOTOWONKE GTV GLVEYELD L0 EUTEIPIKT HEAETN
0coVv apopa tnVv emidpacn ¢ otpatnyikng otic TIIE kot otnv aAddyn droduko-
oV (dakpivovrag peta&d tov dvo mapamdveo poviéAov e, AEA koar AOI)),
KOl LECM QLTMV OTIC EMYEPNLATIKEG EMOOCELS.

o AwgpevviOnkav emiong eumelpikd to mopamdve Bépata Yo TG ‘mévte duvapels’
oV e€mTEPIKOD TEPIPAAAOVTOG, COLPMVA e TO GYETIKO TAAIG0 avdivong tov M.
Porter.

o Ilpaypatomomnke (yio mpd @opd otnv EAAASX) cuyKkpiTikn SleBvng eumelpikn
UEAETN TOV EMOPACEDV TOV OAPOPOV LOPPOV KEPAAAIOL TOV YPTCLOTOIOVYV Ol
EMYEPNOELG OTNV cVYYpovn okovopia (‘Tapadoctokd’ Ke@dAalo (=KAaGOIKE TA-
Y), KEQAAMIO TANPOPOPIKNG, OVOPOTIVO KEPAAOIOL, OPYOVOTIKO KEPAANLO
(=véec 0pYavVmOI0KEG TPOKTIKEG)) GTNV ATOJ0TIKOTNTO TNG epyaciag, oTig EAANvi-
kég ka1 EAPetikég emyeipnoetc.

o  OAgg o1 mapomdve eumelpikés dlepeuvNoels PacicOnkay oe Eva 1oyvpod VIORabPo
amd TNV OIKOVOLUIKY| EXLGTAUY, TV cuvaptnon topaywyng Cobb-Douglas.

e Téhog, N mapamdve Epevva emektddnke Kou 610 eninedo em uépovg IZ, avantvo-
COVTOG KOl EAEYYOVTOG EUTEIPIKE [0l ETEKTOCT TNG Yo TNV OlEpELYNON Kol a&lo-
Adynom mg mopayoywodmros [IZ kot tov kaboploTik®v ¢ TapayovImv, HECH
™G extipnong ‘Movtéhwv Ponc A&iag’ (Value Flow Models).

[Ma Oleg T1¢ TOpOTAVED EUTEIPIKEG LEALTES, EKTOG TNG TEAELTAING, YPNOoTOMmONKAY dg-
dopéva ta omoio cuveALEYNGaV amd pia Epevva LEGm epmtnuatoroyiov and 304 EAAnvi-
kég Emyeipnoeig oe 27 dapopetikodg KAAG0VG, 68 cuvepyasio e TV gtaipio cupfov-
rov emyeipnocov ICAP ALE. O éleyyog TV epeuvnTik®Vv pog vrobécewv £yve Kupimg
péocw ektipnong poviédmv doukav eélomoemv (Structural Equation Models-SEM), uiag
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eEeMyIEVINC OTATIOTIKNG TPOGEYYIong mov e&eTaletl Kot vmoAoyilel oyéoelg puetalhd molv-
ddotatwv Tapayoviev (constructs), ol omoieg Pacilovial oe mEPIGGOTEPES TG HiOG ME-
TaPAnTég - otoryeia (items). H mpocéyyion avth éxel T dvvatdtnta va eAéyyel T0G0 TNV
€YKVPOTNTA KOl 0EIOTOTIO TV TOAVIIACTATMOV ALTOV TOPAYOVTI®V (GE GYEON LLE TO. GTOL-
xela Tov TIg amoteloHv), 660 Kot va eEeTdlel TNV opBOHTTO BE®PLOV OVAPOPIKE e VTTO-
Béoelc Yo TIg oyéoelg LETAED TV Topaydvtov. o v mapamdve debvi] CLYKPITIKN Le-
Aétn ypnoonmomOnkay ta dedopéva avtd (Yo tig EAnvikég emyeipnoelg), o€ cuvova-
olo pe éva mopdpoto cuvoro dedopévev and 1710 EABetikég emyeipnioeic, to omoior GuA-
AéyOnkav amd o mapopo Epgvva Tov Tpaypatoromdnke and to Opoonovolakd [Toiv-
teyveio g Zvpiyng (ETH Zurich). H ene€epyacio tov otoreiov avtdv £yve uéom g
EKTIUNOMG OIKOVOUETPIKGV LoVTEL®V oV Pacilovtat oto mhaicio Cobb-Douglas.

To tedevtaio Tupa TG AoTpiPrg TOV APOPA TNV TOPAYMYIKOTNTO KOl OTOTEAEGLOTIKO-
mra tov TIE eninedo cvomuatog, meptiapPdvel v dnuovpyio pog OAOKANP®UEVS
pebodoroyiag a&loldynong TANPOPOPLIKOV GUCTNUATOV, I omoia Paciletol oty exti-
unon ‘Movtélwv Porig A&iag’ (Value Flow Models). Eva tétoto povtédo diver pio oAo-
KMpopévn €KV TOV UNYOVICHOD Kol TOV Tapayoviev onpovpyiog agiag and éva 11X,
KOl EMATPETEL TNV AVATTUEN LG OAOKANPOUEVIC TPATACTG TPOTEPALOTNTMOV PEATIMONG
ToV, pe Phomn Tig avtinyelg Tov ypnotdv. H pebodoroyio avty epappootnke eumelpikd
o€ &va TANPOPOPLIKO GUCTNUO NAEKTPOVIKNG pnabnons. I'ia v aloAdynon tov cuyke-
KPYEVOL GLOTHUOTOS avamTOYONKe dopnuévo epwtnuatordyto pe Baon pia extevny Pi-
PAoypapikr emokOTNon. TO ep@TNUATOAOYI0 €MOOONKE G 64 EKTAOEVLOUEVOVS TOV
TAPOKOAOVONGAV £VO GLYKEKPIUEVO TTPOYPALLILO NAEKTPOVIKNG Labnong. Ta dedopéva ta
omoio. GLAAEYOMKOY HEG® aVTOV YPNCLOTOMONKAV Y10 TNV EKTIUNOT EVOG LOVTEAOV OO-
pkov eélowoewv (SEM), and 10 0moio TpoEkuyay GLYEKPIUEVEG TPOTEPULOTNTES PEATi-
(MOTG TOL GLGTNATOS AVTOV.

Evpijpote ko cvpnepaopata

Ta xuptotepa svpHpata Kot cvurepacuata g Adaktopikng avtng Atatppng (to omoio
TOPOVCIALOVTOL AVUAVTIKG OTO TOPAKATO KEPAAO oVTNG) Eivor Ta €ENG:

e Ot enevovoelg TIIE éxovv Betikég emmtwoelg otov AEA, aArd 6yt otnv AOIL A-
vtifeta o1 Aowmég emevovoelg oe ‘mapadoctokd’ mayla (extog TIIE) &xovv Betucég
emmtoelg otnv AOIT aAld 6yt otov AEA.

e Tobéco o AEA 600 kot np AOIT éxovv OeTIkéG EMATAOGEIS GTNV EMYEIPTLLATIKY ETI-
doon.

e O AEA givar pepicog dwopecorafnte (partial mediator) ot oyéon peta&d enev-
dvoewv TIIE kot emyelpnpatikng emidoons, mpdypra to omoio dev 1GYLEL Yo TNV
AOIIL. Avtifeta n AOII givan pepikdg drapesorafntig otn oyéon Hetabd enevov-
ocewv o howmd (extoc TIIE) ‘mapadociokd’ mhylo Kot EMLYEPNUATIKNG EMIO00NG,
paypo to omoio dev 1oyvet yio tov AEA.

e Ot AEA «xor AOIT éyxovv opedtepeg ONUOVTIKA Kot OeTIKn  EVIGYLTIKY
(moderating) emppon mapopolag 16x0og ot oxéon petal&d enevovcemv TIIE kot
EMYEPNUOTIKNG emidoons. H amAomoinon dwadikacidv, n fertioon dadikacidv
Kot 1 onpovpyio optldvTiov SadkacidV, amotehovVy Tig dpactnprotntes AEA pe
™V VYNAOTEPT EVICYLTIKY] emppon. H cuotnuatikn pétpnon tov emmédon kavo-
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noinong twv epyalopévav, 1 amlonoincn ToV SPOp®Y EPYACLOV KAl 1] CLUVEP-
yooio pe Toug Tpounbevtéc amotedovv T1g dpactnpiotnteg AOII pe v v vyn-
AOTEPT EVIGYLTIKY| ETLPPON.

e O PaBuog vioBEmong oTpatnykng Nyeciog KOGTOVS, O10popOToinoNg Kot eotia-
ong oev empedletl to eninedo enevovoewv tOco o€ TIIE 660 ko og Aowmd (extdG
TIIE) 'mopadociokd’ maya.

e H otpamyikn nyeciog k6cTovg £xel pio pkpov peyébovg Betikn emidpaon otnv
AOITI, aAré 01 otov AEA. H otpatnyikn owapopomoinong €xet ukpn peyeovug
Betkn emidpaom 1660 otov AEA 660 kau otnv AOIL. Avtibeta 1 otpoatnykn -
otiaong £xel pecaiov peyébovug emopdoelg 1060 otov AEA 660 kot otnv AOIL.

e O AEA &givon mipng dwopecorafnmc (compiete mediator) g oyéong peta&o
OTPATNYIKNG SLOPOPOTOINGNG KOl ETLXEPNUATIKNG EMLO00NC, KOl EMIONG HEPKOG
dwapecorapntng (partial mediator) tng oyéong peta&d otpoInyikng oticong Kot
EMYEPNUOTIKNG EMIOOOTC.

e To GAAO HOVIEAO UETAGYNUOTICHOD TOV EMYEPNUATIKOV Oladtkacidv, 1 AOII,
etvon TANpNG drapesoraPnig (compiete mediator) otig oYEGELS TOV GTPUTNYIKOV
Nyeciog KOGTOVS Kot d1apOPOTOINCTG LLE TNV EMYEPNUOTIKNY EXIO00NC, KOl ETIONG
pepkog dtapecorofnig (partial mediator) g oyéong peta&d otpotnyikng €oti-
0LOTG KO ETUYEPNLOTIKNG ETLO0CNG.

e Ocov agopd 10 e£mTepKd MEPPAALOV, amd TIC ‘TEVTE OLVAUELS TOVL GYETIKOV
mhoiciov avéivong tov M. Porter mov e€etdobnkay, o avtayoviopodg mg Tpog GA-
AOVG TTOPAYOVTEG EKTOC TNG TUNG XL Mo pkpov peyeBoug BeTikn emimtwon oTig
enevovoelg TIE, evod avtifeta 1 dtompoylatevtikn duvoun Tov mpoun-0evtdv
&xel pio pkpov peyéBoug apvntikn enintowon. Kappio ond tig mévre awtéc e€wte-
PIKEG OLVAUELG Oev €xel emimtwon ot emevovoelg o€ Aowmd (ektog TIIE)
"TopadocLoKE’ Ty,

e H dwmpaypoatentikn dvvapun Tov TEANTOV Kot 1) AEM) omd VTOKATACTOTO EXOVV
piKpov mpog pecaiov peyéBovg emidpaomn 1660 otov AEA 600 ko otnv AOIL E-
miong N OMPAYUATEVTIKY OVVOUN TOV TPOUNOELTOV EXEL UIKPOV TTPOC LECOIOV
pey€bovg emidpaon, Kot 1 omE] VE®V 10000V £xEl HikpoL peyébovg emidopaon,
povov oty AOIL

Ta evpiuata ovtd avaeépovion oto eBvikd mepiPairov g EALGSOC, tog pikpng min-
BuopaKd Kol OVOTTUGGOUEVNG YDPOG, HE KPS péyeBog ayopds Kot pikpd HEGo OpO Le-
v€0oug emyelpnoewv. H 01e0viig ocvykpion pe avtiotoryeg EABetikég emyeipnoelg odnyn-
0€ OTO TOPOKATO EVPNLOTA: EEKIVOVTAG OO TIG OLOLOTNTES, KOL Y10 TIG dVO YMDPEG TO Ke-
@AaA00 (TOPad0CIaKS, TANPOPOPIKNG Kol ovOp®OTIVO), KaBmG emiong Kot o1 VEEG 0pyavm-
OlLOKES TTPOKTIKEG OV YOpOKTNPIfovTol amd amoKEVIPOOT ANYNG ATOPACEWDY, ETNPEQ-
Covv Betikd TV Topoy@yKOTNTA TNG £pYAciag. Avtifeta, Kot oTig 000 YMPES, VEES 0pYa-
VOGLOKEG TPAKTIKEG OV YapoakInpilovtor amd VEES LOPPEG 0pYAvmoNS epyaciag, OTMG
ondoeg epyasiog, evarliayn 0écemv epyaciog Kot HeEimON 1EPAPYIKOV EMTEI®VY, OEV EMN-
pedlovv Vv TapayoyikoéTTa TS gpyaciag. Opme mopdiinio eviomicOnKoy Kot onpo-
VTIKEG O10pOPES LETAED TV 000 yopdv. To yvooiakd Kepdloto givor TOAD LYNAOTEPO
ot EABetikég emyeipnoeic, Kot £xel BETIKN EMATOON GTNV TOPAYOYIKOTNTO TNG EPYACI-
ag, eved ot EAnvikég emyyeipnioeig pia tétotla emintmon oev mapatnpeitol. Emiong otig
EABetikéc emiyelpnoelg N Tapoy@yiky] EXINTOON TOV avOPOTIVOL KEPOANIOV, TOV KEPO-
Aaiov TIIE kot tov opyoveciokoy KEQUANIOV TOV apPOPi GTNV ATOKEVIPM®GOT| Eivol LYN-
AOTEPEG OO LTIV TOV ‘TaPad0GLaKoD’ Kealaiov, eved avtiBeta otig EAANviKES emyet-
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PNOELG Ol TPEIS AVTOL “VEOL TOPAYDYIKOL CUVTEAESTEG £XOVV YAUNAOTEPEG TOPUYDYIKEG
EMNTAOGELS O GVYKPLOT UE TO ‘TaPUdOCLoKO’ KEQPAANL0. ATO T TOPOUTAVED CUUTEPAGLLO-
T TpoKLITEL OTL 01 EAANVIKEG emiyeipnoelg mapovstalovy aduvapies, 6e GOYKPION UE TIG
EABetkéc, 660V apopd T0 YvOoloKd KeEPAAoo, KOOGS miong Kot TV mopaywykn aglo-
noinon tov véov’ tinwv kepoiaiov (TIIE, avBpdmivo kot opyoavmtikd) pe otdéyo v
BeATimon TOV ETYEPNUATIKOV ETIOOCEWMV.

Téhog, avapopikd pe depedhivnon kot a&loddynon g mopaywyikoétntog tov TIIE o emi-
ed0 GLOTNUOTOG, 1) GLVELGPOPE TG TaPOLGAS ATPIPNG Eykettal otV aviamTLEn piog
véag Tpoogyyiong mov PacileTan oe ‘povieda pong agiag’, cOUP®VA LE TNV OTTOiN 1 TO10-
NTo TOV TOP®V Kol SuVATOTHTOV £vOG ITX 001 y00V 0€ 1KavVOToinom TV XPNOTOV TOV, GE
EKTEVI YPNOT TOL KOl — TEMKA - 6€ TPOOEST Y10 LEALOVTIKNY EMOVAANYT TNG XPNIONS TOV
(nhadn oty amodoyr| Kot emttuyio Tov). H eumelptkn epopproyn g mpocéyyiong ovths
KoL 1) EKTIUMoN Tov povtéAov pong a&iag o€ £vor GOGTNLO NAEKTPOVIKNG ndbnong, tpocé-
eepe pio koAl TpdTn dokiun kot extkvpmon (validation) g mpotevouévng tpocéyyiong
KOl 001]YNOE GE GLYKEKPIUEVEG TPOTAGELS PEATIOONG TOL GLYKEKPIUEVOL GUGTNLATOG,.
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Chapter 1

Introduction
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1.1 The problem

In the last decade public and private organizations face massive transformations in their
external environment, leading them to internal transformations of their structure and pro-
cesses. Economy globalization, growing markets’” complexity and competition, increasing
dissemination of ICTs, rapid development of Internet/WWW and growing need for stor-
ing, maintaining and effectively utilizing great amounts of information constitute the
challenges of the present and offer great opportunities for the future, without neglecting
the fact that they hide serious risks, as well. Under those circumastances firms are making
great efforts to acquire competitive advantage against their rivals by investing great pro-
portions of their budgets in Information Systems (1S) and Information and Communcation
Technologies (ICT) in general, hoping that those investments will help them improve
their performance and achieve their objectives.

Today every single organization, which wants to be competitive, invests in ICT, aiming at
cost reductions, time saving, better resource management, production improvement and
profit increases. During the last three decades a rapid diffusion of information and
communication technologies (ICTs) in firms of most sectors has taken place. Realizing
such an investment, however, doesn’t constitute the “panakeia” for success and
performance increase. “Apart from the amount of the investment itself, what is more
important is how organizations manage and utilize their IT assets” (Stratopoulos and
Dehning, 2000). For this reason among the most important research topics in the area of
information systems (IS), attracting for a long time the interest of researchers and
practitioners has been the contribution of firms’ ICT investments to their performance.
The main focus has been placed on understanding the development of ICT business value,
aiming mainly at a deeper understanding and assessment of the multiple dimensions of
ICT business value at all levels of the economy: at firm, sector and national level.
According to Irani and Love (2002) managers need to have a better understanding about
the impact of IS on organizational performance, and a better understanding of the
benefits, costs and risks associated with financial and social capital investments in
developing such infrastructures. Such understanding can help organizations better utilize
their resources and improve their position vis-a-vis their competitors. Failure of such
understanding can have disastrous consequences, such as inappropriate resource
allocation and competitive disadvantage (Irani, 2008). The reasons as to why
organizations evaluate 1S investments are explained by Irani and Love (2002) as being to:

Compare between different projects

Rank projects in terms of organizational priorities

Justify investment requests by management

Control expenditure, benefits, risk, development and implementation of projects
Provide a framework that facilitates organizational learning and

Facilitate mechanisms to decide whether to fund, postpone or reject investment
requests.

Most of the above research has focused on the firm level, since this is where most of the
ICT investment decisions are made. This firm level ICT business value research can be
broadly divided into four periods, according to Loukis et al. (2008):
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I. In the first period (from the mid 1980s until the mid 1990s) the main objective has been
the discovering of empirical evidence regarding a positive association between ICT
investment and business performance. However, in this period very little empirical
evidence was found in this direction (e.g. Roach 1987, Brynjolfsson 1993,
Strassman1997), so critical questions were posed concerning the productivity of the big
investments organizations made in ICT: do they really contribute to the productivity of
firms according to their high expectations, or these expectations were just a result of ICT
companies’ marketing hype? This problematic is usually referred to as the ‘ICT
Productivity Paradox’ (Brynjolfsson 1993) and is very well reflected in R. Solow’s
statement that “you can see the computer age everywhere but in the productivity
statistics” (Solow 1987). The productivity paradox indicated that investing in ICT is not a
necessary and sufficient condition for improving business performance. The ‘IS
productivity paradox’ inspired a lot of researchers to investigate its roots. Brynjolfsson
(1993) proposed four explanations, mainly focusing on research methods
(mismeasurement, misaligned time of measure), level of analysis (i.e redistribution), and
theoretical causation (mismanagement of IS). As main sources of the inconsistent results
were regarded the measurement error and data quality (Wan et al; 2007).

Il. In the second period (from the mid 1990s until mainly the mid 2000s) some studies
provide empirical evidence of a positive impact of ICT investment on several business
performance measures (e.g. Brynjolfsson and Hitt 1996, Stolarick 1999, OECD 2004,
Arvanitis 2005a), reflecting the growing expertise and maturity of ICT vendors,
consultants and adopting organizations in the deployment of ICT and adapting existing
proceses and structures; however, some other studies still result in mixed or inconclusive
results (e.g. Stiroh 1998, Hartman 2002). These mixed results lead gradually to the
conclusion that some additional independent variables, associated with the internal and
external context of the adopting organization, have to be taken into account as well.
During this period considerable research has also been conducted for better understanding
the main dimensions of ICT business value as well as for identifying the main
organizational variables affected by ICT at the operational, tactical and strategic level
(e.g. labour costs, throughput, workforce composition, plant efficiency, delivery lead-
time, flexibility, market share, etc.) laying the foundations for the development of firm
level ICT investment evaluation frameworks (e.g. Irani 2002, Irani & Love 2002,
Arvanitis 2005b, Gunasekaran et al 2006).

I11. In the third period (from 2000 until today), since considerable evidence of positive
contribution of ICT investment to various measures of business performance had already
been provided by the relevant empirical literature, the research focuses mainly on the
identification and deeper understanding of the ‘ICT complements’. This term describes
factors related to the internal functions of the organization, which in combination with
ICT can increase the business value it generates, such as business process redesign, new
human skills development, products and services innovations, ‘soft ICT investment’, etc.
(e.g. Devaraj & Kohli 2000, Arvanitis 2005a, Hempell 2005, Loukis et al 2008b). The
main idea of this period is very well reflected and summarized by the statement of
Brynjolfsson and Hitt (2000) that “...both case studies and econometric work point to
organisational complements, such as new business processes, new skills and new
organisational and industry structures as a major driver of the contribution of information
technology”.
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IV. In the fourth period (from the mid 2000s until today) research starts dealing with the
effect of ‘external’ factors, which are related to the external environment of the
organization, such as generalized competition, industry concentration, industry
dynamism, strategy, etc., on ICT business value (Loukis et al 2006, Melville et al 2007,
Loukis et al 2008a). However, limited is the research conducted in this direction so far, as
stated by Melville, Kraemer and Gurbaxani (2004), who from an extensive review of the
literature on ICT value conclude that “we know very little about how industry
characteristics moderate the degree of IT business value” and suggest that more empirical
research should be conducted in this direction.

The basic explanations provided by the literature for the inconsistency of the results of the
abovementioned first period concerning the relationship between ICT investments and
business performance was that the full potential of ICTs is exploited not by simply
automating existing business processes, but by adjusting and improving them based on
the capabilities ICT offer. This process, of course, takes time and requires extensive effort
and specialized expertise (e.g. Brynjolfsson & Hitt 1996). According to Bresnahan et al
(2002) “firms do not simply plug in computers or telecommunications equipment and
achieve service quality or efficiency gains. Instead, they go through a process of
organizational redesign and make substantial changes to their product and service mix”.
In the same direction Brynjolfsson and Hitt (2000) argue that the most beneficial aspect
of ICTs is that they are catalysts and enablers of big improvements of existing business
processes and work practices, which, in turn, leads to very high levels of benefits. For this
reason they expect that the main mechanism of business value creation from ICT will be
not the simple automation of existing business processes, but the IT-enabled change and
improvement of them, which can result in quite big business benefits. It is therefore
important to investigate empirically the mediation effect of business process change on
the relationship between ICT and business performance in various sectoral and national
contexts, in order to discover to what extent the above expectations are materialized in
‘real-life’ situations.

Furthermore, the productivity or performance impact from ICT investments is dependent
not only on internal (process) factors, but also on external ones, such as national context,
competition, business strategy, etc. Regarding national context, the findings of various
studies in different countries (Greenan et al, 2001; Lichtenberg; 2005, Lal, 2001) were
rather contradictory. At the same time the final conclusion of cross-country studies
(Dewan and Kraemer, 2001; Pohjola, 2001) was that in developed countries there is a
strong connection between IT and productivity, whereas in developing countries there is
not. As far as the time dimension is concerned, Dedrick et al (2003) support that the fact
that ICT investment was not (strongly) correlated with productivity in some previous
studies may have been because firms were gradually learning over time to apply ICT
capital more productively. In a more recent study Brunjolfsson and Hitt (2000) have
found that ICT investment payoffs occur after a lag of 4-7 years. Additionally, there is a
lot of research in the area of business value connecting performance with a firms’ choice
regarding the strategy it follows as well as the type of pressure it faces from its
competitors.
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Therefore firm performance is the outcome of the interplay between the abovementioned
internal and external factors. It is very common that firms in the same national context do
not have the same IT productivity impacts, meaning that they use IT much more
productively than others. Dedrick et al (2003) mention two basic factors that cause those
‘firm effects’: a) specific firm characteristics such as market position, rigidities in cost
structures, brand recognition, and vision and abilities of key executives, who influence
firms’ strategy, and b) specific features of organizational structure, strategy and
management practices that can be compared systematically across companies. They pose
that “...the management of a firm can directly influence these features through
restructuring, new management control systems, process redesign, or by upgrading
employee training.”

As a conclusion we could say that measuring economic performance from ICT
investments is a hard task for firms since it necessitates a lot of aspects to be taken into
account. According to Brynjolfsson and Hitt (2000) its main difficulty is to identify all
costs stemming from ICT investments. A new ICT asset requires the necessary changes in
the structure and processes of an organization in order to operate effectively. Dedrick et
al. (2003) claim that apart from the direct investments in computer software and
hardware, firms underestimate the costs of investing in complementary factors such as
process reengineering and training, which can be much larger than the actual direct
investment in IT. ICT business value is dependent on both internal (firm context) and
external (environmental context) factors. Internal factors are those that should accompany
ICT investments in order to be efficient and play a key role to their success; they are
known as ‘complementary factors’. Through this term are denoted factors related to the
internal functions of the organization, which in combination with ICT can increase the
business value it generates, such as business process redesign, new human skills
development, products and services innovations, ‘soft ICT investment’, etc. (e.g. Devaraj
& Kohli 2000, Arvanitis 2005a, Hempell 2005, Loukis et al 2008b). The main idea of the
term is very well reflected and summarized by the statement of Brynjolfsson and Hitt
(2000) that “..both case studies and econometric work point to organisational
complements, such as new business processes, new skills and new organisational and
industry structures as a major driver of the contribution of information technology’.

ICT investments cause massive transformations, in firms’ structure, as well as in their
processes. Business change is the result of the introduction of new ICTs in any firm.
Among the main research foca of this study is the investigation of the role of business
change, which is the most important complementary factor. The most widely used
approaches to change are ‘Business Process Reengineering’ (BPR) and 'Total Quality
Management' (TQM). BPR was first presented in two articles written by Hammer (1990)
and Davenport & Short (1990), though it incorporates some theories and tools already
existing in management science and practice. It was introduced as a means to “break
away from the outdated rules and fundamental assumptions that underline operations”
(Hammer and Champy, 1990). It is defined as “the fundamental rethinking and radical
redesign of business processes to achieve dramatic improvements in critical measures of
performance such as cost, quality, service, job satisfaction, and speed” (Hammer and
Champy, 1993). Another more holistic definition offered by Al Mashari and Zairi (2000,
p. 36) about BPR is “...a continuum of change initiatives with varying degrees of
radicalness supported by IT means, at the heart of which is to deliver superior
performance standards through establishing process sustainable capability”. BPR
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incorporates change in processes, people and technology with business vision, structure
and relationships within an organization.

Another widely used approach, which is less radical and aims at long-term continuous
improvements, is ‘Total Quality Management” (TQM). It is defined by the *International
Organization for Standardization” (ISO) (http://www.iso.org/iso/home.htm) as “a
management approach for an organization, centered on quality, based on the participation
of all its members and aiming at long-term success through customer satisfaction, and
benefits to all members of the organization and to society”. According to Collins (1996)
TQM is a management philosophy which highlights the need to improve the quality of
goods and services in order to better utilize the resources of organizations. During the last
years TQM is regarded as a proven systematic approach to the improvement of the
organizations’ overall business processes, including products and services.

The role of BPR and TQM in the relationship between ICT investment and business
performance is an issue, due to the fact that existing literature either does not offer a
satisfactory number of empirical studies, or the results are inconsistent. Besides, since the
decision about conducting a BPR or TQM project is taken by top management, it is very
interesting to examine if those decisions are taken as a result of changes or pressures from
the external environment of the firms, as well as if they are the outcomes of a business
strategy with particular objectives. In other words, we should examine whether business
performance is influenced by external factors, as well. According to Tallon (2007)
business strategy is defined as “the determination of the basic long-term goals of an
enterprise and the adoption of courses of action and allocation of resources necessary for
carrying out these goals”. In order therefore to capture the entire value creation process by
an organization, we should also examine the role of strategy in the realization of ICT
investments and the creation of business performance.

Figure 1.1 shows the surroundings of an organization, as well as the internal part of them.
Organizations do not operate as distinct entities, isolated from their competitors and,
generally, their external environment. As business environment could be regarded
anything that affects an organization, but does not belong to it, in other words its
surroundings. The environment has an impact on the strategy, decisions, processes and
performance of the firms. It could be distinguished into two categories: the micro
environment, consisting of different types of stakeholders - customers, employees,
suppliers, board of directors and creditors, and the macro environment, which includes
factors which are beyond the control of the business, social, technological, economical
and political. Changes in the microenvironment will directly affect and impinge on the
firm's activities. Changes in the macro environment will indirectly affect the business but
will nonetheless affect it.

As we can see in the figure below organizations are affected by external (industry,

competition, market, etc.) as well as by internal factors (among which is strategy,
processes, which are supported by particular IS, etc).
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Figure 1.1: Factors affecting organizations

The impact of ICT investments on firm performance represents the evaluation of those
ICT assets at a firm level mainly in economic terms. However, it does not provide
information about the impact of those assets on the everyday operations of the
organizations, the extent of utilization and the value they deliver on the firms’ various
stakeholders. Irani (2008) supports that “to view evaluation in simple cash or cost-benefit
terms only addresses one particular area of expectation when engaging an IS project.
Although a cash return on investment is necessary for a business operation to remain
healthy a positive result cannot be taken as an indication that the project will succeed to
meet its stakeholders’ expectations. The acquisition of ICT assets enables firms to employ
particular 1S for supporting their processes. Apart from the various complementary
factors at a firm-level, business performance is also influenced by the efficient and
effective utilization of particular 1S. The extent of success of particular IS should
therefore be evaluated. The whole point of IS evaluation is to predict (ex ante) or assess
(ex post) how well an IS project meets the various expectations of stakeholders. Therefore
after the investigation of the abovementioned aspects we also deal with the evaluation of
IS at a system level, having as main objective to detect the pros and cons of particular 1S
and to decide what improvements should take place in order to increase the value it
delivers to stakeholders. The main question is whether a specific IS utilizes effectively its
resources and produces value for its users, which will contribute to performance
enhancement at a firm level. This investigation bridges the gap between economic
evaluation of an IS investment and success or business value assessment of particular IS.

1.2 Motivation

Taking into account the literature review we conducted in the above areas, which is
presented in the following chapters, the main motivations for conducting the present
research are:
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Existing studies have widely discussed and emphasized the role and the potential
of business process change as mediator of the relationship between ICT and
business performance; however they have empirically investigated it only to a
very limited extent. Furthermore, most of this limited previous empirical research
focuses mainly on BPR and neglects TQM, even though the later represents a
widely adopted paradigm of business process change. Additionally, these
empirical studies are not based on theoretically sound models, omitting thus
important independent variables that affect substantially their selected measures of
business performance, such as non-ICT capital, labor, etc., and use various
subjective measures of business performance as dependent variables. Finally,
there are no empirical studies investigating the mediation effects of both BPR and
TQM on the relationship between ICT and business performance using the same
firm-level dataset, which would allow for a comparison between them.

Regarding the moderating role of BPR on ICT business value, previous studies
have investigated it only to a very small extent, while the moderating effect of
TQM on ICT business value has not been empirically investigated. Even these
very few empirical studies of the moderating role of BPR are not based on
theoretically sound models including all the fundamental variables; Therefore
further empirical research is necessary concerning the moderating effects of the
two different business process change paradigms (BPR and TQM) on ICT
business value in various sectoral and national contexts.

The extent of process change in organizations (expressed through BPR and TQM
activities) has not been measured in a reliable way. There are studies, which use
only one item, or a small number of items that cannot capture the
multidimensional nature of the two main process change paradigms. A need has
therefore been identified for a multi-scale and reliable measurement of BPR and
TQM.

The positive effects of ICT investments, BPR and TQM on business performance
have been extensively mentioned by the existing literature. However little is
known about the antecedents of ICT investments, i.e the factors that make
managers take investment decisions. Among those factors is business strategy. It
is a fact that business performance is closely related to the strategy of the firms
and is measured aligned with the particular strategic choices of each. EXisting
literature has studied (though to a small extent) the intervening roles of BPR and
TQM in the ICT-performance relationship. It has also studied, the role of IT in
strategy implementation and their effect on business performance (Theodorou and
Florou, 2008). However BPR and TQM have been studied separately, as distinct
process change paradigms. Besides, performance is influenced by non-ICT
investment as well, its ‘traditional’ capital, especially in the industry sector. It
would be therefore interesting to study the effects of strategy on both ICT and
non-ICT capital, process change (expressed through BPR and TQM), and, finally
the contribution of all to business performance.

Furthermore, there are a lot of studies describing the relationship between external
environment and business performance. Similarly, there are studies relating the
various environmental dimensions with business change (BPR, TQM or other
form). However, our literature review has not conveyed empirical studies on the
relationship between environment and ICT investment. As a conclusion, there is a
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serious gap in the literature regarding a study, which integrates all those variables
(which have been sporadically mentioned) into one single model. In other words,
a study regarding the interplay between external environment, ICT/non-ICT
investment, BPR or TQM (as business transformation paradigms) and
performance, is missing.

e There is also a serious lack of empirical investigations of these issues in various
national contexts (characterised by various levels of economic development), and
also of international comparative studies, which investigate the relations among
the above factors and with business performance in more than one countries, using
the same survey instruments and data. Such studies would allow international
comparisons, which would provide a better insight of the effect of the national
context on the above (critical for the performance of organizations) networks of
relations.

e Taking into account that the impact of ICT investment of a firm on its productivity
and performance is achieved through the development of particular IS, it is
necessary to extend the above firm-level research towards system-level as well,
aiming at investigating and evaluating of the productivity of particular 1S and its
main determinants.

1.3  Aims of the study and research objectives

The current PhD dissertation attempts to investigate the role of some key complementary
factors in the creation of ICT business value. By developing complex models of ICT
value generation, including both ‘internal’ and “‘external’ factors, it examines the interplay
between them and also their combined effect on ICT business value, providing a deeper
understanding of the mechanisms of ICT business value generation.

Having as basic foundation the Cobb-Douglas production function, which constitutes a
sound foundation from the area of microeconomics that has been extensively used in the
past for estimating the contribution of ICT investment to firm output (Brynjolfsson & Hitt
1996, Stolarick 1999, OECD 2003, etc.), this study attempts to shed light on the ICT
business value generation process. This has been realized by examining the role of the
external environment, business strategy, ICT and non-ICT investments, BPR and TQM
(complementary factors), and also their interpley, on business performance. Additionally,
as mentioned above, the role of national context has beeen empirically examined in
respect to the above, since it is regerded as playing a significant role in the structure,
operation and culture of the organizations, as well as in their performance (Hofstede,
1991). Finally, an extension at system-level has been made, so as to determine the basic
determinants of IS value.

The main research questions of the present study are:

1. What is the role of the major complementary factor, business process change, in the
relationship between ICT investment and business performance?

2. What is the impact of the external environment and business strategy on the firms’
decisions on ICT (and non-ICT) investments, the extent of business transformation and
business performance?
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4. What is the effect of ICT capital and its main complements, such as human capital,
new organizational practices (representing business process change), and also their
combined use, on labour productivity; Does national context play a significant role on the
above?

5. Are there any potential ways of measuring and enhancing the business value of
particular 1S (system-level value), in order to be able to achieve firm-level (business
performance) improvements?

1.4 Contribution

The present thesis makes the following contributions to ICT business value and IS
investments evaluation research:

e First of all, it is based on a sound and established theoretical foundation from the
area of microeconomics, the Cobb-Douglas production function, so it includes all
the fundamental independent variables, such as ICT and non-ICT capital, and also
labour, which affect business performance, which is measured through an
objective and widely accepted measure, firm Value Added.

e Second, it develops multi-item scales for measuring BPR and TQM (representing
the extent of process change), which have been created based on extensive review
of the relevant literature and then tested in terms of validity and reliability using
the methods proposed by the relevant statistical literature. These multi-item scales
will be used for addressing the above research questions, which include as vital
components BPR and TQM.

e Third, it fulfills the existing research gap regarding the role of business process
change as a mediator in the relationship between ICT and business performance.
This is accomplished by empirically investigating and comparing the mediation
effects of the two main paradigms of business process change, BPR and TQM, on
the relationship between ICT investment and business performance; moreover it
empirically investigates and compares the mediation effects of BPR and TQM on
the relationship between non-ICT investment (‘regular capital’, such as
mechanical equipment, physical structures, etc.) and business performance, and
proceeds to a comparison between ICT investment and non-ICT investment in this
respect.

e Fourth, it provides an empirical investigation and comparison of the moderating
role of the two basic process change paradigms, BPR and TQM, on the business
value generated for firms by their ICT investments, which aims at contributing to
filling the existing research gap on this issue. It also provides useful managerial
hints regarding the most widely accepted and used, as well as the most influential
BPR and TQM activities. Another important contribution of this work was the
identification of the “most valuable” BPR and TQM activities by constructing
regression models with each activity separately

e As a fifth contribution, it moves one level ‘ustream’, by empirically investigating
the effect of business strategy on firms’ investments (ICT and non-ICT), its
abovementioned basic complements, BPR and TQM, and finally firm
performance. By adapting Porter’s framework of strategy typologies we have
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extracted useful conclusion regarding performance variations related to strategic
choices on behalf of the firms’ top management.

Sixth, in the same direction this Dissertation conducts an empirical investigation
of the impact of the external environment on firms’ investments (ICT and non-
ICT), extent and nature of process transformation (examining both BPR and
TQM), and business performance. Porter’s five forces industry analysis model has
been used for operationalizing the environment of organizations.

Seventh, it realizes (for the first time in Greece) a comparative international
empirical study of the effect of ICT capital, human capital, new organizational
practices (representing business process change) and their combined use, on
labour productivity, in Greece and Switzerland, based on firm-level data from
both countries. Both the Greek and the Swiss part of this study are based on the
same questionnaire and samples of similar composition (concerning firm sizes and
sectors), and also use the same variables and models specification, being therefore
comparable. Another contribution is that it is the first study of this type for
Greece, whose economy is quite different from the economies of the highly
developed countries, in which most of the empirical studies on these research
questions have been conducted.

Finally, it extends the above firm-level research for the level of an individual IS,
developing and testing empirically an extension for investigating and evaluating
of the productivity of particular IS and its main determinants by estimating ‘Value
Flow Models’.

Based on the contributions and results of this Dissertation, the following publications
have been produced:

Journal papers

Pazalos, K., Loukis, E., Georgiou, S. (2009). Evaluating e-courses based on value
flow models estimation, International Journal of Applied Systemic Studies,
XX(XXXX).

Loukis, E., Pazalos, K. (2009). An Empirical Investigation of the Moderating
Effects of BPR and TQM on ICT Business Value, Journal of Enterprise
Information Management, 22(5).

Conference Papers

Konstantinos Pazalos, Euripidis Loukis, “An extended Methodology for e-
Learning Evaluation Based on the Accomplishment of Educational Objectives”,
EDEN 2006 Conference, Vienna

Euripidis Loukis, Konstantinos Pazalos, Fotini Michailidou, ““ Electronic Col-
laboration Networks in the cultural heritage domain: the e-RMIONE pro-
ject”, EGOV 2006 Conference, Krakov.

Konstantinos Pazalos, Vassilis Nikolopoulos, Euripidis Loukis, Athena Thanou,
Martin Ulmann, “e-RMIONE-An e-Learning Resource Management Service for
Constructing Interoperable Networks in the European Cultural Heritage Domain”,
EDEN 2006 Conference, Vienna
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e Euripidis Loukis, Konstantinos Pazalos, “ A Methodology for the Evaluation of
an e-Learning Service in the Cultural Heritage Domain”, ETPE 2006 Conference,
Thessaloniki.

e Euripidis Loukis, Stelios Georgiou, Konstantinos Pazalos, “A Value Flow Mod-
el for the Evaluation of an e-Learning Service, ECIS 2007 Conference, 7-9 June,
St. Gallen, Switzerland.

e Alexandra Zgouva, Konstantinos Pazalos, “Integrating e-Learning in Enterprise
Information Systems: A Strategy for Effective Development and Evaluation”,
EDEN 2007 Conference, Naples, Italy.

o Kaovortavrivog Mafdrog, Evpumiong Aovkng, Ztéhog ['empyiov, “Eva povtélo
pong a&iag vy v a&loAdynon NAEKTPOVIKOV VINpectdv”’, 30 cuvédplo EAAnvi-
KN Etarpiog Zvomukdv Meretav, Tepaidg, Mdiog 2007.

e Loukis, E., Pazalos, K., and Georgiou, S. (2008) “The Moderating Role of BPR
and TQM on ICT Business Value”, European Mediterranean Conference of In-
formation Systems, May 2008, Dubai, UAE.

e Loukis, E., Pazalos, K. (2008). “The Intervening Role of BPR in the ICT - Busi-
ness Performance Relationship”. In Proceedings of the 12™ Pan-Hellenic Confer-
ence of Informatics, Samos, Greece.

1.5 Structure of the Dissertation

This introductory chapter is followed by chapter 2 describing the conceptual background
of this Dissertation based on a review of the existing literature regarding business value,
productivity, performance and evaluation. Furthermore the notions of external
environment, business strategy, BPR and TQM are described in detail and a further
analysis on the relationship between ICT investment and business performance is made.

In chapter 3 the research methodology and data collection process of this empirical study
are described. The basic foundations of this Dissertation (such as the Cobb-Douglas
production function) and the main tools that have been used for data analysis (such as
Structural Equation Modelling (SEM)) are analyzed.

Chapter 4 examines empirically the mediating role of BPR and TQM, as main process
change paradigms, after a critical review of the literature regarding this relationship,
while chapter 5 empirically investigates the moderating role of BPR and TQM. The
following chapter 6 goes one step upstream, dealing with the network of relationships
between business strategy, BPR, TQM, ICT and non-ICT investment, and finally business
value. In the next chapter 7 the role of the external environment in respect to the same
critical factors, is empirically investigated. In chapter 8 an international comparison of the
effects of the various forms of capital used by organizations in modern economy
(‘traditional’ capital, computer capital, human capital, organizational capital (new
organizational practices)) on labor productivity, in Swiss and Greek firms, in order to
shed light on the role of national context concerning these effects.

Chapter 9 extends this firm-level research for the individual system-level. After a detailed
review of the literature regarding system-level IS evaluation, it describes a new approach
for evaluating IS value, through the estimation of value flow models, aiming at capturing
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the value-flow creation process, and identifying the main weaknesses of this IS, which
need improvements. Furthermore, an application of this approach for the evaluation of an
e-learning system is described. Finally, chapter 10 summarizes the conclusions drawn in
this Dissertation.

CHAPTER 2

Conceptual Background
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2.1 IS Evaluation

As mentioned earlier, firms nowadays are investing great proportions of their assets on
IS, in order to better manage their resources and gain competitive advantage among their
rivals. Consequently, they wish to know whether their investments are effective, in other
words, whether the utilization of the new software or hardware equipment has caused
positive changes that are depicted in the economic results. Therefore they need a
mechanism, a process, which will be able to assess the outcome of their utilization. This
process is called IS evaluation. Smithson and Hirscheim (1998) define IS evaluation as
“the assessment or appraisal of the value, worth, or usefulness of an information system”.
Another definition has been offered by Smithson and Tsiavos (in Avgerou et al; 2004):
“evaluation is an organizational process to establish by qualitative or quantitative means
the worth of an IT system to the organization. In other words it is a management
judgement of the value of a particular system in a particular organizational context” (p.
208). According to Smithson and Hirschheim (1998) evaluation is endemic to human
existence and, hence, an automatic response to a changing situation. In the case of IS the
need for evaluation becomes more and more urgent as dramatic organizational changes
associated with IS take place. Evaluation provides the basic feedback function to
managers, being essential for problem diagnosis, planning and reduction of uncertainty
(Hawgood and Land, 1988). This issue becomes more important considering the low
perceived success rates achieved in the development of new IS, which have been
estimated to be as low as 30-40% (Willcocks and Lester, 1993).

Traditionally 1S evaluation has focused on a cost-benefit analysis regarding the
introduction of a new system in an organization. Over the years however, those studies
were found to capture only a small proportion of IS value. The key evaluation points were
the feasibility study (forecasting the likely impact of the new IS) and a post-
implementation assessment of the actual impact. Therefore there has been a need to adopt
a wider perspective of evaluating IS, since this process has yet been regarded as complex
and multidimensional.

The first problem concerns the level of evaluation. Smithson and Hirscheim (1998)
propose five different levels: macro, sector, firm, application and stakeholder, with
different concepts, frames of reference and criteria applying at each level. The
introduction of a new IS is normally expected to improve the productivity of its users. At
a firm level, for example, the introduction of a new IS may impact in economic terms (e.g
costs, output, turnover), organizational terms (e.g changes in organizational structure or
procedures), social terms (e.g social interaction, quality of working life, organizational
culture) and management terms (e.g decision making and access to information). It would
be therefore problematic to isolate any of the above factors, which influence the process
and cause costs or benefits.
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Additionally, a new IS may have unplanned consequences or unexpected events may
arise. The decision thus of ‘what’ to measure is extremely difficult since there are not
only ‘tangible elements’, but also ‘intangible’ (Brown, 1994). This is the main reason
why early is evaluation studies did not achieve to identify a positive relationship between
IS investments and firm performance (productivity paradox).

IS evaluation entails other numerous difficulties as well. IS are social systems evolving
over time making it so difficult to curry out an evaluation process. Smithson and Tsiavos
(in Avgerou et al.; 2004) argue that “an evaluation is not the result of the efforts of a
single group of stakeholders, but rather of the complex interplay of various actors, both
human and non-human” and that “an evaluation is a series of episodes, a process that
comes from the past, but looks forward to the future. It may sometimes seem rational,
orderly, and stabilizing, but it is never static; Rather, it is a dynamic process that is always
changing.”

On the other hand, learning difficulties of users may cause a lag in delivering benefits
(Brynjolfsson, 1993). There could be also mentioned other problems like lack of
understanding of the human and organizational costs involved, the danger of over and
understating costs, neglect of intangible benefits and risks, the use of inappropriate
measures, and the problems with traditional finance-based evaluation techniques
(Willcocks and Lester, 1993). Moreover, Canevet and Smithson (1994) mention that
organizations face difficulties in getting users to participate, choosing appropriate
measures, measurement inaccuracy and the acceptability level of results. Powell (1992)
mention the following reasons explaining the lack of formal IS evaluation studies:
ambiguity concerning organizational goals, the belief that IT is “strategic’ and thus not
amenable to formal evaluation, situations where there is no alternative or where cost is
unimportant, a climate of cynicism and perceived failure due to past IS disasters, and
difficulties in obtaining senior management support for IT projects.

Over the last years there have been considerable changes in the business, organizational
and technological contexts within which IS evaluation is carried out. These have mostly
increased the need for evaluation as well as the complexity of the process. The variety of
IS which have been developed for serving different purposes demands for the existence of
different IS evaluation methodologies and tools. Farbey et al. (1995) supported that there
are lots of IS categories, each one having different aims, producing different kinds of
benefits and value, leading to the need of developing different evaluation methods for
each. They group IS into eight categories, according to the approach needed for
evaluating them, suggesting a distinct evaluation method for each. These categories,
arranged as benefits ‘ladder’ (Figure 2.1), range from mandatory changes, on the first
rung, to business transformation on the top rung.

Each rung represents a different kind of 1S, according to the extent and magnitude of
change it causes to the organization. Going up the ladder the potential benefits as well as
the uncertainty concerning the results, risks and communication difficulties increase
gradually. More particularly the eight categories of IS are: mandatory IS, automation IS,
direct value-added 1S, management IS (MIS)-decision support systems (DSS),
infrastructure IS, interorganizational IS, strategic IS and business transformation IS.
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Another important aspect before one proceeds with IS evaluation, is the understanding of
the purpose of the evaluation, or ‘why it is being carried out?’. This ‘why’, according to
Smithson and Tsiavos (2004), has considerable implications for the design, and the
expected, or permitted, outcomes of the evaluation. Consequently, the various reasons for
performing an evaluation lead to numerous roles (abstract level of analysis-political,
consensus achievement, organizational exploration and organizational learning) and
modes (at a lower level of analysis-feasibility study, impact analysis, performance
measurement, problem diagnosis, risk assessment, and portfolio optimization) of
evaluation.

business
transformation IS

strategic IS

inter-organizational IS

infrastructure IS

MIS-DSS

direct value added IS

automation IS

mandatory IS

Figure 2.1: The ladder of Farbey et al. (1995)

The choice of a particular role and mode will lead to decision making regarding the
aspects of the system that will be evaluated, as well as the evaluation methodology and
metrics that will be used (e.g. cost-benefit analysis, user satisfaction survey, technical
benchmarks). Finally one should also take into consideration and analyze the context
within which the organization (beholder of the IS) operates. Pettigrew (1985)
distinguishes outer from inner context. Outer context is the social, economic, political and
competitive environment. Inner context refers to the structure, corporate culture, and
political context within the organization, through which ideas for change have to proceed.

2.2 Business performance

Performance is an imprecise concept, open to a variability of definitions. According to the
Oxford English Dictionary, it can be defined as “the accomplishment or carrying out of
something commanded or undertaken: the doing of an action or operation” and “the
quality of execution of such an action, operation, or process; the competence or
effectiveness of a person or thing in performing an action; especially the capabilities,
productivity, or success of a machine, product, or person when measures against a
standard”. According to Folan et al (2007) the idea of performance itself is probably one
of the least understood, or certainly the one where the greatest leap of intuition is used, as
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the initial starting point of the researcher. Lebas (1995) states that it is a frustrating term
to define, with few people agreeing on what it really means.

Firms face many difficulties to measure their performance at the firm level since it is
difficult to identify all costs during the production process, especially those costs
stemming from IT investments (Brynjolfsson and Hitt, 2000). However, the elusive
competitive environment, which demands non-stop performance improvement, as well as
the continuously falling costs of the appropriate technology for measuring performance
have brought performance evaluation among the top managerial priorities (Lynch and
Cross, 1991, Johnson, 1995).

In the last decade interest in measures of performance (or effectiveness) has grown
enormously. The era of the “productivity paradox” gave birth to a continuous debate
regarding the various ways business performance should be measured. The inability of
the traditional economic performance measures to provide evidence for a statistically
significant and positive relationship between ICT investments and performance (the case
of the ‘Productivity Paradox), made researchers wondering about whether they were
using the right metrics. However, the need for realizing complementarity investments (as
discussed in section 1) complicates the situation and requires additional metrics for
measuring business performance. Hogue (2004) notes that the emergence and extensive
use of “benchmarking”, “BPR” and “TQM?” necessitated the performance measurement in
all dimensions, financial as well as non-financial.

The notion of performance has not been treated in the same way by all researchers.
According to Folan et al. (2007) “the idea of performance itself is probably one of the
least understood, or certainly the one where the greatest leap of intuition is used, as the
initial starting-point for the researcher”. The problem is that not all people understand
performance in the same way. Lebas (1995) notes that performance is a frustrating term
to define, with few people agreeing on what performance really means. According to the
Oxford English Dictionary it takes three basic definitions: a) the accomplishment or
carrying out of something commanded or undertaken: the doing of an action or operation,
b) the quality of execution of such an action, operation, or process, c) the extent to which
an investment is profitable, especially in relation to other commodities (from business).
Dedrick et al (2003) support that economic performance can be interpreted in many ways,
according to the desired level of analysis: country level (the measure used is economic
growth=GDP or the rate of change in real output) and firm level (known measures are
labor productivity and profitability).

The choice regarding performance measures is crucial since it may influence the final
results of our research. According to Badri et al (2000) the appropriateness of the
performance measure to use may depend on the circumstances unique to the study. In all
circumstances the choice of performance measures in performance evaluation is essential
to enhanced organizational performance (Hogue, 2004).

There are various existing studies measuring business performance using financial
measures. Koka and Prescott (2008) measured business performance as a dependent
variable by sales/employee in constant US dollars. The reasons for choosing this
productivity measure were the following: 1) it is consistent with the way productivity is
measured at the macroeconomic level (output/man hour), 2) provides a measure of the
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efficiency of the firm’s operation, 3) differences in accounting practices prevented them
from utilizing accounting measures of performance given that their data were collected
from over 40 countries. Mahmood and Mann (2000) measured the impact of IT
investment on firm performance by selecting six direct measures: ROI, ROS, growth in
revenue, sales by total assets, sales by employee, and market to book value. After an
exhaustive review of the literature they identified the following five IT investment
measures: IT budget as a percentage of revenue, value of an organization's IT budget
spent on staff, percentage of IT budget spent on the training of IT staff, and number of
PC's and terminals as a percentage of total employees. They found that IT investment
measures were weakly associated with individual organizational, strategic and economic
performance variables.

Davis et al (2002) used also financial metrics, assessing performance in terms of
profitability, using two measures of profitability, Return on Assets (ROA) and Return on
Sales (ROS). In particular they asked managers (through a five-point Likertscale) to
compare their business unit’s ROS and ROA over he last year with similar firms in their
industry. They argued that the advantage of their approach was that respondents’ ratings
reflected intra-industry performance outcomes common across the sample firms.
Similarly, Byrd et al (2006) followed another approach trying to estimate business
performance. They created a performance construct including: pretax profits for the past
year per employee and revenue for the past year per employee.

In the last years an increasing number of studies including non-financial measures of
performance has been emerged. Hogue (2004) used a combination of financial and non-
financial measures, a well-tested and robust instrument initially developed by
Govindarajan (1984). The questionnaire asked respondents to asses their organization’s
performance over the past three years, across 12 dimensions: operating profits, ROI, sales
growth rate, market share, cash flow from operation, new product development, market
development, R&D, cost reduction programs, personnel development, workplace
relations, and employee health and safety. Similarly, Hyvonnen (2007) used a
combination of contemporary and financial performance measures as indicated by Innes
and Mitchel (1995). Contemporary measures included non-financial measures, qualitative
measures, balanced scorecard and customer satisfaction surveys. Financial measures
included budget variance analysis, controllable profit, divisional profit and ROI. The
results however of her study indicate that managers find it difficult to use contemporary
performance measures in complex business environments.

Finally, Tallon (2007) tried to measure IT business value by first viewing IT impacts at
the process level of the organization, following the argument that the first-order impacts
of IT spending occur at the process level (Barua et al., 1995; Melville et al., 2004). Thus
he used the five primary processes of the value chain (supplier relations, production and
operations, produce and service enhancement, marketing and sales support, and customer
relations) with 5 items (questions) per process. Financial performance was measured with
margin and asset turnover, return on equity (ROE), and sales markup.

The authors of the abovementioned studies supported that the focus on traditional
performance metrics distracted the attention from also important non-financial factors,
such as market share, customer satisfaction, efficiency and productivity, product quality
and employee satisfaction, which could also be considered as a dimension of
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performance. A second argument was that non-financial metrics might help managers to
recognize changes in the business environment, determine and assess progress towards
business objectives, and affirm achievement of performance goals (Kaplan and Norton,
1996).

Despite the fact that non-financial (or contemporary) measures are being more and widely
adopted, however their contribution to performance improvement is questionable.
According to Hyvonen (2007) “while there has been extensive interest in the role of
contemporary measures to assist in developing differentiation strategies including
customer-focused strategies, survey evidence suggests that financial measures remain
important to managers”. Objective performance measures are preferred to perceived
measures of performance. The latter can be used and are recommended as a substitute
when objective measures are unavailable (Badri et al; 2000).

Dedrick et al (2003) developed a conceptual framework (figure 2.2) of economic
performance that offers a general view by enabling the definition of the key variables and
relationships mentioned in the various research studies concerning this issue. The
framework identifies the various inputs (labor, capital, etc) to the production process, as
well as the complementary factors that affect substantially the outputs (value-added,
GDP) and, consequently, the outcomes (economic growth, profitability, labor
productivity, consumer welfare) from the specific inputs. The framework makes a clear
distinction between the levels of analysis (firm, industry and country level).

Organization and management practices
Industry organization and regulation

Economic structure, government policy, Complementary
and investment in human capital Factors
Inputs Process Outputs Outcomes
. Value -Added )
Labor Imp'rovement in the Measured at three Economic
Capital production process due to: levels: performance:;
; L Capital deepening > ’ > Economic growth
* [T Captal . Technical Progress Country level Profitability
« Non-ITCapital ; Industry Level
Labor quality Firm Level Consumer welfare

Figure 2.2: The conceptual framework of economic performance (Source:
Dedrick et al; 2003)

2.3 Business Value of ICT Investments

Today the great importance of ICT on firms’ survival and growth is widely recognized.
However there is still an ongoing debate about whether ICT can cause differential
business value to an organization over its competitors. The problem of measuring the
benefits of employing ICT emerges again. Business performance is an indicator of the
outcomes, but has a serious disadvantage: It neglects the process of value creation. As
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mentioned in the introduction, relevant research is at its 4™ period regarding the
investigation of the relationship between ICT investments and performance (Loukis et al
2006, Melville et al 2007), trying to identify the role of external factors (generalized
competition, industry concentration, industry dynamism), their linkage to business
strategy and to complementary factors within the organization. In other words emphasis is
placed not only in the performance of the firms, but also in the various ways of reaching
it. The need for a holistic approach of business value creation from ICT investment is
necessary more than ever.

Various theories have tried to explain the value creation process. Among the most famous
economic theories is the production theory (Morrison and Berndt, 1991). It posits that
firms employ a method for transforming various inputs into outputs, which is generally
represented by a production function. Organizational inputs include labour, materials and
capital. Organizational outputs include the products and services delivered by the
organization. IT, which captures, transmits, stores and disseminates information, can
support work systems by influencing the combination of inputs that can be used to
generate a certain level of output (Radhakrishnan et al., 2008).

In the current dynamic and competitive environments firms have to realize the changes
and keep up. However managers complain that strategic planning is too static and too
slow (Collis and Montgomery, 2008), compared to the changes required. The traditional
economic approaches, combined with the notions of quality management and process
reengineering have dominated management thinking since late 80’s. However those
approaches cannot grasp the intangible dimension of current complex organizations. As a
result, a new organizational approach appeared, named resource-based view (RBV-
Barnley, 1991). RBV offers very rational explanations on how a company’s resources
drive its performance in a competitive environment. Resources could be defined as the
wide variety of tangible and intangible factors from reputation to interorganizational
relationships in place (Galbreath and Galvin, 2008). The main idea is that the key point
for gaining competitive advantage is the best possible exploitation of the available
resources. In terms of strategy a resource is valuable if it is hard to copy, it depreciates
slowly, is controlled by the company (and not by customers, suppliers or other
stakeholders), cannot be easily substituted and it is better than competitors’ similar
resources (Collis and Montgomery, 2008). The RBV combines the internal analysis of
phenomena within companies (a preoccupation of many management gurus since the
mid-1980s) with the external analysis of the industry and the competitive environment
(the central focus of early strategy approaches) in order to explain in clear managerial
terms why some competitors are more profitable than others, how to put the idea of core
competence into practice and how to develop diversification strategies that make sense
(Collis and Montgomery, 2002). Its main characteristic is that it does not see firms’ high
returns as the result of a favourable industry structure, but rather as a result of their access
to unique, or otherwise costly-to-copy resources (Stoelhorst and Raaij, 2002).

One of the greatest debates of management-related literature concerns the extent of the
impact of industry structure and firm factors on business performance. The most crucial
point of the debate regards the importance of external factors (industry structure)
compared to internal factors (resources) and the extent of their impact on business
performance. The reason for this debate was the existence performance variation even
between firms operating in the same sector and/or of similar size. Interest in industry
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structure as a variable for explaining performance variation has been expressed since the
middle of the last century (Bain, 1954) as a research topic of industrial organization (1/0).
However, a complete and widely accepted framework had not been developed until 1980
when Porter managed to offer a tool for explaining how exogenous factors impact firms
in a given industry. Stoelhorst and Van Raaij (2004) note that Porter’s framework has
concentrated the focus of much attention in the extant literature, particularly with respect
to analyzing performance differentials.

On the other hand a firm utilizes its resources and capabilities according to the strategy it
has chosen to follow. According to Collis and Montgomery (2008) superior performance
will be based on developing a competitively distinct set of resources and deploying them
in a well-conceived strategy. Since Miles and Snow (1978) and Porter (1980) introduced
their generic strategy typologies, many researchers have sought to determine the ‘best
strategy’ among other proposals. The drawback of all those studies is that they appear to
be oversimplified in their consideration of only one primary variable-strategy-in the
determination of business performance. Instead, the existing literature suggests that the
strategy-performance relationship is moderated by a variety of industry and
environmental variables. In other words, superior business performance appears to be
linked not only to generic strategy, but also to other organizational and environmental
factors, which influence the success or failure of a given strategy (Barney, 1991).

Melville et al. (2004) tried to describe the IT business value creation process. By
reviewing the existing literature on the role of IT investment on business performance
they reached to the following conclusions: a) IT impacts organizational performance via
intermediate business processes, b) other organizational resources, such as workplace
practices interact with IT, whether as mediator or moderator, in the attainment of
organizational performance impacts, c) the external environment in IT business value
generation and d) it is important to disaggregate the IT construct into meaningful
subcomponents. Based on those conclusions they posited that the locus of IT business
value generation is the organization that invests in and deploys IT resources, which we
call the focal firm. But external factors also play a role in shaping the extent to which IT
business value can be generated and captured. More particularly, the competitive
environments as well as the macro environment are salient to IT business value
generation. Figure 2.3 shows the model, which describes the business value generation
process, according to Melville et al (2004).

Tallon and Kraemer (2007) tried to bridge the gap between qualitative and quantitative
measures of ICT business value by combining perceptual and objective metrics in a way
that is mindful of the strengths and limitations of each. They developed a model that
related what executives notice about process-level IT impacts with sense making-based
perceptions of IT impacts at the firm level, and firm performance as the ultimate arbiter of
perceptual accuracy (figure 2.4). Their work managed to highlight a variety of IT impacts
at the process level, thereby reducing the risk of mismeasurement of IT impacts, which is
a common issue when measuring it using only financial measures.

As a conclusion on the above we could say that investing in ICT is a necessary but not the
only condition in order to enhance business performance and gain competitive advantage.
Technology itself is not a unique, costly to copy resource. Rather its combination with the
appropriate process change, the choice of strategy type and the impact of the external
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environment, will influence the final outcome. Therefore, a holistic approach should be
undertaken so as to comprehend the complete value creation mechanism.

Macro Environment

Country
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Competitive Environment l

Industry
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Figure 2.3: The business value generation process (adopted from Melville et al, 2004)
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Figure 2.4: Financial and non-financial IT impacts (Source: Tallon and Kraemer, 2007)

In the coming sections follows a detailed presentation of the main factors complementing
ICT in rder to produce value. In particular, it includes the main business change
approaches (Business Process Reengineering and Total Quality Management), as
complementarity investments, as well as a literature review on external factors that
contribute to business value creation (according to figure 2.3), business strategy and
external environment.

2.4 Organizational Change as complementary factor

As mentioned in the introduction, firms invest in ICT in order to enhance their
performance. Additionally to those investments there are other investments that have to
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be made as well, known as ‘complementary investments’. The most important
complementary investment is business process change, which is expressed in this study
through BPR and TQM.

2.4.1 Business Process Reengineering (BPR)

Apart from the main BPR definitions mentioned in the introduction, the relevant literature
has proposed numerous definitions of BPR the most known of which are:

e “aset of logically related tasks performed to achieve a defined business outcome”
(Davenport and Short, 1990).

e *“any sequence of pre-defined activities executed to achieve a pre-specified type or
range of outcomes” (Talwar, 1993).

All of the abovementioned definitions seem to have a shared understanding of several key
elements, which, according to Kallio et al (1999), are: radical change, dramatic
performance improvements, high potential business benefits, process-based organizations,
customer orientation, IT as an enabler, rapid pace of change, and high risks.

According to Kallio et al (1999) more than 70% of large American and European
companies have adopted BPR as a means to improve their operations. Similarly, 88% of
large corporations in the U.S.A were already using BPR or were about to start a BPR
project. Today BPR is at its second decade, however its importance as a change paradigm
is still undoubtful. Within a dynamic business context, where organizations develop
interorganizational relationships, alliances and other kinds of cross company
coordination, facilitating processes across the boundaries of those organizations, is a
matter of reengineering (Attaran, 2003). The increasing emphasis which is placed on e-
commerce, and the development of new kinds of IS (CRM, WMS, etc) require
organizational databases. Such system integration requires substantial reengineering
(Kalakota and Robinson, 1999). Furthermore in this decade businesses are starting to add
customers, suppliers and other stakeholders, using appropriate technologies, to their
interorganizational process redesign projects, which has been characterized by Champy
(2002) as “X-engineering”.

Despite all those positive things that have been written about BPR, according to many
studies, it has failed to meet the expectations that had been initially placed on it. Existing
literature contains numerous BPR failures: Holland and Kumar (1995) showed that 60-
80% of reengineering programs end unsuccessfully. Moad (1993) reported that most of
the reengineering projects consistently fell short of expectations. Moreover, a critical
examination of BPR by Biazzo (1998) reached to the conclusion that the ‘process’
concept can be understood in terms of sociotechnical systems, and thus, ‘reengineering’
should be forgotten. A prospect of change is only possible under the shield of a long-term
change strategy.

There are many factors preventing the effective implementation of BPR, such as loss of
nerve, focus and stamina, lack of a holistic focus and settling for minor improvement
gains; human and organizational issues, organizational culture, attitudes and skills based;
and resource restrictions and fear of information technology (lIrani et al.; 2000). Holland
and Kumar (1995) note that 60-80% of reengineering programs have been unsuccessful.
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Grover et al. (1995), from an extensive review of the literature regarding BPR came up
with the following categories of problems regarding BPR implementation: management
support problems, technological competence problems, process delineation problems,
project planning problems, change management problems and project management
problems.

However the high potential benefits have tempted companies to adopt reengineering,
despite the high risk of failures (Kallio et al; 1999). Consequently, there are numerous
BPR case studies that prove its influence on the firm’s operational capabilities. In Ford
Motor Corporation reengineering efforts achieved a 75% reduction in the workforce. In
CIGNA reengineering brought about a focus using IT to meet business strategies.
Management style changed from control-based and functional, to leadership based and
team-oriented. The hierarchy was flattened, increasing flexibility (Bower, et al. 1994).
Finally, internet technology used by FEDEX for document automation resulted in a 20-
70% reduce of purchase cycle times. Grover et al. (2001) mention that a BPR project
should emphasize in the following goals: cost reduction, cycle-time reduction, increase in
customer satisfaction levels, increase in worker productivity, defects reduction.

Many studies have tried to identify the conditions under which a BPR project could be
successful. Grover et al (1995) claim that the broad organizational focus and deliberate
nature of BPR requires preparation and deliberate action, support from management,
technical competence, and mitigation of resistance to the change are critical success
factors of a reengineering project. Flynn (1994) concluded in motivation, leadership,
organization-wide ownership, common vision, focus, as well as defined roles and
responsibilities, tangible products, technology support, expert guidance and risk taking.

An extensive synthesis of the reviewed literature by Terziovski, et al (2003) regarding
BPR predictors, came up with six themes: strategy, management commitment,
information technology, customer focus, continuous improvement, and performance
outcomes. Similarly, Kallio et al (1999) identified the following BPR drivers: internal
inefficiency within a company’s current operations, changed customer/supplier
requirements for current products or services, and external changes, uncontrollable and
unpredictable to the industry. The main conclusion regarding the literature review
conducted is that BPR entails a lot of benefits but constitutes a highly risky approach. It
should not be considered as a standalone solution, but should be viewed as a part of a
more holistic approach, as the answer to the pressures of the external environment
(customers, suppliers, competitors, etc) and as the outcome of a long-term strategic
planning from the organizations.

2.4.2 Total Quality management (TOM)

TQM is a management philosophy, which highlights the need to improve the quality of
goods and services in order to better utilize the resources of organizations (Collin, 1996).
It is also defined as the strategic commitment to improving quality by combining
statistical quality control method with a cultural commitment to seeking incremental
improvements that increase productivity and lower costs (Stoner and Freeman, 1992).
During the last years, the TQM concept is a proven systematic approach to the
improvements of the organization’s overall business process, including product and
services (Lau and Iris, 2001). TQM addresses overall organizational performance and
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recognizes the importance of processes along with customer—supplier interfaces, both
internally and externally. Therefore it is considered as an important process change
paradigm, as well.

As with BPR, TQM implementation is not always easy. It can also be a success or failure
depending on how well it is planned, implemented, measured and encouraged. Problems
related to TQM implementation are lack of management commitment and understanding
on the concept of ‘quality’, lack of awareness on the benefits of TQM, improper under-
standing of the measurement techniques used by TQM, lack of a clear implementation
plan, lack of awareness regarding the positive results of continuous improvements, and
ignoring the importance of customers. If organizations overcome those difficulties and
implement successfully a TQM project, they will enjoy numerous benefits, such as re-
duced operating costs, improved employee involvement and company morale, as well as
establishment of a ‘continuous improvement’ attitude. However, existing studies suggest
that TQM programs have not been effective (Hendricks and Singhal, 1997). Other studies
mention some minor, discontinuous process improvements on a small scale to several
strategic business units within a company, such as Ford's accounts payable with respect to
Mazda (Hammer, 1990), Zerox inefficient office systems with respect to Canon (Daven-
port and Short, 1990), or IBM's Credit's inefficient approval process (Hammer and
Champy, 1993). All those cases, despite the fact that they keep breast of technological
improvements, competitive pressures and customer requirements, they fail to take into
account step changes in technology, or to drive changes across divisional boundaries, be-
ing thus incapable of making significant bottom line improvements (O'Neill and Sohal,
1999).

Existing literature 0 TQM contains numerous studies about critical success factors of
TQM. According to Laszlo (1997), effective TQM programs are based on the involve-
ment of the employees in the organization, customers and suppliers and the management
leadership to align daily priorities and activities through out the organization. Oakland
(1993) mentions 10 basic steps for successful TQM implementation:

1. Gain commitment of the top management

Develop a ‘mission’ or “vision’ about change, generate awareness, educate project

stuff.

Define the measurable objectives, which must be agreed by the team.

Document the project but do not fall into the trap of bureaucracy.

Develop the mission into its critical success factors.

Breakdown critical success factors into key activities.

Prepare project quality plans for all levels of work.

Monitor and adjust the process alignment in response to difficulties in the change

process.

9. Promote stuff participation and contribution by quality control circles and initiate
motivation program.

10. Review quality plans and measure performance.

no

N kW

Seetharaman et al (2006) have identified six critical issues in total quality management
namely: (a) the importance of management commitment and management understanding
of quality. (b) understanding of TQM guidelines, methods and implementation plan. (c)
the benefits of TQM implementation. (d) understanding of TQM philosophy and its
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measurement techniques. (e) understanding that customers are key to the organizational
success. (f) understanding the importance of continuous improvement and incorporating it
into the system. Furthermore, the success of TQM depends on many type of variables, it
can be controllable or uncontrollable, whereby majority of it have a direct relationship to
the company’s culture, customers, capability, and infrastructure. Therefore, each compa-
ny should tailor its own approach to develop its distinctive strengths and focus on the
specific weaknesses.

As a conclusion regarding TQM literature review, we could say that, since the objective
of TQM is the quality improvement of goods and services, a TQM project should be
planned according to the standards of the industry the organization belongs, to the pur-
suits of its customers and suppliers and finally according to a long-term strategy for con-
tinuous improvement. Therefore, TQM is not a standalone process, however it should be
linked and adjusted according to the particular characteristics of each organization, its ex-
ternal environment, strategic directions, technological infrastructure and capabilities, in
order to cause effective change and produce value.

2.4.3 Similarities and differences between BPR and TOM

Between these two types of process change there are considerable differences (Yeo 1996,
Al Mashari and Zairi 2000, Fazel 2003): i) BPR is radical, revolutionary and follows an
one-time approach, while on the contrary TQM is incremental, evolutionary and
continuous, ii) BPR has a wider scope and focuses on processes that cross multiple
functions, while TQM focuses on more narrow intra-departmental processes, and iii) BPR
has a wider range of targets than TQM, which are associated not only to quality
improvements, as well as to cost and cycle-time reductions.

According to Altinkemer et al. (1998), practitioners see only two major differences
between BPR and TQM: length of the project and amount of change attempted. On the
contrary, academicians recognize ten: role of top management in identifying changes, role
of management in project management, pace of results during implementation, employee
participation, impact of the change program on employee morale, need for empowerment
and the importance of being able to see when a certain process or division needs to be
changes as significant differences between TQM and BPR. Al Mashari et al. (2001) see
TQM as a part of BPR implementation:‘Change management, TQM and benchmarking
are important tools for organizations aiming to establish the BPR practice. Change
management facilitates the insertion of the newly designed business processes in the
working environment. TQM ensures that reengineering efforts take place when and where
they are needed, securing longer life for the improvements attained. Benchmarking helps
shape the strategic direction of the efforts.

2.5 Business Strategy

Organizations follow different directions in order to achieve their objectives. Decisions
are made according to the particular strategy they have selected. Langefeld and Smith
(1997) define strategy as “a pattern of decisions about the organizations’ future, which
take on meaning when it is implemented through the organizations' structure and
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processes”. According to Tallon (2007) business strategy is defined as “the determination
of the basic long-term goals of an enterprise and the adoption of courses of action and
allocation of resources necessary for carrying out these goals”. Business strategy sets the
path on which an organization will walk in order to reach to the intended outcomes. The
nature of business strategy is also a factor in firm’s ability to realize value from IT
investment (Tallon, 2007). For other researchers strategy can also represent “objectives”
(Reich and Benbasat, 1996), plan or “planning” (Teo and King; 1997) consisting of: a)
IT/IS strategy b) business strategy. According to Chan et al (1997) “companies that
appear to perform best are companies in which there is alignment between realized
business strategy and realized IS strategy. Relevant literature has empirically investigated
the ways strategy affects business performance. It is evident that the choice of a strategy
will affect particular processes within the organization, which will in turn activate
specific mechanisms in the value chain, being reflected in different performance measures
each time (financial or non-financial).

Strategy selection is closely related to what is happening ‘outside’ the organization. Top
management ‘receives’ the messages from the environment and adjusts the organization’s
strategy according to its particular needs by choosing the appropriate strategy type.
Desarbo et al (2005) note that strategy selection is conditional on how closely a business
is aligned with its environment.

Strategy research has identified various different typologies and categories, based on
different criteria. Porter (1980, 1985) described three generic strategies: cost leadership,
differentiation, and focus. In order to gain a low-cost position relative to competitors a
firm should emphasize in aggressive construction of efficient-scale facilities, vigorous
pursuit of cost reductions from experience, tight cost and overhead control, avoidance of
marginal customers accounts, and cost minimization in areas like RnD, service, sales
force, advertising and so on. A differentiation strategy focuses on creating and providing
products or services that customers perceive as unique and valuable as compared to those
of its competitors. A focus strategy concentrates on a narrow segment and within that
segment attempts to achieve either a cost advantage or differentiation. The premise is that
the needs of the group can be better serviced by focusing entirely on it. A firm using a
focus strategy often enjoys a high degree of customer loyalty, and this entrenched loyalty
discourages other firms from competing directly (Porter, 1980).

Miles and Snow (1978) recognized three successful organizational types: defenders,
prospectors and analyzers. Prospectors constantly seek out new technological and
product-market opportunities to exploit for first-mover advantages. This requires
significant capacities to learn and distribute information rapidly in order to be attentive to
customers. Analyzers follow a second-but better strategy. They tend to closely monitor
competitors’ activities in making strategic decisions. Defenders seek to maintain a secure
niche in a stable product-market, focusing on a few products and on cost control (Hughes
and Morgan, 2007). The abovementioned strategy categories are the most widely known
and broadly used in the literature, without excluding other approaches.

Furthermore, the classification of build, hold, harvest and divest belongs to Gupta and
Govindarajan(1984). It focuses on the differences on strategic missions, which implies
the firms’ trade off between market share growth and the maximizing short-term
earnings. Companies that follow a build strategy aim at improving market share and
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competitive position even if this means short term profit and cash flow decreases. This
can only be achieved under a situation of a clear competitive advantage. A harvest
strategy is followed when a firm desires short-term profit and cash flow maximization
rather than pursuing market share increase. A hold strategy is use by firms to protect heir
market share and competitive position, pursuing a reasonable return on investment.
Finally when a business plans to cease operations, it follows a divest strategy.

Miller and Friesen (1982) categorized firms as conservative or enterpeneual. Desarbo et al
(2005), by comparing the results of their research they came up with 4 strategic groups: 1)
Asian-based prospecting firms with technology strengths, 2) Defensive firms with
marketing skills, 3) US-based firms with market linking and management strengths, and
4) Balanced-prospecting firms. Finally, Wirtz et al (2007) have identified the following
strategy dimensions: product differentiation (the degree to which a firm differentiates
itself in a competitive market), image differentiation (the degree to which a company
differentiates itself), proactiveness (the extent of continuous search for productive
opportunities and innovative kinds of business activity), replication (the extent of efficient
redeployment of knowledge and competencies), reconfiguration (the ability to react on
the need to reconfigure the firm’s asset), and cooperation (the extent to which maintains
cooperative arrangements). His results showed that proactiveness, product differentiation,
and reconfiguration have the highest performance impact, and should therefore be at the
centre of top management’s attention.

For many years there has been a debate concerning the ability of the various strategy
dimensions (types) to be combined with one another if judged by top management as
necessary in order to produce a better outcome. While the traditional literature suggests
that specific strategies may not be compatible, recent evidence shows that strategies
should be thought of us “conjunctive’ (Wirtz et al, 2007). In other words the existence of
a particular strategy type within an organization does not exclude another type on the
condition that the combination of those two will be regarded as beneficial for the
organization. Tallon (2007) in an attempt to identify the paths of business value creation,
as a result of ICT investments, mentions that “while firms with multi-focused business
strategies may be vulnerable to lower firm performance, IT business value at process and
firm-level can, paradoxically, be higher than in firms with a single-focused strategy”.
According to Tallon (2007) “firms with a narrow strategic focus realize less value from
IT than those that espouse a broad or multi-focused strategy. The level and the locus of IT
business value are sensitive to the type of strategic foci underlying a business strategy”.

2.6 External Environment

As business environment could be regarded anything that affects but does not belong to
an organization, in other words its surroundings. The environment has an impact on the
strategy, decisions, processes and performance of the firms. It could be distinguished into
two categories: the micro environment, consisting of different types of stakeholders -
customers, employees, suppliers, board of directors and creditors, and the macro
environment, which includes factors which are beyond the control of the business, social,
tehnological, economical and political (Pantazi and Georgopoulos, 2006). Changes in the
micro environment will directly affect and impinge on the firm's activities. Changes in the
macro environment will indirectly affect the business but will nonetheless affect it.
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External environment describes the factors that affect the organization but do not belong
to it.

Dess and Beard (1984) distinguished the following three factors characterizing external
environment: munificence, complexity, and dynamism. Munificence relates to the
scarceness of environmental resources that support firm’s growth within a given industry.
Environmental complexity reflects the heterogeneity and concentration of environmental
elements. Environmental dynamism refers to the rate of change and degree of instability
of the environment. Rapid change, short product lifecycles and processes of creative
destruction are typical characteristics of dynamic environments. Organizational theory
has established several dimensions of environmental characteristics: uncertainty,
directness, change, dynamism, homogeneity, complexity and munificence (Aldrich,
1979).

The main characteristic of the environment is the existence of other firms, which compete
each other to gain competitive advantage. Competitive environment can be characterized
by various dimensions, including market turbulence, demand uncertainty, buyer power,
market growth, competitive hostility, competitive intensity, technology turbulence, and
supplier power (Porter, 1985). Miller (1987) uses the term environmental competitiveness
to reflect the number of competitors, and of areas in which there is competition. Jaworski
and Kohli (1993) use the term competitive intensity, which reflects the behaviour,
resources and ability of competitors to differentiate their products or services.

The most influential work however, is the one of Porter (1980), who introduced the five
forces model. According to this model the forces evoking industry competition, and thus
affect firm performance, are: threat of entry, the power of buyers, the power of suppliers,
threat of substitute products, and rivalry among existing competitors (Porter calls them
incumbents).

Threat of entry: new firms entering an industry bring new capacity and a desire to gain
market share that puts pressure on prices, costs, and the rate of investment necessary to
compete. The threat of entry in an industry depends on the height of entry barriers as well
as on the reaction entrants can expect from already competing firms. There are seven
major sources of entry barriers: supply-side economies of scale, demand-side benefits of
scale, capital requirements, incumbency advantages independent of size, unequal access
to distribution channels, and restrictive government policy.

The power of suppliers: powerful suppliers charge higher prices, limit the quality of
goods or services, or transfer costs to industry participants, capturing thus the greatest
proportion of value for themselves. They can squeeze profitability out of an industry that
is unable to pass on cost increases in its own prices. A supplier is powerful under the
following conditions: is more concentrated than the industry it belongs to, serves various
industries and does not rely heavily on a particular one, makes it difficult for its
customers to change supplier, and offers highly differentiated products difficult to be
substituted.

The power of buyers: they are able to force down prices, demand better product and
service quality, raise ethical or environmental concerns, and generally influence
negatively industry profitability. Customers have great influence and negotiating power
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if: there are few or each one purchase in volumes relatively large to the size of a single
vendor, the industry’s products are standardized or undifferentiated, and have low
switching costs when changing suppliers.

The threat of substitutes: a substitute product or service has the same or similar function
as an industry’s product or service. When the threat of substitutes is high, industry
profitability suffers, since it limits an industry’s profit potential by placing a ceiling on
prices. If a firm does not escape from substitutes through product quality, marketing,
branding, etc, its profitability will be threatened. The threat of substitutes is high when
they offer an interesting value-for-money suggestion, the buyers’ switching costs are low,
or their brandname is strong.

Rivalry among existing competitors: high rivalry limits of an industry. It can be
expressed through price discounting, product introduction, advertising campaigns, and
service improvements. The degree to which rivalry drives down a firm’s profit potential
depends on the intensity of competition and on the basis on which firms compete. Rivalry
among competitors increases when competitors are numerous or are roughly equal in size
and power, industry growth is slow, there are high exit barriers, rivals are highly
committed to the business and have aspirations for leadership, and there is a lack of
communication and familiarity among rivals.

The extended rivalry that results from all five forces defines an industry’s structure and
shapes the nature of competitive interaction within an industry. And this industry
structure is what drives competition and profitability, no matter if the industry produces a
product or service, is emerging or mature, high tech or low tech, regulated or unregulated
(Porter, 2008). Each of these forces determine prices, costs and investment requirements
that drive long-term profitability and hence, industry attractiveness. Essentially, the five
forces of industry structure effects overall industry performance, and therefore the
performance of firms within the industry. Thus the competitive forces of an industry are
key to explaining performance variation. Understanding them and their underlying
causes, the roots of an industry’s current profitability will be revealed (Porter, 2008).
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CHAPTER 3

Methodology and Data
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3.1 Introduction

The main objective of this PhD dissertation (covering chapters 4-8) is to investigate the
effects of external environment, business strategy, ICT and non-ICT investment on busi-
ness performance, as well as to examine the roles of BPR and TQM on the abovemen-
tioned relationships. In other words it aims at investigating the business value creation
process in organizations. At the same time it attempts to capture the role of external fac-
tors (to the inner part of an organization) such as its top management strategy and the ex-
ternal business environment. This is realized through the development and testing of hy-
pothetical models (research hypotheses). Business performance has been measured by
firm output, which has been used by previous studies as the dependent variable of the
production function. In particular, the production function (F) relates firm output (Q) to
firm inputs (X1 2. .. n) (Nicholson, 2004). Most empirical studies on the effect of ICT
on productivity and business performance use the Cobb-Douglas production function
(Lichtenberg, 1995; Brynjolfsson and Hitt, 1996; Gurbaxani et al, 1998). It posits that
firm output in a given time period is an exponential function of the capital and the labour
employed in this period.

The Cobb-Douglas production function constitutes a sound, mature and complete founda-
tion from the area of microeconomics, including all the fundamental variables that affect
firm output. It has been extensively used in the past for estimating the contribution of var-
ious firm inputs, including ICT capital, to firm output (e.g. Brynjolfsson & Hitt 1996,
Stolarick 1999, Preslac 2003, etc.). Therefore it fulfils all the abovementioned require-
ments: i) it provides objective measures of business performance (value added), ICT in-
vestment (value of computer capital) and non-ICT investment (value of non-computer
capital) ii) it is complete and includes all the fundamental variables that affect this meas-
ure of business performance (value added) and iii) it is a widely accepted approach and
has been thoroughly used by researchers in similar empirical studies. In this study we
have used an extended form of the Cobb Douglas production function, in which the capi-
tal is divided into computer capital and non-computer capital:

VA= eﬂo LﬁlKﬁZCK'BS (3.1)

where VA is the yearly firm value added (which is equal to yearly sales revenue minus
yearly expenses for buying materials and services from external suppliers), and L, K and
CK are the yearly labour expenses, value of the non-computer capital and value of the
computer capital respectively. Based on the above function and according to the relevant
literature review, we have developed several research hypotheses, which are going to be
presented and examined throughout the coming chapters.

A main set of hypotheses met throughout chapters 4-7, regards the ICT-business perfor-
mance relationship. We have also included in our investigation non-ICT investment (the
‘traditional” assets) as well, for comparison purposes between ICT investment and non-
ICT investment regarding the above aspects. The reason for doing this is that, despite the
growing investment of firms in ICTs, non-ICT investment constitutes in most sectors the
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biggest part of firms’ total investment. Various empirical studies conducted in order to
investigate the contribution of firms” ICT investment to their business performance have
also dealt with the contribution of non-ICT investment as well, and have provided evi-
dence of a positive and statistically significant contribution of non-ICT investment to
business performance (e.g. Brynjolfsson and Hitt 1996, Stolarick 1999, Preslac 2003,
etc.). The segregation between computer (ICT) capital and non-computer (non-ICT) capi-
tal (traditional assets) has been also realized so as to offer a better understanding of the
similarities and differences of those two. As already mentioned, the contribution of ICT
investments to business performance has been broadly acknowledged. However, accord-
ing to equation 3.1, firms’ capital consists of computer capital and non-computer capital
and is directly related to all firm performance indices (Sircar et al, 2000). According to
the findings of Atzeni and Carboni (2006) ICT differs from conventional capital but they
both contribute, in their manner, to firm performance. Bertschek and Kaiser (2004) note
that positive and highly significant effects of ICT investment, non-ICT investment, and
labor productivity are found in all productivity estimations. Therefore the role of non-ICT
capital in the creation of business value has also been broadly acknowledged. By log-
transforming (3.1) we obtain the following linear form of it:

InVA= f,+ p,In(L)+ 5, In (K)+ 5, In (CK) +u, (3.2)

By normalizing both sides of (3.2) by the number of employees (n) and then adding the
various complementarity investment variables (e.g BPR, TQM, etc) as mediators or mod-
erators in the relationships of ICT investment and non-ICT investment with business per-
formance (more details on those issues will be presented in the coming chapters), we
formulate the hypothesized models of this thesis. In all models business performance is
measured by the log-transformed value added per employee (labour productivity). It is a
fundamental measure of business performance, as it incorporates the value of the products
and services a firm produces (taking into account both their quantity and their quality as it
is reflected by their unit prices), the value of the materials and services it buys from ex-
ternal suppliers as well as the number of employees; another important advantage is that it
is supported by a sound theoretical foundation in terms of the basic variables affecting it
(the Cobb-Douglas production function). For these reasons labour productivity has been
used as dependent variable in many empirical studies of the effect of ICT and organiza-
tional change on business performance (Bertschek & Kaiser2001, Black & Lynch 2004,
Arvanitis 2005). ICT investment is measured by the log-transformed value of the ICT
equipment (hardware, software and networks) per employee, while non-ICT investment is
measured by the log-transformed value of non-ICT assets (= total value of assets minus
value of ICT equipment) per employee. For testing the research hypotheses we estimated
the hypothesized models and the underlying research hypotheses following the structural
equations modelling (SEM) (Kline 2005) technique.

We note that the present dissertation has two additional objectives: The investigation of
the effect of the national context on the abovementioned variables, which is going to be
described in chapter 8, as well the identification of the value creation process of particular
IS in chapter 9. The former will be examined through an international empirical investiga-
tion between two countries, Greece and Switzerland. The later will be investigated
through the development of a value flow model and an empirical investigation of a par-
ticular Information System providing e-learning services. The survey instruments for the
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examination of the abive additional objectives will be presented and analyzed, together
with the whole methodological approach and relevant literature, in chapters 8 and 9 re-
spectively.

3.2 Structural Equation Modeling

3.2.1 Introduction to SEM

The origins of SEM can be traced at the early years of the 20" century, when Spearman
(1904) developed what is now called as exploratory factor analysis (EFA). The work of
Wright (1934) offered the initial steps of path analysis. SEM is a combination of factor
analysis and path analysis. It constitutes a “second generation” statistical technique that
offers several important advantages over the “first generation’ techniques (such as Multi-
ple Regression Analysis, Analysis of Variance (ANOVA), Principal Components Analy-
sis, etc.). According to the relevant literature (Sharma 1996, Gefen et al 2002, Haenlein
and Kaplan 2004, Kline 2005, etc.) first generation techniques share some significant lim-
itations: they can handle models of simple structure (e.g. with one layer of independent
variables and one layer of dependent variables, so that one variable cannot be at the same
time dependent (predicted by other variables) and independent (predict other variables))
and they assume that all the variables are observable and measurable without error. These
limitations restrict seriously their applicability in complex research problems. SEM over-
comes those limitations, since it enables: a) modeling complex relationships among mul-
tiple predictor (independent) and criterion (dependent) variables, in which one variable
can be at the same time dependent and independent (e.g. a “mediating’ variable), b) con-
structing unobservable latent variables, which are estimated from observed variables, c)
modeling errors in measuring the observed variables, and d) testing simultaneously struc-
tural and measurement assumptions using empirical data.

It is a much more powerful technique than multiple regression, since it offers the capabil-
ity of modeling correlated independents, measurement error, correlated error terms, mul-
tiple latent independents and multiple latent dependents, each latent construct being
measured through multiple observable variables-indicators. In particular, SEM enables
the identification of relationships among unobserved variables (called “constructs” or “la-
tent variables™) (these relationships constitute the “structural model”) as well as the rela-
tionships between constructs and the observed variables related to them (called items, in-
dicators or manifest variables) (these relationships constitute the “measurement model”).
In figure 3.1 we can see an example of a typical SEM model with three (reflective) con-
structs (usually represented by circles or ellipses) and a total of nine items (usually repre-
sented by rectangles), three items per construct, as well as the measurement errors of each
item. Causal relationships in the model are indicated by single headed arrows, with the
variable at the tail of the arrow causing the variable at the point. These single headed ar-
rows represent direct effects (will be discussed later) either between constructs (the paths
of structural model) or between a construct and its items (measurement model).

3.2.2 Reflective and formative indicators

A construct can have one or more indicators, which can be formative or reflective. Reflec-
tive measures are caused by the latent construct whereas formative measures cause the
latent construct. In a reflective measure the arrow begins from the construct and ends to
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the indicator whereas in formative indicators the arrow points from the indicator to the
construct. The direction of causality is very important and should be taken always under
careful consideration in order to avoid misspecification errors (the assumption that a con-
struct is always reflective when indeed is formative). An underlying assumption for SEM
is that the items or indicators used to measure a latent variable are reflective in nature
(Chin, 1998). A common and serious mistake often comitted by researchers is to inad-
vertently apply formative indicators in a SEM analysis.
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Figure 3.1: A Structural Equation Model

A typical example of formative indicator, which has been extensively used in the relevant
literature, is socio-economic status (SES), where indicators such as education, income and
occupational prestige are items that cause or form the LV SES. If an individual loses
his/her job, the SES would be negatively affected. But the opposite (that a negative
change which has occurred in an individual’s SES, implies a job los) would be a mistake
to infer. Additionally a change in income does not necessarily imply a similar directional
change for the other indicators (education or occupational prestige).

3.2.3 Total, mediating and moderating effects

In path analysis, we commonly refer to three types of effects: total effects, direct effects
and indirect effects. The total effect is the degree to which a change in an upstream (ex-
ogenous) variable, such as X has an effect on a downstream (endogenous) variable such
as Y. A direct effect is the degree to which a change in an exogenous variable produces a
change in an endogenous variable without “going through” any other variable. On the
other hand an indirect effect is the degree to which a change in an exogenous variable
produces a change in an endogenous variable by means of an intervening variable. The
total effect equals the direct effect plus all indirect effects.

According to Cole and Maxwell (2003) a variable serves as a mediator under the follow-
ing conditions. First, X has a direct effect on M, second, M has a direct effect on Y, con-
trolling for X. Third, if M completely mediates the X-Y relation, the direct effect of X on
Y (controlling for M) must approach to zero. Alternatively, if M only partially mediates
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the relation, the direct effect of X on Y may not approach zero. There are two additional
requirements for a variable (M) to be regarded as a mediator: It must truly be a dependent
variable relative to X, which implies that X must precede Y in time and M must be truly
an independent variable relative to Y, implying that M precedes Y in time (figure 3.2). In
the present thesis chapters 4, 6, 7 and 8 deal with the investigation of total, mediating and
direct effects between constructs.

v

M

Figure 3.2: Graphical representation of mediating effects

A variable could be thought as moderator under the following situation: X has direct ef-
fect on Z, Y has a direct effect on Z, and a third variable (N), which is the combination or
interaction of X and Y (X*Y), has also a direct effect on Z. The size of the interaction ef-
fect will determine the extent to which N is moderating the relationship between X, Y and
Z (figure 3.3). Chapter 5 deals with the identification of moderating and total effects be-
tween variables.

X*Y

Figure 3.3 Graphical representation of moderating effects.

3.2.4 Model validation

Model validation depends also on the direction of relationships between the measures and
the construct. For example construct validation for reflective constructs is realized
through CFA (convergent and discriminant validity) and reliability testing (Cronbach’s
a). Convergent validity answers to the question whether the items loadings are strongly
associated with their construct, whereas discriminant validity examines if the measures
discriminate among constructs. In contrast, validity for formative constructs is concerned
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with the strength and significance of the path from the indicator to the construct (Straub et
al, 2004). Reliability in the internal consistency sense and construct validity in terms of
convergent and discriminant validity is not meaningful for formative constructs. Discri-
minant validity however, can be tested for both kinds of constructs, by examining wheth-
er the constructs are “less than perfectly correlated”. High correlations among formative
indicators could indicate that the scale items are measuring essentially the same concept.
This could lead to multicollinearity problem and the need to eliminate one or more indica-
tors (Freeze and Rascke, 2006). The identification of model parameters (direct effects be-
tween latent constructs, loadings of constructs on items, variances, etc.) is performed
through the minimization of the difference between the covariance matrix of the observa-
ble variables and the one predicted by the hypothesized model.

In SEM it is of critical importance first to specify the model (both the measurement and
the structural parts of it) based on existing theory and previous empirical research. The
first step of the analysis is the assessment of the measurement model, which includes the
testing of constructs’ reliability, convergent validity and discriminant validity; if at least
one of these tests gives a negative result, it is necessary to modify the measurement model
(i.e. some items might have to be deleted from their constructs).

3.2.5 Model fit

The next step is to assess how well the model fits the data, which is realized through vari-
ous goodness-of-fit (GOF) indices. There are several complex algorithms used by SEM to
maximize model fit. The most widely used method is maximum likelihood (ML), which
assumes multivariate normal data and a reasonable sample size (>200). Goodness-of-fit
indices have been developed to avoid dependence from sample size or data distribution
(Hox and Bechger, 1998) and are related to the ability of the model to account for the
sample covariances and therefore assume that all the measures are reflective (Chin, 1998).

Fit in SEM models is assessed through two types of statistics: the likelihood ratio chi-
square, which is computed to test the null hypothesis that the specified model fits perfect-
ly in the population, and other alternative measures of model fit, known as fit indices.
Chi-square tests the difference between the covariance matrix of the observable variables
and the one predicted by the hypothesized model. If this chi-square index is of high mag-
nitude, so that it becomes statistically significant, then the hypothesized model is rejected
and the researchers should look for modifications of this model or even for another model
(Hox and Berger 1998). A model can be modified by deleting non-significant parameters
or adding new ones to improve the fit. SEM software assists in this process by producing
modification indices (M.I), the value of which is the minimum amount that the x? statistic
Is expected to decrease if the corresponding parameter is freed. (Hox and Bechger, 1998)

SEM literature always reports results of the chi-square tests; however the later has some
serious limitations. According to Bielby and Houser (1977) the first problem is that the
power of chi square (its ability to reject the null hypothesis Ho when it is false) is un-
known. Fornell and Larcker (1981) mention two additional drawbacks: first, the test may
indicate a good fit between the hypothesized model and the observed data even though
both the measures and theory are inadequate, leading thus to the possibility of accepting a
model in which there is no relationship between the theoretical constructs. Second, the
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impact of sample size on the statistic of chi-square may lead to type Il errors. Moreover
chi-square imposes an overly stringent and unrealistic criterion, it provides results highly
dependent on sample size, and, although it facilitates dichotomous accept or reject deci-
sion as a badness-of-fit measure, it provides less useful information regarding the degree
of model fit (Tomarken and Waller, 2003). The limitations of chi-square gave rise to oth-
er alternative fir indices (NFI, RFI, TLI, RMSEA, etc) for model fit estimation. In the
SEM context fit indices serve essentially the same function as measures of association
strength or of effect size used in other contexts. They indicate the degree of fit and they
are less affected by sample size than is the chi-square test of exact fit. Therefore, with
large sample sizes, fit indices may well indicate that a model fits well even though the
chi-square test rejects the null hypothesis of exact fit. Models with low R? and/or low fac-
tor loadings can still yield excellent goodness-of-fit (because fit measures only relate to
how well the parameter estimates are able to match the sample covariances and not relate
to how well the latent variables or item measures are predicted (Chin, 1998).

It should be emphasized that the most important strength of SEM is the capability to spec-
ify and estimate more complicated models, with intervening (mediating) varia-
bles/constructs between the independent and dependent variables/constructs (Hox and
Berger, 1998). There are two kinds of SEM techniques (each of them supported by a dif-
ferent family of software tools): the covariance-based ones (supported by software tools
such as LISREL, EQS, AMOQOS, etc.) (Byrne, 2001) and the variance-based (or compo-
nent-based) ones (supported by the PLS-GRAPH software tool) (Chin 1998, Haenlein and
Kaplan 2004). Subsection 3.2.6.1 presents a covariance-based tehnique, Maximum Like-
lihood, which is used in the present thesis in chapters 4-8. On the other hand, in 3.2.6.2 a
variance-based technique is presented (PLS), which has been empirically applied in chap-
ter 9.

3.2.6 Parameter Estimation

There are two general methods of parameter estimation. They are least-squares estimation
(LSE) and maximum likelihood estimation (MLE). This section presents two types, a co-
variance based (ML) and a variance-based one (Partial Least squares; PLS).

3.2.6.1 Maximum Likelihood

The idea behind maximum likelihood estimation (MLE) is to determine the parameters
that maximize the probability (likelihood) of the sample data. From a statistical point of
view, the method of maximum likelihood is considered to be more robust (with some ex-
ceptions) and yields estimators with good statistical properties. In other words, MLE
methods are versatile and apply to most models and to different types of data. In addition,
they provide efficient methods for quantifying uncertainty through confidence bounds.
Although the methodology for maximum likelihood estimation is simple, the implementa-
tion is mathematically intense. Using today's computer power, however, mathematical
complexity is not a big obstacle.

Once data have been collected and the likelihood function of a model given the data is
determined, one is in a position to make statistical inferences about the population, that is,
the probability distribution that underlies the data. Given that different parameter values
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index different probability distributions ML focuses on finding the parameter value that
corresponds to the desired probability distribution. The principle of maximum likelihood
estimation (MLE), originally developed by R.A. Fisher in the1920s, states that the desired
probability distribution is the one that makes the observed data ‘most likely’, which
means that one must seek the value of the parameter vector that maximizes the likelihood
function. MLE, as a typical covariance-based SEM approach, has as first step the estima-
tion of the model parameters and then as a second step the calculation of the values of the
LVs for all cases.

ML is a standard approach to parameter estimation and inference in statistics. It has many
optimal properties in estimation: sufficiency (complete information about the parameter
of interest contained in its MLE estimator); consistency (true parameter value that gener-
ated the data recovered asymptotically, i.e. for data of sufficiently large samples); effi-
ciency (lowest-possible variance of parameter estimates achieved asymptotically); and
parameterization invariance (same MLE solution obtained independent of the parameteri-
zation used). Furthermore, many of the inference methods in statistics are developed
based on MLE. For example, MLE is a prerequisite for the chi-square test, the G-square
test, Bayesian methods, inference with missing data, modeling of random effects, and
many model selection criteria such as the Akaike information criterion (Akaike, 1973)
and various model fit indices, like RMSEA, NFI, TLI, etc.

3.2.6.2 The Partial Least Squares (PLS) approach

Covariance-based SEM constitutes a “hard modeling” approach, which is characterized by
several distributional assumptions and necessitates large samples. An advantageous alter-
native is the PLS variance-based SEM approach, which has been first introduced by H.
Wold (1975); it is a ‘soft modeling” approach with very few distributional assumptions
and can be performed even with smaller samples. In the present thesis PLS has been used
for the investigation of system-level value determinants in chapter 9.

As mentioned in section 3.1, in the covariance-based SEM the model parameters are cal-
culated through minimization of the difference between the covariance matrix of the ob-
servable variables (MVs) and the one predicted by the hypothesized model. On the con-
trary in the PLS approach the model parameters are calculated through maximization of
the variance of the dependent variables explained by the independent ones (Haenlein and
Kaplan, 2004). It can simultaneously model the structural paths (i.e. relationships among
LVs) as well as the measurement paths (i.e. relationships between a LV and its MVs); it
also includes a third component, the weight relations, which are used to estimate case
values for the LVs as linear combinations of their corresponding MVs. In PLS the first
and basic step is the estimation of the weights linking each LV with its MVs, using a
complex two-step algorithm (Tenenhaus et al 2005). Then as a second step using those
weights the values of the LVs for all cases are calculated. Finally these LV values are
used for the estimation of the structural paths between them though a number of regres-
sions.

PLS has a lot of advantages that make it more preferable than the other SEM existing ap-
proaches. As mentioned above it has very few assumptions concerning the distributions
of the data. It is quite robust with regard to several inadequacies (skewness, multicolline-
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arity, misspecifications of the structural model, as concluded by several studies based on
simulations (e.g. Cassel et al 1999). It can model both reflective and formative MVs and
is particularly used in situations where constructs are measured by a very large number of
items. Each MVs varies in how much it contributes to the composite score of the LV and
the weights provide an exact linear combination of the MVs for forming an LV score,
which is not only maximally correlated with its own set of MVs, as in Principal Compo-
nents Analysis, but also correlated with other LVs, according to the structural or theoreti-
cal model (Chin, et.al, 2003). MVs with weaker relationships with other MVs and with
their LV are given lower weightings, so that higher reliability for the LV estimate can be
achieved. The standard errors of the estimated paths can be estimated via several
resampling procedures, such as the “Jack-knife” or the “Bootstrap” ones (Tenenhaus et al
2005). The PLS approach can also assess the reliability of the estimated LVs with compo-
site reliability indices, which do not assume equal loadings among the items (e.g. as it
happens with Cronbach Alpha), so they are more accurate estimates of composite reliabil-
ity (Chin, et.al, 2003).

However in PLS there are also some negative points. Contrasted to other causal modeling
techniques, PLS tends to be more conservative in its estimates of structural paths and
more positively biased towards its loading estimates; it tends to underestimate the struc-
tural paths that connect LVs and overestimate the measurements paths (loadings) con-
necting LVs to their MVs (Chin et.al 2003, Haenlein and Kaplan; 2004). Finally it does
not provide an overall model fit index (while the covariance-based SEM approaches pro-
vide numerous model fit indices), even though some solutions to this problem have been
proposed (Tenenhaus et al 2005).

3.2.6.3 ML or PLS?

The choice of estimation method is a very important decision. In this study the dilemma
lies within the choice between a full information (ML) estimation approach (Joreskog,
1978) and a PLS estimation approach (Wold, 1982). In this section we are going to ex-
amine the pros and cons of the ML and PLS approaches, since those two have been used
for model estimation. Maximum likelihood has several strengths for theory testing and
development. As other full information methods, it provides parameter estimates that best
explain the observed covariances (Anderson and Gerbing, 1988). Moreover it produces
the most efficient parameter estimates and an overall test of model fit (Joreskog and
Wold, 1982).

PLS is better for application and prediction. It assumes that all observed measure variance
is useful variance to be explained (i.e it assumes no random error variance or measure-
specific variance). Parameter estimation is done so as to maximize the variance explained
in either the set of observed measures (reflective models) or the set of latent variables
(formative models) (Fornell and Bookstein, 1982). Model fit is judged in terms of the
percentage of variance explained in the specified regressions (Anderson and Gerbing,
1988). A PLS approach estimates the latent variables as exact linear combinations of the
observed measures offering therefore the advantage of exact definition of component
scores.
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As shortcomings of PLS could be mentioned its inability to assume or asses unidimen-
sional measurements (items that belong to more than one construct), as well as that PLS
parameter estimates are not as efficient as full-information estimates due to the fact that
PLS constitutes a limited-information estimation method (Fornell and Bookstein, 1982).
Therefore resampling (bootstrap or jackknife) procedures must be used in order to obtain
estimates of the standard errors of the parameter estimates. Finally PLS does not offer the
ability of an overall model fit test.

As far as the choice between an ML or PLS approach is concerned, Anderson and Gerb-
ing (1988) note that “it is a complementary choice depending on the purpose of the re-
search: ML for theory testing and development and PLS for application and prediction”.
According to the conclusions of Joreskog and Wold (1982) “ML is theory oriented and
emphasizes the transition from exploratory to confirmatory. PLS is primarily intended for
causal-predictive analysis in situations of high complexity but low theoretical infor-
mation” (p. 270).

3.3 Data, tools and techniques

For testing the research hypotheses of this thesis we used firm-level data which have been
collected through a questionnaire-based survey among Greek firms conducted in coopera-
tion with ICAP, one of the largest business information and consulting companies of
Greece. This survey instrument can bee seen in Appendix A. All the hypotheses that have
been developed in chapters 4-7 have been tested through the questions included in Ap-
pendix A. An initial version of the questionnaire was reviewed by three highly experi-
enced experts from ICAP S.A., and based on their remarks its final version was formulat-
ed.

The sample of the survey was randomly selected from the database of ICAP and included
304 Greek firms from the 27 most important sectors of Greek economy covering both
manufacturing and services; it is characterised by equal representation of small, medium
and large firms: it included 103 small firms (with more than 10 and less than 50 employ-
ees), 103 medium ones (with more than or equal to 50 and less than 250 employees) and
98 large ones (with more than or equal to 250 employees). Two similar samples were also
created with the same proportions of small, medium and large firms, and also the same
proportions of firms from these 27 sectors. Initially the questionnaire was sent by mail to
the Managing Directors of the 304 firms of the first sample, who were asked to fill in the
questionnaire and return it by fax or mail within one month. After one month the recipi-
ents who had not responded were contacted by phone again and reminded of the ques-
tionnaire. The companies, which refused to participate, were replaced by ‘similar’ com-
panies (i.e. from the same size group and industry) from the second sample, and in cases
that the similar companies of the second group were used, the companies of the third
sample were used. In this way we managed to have a balanced sample concerning com-
pany size and industry. Finally were received complete questionnaires from 271 compa-
nies (88 small, 105 medium and 78 large ones). In order to assess whether there is non-
response bias we compared variables’ means of the early respondents with the ones of the
late respondents (Armstrong and Overton 1977, Chapman 1992); since we did not find
any statistically significant differences, we can conclude that there is no non-response bi-
as.
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For elaborating the data in the present thesis we have used SPSS (version 15), AMOS
(version 7), and PLS GRAPH (version 3) software packages. The techniques used are:
descriptive statistics, regression analysis, Structural Equation Modeling (SEM), Confirm-
atory Factor Analysis (CFA), Principal Component Analysis (PCA), Convergent and Dis-
criminant Validity Analysis, Reliability Analysis with Cronbach Alpha coefficient and
Model Fit testing. Those techniques are not going to be analyzed at this point. Instead
they are going to be explained throughout the coming chapters during the empirical inves-
tigation of this thesis’ research hypotheses.
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CHAPTER 4
The Mediation Effects of BPR and TQM on the

Relationship Between ICT Investment and Business

performance
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4.1. Introduction

During the last two decades a rapid diffusion of information and communication technol-
ogies (ICTs) in firms of most sectors has taken place. Firms have made big investments in
ICTs with high expectations of various kinds of benefits from them. As mentioned in the
introduction of this thesis, one of the most important research topics in the area of infor-
mation systems (IS) that has attracted for long time the interest of researchers and practi-
tioners has been the contribution of firms’ ICT investment to their business performance.
The conclusions of this research have been mixed and inconsistent. Some of the early
studies that have been conducted on this topic, mainly during the 80s and the 90s, did not
find evidence of a positive statistically significant association between ICT investment
and business performance (Roach 1987, Strassman 1990, Brynjolfsson 1993, Loveman
1994, Strassman 1997, Stiroh 1998); these early counter-intuitive conclusions are usually
referred to as the “ICT Productivity Paradox” (Brynjolfsson 1993). On the contrary, some
later studies after the mid 90s have found evidence of a positive statistically significant
association between ICT investment and business performance (Brynjolfsson & Hitt
1996, Dewan & Min 1997, Stolarick 1999, Devaraj & Kohli 2000, Preslac 2003, OECD
2004, Arvanitis 2005). One of the explanations provided by the literature for this incon-
sistency was that the full potential of ICTs is exploited not by simply automating existing
business processes, but by adjusting and improving them based on the capabilities that the
ICTs offer, which takes time and requires extensive effort and specialized expertise (e.g.
Brynjolfsson & Hitt 1996, Brynjolfsson & Hitt 2000, Bresnahan et al 2002). According to
Bresnahan et al (2002) “firms do not simply plug in computers or telecommunications
equipment and achieve service quality or efficiency gains. Instead they go through a pro-
cess of organizational redesign and make substantial changes to their product and service
mix”. In the same direction Brynjolfsson and Hitt (2000) argue that the most beneficial
aspect of ICTs is that they are catalysts and enablers of big improvements of existing
business processes and work practices, which, in turn, lead to very high levels of benefits;
for this reason they expect that the main mechanism of business value creation from ICT
will be not the simple automation of existing business processes, but the IT-enabled
change and improvement of them, which can result in quite big business benefits.

It is therefore important to examine to what extent the above expectations of the literature
are materialized in ‘real-life’, through empirical investigation of the mediation effect of
business process change on the relationship between ICT and business performance in
various sectoral and national contexts. In general, it is of high theoretical and practical
importance to understand not only ‘to what extent” but also ‘how’ ICT affects business
performance by identifying and investigating mediating variables in this critical relation-
ship, such as business process change.

Business Process Reengineering (BPR) and Total Quality Management (TQM) constitute
the two main paradigms of business process change today. As mentioned in chapter 2
BPR is “the fundamental rethinking and radical redesign of business processes to achieve
dramatic improvements in critical measures of performance such as cost, quality, service,
job satisfaction, and speed” (Hammer and Champy, 1993). BPR remains a highly interest-
ing topic for long time; Initially a “first generation of BPR’ was characterized by too rapid
pace of implementation, unrealistic goals, limited attention to human factors, downsizing
and main focus on increase of operational efficiency through personnel reductions, had
mixed results (resulting in both successes and failures). However a more mature ‘second
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BPR generation’ emerged subsequently, focusing on increase of organizational effective-
ness mainly through superior value production (and not through downsizing and person-
nel reductions), paying more attention to change management and human factors and
more realistic goals (Martinsons and Revenaugh 1997). In this direction a continuously
growing number of organizations start BPR projects of various types aiming to increase
their performance and competitiveness (Al-Mashari 2001). This renewed interest of the
business world in BPR usually ICT-based is reflected in the results of the survey conduct-
ed regularly by the Society for Information Management (SIM) of USA
(www.simnet.org) concerning the key IS management issues, in which BPR has been
ranked as the fifth most important issue that IS managers face (Luftman et al 2006).

On the other hand TQM constitutes a different business process change paradigm, less
radical and focusing on long-term continuous improvements. It is defined by the “Interna-
tional Organization for Standardization” (1ISO) (http://www.iso.org/iso/home.htm) as “a
management approach for an organization, centered on quality, based on the participation
of all its members and aiming at long-term success through customer satisfaction, and
benefits to all members of the organization and to society”. The improvement of prod-
ucts’ and services’ quality as a basic means for outperforming competitors becomes grad-
ually a basic element of the strategies and plans of an exponentially increasing number of
firms around the globe; Soltani et al (2008) state that “from ‘The Business Week’ and
“The Economist’ pages and from sources as Conference Board, EFQM, ISO, IPM, ESRC,
AQAF and the Deming Institute, examples assail us of moves to TQM, to produce prod-
ucts and services that meet and exceed the needs and expectations of customers, to obtain
a strategic orientation, to improve performance with the consequence of greater competi-
tiveness’. As mentioned in the literature review (chapter 2) BPR and TQM, despite that
they both regard change, they have some basic differences.

Although, as mentioned above, the role and the potential of business process change as
mediator of the relationship between ICT and business performance has been widely dis-
cussed and emphasized in the relevant literature based on a rich theoretical argumenta-
tion, it has been empirically investigated only to a very small extent (Grover et al 1998,
Martinez-Lorente et al 2004, Albadvi et al 2007). Furthermore, as described in more de-
tail in the following section 4.2, most of this limited previous empirical research concern-
ing the mediating effects of business process change on the relationship between ICT and
business performance focuses mainly on BPR and neglect TQM, even though it repre-
sents a widely adopted paradigm of business process change. Also, these empirical stud-
ies are not based on theoretically sound models, omitting thus important independent var-
iables that affect substantially their selected measures of business performance, such as
non-ICT capital, labor, etc., and use various subjective measures of business performance
as dependent variables. Finally, there are no empirical studies investigating the mediation
effects of both BPR and TQM on the relationship between ICT and business performance
using the same firm-level dataset, which would allow for a comparison between them.

In this chapter the abovementioned research gaps are fulfilled. The mediation effects of
both BPR and TQM on the relationship between ICT investment and business perfor-
mance are investigated and compared. This is operationalized through objective measures
of both, by developing structural equation models (SEM), which are based on the Cobb-
Douglas production function (a sound theoretical foundation from the area of microeco-
nomics), including all the fundamental independent variables. The extent of BPR and

63



TQM are measured through corresponding multi-item scales that have been developed
based on extensive reviews of the relevant BPR and TQM literature. Furthermore, the
same questions are investigated for non-ICT investments (in regular capital such as me-
chanical production equipment, physical structures, etc.) as well; the mediation effects of
both BPR and TQM on the relationship between non-ICT investment and business per-
formance are empirically investigated as well, and comparisons are made with ICT in-
vestment in this respect. Previous literature has identified a fundamental difference be-
tween ICT capital and non-ICT (regular) capital (e.g. Bresnahan and Trajtenberg 1995,
Melville et al 2007, etc.):ICT capital is a “general purpose technology’, i.e. it is highly
flexible and adaptable, so it can be used in many different ways and for various purposes,
and enable innovations; on the contrary non-ICT capital is not a general purpose technol-
ogy, i.e. it is much less flexible and adaptable to different uses, so it can serve much few-
er functions and has a much lower potential as innovations enabler. According to Irani
(2008) “IS investments often differ in nature from other capital investments as there is a
substantial human and organizational interface. In addition, they are characterized by be-
ing high-risk, having erratic cash flows, timing several, and often have significant intan-
gible costs”. It is therefore interesting to examine whether the above fundamental differ-
ence between ICT capital and non-ICT capital results in differences in the mediation role
of BPR and TQM on their relationships with business performance.

Finally, it should also be noted that this empirical investigation has been conducted in a
national context quite different from the ones of the big and highly developed countries,
where most similar studies have been conducted: the national context of Greece, which is
a small country, with a small size of internal market and small average firm size, and does
not belong to the highly technologically and economically developed countries, though it
has made considerable progress in the last fifteen years and has become a full member of
the European Economic and Monetary Union. The results of this study are useful to re-
searchers, practitioners, managers, firms, consulting companies and ICT vendors interest-
ed in business process change and ICT business value maximization.

Chapter 4 consists of six sections. This introduction is followed by a review of the rele-
vant literature (section 4.2). In Section 4.3 the research hypotheses of this study are for-
mulated, while in Section 4.4 the methodology and data are described. In section 4.5 the
data analysis and its results are presented. The final section 4.6 includes the conclusions,
limitations and proposed future research directions.

4.2 Literature Review

There is considerable literature emphasizing the innovative potential of ICTs as catalysts
and enablers of big improvements of existing business processes and work practices,
which, in turn, can lead to high levels of business benefits and performance improve-
ments (e.g. Brynjolfsson & Hitt 1996, Brynjolfsson & Hitt 2000, Bresnahan et al 2002,
OECD 2004). Brynjolfsson and Hitt (1996) regard as one possible explanation for the
“ICT Productivity Paradox” that a period of learning how to utilize and exploit ICTs and
how to make the appropriate process adjustment and restructuring was necessary for the
firms, before they can reap the full benefits that their ICT investments could offer.
Brynjolfsson and Hitt (2000) argue that most of the existing work practices and business
processes have been developed in the past and reflect the historically high cost of com-
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munication and information processing; since modern ICTs can reduce dramatically both
these costs, they can be key enablers and facilitators of new enhanced business processes
and work practices, which lead to big productivity increases, initially by reducing costs
and subsequently by enabling firms to increase output quality through the design of new
products of the improvement of important intangible aspects of existing products, such as
convenience, timeliness, quality, etc. In the same direction Bresnahan et al (2002) empha-
size that ICTs change the way that human work is measured, controlled and reported; also
work will be restructured in order to allocate routine, well-defined tasks associated with
symbols processing to computers and separate and redesign tasks that require human
skills; furthermore, ICTs enable an individual worker to have all the required information
for completing a bigger part of a process, so historical fragmentation of many processes
can be dramatically reduced resulting in large efficiency gains. OECD (2004), based on
many studies that have been conducted in its member states, concludes that achieving
benefits from ICT investments is not straightforward, but requires ‘complementary in-
vestments’ and changes in business processes, organization and human capital; they also
emphasize that these ICT-related changes are not easy, but require a process of search and
experimentation, where some firms succeed and grow and some others fail and disappear.

Concerning BPR in particular, there is extensive literature supporting its strong relation-
ship with ICTs and proposing many different ways of using them for enabling and sup-
porting BPR (Hammer 1990, Grover et al 1993, Davenport 1993, Tapscott and Caston
1993, Martinsons 1995, Gunasekaran and Nath 1997, Champy 2002a, Champy 2002b,
Attaran 2003, Pantazi and Georgopoulos 2006). Hammer (1990), in one of the first papers
that introduced the concept of BPR, argues that businesses should not simply embed out-
dated processes in ‘silicon and software’, but on the contrary should exploit the innova-
tion capabilities offered by the ICTs for totally redesigning their processes, finally sum-
marizing his recommendations in a widely cited dictum ‘don’t automate, obliterate’. Dav-
enport (1993) proposes nine modes of using ICT for supporting BPR: automational, in-
formational, sequential, tracking, analytical, geographical, integrative, intellectual and
disintermediating. Tapscott and Caston (1993) argue that ICTs can support radical BPR
through their potential to facilitate the flow of information between globally distributed
processes and ensure the availability of consistent information all over the firm. Martin-
sons (1995) argues that ICTs constitute a key enabler of BPR because of their capability
to surmount both time and distance constraints. He also states that digital communication
technologies can increase the degree of collaboration and coordination, while shared digi-
tal information resources can decrease the degree of mediation and ‘the number of hand-
offs’; furthermore, ICT-based BPR can result in the elimination of unnecessary labor and
intermediaries, and enable parallel processing of previously sequential tasks. Gunasekar-
an and Nath (1997) argues that ICTs can be very useful for simplifying most business
process and reducing considerably the number of their activities, and for achieving cross-
functional process level optimization rather than departmental level optimization. Also,
they propose ways for using ICTs for reengineering the basic business processes: order
flow, strategic process, product design and production, marketing/sales, services, account-
ing and personnel management. Champy (2002a, 2002b) suggests that ICTs can be of
critical importance for redesigning and improving dramatically not only the internal pro-
cesses of firms, but also the processes of transaction and cooperation with their custom-
ers, suppliers and partners, which is termed as ‘X-Engineering’ (with “X’ denoting the
crossing of organizational boundaries). Attaran (2003) based on a literature review and a
theoretical analysis concludes that ICTs can greatly help in meeting the objectives of BPR
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in three ways: by providing information across functional boundaries and establishing
easy communication, by improving the process performance and also by supporting the
modeling of processes, the redesign and optimization of them and the assessment of the
consequences of various types of BPR. Gregor et al (2006) based on survey data from
1050 Australian firms of varying sizes and industries reached the conclusion that an im-
portant benefit for firms from the use of ICTs is the organizational transformation they
cause, which constitutes an important component of the overall ICT business value.

Also, there are several empirical studies based on large datasets providing evidence of a
positive effect of BPR on business performance (Guimaraes and Bond 1996, Altinkemer
et al 1998, Bertschek & Kaiser2001, Black & Lynch 2004, Arvanitis 2005, Tai and
Huang 2007, Altinkemer et al 2007). Guimaraes and Bond (1996) using data collected
through a survey of 135 USA manufacturing organizations found that the degree of BPR
is positively associated with the benefits that the organization derives from it and also its
positive impact on organizational performance. Altinkemer et al (1998) analyzed the con-
tent of the annual reports and also the financial performance data of 25 companies that
had successfully implemented BPR projects, and found that BPR is positively correlated
with improvements in the sales per employee, but not in other financial performance
measures. Tai and Huang (2007) investigated empirically the relationship between BPR
and business performance based on firm-level data from a sample of 103 industries in
Taiwan. Their findings clearly showed that BPR has a clear and positive impact on organ-
izational performance concerning the achievement of basic organizational objectives; they
also found that the more globally BPR is applied within the organization, the better its
impact on organizational performance. Altinkemer et al (2007) investigated whether ICT-
based BPR affects various measures of firm performance by analyzing data of the period
between 1984 and 2004 from 116 large USA firms; based on these data they estimated
regression models, which led to the conclusion that firms’ performances remain unaffect-
ed during the implementation period of the BPR projects, and there are positive returns in
two to three years after the end of the implementation period.

At the same time in the relevant literature there are many case studies reporting creative
and innovative usage of ICTs for enabling BPR, which resulted in significant business-
level benefits (e.g. Davenport and Nohria 1994, McKenney and Clark 1995, Lucas et al
1996, Rangan & Dell 1998, O’Neill and Sohal 1999, Hunter et al 2000, Attaran 2003),
though BPR failures are reported as well (Altinkemer et al 1998, Sarkera and Lee 1999,
Al Mashari and Zairi 2000, Altinkemer et al 2007).

However, there are only a very small number of empirical investigations based on large
datasets of the mediating effect of BPR on the relationship between ICT and business per-
formance (Grover et al 1998, Albadvi et al 2007). Grover et al (1998) investigated wheth-
er the relationship between ICT diffusion and perceived ICT-related productivity im-
provement is mediated by the perceived extent of ICT-related process change; using data
collected through a survey from 313 senior ICT executives of USA service and manufac-
turing firms (over half of them having more than 2500 employees) they constructed re-
gression models, from which they concluded that for some types of ICTs the perceived
extent of the process change they cause mediates the relation between ICT diffusion and
perceived ICT-related productivity improvement. Albadvi et al (2007) empirically tested
the hypothesis that the relationship between ICT and firm performance is mediated by the
extent of ICT-based BPR of the abovementioned basic business processes identified by
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Gunasekaran and Nath (1997); using data collected through a survey from 112 car com-
ponents manufacturers from Iran they constructed regression models that provide support
to this hypothesis.

Concerning the other basic business process change paradigm, TQM, there is considera-
ble literature supporting its relationship with ICTs and developing utilization directions in
order to support TQM initiatives (Giffi et al 1990, Weston 1993, Flynn et al 1994, Forza
1995a and 1995b, Aiken et al 1996, Miller 1996, Sobkowiak and LeBleu 1996, Kock and
McQueen 1997, Counsell 1997, Dewhurst et al 2003, Martinez-Lorente et al 2004, Rodri-
guez et al 2006). Giffi et al (1990) argue that computers play a critical role in quality
management, since they can significantly support statistical process control, reduce the
effort required by production personnel to collect and analyze quality data and also short-
en the reaction time between process data collection and implementation of corrective
actions. Weston (1993) claims that TQM relies heavily on ICTs, since they can provide a
feedback mechanism and facilitate communication and implementation of advanced qual-
ity management techniques and methods. Flynn et al (1994) emphasize the importance of
provision of ‘quality information’, such as charts showing defect rates, machine break-
downs, schedule compliance, etc. Forza (1995a and 1995b) from an empirical study in 34
industrial plants found that quality management practices are ‘information intensive’ and
are significantly correlated with each other and can be significantly supported by eight
basic quality ‘information flows’: quality performance feedback to managers and superin-
tendents, visible and timely feedback on quality (e.g. defects rate, machines breakdown
frequencies, etc.), information on internal quality inspections and audits, visible infor-
mation on machines (e.g. maintenance, operation, setup, etc.), information tools for the
identification of causes of non-quality, documentation on production procedures, infor-
mation exchange with customers on quality and information from suppliers on quality;
however, he found weak correlations between ICT and the above eight basic quality “in-
formation flows.

Dewhurst et al (2003) through a multiple case study of 14 Spanish companies found that
ICTs can effectively support TQM in improving customer and supplier relationship, in-
creasing process control, facilitating teamwork, facilitating inter-departmental infor-
mation flow, improving design process and skills, applying preventive maintenance, in-
troducing ISO 9000, measuring quality costs and improving the decision process in quali-
ty departments. Martinez-Lorente et al (2004) based on data from 442 large Spanish in-
dustrial firms examine the effect of ICT on TQM and also the impact of both on firm per-
formance; one of their basic conclusions was that there are positive statistically signifi-
cant correlations between the extent of ICT adoption and the extent of implementing all
the eight basic TQM dimensions they examined. Rodriguez et al (2006) from the analysis
of the same data reached to the conclusion that the use of ICT for supporting these eight
basic TQM dimensions generates statistically significant positive gains in both quality
and operational performance. Many publications describe specific ICT applications,
which can support important aspects of TQM (e.g. Aiken et al 1996, Miller 1996,
Sobkowiak and LeBleu 1996, Kock and McQueen 1997, Counsell 1997).

Also, many empirical studies based on large datasets have provided evidence of a positive
effect of TQM on various measures of business performance (Easton and Jarrell 1994,
Reed et al 1996, Hendricks and Singhal 1997, Fynes and Voss, 2002; Montes et al. 2003;
Kaynak 2003, Martinez-Lorente et al 2004, Fuentes-Fuentes et al 2004, Demirbag et al
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2006, Prajogo and Sohal 2006, Sila 2007). Easton and Jarrell (1994) examined the effect
of TQM on financial performance based on a sample of 108 TOM practicing USA firms
by comparing their financial performance with a ‘benchmark performance’, which is an
estimate of their performance in case they had not adopted TQM; they found that TQM
leads to improvement of financial performance, which is stronger for firms having more
mature TQM programs.

Hendricks and Singhal (1997) explored the hypothesis that implementing effective TQM
improves operating performance; for this purpose they examined the changes during a
nine years’ period of a number of operating performance measures of 463 quality awards
winner firms (most of them located in USA) and compared them with the corresponding
ones of a sample of similar control firms. They concluded in that the former outperform
the latter on several operating income-based measures and sales growth, while they also
have higher capital expenditures and also higher growth in employment and total assets.
Fynes & Voss (2002), using a quantitative approach investigated not only the relationship
between TQM and performance but also its moderators; based on data from 200 manufac-
turing companies of the electronics sector of Ireland they reached to the conclusion that
TQM practices impact upon quality performance, manufacturing performance and busi-
ness performance, while the relationship between TQM practices and quality performance
is moderated by the strength of relationships with customers. Martinez-Lorente et al
(2004), in their abovementioned empirical study, conclude also that the extent of TQM
implementation has a positive and statistically significant correlation with operational and
quality performance, but its correlation with profitability on sales turnover and profitabil-
ity per employee is not statistically significant.

Moreover, Fuentes-Fuentes et al (2004) examined the effect of external environment
characteristics on TQM and at the same time the impact of the latter on organizational
performance; using data collected through a survey of managers responsible for quality in
273 firms they found out that dynamism, munificence and complexity influence the de-
gree of TQM implementation, while the latter had an impact on various dimensions of
organizational performance. Demirbag et al (2006) investigated empirically the relation-
ship between TQM and organizational performance in a sample of 163 SMEs in the Turk-
ish textile industry; they found that TQM practices have a strong effect on non-financial
performance and due to it, a weaker effect on financial performance. Prajogo & Sohal
(2006) investigated quantitatively the relationships between organization strategy, TQM
and organization performance; using data collected through a survey of 194 middle/senior
managers from Australian firms they found that TQM is associated with differentiation
strategy, as well as it partially mediates the relationship between differentiation strategy
and three performance measures (product quality, product innovation and process innova-
tion).

Despite the existing literature described above, there is a dearth of empirical investiga-
tions on the mediating effect of TQM on the relationship between ICT and business per-
formance. Only from the abovementioned empirical study of Martinez-Lorente et al
(2004), whose main objective was the investigation of the effect of ICT on TQM, it is
concluded that some measures of perceived ICT usage have a direct effect on some per-
ceived measures of operational and quality performance, as well as an indirect effect on
them through the perceived extent of TQM implementation.
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4.2.1 Summary of literature review and conclusions

In conclusion, the role and the potential of business process change as mediator in the re-
lationship between ICT and business performance have been extensively discussed and
analyzed in the relevant literature based on a rich theoretical argumentation, but have
been empirically investigated only to a very small extent. Furthermore, the few previous
empirical studies that have been conducted on this topic have the following drawbacks:

e they focus mainly on the mediating effects of BPR on the relationship between
ICT and business performance, but neglect TQM, even though it represents a
widely adopted paradigm of business process change,

e they are not based on theoretically sound models,

e they use mainly subjective measures of business performance (usually perceptions
of upper management) as dependent variables,

e as independent variables are used various mainly subjective measures of ICT us-
age/diffusion and BPR/TQM, but some other important independent variables (not
associated with ICT or BPR/TQM) are omitted, which affect substantially the se-
lected measures of business performance, such as non-ICT capital, labor, etc.;
such an omission of important independent variables may introduce biases in the
estimation of the coefficients of the constructed models, especially in cases where
the omitted variables are correlated to some extent with the included ones (e.g.
Greene 2003, Gujarati 2003),

e the extent of BPR or TQM implementation is measured through only one item,
even though they constitute quite abstract and multidimensional concepts,

e each of these few empirical studies on this topic deals with the mediation effect ei-
ther of BPR or of TQM on the relationship between ICT and business perfor-
mance, so there is no empirical study investigating both these mediation effects in
the same sample of firms, allowing thus for a comparison between the mediation
effects of BPR and TQM,

e finally, there are no empirical studies comparing ICT capital with non-ICT (regu-
lar)

e capital in this respect (i.e. to what extent their impact on business performance is
mediated by BPR or TQM), even though the fundamental differences between
these two types of capital have been identified in previous literature (e.g. Bresna-
han and Trajtenberg 1995, Melville et al 2007, etc.).

4.3 Research hypotheses, method and data

Taking into account the abovementioned gaps of previous research, our first research hy-
pothesis concerns the mediation effect of BPR on the relationship between ICT invest-
ment and business performance. One of the basic arguments of the first “‘classical’ papers
and books that introduced the BPR concept (e.g. Hammer 1990, Davenport & Short 1990,
Hammer & Champy 1993, Davenport 1993) was that the existing business processes of
most organizations have been designed in the past before the emergence of ICT and are
based on two ‘assumptions’: the high costs of communication and information processing
and the dominant ‘paper-based’ mode of office work at that time; however, the emer-

69



gence of ICT reduced dramatically communication and information processing costs and
enabled new electronic “paperless’ modes of office work, so these assumptions are not
valid any more. For those reasons they argue that significant organizational benefits and
performance improvements can be achieved if existing business processes are redesigned
exploiting the capabilities offered by ICTs and taking into account the ‘new assumptions’
that ICTs have created: the low costs of communication and information processing and
the new electronic paperless mode of office work; so they expect that a significant part of
the positive impact of ICT on organizational performance will be due to the changes of
existing processes that ICT will cause. Additionally, there will be cost reductions, better
products and services for the customers and higher efficiency. Subsequently there has
been considerable literature in this direction, as mentioned in section 4.2, providing a rich
theoretical argumentation concerning the important capabilities offered by ICTs for im-
proving dramatically the existing business processes and work practices, and through
these improvements achieving higher business performance (e.g. Brynjolfsson & Hitt
1996, Brynjolfsson & Hitt 1998, Brynjolfsson & Hitt 2000, Bresnahan et al 2002, OECD
2004, Melville et al 2004). The fundamental reason behind these capabilities is the nature
of ICT, which are ‘general purpose technologies’, i.e. they are highly multifunctional,
flexible, adaptable and pervasive, so they can be used in many different ways and for var-
ious purposes, and enable radical innovations in processes and products in many different
sectors (Bresnahan and Trajtenberg 1995, Melville et al 2007). Besides, as analyzed in
section 4.2, there is extensive literature supporting the relationship between ICT and BPR
(Grover et al 1993, Tapscott and Caston 1993, Martinsons 1995, Gunasekaran and Nath
1997, Champy 2002a, Champy 2002b, Attaran 2003, Pantazi and Georgopoulos 2006);
ICT can enable and support radical improvements and simplifications of business pro-
cesses, abolition of processes that can be fully automated and performed by computers
without human intervention, creation of new horizontal interdepartmental processes,
workgroups and roles focusing on particular customers, products or projects. At the same
time there are several empirical studies that provide evidence of a positive effect of BPR
on business performance (Guimaraes and Bond 1996, Altinkemer et al 1998, Bertschek &
Kaiser 2001, Black & Lynch 2004, Arvanitis 2005, Tai and Huang 2007, Altinkemer et al
2007). For all the above reasons, we expect that BPR mediates the relationship between
ICT investment and business performance, so our first hypothesis is:

Hypothesis 4.1: The extent of BPR mediates the relationship between ICT investment and
business performance

We expect that the relationship between ICT investment and business performance, for
which there is considerable empirical literature providing evidence that it is statistically
significant and positive (Brynjolfsson & Hitt 1996, Dewan & Min 1997, Stolarick 1999,
Devaraj & Kohli 2000, Preslac 2003, OECD 2004, Arvanitis 2005), is partially mediated
by BPR; this means that we expect a direct effect of ICT investment on business perfor-
mance as well, that corresponds to all the other mechanisms through which ICT affects
business performance beyond BPR (e.g. through automation of processes that have not
changed). Therefore the above Hypothesis 4.1 is analyzed in the following three hypothe-
ses:

Hypothesis 4.1.1: ICT investment has a statistically significant effect on the extent of
BPR
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Hypothesis 4.1.2: The extent of BPR has a statistically significant effect on business per-
formance

Hypothesis 4.1.3: ICT investment has a statistically significant direct effect on business
performance

Our second group of research hypotheses concerns the mediation effect of TQM on the
relationship between ICT investment and business performance. As mentioned in section
4.2, there is considerable literature arguing that TQM activities are data intensive and can
be significantly supported and enhanced through the use of ICT (Giffi et al 1990, Weston
1993, Flynn et al 1994, Forza 1995a and 1995b, Aiken et al 1996, Miller 1996, Sobkowi-
ak and LeBleu 1996, Kock and McQueen 1997, Counsell 1997, Dewhurst et al 2003,
Martinez-Lorente et al 2004, Rodriguez et al 2006); in particular, the use of ICT can sig-
nificantly reduce the effort required by production personnel to collect, analyze and dis-
seminate quality data, and also support and enhance important TQM activities, such as
statistical process control, measurement and monitoring of customers’ and employees’
satisfaction, cooperation with suppliers for quality monitoring and improvement, work
simplification and operation of quality improvement teams. The existing ICT infrastruc-
ture of most firms can (usually with minor adaptations or small scale extra developments)
provide valuable data that support and enhance important TQM activities, e.g. the produc-
tion subsystem can provide products’ quality data, which can support and enhance signif-
icantly statistical quality control, quality improvement teams and programmes of continu-
ous quality improvements, the procurements subsystem can provide data for monitoring
suppliers’ quality, the sales subsystem can provide useful data concerning returns from
customers due to unacceptable quality, etc.

At the same time TQM is associated with several sources of business performance im-
provement (Reed et al 1996, Fuentes-Fuentes et al 2004), such as increase of sales (by
becoming more customer-oriented and paying more attention to customers’ needs and
satisfaction, which results in retaining existing customers and attracting new ones), reduc-
tion of costs (by employing quality monitoring and control methods, and also by cooper-
ating with suppliers for incoming materials’ quality improvement, which result in reduced
processes variation and lower defects’ percentages) and higher employees’ morale and
satisfaction (by offering them opportunities to participate in quality improvement teams,
express opinions that are taken into account, take initiatives and receive feedback con-
cerning the outcomes, and also by systematically measuring and monitoring their satisfac-
tion). As mentioned in section 4.2, there are many empirical studies that provide evidence
of a positive effect of TQM on various measures of business performance (Easton and
Jarrell 1994, Reed et al 1996, Hendricks and Singhal 1997, Fynes and Voss, 2002; Mon-
tes et al. 2003; Kaynak 2003, Martinez-Lorente et al 2004, Fuentes-Fuentes et al 2004,
Demirbag et al 2006, Prajogo and Sohal 2006, Sila 2007). For the above reasons we ex-
pect that TQM mediates the relationship between ICT investment and business perfor-
mance, so our second hypothesis is:

Hypothesis 4.2: The extent of TQM mediates the relationship between ICT investment and
business performance

For the same reasons explained above Hypothesis 4.2 is analyzed in the following three
hypotheses:
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Hypothesis 4.2.1: ICT investment has a statistically significant effect on the extent of
QM

Hypothesis 4.2.2: The extent of TQM has a statistically significant effect on business per-
formance

Hypothesis 4.2.3: ICT investment has a statistically significant direct effect on business
performance

Furthermore, as mentioned in the introduction, it would be interesting to investigate the
above questions not only for ICT investment, but also for non-ICT investment (‘regular
capital’) as well, and make a comparison between ICT investment and non-ICT invest-
ment regarding the above aspect: to what extent their relationship with business perfor-
mance is mediated by BPR and TQM. Despite the growing investment of firms in ICTs,
non-ICT investment constitutes in most sectors the biggest part of firms’ total investment,
so it is worth dealing with it as well. Most of the empirical studies that have been con-
ducted in order to investigate the effect of firms’ ICT investment on their business per-
formance have also dealt with the effect of non-ICT investment as well, and provide
much evidence of a positive and statistically significant contribution of non-ICT invest-
ment to business performance (e.g. Brynjolfsson and Hitt 1996, Stolarick 1999, Preslac
2003, etc.). However, ICT assets are much more closely associated with business pro-
cesses (supporting and influencing them significantly) in comparison with non-ICT assets
(e.g. production machinery, buildings, etc.), which do not support directly business pro-
cesses, so they do not influence them significantly. Furthermore, while ICT, as mentioned
above, are ‘general purpose’ technologies, ICT assets are not, so they can serve much
fewer functions, and are much less flexible and adaptable to different uses in comparison
with ICT; for this reason they have a much lower potential for facilitating and enabling
radical innovations in processes (e.g. radical improvements, simplifications or even aboli-
tions of business processes, etc.) than ICT (Bresnahan and Trajtenberg 1995, Melville et
al 2007). Therefore we do not expect that BPR will be associated with non-ICT invest-
ment and mediate its relationship with business performance. Thus our third hypothesis
(which we do not expect to be supported) will be:

Hypothesis 4.3: The extent of BPR mediates the relationship between non-ICT investment
and business performance

Similarly, hypothesis 4.3 is analyzed in the following three hypotheses (expecting that the
first of them 4.3.1 will not be supported, but the other two, 4.3.2 and 4.3.3, will be sup-
ported):

Hypothesis 4.3.1: Non-ICT investment has a statistically significant effect on the extent of
BPR

Hypothesis 4.3.2: The extent of BPR has a statistically significant effect on business per-
formance (it is the same as Hypothesis 1.2)

Hypothesis 4.3.3: Non-ICT investment has a statistically significant direct effect on busi-
ness performance

On the other hand, we expect that non-ICT investment might be associated with the con-
tinuous and evolutionary business process changes that TQM includes. According to the
structural contingency theory (Donaldson 2001), which has been successfully used in the
past in IS and TQM studies (e.g. Sila 2007, Morton & Hu 2008), organizational effective-
ness results from fitting characteristics of the organization, such as its structure and pro-
cesses, to some contingencies that reflect its situation; the most important of these contin-
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gencies are environment, strategy, size and technology. These contingencies have a sig-
nificant impact on the formulation of organizations’ structure and processes; also, organi-
zations have to adapt to the structure and processes over time in order to fit changing con-
tingencies. In this sense investments in non-ICT assets (e.g. sophisticated and complex
production equipment) result in changes in the production technology, which, as men-
tioned above, constitutes an important contingency, so they give rise to appropriate adap-
tations of structures and processes, in order to maximize the value that these new assets
generate. In particular, these new non-ICT assets generate additional costs (e.g. mainte-
nance, depreciation, etc.), so it is necessary to exploit them as much as possible by reduc-
ing downtime and defective products, and also by achieving the highest possible value
and quality for the customer; for achieving these goals we expect that firms will tend to
adopt to a higher extent various TQM practices, such as statistical quality control, perma-
nent quality improvement teams and continuous quality improvement, and also pay more
attention to customers’ needs and satisfaction.

Even though these new non-ICT assets are usually characterised by high complexity, we
expect that firms will use them for simplifying the work of their employees (e.g. by using
to the highest possible extent the automation and alerting capabilities of these assets), in
order to reduce labour costs and errors resulting in lower quality. Furthermore, new non-
ICT assets usually need more inputs (e.g. materials) with higher quality from external
suppliers, so we expect that firms will tend to have more cooperation with their suppliers
for achieving the required high quality of these inputs. For the above reasons we expect
that TQM might be associated with non-ICT investment and mediate its relationship with
business performance, so our fourth hypothesis will be:

Hypothesis 4.4: The extent of TQM mediates the relationship between non-ICT investment
and business performance

Similarly, hypothesis 4.4 is analyzed in the following three hypotheses:

Hypothesis 4.4.1: Non-ICT investment has a statistically significant effect on the extent of
TQM.

Hypothesis 4.4.2: The extent of TQM has a statistically significant effect on business per-
formance (it is the same as Hypothesis 4.2.2)

Hypothesis 4.4.3: Non-ICT investment has a statistically significant direct effect on busi-
ness performance (it is the same as Hypothesis 4.3.3)

For conducting this empirical investigation we have used the log-transformed version of
the Cobb-Douglas production function, presented in chapter 3 (equation 3.2):

InVA=g,+ p,In(L)+ B, In (K)+ j, In (CK) +u,

By normalizing both sides of equation 3.2 by the number of employees (n) and then add-
ing the BPR and TQM respectively as mediators in the relationships of ICT investment
and non-ICT investment with business performance (based on the arguments presented in
the previous section), we formulated the two basic hypothesized models of this study,
which are shown in Figures 4.1 and 4.2. In both these models business performance is
measured by the log-transformed value added per employee (labour productivity). It is a
fundamental measure of business performance, as it incorporates the value of the products
and services a firm produces (taking into account both their quantity and their quality as it
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is reflected by their unit prices), the value of the materials and services it buys from ex-
ternal suppliers and also the number of employees; another important advantage it offers
Is that it is supported by a sound theoretical foundation as to the basic variables affecting
it (the Cobb-Douglas production function). For those reasons labour productivity has been
used as dependent variable in many empirical studies of the effect of ICT and organiza-
tional change on business performance (Bertschek & Kaiser2001, Black & Lynch 2004,
Arvanitis 2005). ICT investment is measured by the log-transformed value of ICT equip-
ment (hardware, software and networks) per employee, while non-ICT investment is
measured by the log-transformed value of non-ICT assets (= total value of assets minus
value of ICT equipment) per employee.

ICT Inwvestment
=In{ICT_Eqin}

Business
BPR Parlormanca
=lii, WA

Mon-1CT Imsestrment
Snjnon-ICT_Assatsing

Figure 4.1: The hypothesized model concerning the mediating effect of BPR on the relationships
of ICT investment and non-ICT investment with business performance

The extent of BPR and TQM constitute more complicated and multidimensional con-
cepts, which cannot be measured by just single variables. Therefore they have been treat-
ed as constructs, with BPR including 9 measures (items) and TQM seven. Each of these
items assesses the extent of having performed a basic BPR activity in the last 5 years.
This scale has been developed based on a review of the relevant literature. The items con-
cerning process improvement, simplification and abolition were mainly based on Ham-
mer and Champy (1993), since they were among the fundamental BPR activities pro-
posed by them, while the items regarding the cross-functional processes and workgroups,
employee empowerment and supervision decrease were taken from Gunasekaran and
Nath (1997). Finally the items concerning new horizontal process coordination roles (case
management) and customer-focused processes were based on Al Mashari and Zairi
(2000) whereas the ones concerning redesign of processes were taken from Champy
(2002). The conceptualization resources of the BPR construct are shown in Appendix 4.
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Figure 4.2: The hypothesized model concerning the mediating effect of TQM on the relationships
of ICT investment and non-ICT investment with business performance

The extent of TQM is measured through a seven-item scale, also shown in Appendix 4;
for the TQM construct, the item regarding methods of statistical quality control was con-
ceptualized by Dewhurst et al (2003), whereas the ones about quality improvement teams
and work simplification were taken from Lawler et al (1992). Additionally items about
measurement of customer as well as employee satisfaction were borrowed from Anderson
et al (1994). Supplier relationship was conceptualized from Flynn et al (1994) whereas
continuous quality improvement from Dean and Bowen (1994). The instrument measur-
ing BPR is shown in the Appendix of chapter 3 (Appendix A).

The validity and reliability of both these multi-item scales has been tested using the
methods proposed by the relevant statistical literature (e.g. Chin 1998, Boudreau et al
2001, Straub et al 2004, Kline 2005) as described in 4.5.2. For testing the research hy-
potheses presented in section 4.3 we estimated the models shown in Figures 4.1 and 4.2
following the structural equations modelling (SEM) approach (Kline 2005), using firm-
level data we collected through a questionnaire-based survey among Greek firms, which
has been presented in chapter 3. The particular questions used in this chapter are 1-7.

4.4 Data analysis and results

4.4.1 Descriptives

The means and standard deviations of the above nine BPR and seven TQM variables, as
well as the overall BPR and TQM variables (calculated as averages of the corresponding
BPR and TQM variables respectively), are shown in Table 4.1. We remark that the mean
of the overall BPR variable is 2.95, so we can conclude that Greek firms have adopted
BPR to a moderate extent; from the means of the nine BPR variables we can see that the
most extensively adopted BPR activities are process improvement (3.64), process cus-
tomer-centric redesign (3.42) and process simplification (3.33). Concerning TQM, the
mean of the overall variable is 3.18, so we can conclude that the adoption of TQM by
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Greek firms is a little higher than moderate, and also slightly higher than the adoption of
BPR; the means of the seven TQM variables show that the most extensively adopted
TQM activities are continuous quality improvement (3.79), cooperation with suppliers for
quality improvement (3.44) and measurement of customer satisfaction (3.38).

Standard
BPR activity | Description Mean | Deviation
BPR; Process simplification 3.33 1.01
BPR, Process improvement 3.64 0.90
BPR; Horizontal (interdepartmental) process creation 2.94 1.20
BPR, Process abolition 2.70 1.06
BPR;s Process customer-centric redesign 3.42 1.02
BPRg Interdepartmental workgroup creation 2.60 1.17
BPR;, Process coordinator role creation 2.62 1.15
BPRg Job enrichment - increase of decision making competences | 2.91 1.04
BPRg Supervision decrease 2.38 1.03
BPR Ay Average of BPR items (variables) 2.95 0.82

Standard
TQM activity | Description Mean | Deviation
TQM, Use of statistical quality control 2.90 1.35
TQM, Permanent quality improvement teams 2.75 1.42
TQM; Measurement of customer satisfaction 3.38 1.29
TQM, Cooperation with suppliers for quality improvement 3.44 1.22
TQMs Work simplification for quality improvement 3.25 1.12
TQMs Systematic measurement of employees’ satisfaction 2.79 1.18
TQM; Continuous quality improvement 3.79 1.14
TOM v Average of TQM items (variables) 3.18 0.99

Table 4.1: Means and standard deviations of the BPR and TQM items (variables).

4.4.2 Measurement Models

The two models shown in Figures 4.1 and 4.2 were estimated using a covariance-based
structural equation modelling (SEM) approach based on maximum likelihood (ML) im-
plemented through the AMOS 7 software (Byrne 2001). Initially the measurement model
was examined; in particular, content validity, construct validity and reliability of the BPR
and TQM multi-item constructs were assessed. Content validity concerns the degree to
which the items selected to measure a construct capture the whole essence of it in a repre-
sentative manner (Boudreau et al 2001, Straub et al 2004). Taking into account that, as
mentioned in the previous section 4.4, both BPR and TQM multi-item scales have been
developed through extensive review of the relevant literature, and reviewed by three high-
ly experienced ICAP experts, their content validity can be concluded. Construct validity
concerns the extent to which the selected items for a given construct, considered together
and compared to the items of other latent constructs constitute a reasonable operationali-
zation of it (Boudreau et al 2001, Straub et al 2004). Its most important dimensions are
convergent and discriminant validity. Convergent validity is evidenced when the items
that have been selected as reflecting a construct “converge” by showing statistically sig-
nificant high correlations with one another and with the construct. Convergent validity of
the BPR and TQM constructs was tested by examining the estimated measurement mod-
els parts of the above two models, which connect the two constructs with their corre-
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sponding items. For each of these two constructs the loadings of its items, which are
shown in Table 4.2, were all statistically significant and exceeded the 0.6 cut off level
suggested by Chin (1998). The above results indicate convergent validity for both con-
structs.

BPR Model TOM Model
Indicator | Loading | Indicator | Loading
BPR_1 0.724 TOM_1 0.600
BPR_2 0.700 TQM_2 0.673
BPR_3 0.784 TQM_3 0.823
BPR 4 0.699 TQM_4 0.805
BPR_5 0.706 TQM_5 0.800
BPR_6 0.781 TQM_6 0.751
BPR_7 0.748 TQM_7 0.824
BPR_8 0.724

BPR_9 0.676 )
Table 4.2: Item load- = ings for the BPR and

TQM constructs.

Discriminant validity of the BPR and TQM constructs was tested by performing factor
analysis with varimax rotation using the SPSS 15.0 software. Despite the fact that the two
constructs do not appear in the same model (the BPR construct appears in the model of
figure 4.1, while the TQM construct appears in the model of figure 4.2), we would like to
ensure that the items of each of these two constructs do not correlate highly with the other
construct, and there is therefore a clear discrimination between the two constructs. In par-
ticular, we examined the factors structure behind the 16 items of these two constructs (i.e.
the 9 BPR items and the 7 TQM items). The results show that there is one factor F1 char-
acterized by high loadings of the BPR items and much lower loadings of the TQM items,
and another factor F2 characterized by high loadings of the TQM items and much lower
loadings of the BPR items, as we can see in Table 4.3. The results indicate discriminant
validity for the two constructs.

BPR and TQM activities BPR TQM
Creation of new horizontal (inter-departmental) processes (that cross more than one
departments) 0,725 0,319

Creation of new inter-departmental units/workgroups (e.g. customer or product-
focused) 0,686 0,363

Creation of new horizontal coordination roles (process coordinators) for monitor-
ing and coordinating the efficient and faster execution of process crossing more 0761 0246
than one department. ' '

Simplification of processes 0,718 0,141
Improvement of processes 0,697 0,295
Abolition of processes 0,791 0,195
Redesign of processes so that they become customer-focused 0,789 0,148
Job enrichment - increase of decision making competences authorization for em-

ployees involved in some processes 0,725 0,230
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Decrease of the intension of supervision and of the number of supervisors in some

processes 0,711 0,120
Use of statistical quality control methods 0,069 0,729
Permanent quality improvement teams 0,297 0,713
Systematic measurement-monitoring of customer satisfaction 0,188 0,835
Cooperation with suppliers for quality improvement 0,197 0,789
Work simplification for quality improvement 0,306 0,766
Systematic measurement-monitoring of employees satisfaction 0,263 0,731
Continuous quality improvement 0,301 0,781

Table 4.3: Discriminant validity of BPR and TQM measurement items

Finally the reliability of each construct, which concerns the extent to which its items, tak-
en together, constitute an error-prone operationalization of it (Boudreau et al 2001, Straub
et al 2004), was examined. For this purpose Cronbach’s Alpha was calculated for each
construct using the SPSS 15.0 software; the resulting values (0.914 for the BPR construct
and 0.906 for the TQM construct) exceeded the minimum acceptable level of 0.7 recom-
mended by the relevant literature (Gefen et al 2000, Straub et al 2004), confirming there-
fore the reliability of both constructs. Therefore, it can be concluded that BPR and TQM
multi-item constructs are characterized by content validity, construct validity and reliabil-

ity.

4.4.3 Structural Models

As a second step we examined the fit indices of both structural equation models. In Table
4.4 their main goodness-of-fit indices are shown, which quantify to what extent the speci-
fied models fit the observed data. We can see that both models have satisfactory values of
the incremental fit indexes (> 0.9) as well as of the RMSEA (< 0.08), in accordance with
the suggestions of the relevant literature (Browne and Cudeck 1993, Gefen et al 2000,
Straub et al 2004). Therefore, we can conclude that both models show a satisfactory and
acceptable fit with the data, and proceed to examining their path coefficients.

BPR Model TOQM Model

Chi-Square 113.79 37.45
RMSEA .071 .028
Incremental Fit Indices

NFI .927 .969
RFI .900 .954
IFI .957 .994
TLI .940 .992
CFI .956 .994

Table 4.4: Fit indexes for the BPR and TQM models.

In Figure 4.3 we can see the statistically significant path coefficients of the BPR structur-
al model. We remark that both paths from ICT investment to BPR and from BPR to busi-
ness performance are statistically significant (0.137 and 0.159 respectively), therefore hy-
potheses 4.1.1 and 4.1.2 are supported. The statistical significance of those two paths in-
dicates a clear mediating effect of BPR on the relationship between ICT investment and
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business performance. Also the direct path from ICT investment to business performance
is statistically significant and stronger (0.328), so hypothesis 4.1.3 is also supported. This
means that ICT investment has an important direct contribution to business performance
as well. The above results provide support for hypothesis 4.1, leading to the conclusion
that BPR has a partial (but not complete) mediation effect on the relationship between
ICT investment and business performance. This finding is consistent with conclusions of
previous relevant studies (Albadvi et al 2006, Grover et al 1998). We also remark that the
indirect effect of ICT on business performance through BPR (equal to
0.137x0.159=0,022) is much weaker than the direct one (0,328). This means that in the
Greek national context only a small part of the effect of ICT on business performance is
through enabling and facilitating BPR that has a positive impact on business performance
(equal to 0,022/(0,328+0,022)=6,2% of the total effect).

Concerning non-ICT investment, we can see that the path from it to BPR is not statistical-
ly significant, while on the contrary the path from it to business performance is significant
(0.103). Therefore hypotheses 4.3.2 and 4.3.3 are supported, whereas hypothesis 4.3.1 is
not, in agreement to our expectations (section 4.3). These results do not provide support
for hypothesis 4.3, and lead to the conclusion that BPR is not significantly associated with
non-ICT investment and does not have a mediation effect on its relationship with business
performance.

ICT
Investment
7 o
¥, A 32& tay
Business
. A
BPR 159 Performance
0 AT
MNon-ICT
Investment

Figure 4.3: The BPR structural model

The above conclusions indicate an important difference between ICT and non-ICT capital
concerning their relation to BPR and also the mediation role of BPR in their relationships
with business performance. As mentioned in the introduction ICT capital is a ‘general
purpose’ technology (e.g. Bresnahan and Trajtenberg 1995, Melville et al 2007, etc.)
characterised by flexibility and adaptability and can be used in many different ways and
for various purposes; on the contrary non-ICT capital is not a ‘general purpose’, being
characterised by much lower flexibility and adaptability to different ways of use, so it can
serve much fewer functions. Also, ICT capital is closely associated with most business
processes of a firm, supporting and influencing them significantly, while non-ICT capital
is not. These fundamental differences between ICT capital and non-ICT capital result, as
our empirical results indicate, in differences concerning their relation to BPR: while ICT
capital enables and supports the radical and discontinuous improvements and simplifica-
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tions of business processes that BPR includes, this does not happen with non-ICT capital;
for this reason BPR partially mediates the relationship between ICT capital and business
performance, but not the relationship between non-ICT capital and business performance.

In Figure 4.4 we can see the statistically significant path coefficients of the TQM struc-
tural model. We remark that the path from ICT investment to TQM is not statistically sig-
nificant, while on the contrary, the path from TQM to business performance, as well as
the direct path from ICT investment to business performance (as in the BPR structural
model shown in Figure 4.3) are statistically significant (0.172 and 0,345 respectively);
thus hypothesis 4.2.2 and 4.2.3 are supported, while 4.2.1 is not supported. Therefore the
effect of ICT investment on the extent of TQM practices is not statistically significant,
but TQM practices enhance business performance; it should be noted that this positive
and statistically significant relationship found between TQM and business performance is
consistent with the conclusions of the previous relevant empirical studies on the effect of
TQM on business performance reviewed in 4.2.3. However, the above results indicate
that TQM does not have a mediation effect on the relationship between ICT investment
and business performance, so hypothesis 4.2 is not supported. This finding is not in
agreement with the conclusions of the only empirical study conducted on this issue by
Martinez-Lorente et al. (2004), who found a mediation effect of TQM on the abovemen-
tioned relationship; however, we should take into account that their study included only
manufacturing firms, so their ICT assets are much less important for them in comparison
to their non-ICT assets, while the present study includes firms from 27 different sectors
covering both manufacturing and services.

ICT
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Business
Performance
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g |
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Figure 4.4: The TQM structural model

Finally, we remark that the path from non-ICT investment to TQM is statistically signifi-
cant (0.122), so hypothesis 4.1 is supported; taking also into account that the path from
TQM to business performance is significant as well (0,172, providing support to hypothe-
sis 4.2, which is the same as hypothesis 2.2), we can conclude that TQM has a mediating
effect on the relationship between non-ICT investment and business performance, provid-
ing thus support for hypothesis 4. Also, we remark that the direct path from non-ICT in-
vestment to business performance is statistically significant (0.097) in this model as well
(as it was in the BPR structural model shown in Figure 4.3), which confirms that non-ICT
investment has a direct contribution to business performance; therefore hypothesis 4.3 is
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also supported. The above results lead to the conclusion that TQM has a partial (but not
complete) mediation effect on the relationship between non-ICT investment and business
performance. We also remark that the indirect effect of non-ICT capital on business per-
formance through TQM (equal to 0,122x0.172=0,021) is weaker than the direct one
(0,097); so we can conclude that in the Greek national context a medium to small part of
the effect of non-ICT capital on business performance is through enabling and facilitating
TQM that has a positive impact on business performance (equal to
0,021/(0,097+0,021)=17,8% of the total effect).

The above conclusions reveal another important difference between ICT and non-ICT
capital concerning their relation with TQM and also the mediation role of TQM in their
relationships with business performance. As mentioned in section 4.3, according to the
structural contingency theory (Donaldson 2001), organizations tend to fit their structure
and processes to some important contingencies, such as environment, strategy, size, and
technology. Our empirical results indicate that investments in non-ICT assets, such as so-
phisticated and complex production equipment, cause considerable changes in the pro-
duction technology (which constitutes an important contingency), so they result in appro-
priate adaptations of structures and processes, such as the ones that TQM includes, aim-
ing at maximizing the business value that these new non-ICT assets generate. For in-
stance, the additional costs that these assets generate (e.g. depreciation, maintenance, etc.)
necessitate the highest possible exploitation of them by reducing downtime and defective
products, so they result in a higher degree of adoption of statistical quality control, per-
manent quality improvement teams and continuous quality improvement; also, the higher
capabilities offered by these additional assets necessitate the optimal exploitation of them
for creating value for the customer, resulting in higher level of attention to customers’
needs and satisfaction. Furthermore, new non-ICT assets usually need more and higher
quality inputs from external suppliers (e.g. various materials), which increase the degree
of cooperation with suppliers for achieving high quality of these inputs.

On the contrary, as our empirical results indicate, the acquisition of more ICT assets do
not significantly affect the degree of adopting TQM practices, such as statistical quality
control, permanent quality improvement teams, continuous quality improvement, cooper-
ation with suppliers for inputs’ quality improvement, etc. Therefore, it can be concluded
that while non-ICT capital acts as a driver of the evolutionary and continuous changes of
business processes that TQM includes, this does not happen with ICT capital; for this rea-
son TQM partially mediates the relationship between non-ICT capital and business per-
formance, but not the relationship between ICT capital and business performance.

45 Conclusions, limitations and further research directions.

There is extensive literature arguing that the most beneficial aspect of ICT is its potential
as catalysts and enablers of big improvements of existing business processes, which can
lead to big increases of business performance. In this direction the role of business pro-
cess change as a mediator in the relationship between ICT and business performance has
been widely discussed and emphasized in the relevant literature based on a rich theoreti-
cal argumentation in the literature; however, it has been empirically investigated only to a
very small extent, with main emphasis on one of business process paradigms: BPR. Chap-
ter 4 contributes to filling this empirical research gap. i) It empirically investigates and
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compares the mediation effects of the two main paradigms of business process change,
BPR and TQM, on the relationship between ICT investment and business performance;
i) it empirically investigates and compares the mediation effects of BPR and TQM on the
relationship between non-ICT investment (in ‘regular capital’, such as mechanical
equipment, physical structures, etc.) and business performance, and proceeds to a com-
parison between ICT investment and non-ICT investment in this respect; iii) it is based on
a sound and established theoretical foundation from the area of microeconomics, the
Cobb-Douglas production function, so it includes all the fundamental independent varia-
bles; iv) BPR and TQM are measured through multi-item scales, which have been devel-
oped based on extensive reviews of the relevant literature and then tested in terms of va-
lidity and reliability using the methods proposed by the relevant statistical literature; and
finally v) it uses objective measures of business performance, ICT investment and non-
ICT investment.

From this empirical investigation it has been concluded that BPR partially mediates to a
small extent the relationship between ICT investment and business performance, while
TQM does not exhibit such a mediation effect; ICT investment has a positive effect on
the extent of BPR but not on the extent of TQM, while both BPR and TQM have a posi-
tive effect on business performance. These results indicate that in the Greek national con-
text ICT assets are to a small extent enablers and facilitators of BPR that enhances busi-
ness performance; on the contrary they do not act as enablers and facilitators of TQM.
From the similar analysis performed for non-ICT investment it has been concluded that
TQM partially mediates to a small to medium extent the relationship between non-ICT
investment and business performance, while BPR does not exhibit such a mediation ef-
fect; non-ICT investment has a positive effect on the extent of TQM, but not on the extent
of BPR. These results indicate that, in the Greek national context, non-ICT assets are to a
small to medium extent enablers and facilitators of TQM that enhances business perfor-
mance; on the contrary they do not act as enablers and facilitators of BPR. Also, the
above findings shed light on the differences between ICT investment and non-ICT in-
vestment as enablers and facilitators of business process change; each of them seems to
drive a different type of business process change: ICT investment as a “general purpose’
technology drives the radical and discontinuous BPR, while non-ICT investment drives
the evolutionary and continuous TQM.

Chapter 4 includes interesting research implications. First, it offers an insight into the dif-
ferences between the two main business process change paradigms, BPR and TQM, as to
their relations with the ICT capital and non-ICT capital, and also their mediation role in
the relations of these two types of capital with business performance. Second, it offers an
insight into the differences between ICT capital and non-ICT capital as enablers and facil-
itators of business process change. Third, it provides a useful framework, which is based
on a sound and mature foundation from the area of microeconomics, the Cobb-Douglas
production function, for empirically investigating relations between ICT capital, non-ICT
capital, business process change and business performance; this framework can be useful
for the future empirical research required in this area. Fourth, it has developed and tested
multi-item scales for measuring the extent of BPR and TQM, which are based on exten-
sive reviews of the relevant literature, which can be used in future empirical research con-
cerning the impact and the antecedents of BPR and TQM.
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There are also interesting managerial implications. ICT capital should not be used for
simply automating existing business processes, but for redesigning them exploiting the
capabilities offered by ICTs and taking into account the ‘new assumptions’ they create:
low costs of communication and information processing, electronic paperless modes of
office work and decreasing time and space limitations. In particular, ICT should be used
for radical improvements and simplifications of business processes, abolition of processes
that can be fully automated and performed by computers without human intervention and
creation of new horizontal interdepartmental processes, workgroups and roles that focus
on particular customers, products or projects. For this purpose firms should exploit to the
highest extent the nine modes of using ICT for supporting BPR proposed by Davenport
(1993): automational, informational, sequential, tracking, analytical, geographical, inte-
grative, intellectual and disintermediating. On the other hand TQM seems to be more re-
lated to non-ICT assets, since the traditional assets (e.g. production equipment) should be
systematically monitored, measured and controlled so that firm output reaches the ex-
pected levels and the value generated for the firm can be maximized. For this reason the
‘hard’ investment in non-ICT capital should be combined with *soft” investment in TQM
practices, such as statistical quality control, permanent quality improvement teams, con-
tinuous quality improvement, cooperation with suppliers for inputs’ quality improvement,
systematic measurement and monitoring of customers’ satisfaction, work simplification
focused on errors’ reduction and quality improvement and also systematic measurement
and monitoring of employees’ satisfaction.

While the abovementioned contributions are significant, it has some limitations, which
provide space for further research. First, it has been based on a sample of Greek firms, so
its results may have been influenced by characteristics (e.g. technological, economic, cul-
tural, social, etc.) of the Greek national context. As mentioned in the introduction, Greece
is a small country (with about eleven million population), with a small size of internal
market and small average firm size; it does not belong to the highly technologically and
economically developed countries, but it has made considerable progress in the last twen-
ty years and has become a full member of the European Economic and Monetary Union.
Also, from a cultural viewpoint, we examined the scores of Greece in the four main di-
mensions of national culture proposed by Hofstede (2005) - Power Distance Index, Indi-
vidualism, Masculinity and Uncertainty Avoidance Index — focusing on the Uncertainty
Avoidance Index (UAI), which we expect to be the main national culture dimension that
affects business-process change. From Geert Hofstede’s website (http://www.geert-
hofstede.com/) we can see that the UAI score for Greece is very high (112), much higher
than the other European countries, especially the northern ones (e.g. the UAI score is 80
for Italy, 90 for France and Spain, but 38 for United Kingdom and 30 for Sweden); this
indicates that the national culture of Greece is risk-averse, which might affect negatively
business process change and its relations with ICT capital, non-ICT capital and business
performance.

For the above reasons, it would be interesting to investigate the mediation effects of these
two main business change paradigms, BPR and TQM, on the relationships of ICT and
non-ICT investment with business performance, in other national contexts as well, which
are characterized by bigger internal market size, higher technologic and economic devel-
opment, and also less risk-averse culture. Second, the present study uses only one busi-
ness performance measure, value added per employee (labour productivity), though fun-
damental (as it incorporates the value of the products and services a firm produces, the
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value of the materials and services it buys from external suppliers and also the number of
its employees, which is supported by a sound and established theoretical foundation from
the area of microeconomics, the Cobb-Douglas production function), and widely used in
many empirical studies of the effect of ICT and organizational change on business per-
formance. So it would be interesting to conduct similar empirical studies using more fi-
nancial and non-financial measures of business performance as dependent variables.

CHAPTER 5
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The Moderating Role of BPR and TQM on ICT

Business Value

5.1 Introduction

As mentioned in the previous chapter, research on the relationship between ICT invest-
ment and business performance has shown a contradiction over the years. Earlier studies
did not find evidence about a statistically significant association between ICT investment
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and business performance (e.g. Roach 1987, Strassman 1990, Brynjolfsson 1993,
Loveman 1994, Strassman 1997), whereas more recent ones have provided substantial
evidence that ICT investment has a positive and statistically significant impact on busi-
ness performance (e.g. Brynjolfsson & Hitt 1996, Stolarick 1999, Preslac 2003). There-
fore current research in this domain focuses on the identification and investigation of
‘ICT complementary factors’, which, if combined with ICT, can increase this positive
impact and in general the business value that ICT generates (Melville et al 2004, Arvani-
tis 2005, Wan et al 2007). The most widely ICT complementary factor discussed in the
literature is business process change; its potential as a moderator of ICT business value
has been emphasized by the relevant literature based on a rich argumentation (e.g. Ham-
mer 1990, Brynjolfsson & Hitt 1996, Brynjolfsson & Hitt 1998, Brynjolfsson & Hitt
2000, Bresnahan et al 2002, OECD 2004, Melville et al 2004).

Business Process Reengineering (BPR) and Total Quality Management (TQM) constitute
the two main paradigms of business process change. However there are significant differ-
ences between them: BPR is radical, revolutionary and follows an one-time approach,
while on the contrary TQM is incremental, evolutionary and continuous. Both of them
rely to a large extent on ICT, as described in more detail in the section 5.2.

The relevant literature has examined the moderating role of BPR on ICT business value
only to a very small extent using large datasets (Grover et al 1998, Devaraj & Kohli
2000), while the moderating effect of TQM on ICT business value has not been empiri-
cally investigated. Even these very few empirical studies of the moderating role of BPR,
as described in the following section 5.2, are not based on theoretically sound models in-
cluding all the fundamental variables; also, they are measuring the extent of BPR in a
simplistic way using only one item (i.e. through one simple question), which may result
in reduced measurement reliability. Therefore further empirical research is necessary con-
cerning the moderating effects of those two different business process change paradigms
on ICT business value in various sectoral and national contexts, based on sound theoreti-
cal foundations, large datasets, models including all fundamental variables, as well as us-
ing appropriate multi-item constructs for measuring both BPR and TQM with high levels
of reliability. This would be the only way in order to draw sound conclusions as to what
extent the abovementioned expectations of the literature are realized. The results of this
research will be useful to both the business and the ICT management community and to
the research community.

In the present chapter we attempt to fill this research gap by presenting an empirical in-
vestigation and comparison of the moderating effect of BPR and TQM on the business
value generated by ICT, which is quantified in an objective manner as the contribution of
ICT investment, to firm value added, using firm-level data from 271 Greek firms. As in
the previous chapter, multi-item BPR and TQM constructs are developed based on the
BPR and TQM literature, and their validity and reliability is tested using the methods
proposed by the relevant statistical literature (e.g. Chin 1998, Straub et al 2004, Kline
2005). Based on those constructs, moderated regression models of firm value added have
been constructed, including all the fundamental independent variables, founded on the
Cobb-Douglas production function, which constitutes a sound and mature theoretical
foundation from the domain of microeconomics. In a similar manner the particular BPR
and TQM activities with significant moderating effects will be identified.
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In the following Section 5.2 previous relevant research is briefly reviewed. Then in sec-
tion 5.3 the research hypotheses, method and data are described. Data analysis and results
of this study are presented in Section 5.4, while in the final section 5.5 the conclusions
and limitations of this study are discussed and further research directions are proposed.

5.2 Literature review

There is considerable literature arguing that ICT can be used for enabling big transfor-
mations of existing business processes, which can result in high levels of business bene-
fits and significant increase of business performance (e.g. Hammer 1990, Hammer &
Champy 1993, Davenport 1993, Brynjolfsson & Hitt 1996, Brynjolfsson & Hitt 1998,
Gunasekaran & Nath 1997, Brynjolfsson & Hitt 2000, Bresnahan et al 2002, OECD 2004,
Melville et al 2004, Pantazi & Georgopoulos 2006). Michael Hammer (1990), one of the
founders of BPR, in his highly influential paper ‘Re-engineering Work: Don’t Automate,
Obliterate’ states that “Instead of embedding outdated processes in silicon and software,
we should obliterate them and start over. We should “reengineer” our businesses: use the
power of modern information technology to radically redesign our business processes in
order to achieve dramatic improvements in their performance’. In the same direction
Brynjolfsson and Hitt (1996) argue that one of the explanations of the widely discussed in
the 90s “ICT Productivity Paradox” is that firms needed a period of learning how to uti-
lize and exploit ICT and how to make the appropriate process adjustments before they
could reap the full benefits that ICTs can offer. In a more recent work they argue that,
since most of the existing business processes have been designed in the past before the
emergence of ICT, they reflect the high costs of communication and information pro-
cessing and the dominant manual mode of office work at that time; they conclude that
since modern ICTs can reduce dramatically communication and information processing
cost and enable new electronic modes of office work, they can be enablers and facilitators
of new enhanced business processes, which can lead to big productivity increase
(Brynjolfsson and Hitt, 2000). Bresnahan et al (2002) conclude that the three most im-
portant elements of modern economy are ICT, workplace reorganization and new prod-
ucts and services, which are closely associated and exhibit high levels of complementari-
ty. There is also considerable literature reporting case studies of firms that have success-
fully used ICTs for reengineering their processes and finally achieving significant bene-
fits and higher business performance (e.g. Davenport and Nohria 1994, O’Neill and Sohal
1999, Hunter et al 2000, Attaran 2003).

However, the moderating role of BPR on ICT business value has only to a very small ex-
tent been empirically investigated using large datasets. Grover et al (1998) have investi-
gated empirically whether the perceived extent of ICT-related process change has a mod-
erating effect on the relationship between ICT diffusion and perceived ICT-related
productivity improvement, using data collected through a survey from 313 senior ICT
executives of USA large service and manufacturing firms (over half of them having more
than 2500 employees) and based on them constructing moderated regression models.
Their main conclusions were that ICT diffusion has a positive impact on the perceived
ICT-related productivity improvement, and that the perceived extent of ICT-related pro-
cess change moderates this relationship only for the client/server technologies. This study
used subjective single-item measures of ICT-related process change and ICT-related
productivity improvement (based on perceptions of firms’ managers).
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Devaraj & Kohli (2000) have empirically investigated (in a health care organization con-
text) the effect of the expenses made for a particular decision support system on four
measures of hospitals’ performance (net patient revenue per day, net patient revenue per
admission, mortality rate and customer satisfaction) as well as the moderating role of
BPR perceived effectiveness on these relationships. Using monthly data from USA hospi-
tals they constructed moderated regression models of these four performance variables.
From these models it has been concluded that the expenses for this particular decision
support system have a positive impact on all these four performance variables, and that
BPR perceived effectiveness moderates three of these relationships (with the exception of
the one concerning the mortality rate). This study used a subjective single-item measure
of BPR effectiveness (based on perceptions of hospitals’ managers).

Concerning TQM, there is considerable literature describing how ICT can be used for
supporting it, making it more efficient and increasing the business value it generates
(Giffi et al 1990, Weston 1993, Flynn et al 1994, Forza 1995a and 1995b, Kock &
McQueen 1997, Dewhurst et al 2003). Giffi et al (1990) argue that computers play a criti-
cal role in quality management, since they can significantly support statistical process
control, reduce the effort required by production personnel for collecting and analyzing
quality data and also shorten the reaction time between the collection of process data and
the implementation of corrective actions that might be required, having the potential to
increase in these ways the efficiency and the business benefits of quality management.

In the same line Forza (1995a and 1995b) from an empirical study in 34 industrial plants
in Italy found that quality management practices can be significantly supported by eight
basic quality information flows: quality performance feedback to managers and superin-
tendents, visible and timely feedback on quality (e.g. defects rate, machines breakdown
frequencies, etc.), information on internal quality inspections and audits, information on
machines (e.g. maintenance, operation, setup, etc.), information for the identification of
causes of non-quality, documentation on production procedures, information exchange
with customers and suppliers on quality; so he concluded that supporting these infor-
mation flows through ICT can contribute to improving quality performance. However he
did not succed in empirically establishing a link between TQM practices and IT propos-
ing that the contribution of IT should be further investigated by developing adequate
measures especially with reference to its use. Those companies who apply TQM perceive
a larger impact of IT on their TQM dimension (Martinez-Lorente et al.; 2004).

Dewhurst et al (2003) through a multiple case study of 14 Spanish companies found that
ICTs can effectively support TQM in improving customer and supplier relationship, in-
creasing process control, facilitating teamwork, facilitating inter-departmental infor-
mation flow, improving design process and skills, applying preventive maintenance, in-
troducing ISO 9000, measuring quality costs and improving the decision process in quali-
ty departments, resulting finally in higher quality, operational and financial performance.

From the literature reviewed regarding moderating effects of BPR it is concluded that the
abovementioned studies measure business performance with subjective (non-financial)
measures, which may be adopted by various researchers especially during the last years,
however they have serious limitations. Hyvonen (2007) notes that “while there has been
extensive interest in the role of contemporary measures to assist in developing differentia-
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tion strategies including customer-focused strategies, survey evidence suggests that finan-
cial measures remain important to managers”. It should also be noted that in the regres-
sion models of both these studies only independent variables associated with ICT capital
and BPR have been included. However other fundamental independent variables, which
according to basic microeconomic theory (e.g. Nicholson 1998) affect substantially busi-
ness performance, such as variables associated with non-ICT capital, labor, etc, have not
been included. This omission of important independent variables, according to the rele-
vant econometric modeling literature (e.g. Greene 2003, Gujarati 2003), may cause Sig-
nificant inaccuracies and introduce biases in the estimated coefficients of the constructed
regression models.

The reviewed literature on the role of TQM on the ICT-business perofrmance relationship
revealed an absence of empirical evidence. Rodriquez et al. (2006) note that few authors
have provided convincing evidence on the effects of IT on TQM and business perfor-
mance. Due to this lack of clear evidence concering this relationship, the moderating ef-
fect of TQM on ICT business value has not been empirically investigated.

This study tries to bridge those research gaps by investigating, at the same time, the mod-
erating effects of the two main business process change paradigms, BPR and TQM, on
ICT business value in various national and sectoral contexts. This investigation will be
conducted with the same dataset using sound theoretical foundations, which include all
the fundamental independent variables. BPR and TQM, which constitute highly abstract
and multidimensional concepts, are being estimated through multi-item scales with high
levels of reliability.

5.3 Research hypotheses, method and data

In this direction the research objective of this study is to empirically investigate and com-
pare the moderation effects of BPR and TQM on the business value generated by ICT,
which is quantified in an objective manner as the contribution of firm ICT investment to
firm value added. So our first research hypothesis concerns the moderation effect of BPR
on the relationship between ICT investment and firm value added. As mentioned in the
previous section 5.2, most of the existing business processes of firms have been designed
in the past before the emergence of ICT; their design has been based on two assumptions:
the dominant manual mode of office work and the high costs of communication and in-
formation processing at that time (Hammer 1990, Hammer & Champy 1993). These as-
sumptions are not valid today due to the emergence of ICT, which enable new electronic
modes of office work and reduce dramatically communication and information processing
costs. For this reason automating those existing business processes using ICT will result
in a suboptimal level of business benefits from ICT; the optimal level of benefits from
ICT will be achieved only if it is combined with a redesign of business processes based
on the ‘new assumptions’ that ICT have generated: the low costs of communication and
information processing and the new electronic mode of office work. In this direction there
is considerable literature, as mentioned in section 5.2, arguing that ICT can be enablers
and facilitators of new enhanced business processes, which can lead to big increase of
business performance (e.g. Hammer 1990, Hammer & Champy 1993, Brynjolfsson &
Hitt 1996, Brynjolfsson & Hitt 1998, Gunasekaran & Nath 1997, Brynjolfsson & Hitt
2000, Bresnahan et al 2002, OECD 2004, Melville et al 2004, Pantazi & Georgopoulos
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2006). For the above reasons we expect that the combination of ICT investment with BPR
will result in more beneficial ways of using ICT and in more valuable applications, and
will thus increase the contribution of ICT investment to firm value added. Therefore our
first hypothesis is:

Hypothesis 5.1: The extent of BPR moderates positively the contribution of ICT invest-
ment to firm value added.

Hypothesis 5.1 should be also examined for every single BPR activity, as well:
Hypothesis 5.1.1: The extent of process simplification moderates positively the contribu-
tion of ICT investment to firm value added.

Hypothesis 5.1.2: The extent of process improvement moderates positively the contribu-
tion of ICT investment to firm value added.

Hypothesis 5.1.3: The extent of horizontal process creation moderates positively the con-
tribution of ICT investment to firm value added.

Hypothesis 5.1.4: The extent of process deletion moderates positively the contribution of
ICT investment to firm value added.

Hypothesis 5.1.5: The extent of process redesign in order to become more customer fo-
cused moderates positively the contribution of ICT investment to firm value added.
Hypothesis 5.1.6: The extent of horizontal workgroup development moderates positively
the contribution of ICT investment to firm value added.

Hypothesis 5.1.7: The extent of process coordinator roles development moderates posi-
tively the contribution of ICT investment to firm value added.

Hypothesis 5.1.8: The extent of job enrichment moderates positively the contribution of
ICT investment to firm value added.

Hypothesis 5.1.9: The extent of supervision decrease moderates positively the contribu-
tion of ICT investment to firm value added.

The second hypothesis concerns the moderation effect of TQM on the relationship be-
tween ICT investment and firm value added. TQM practices are data intensive, so they
can be significantly supported and enhanced through the use of ICTs. In particular, the
use of ICT can significantly support and enhance the basic TQM practices, such as statis-
tical process control, preventive maintenance, cooperation with customers and suppliers
on quality, teamwork, design of products, introduction of ISO 9000, collection and analy-
sis of quality data, inter-departmental information flow, etc, and increase of the business
benefits these practices offer. In this direction there is considerable literature, as men-
tioned in section 5.2, describing how ICT can be used for supporting TQM and making it
more efficient, so that a higher level of business benefits can be achieved (Giffi et al
1990, Weston 1993, Flynn et al 1994, Forza 1995a and 1995b, Kock & McQueen 1997,
Dewhurst et al 2003). For these reasons we expect that the combination of ICT invest-
ment with TQM will result in more beneficial ways of using ICT and in more valuable
applications, increasing thus the contribution of ICT investment to firm value added.
Therefore our second hypothesis is:

Hypothesis 5.2: The extent of TQM moderates positively the contribution of ICT invest-
ment to firm value added.

Similarly, hypothesis 5.2 will also be examined for every TQM activity separately:
Hypothesis 5.2.1: The extent of using statistical quality control methods moderates posi-
tively the contribution of ICT investment to firm value added.
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Hypothesis 5.2.2: The extent of operating permanent quality improvement teams moder-
ates positively the contribution of ICT investment to firm value added.

Hypothesis 5.2.3: The extent of systematic measurement of customer satisfaction moder-
ates positively the contribution of ICT investment to firm value added.

Hypothesis 5.2.4: The extent of cooperating with suppliers for quality improvement mod-
erates positively the contribution of ICT investment to firm value added.

Hypothesis 5.2.5: The extent of work simplification for quality improvement moderates
positively the contribution of ICT investment to firm value added.

Hypothesis 5.2.6: The extent of systematic measurement of employee satisfaction moder-
ates positively the contribution of ICT investment to firm value added.

Hypothesis 5.2.7: The extent of continuous quality improvement moderates positively the
contribution of ICT investment to firm value added.

The basic theoretical foundation we used for testing the above two hypotheses was the
Cobb-Douglas production function (Nicholson, 1998). It constitutes a sound and mature
foundation from the area of microeconomics, which includes all fundamental variables
that affect firm output, and has been extensively used in the past for estimating the contri-
bution of firm inputs, including ICT capital (e.g. see Brynjolfsson & Hitt 1996, Stolarick
1999, Preslac 2003), to firm output. In particular, we have used an extended form of
theCobb Douglas production function (see equation 3.1 in Chapter 3), in which the capital
is

divided into computer capital and non-computer capital:

VA= K PCK P (3.1)

where VA is the yearly firm value added (= yearly sales revenue minus yearly expenses
for buying materials and services), and L, K and CK are the yearly labour expenses, the
value of the non-computer capital and the value of the computer capital respectively (de-
scribed in chapter 3). By log-transforming (3.1) we obtain the following linear form of it:

InVA=f,+ S, In(L)+ 5, In (K)+ 8, In(CK) (3.2)

In order to investigate the moderating effect of the above two business process change
paradigms, BPR and TQM, on the contribution of ICT to firm output, we have added an
‘interaction term’ (Aiken & West 1996, Venkatraman 1989, Gujarati 2003), which is
equal to the product of the corresponding business process change factor F (i.e. extent of
BPR or extent of TQM) to In(CK):

In VA= 4, + A In(L)+ 4, In (K) # B,In(CK)+ B, In(CK)- F  (33)
As mentioned in the previous chapters the extent of BPR and TQM constitute highly ab-
stract and multidimensional concepts, which cannot be measured by only one item, so it
was decided to measure them as multi-item constructs based on structural equation mod-
elling (SEM; Kline, 2005) principles. The extent of BPR has been measured through a
nine-item scale whereas the extent of TQM through a seven-item scale (Appendix 4).

The above hypotheses 5.1 and 5.2 were tested by estimating initially model (3.2) and then
model (3.3) for F equal to the extent of BPR (calculated as the average of the above nine
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BPR items) and then to the extent of TQM (calculated as the average of the above seven
TQM items) and examining the statistical significance of the corresponding interaction
terms. For hypotheses 5.1.1-5.1.9 and 5.2.1-5.2.7 we estimated model (3.3) for F equal to
the extent of implementing a particular BPR or TQM activity each time (i.e. 9+7=16
times).

For the estimation of the above regression models we used data collected through a sur-
vey among Greek companies, which was conducted in cooperation with ICAP, one of the
largest business information and consulting companies of Greece (see chapter 3). The
particular questions of this survey concerning the financial data of the company and the
extent of its BPR and TQM activities that have been used in this study are shown in Ap-
pendix A (questions 1-7).

5.4 Data analysis and results

Table 5.1 presents some descriptives for the BPR and TQM acivities (see also Appendix
A), in order to show the extent of their deployment and use. For example process im-
provement, process redesign and process simplification are the most extensively used
BPR activities in a total of nine. On the other hand cooperation with suppliers for impor-
ving quality of goods produced, measurement of customer satisfaction as well as work
simplification for quality enhancement are the most famous TQM activities used by
Greek firms.

BPR
activities Description Mean | Std. Deviation
BPR 1 Process simplification 3,33 1,01
BPR_2 Process improvement 3,64 0,90
BPR 3 Horizontal process creation 2,94 1,20
BPR 4 Process abolition 2,70 1,06
BPR 5 Process redesign 3,42 1,02
BPR 6 Workgroup creation 2,60 1,17
BPR 7 Process coordinator role creation | 2,62 1,15
BPR 8 Job enrichment 2,91 1,04
BPR 9 Supervision decrease 2,38 1,03
TQM activi-
ties Mean | Std. Deviation
TOM 1 Use of quality control 2,90 1,35
TQM 2 Process improvement teams 2,75 1,42
Measurement of customer satis-
TQM 3 faction 3,38 1,29
TOQM 4 Cooperation with suppliers 3,44 1,22
TQM 5 Work simplification 3,25 1,12
Measurement of employee satis-
TQM_6 faction 2,79 1,18
TQM 7 Continuous quality improvement | 3,79 1,14

Table 5.1: Descriptives for the BPR and TQM activities.
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5.4.1 BPR and TOM construct validity and reliability assessment

Initially we tested the construct validity of the above BPR and TQM multi-item con-
structs, focusing on its two most important dimensions: convergent and discriminant va-
lidity. Convergent validity of the BPR and the TQM constructs was tested through con-
firmatory factor analysis (Straub et al 2005, Kline 2005). In particular, we hypothesized
each of them to be a latent factor reflected by its items (i.e. BPR reflected by its corre-
sponding 9 items and TQM reflected by its corresponding 7 items) and we estimated the
corresponding two models using the AMOS 7 software (Byrne 2001); their goodness-of-
fit indices and item loadings are shown in tables 5.2 and 5.3 respectively.

BPR | TQM

Chi-
Square 89.65 | 25.2
RMSEA 101 | .059
Incremental Fit

NFI 939 |.978
RFI 909 |.964
IFI 955 |.989
TLI 932 |.982
CFI 955 |.989

Table 5.2: Goodness-of-fit indexes for the BPR and TQM models

BPR TQM

Indicator | Loading | Indicator | Loading
BPR 1 |.722 TOM 1 |.600
BPR_ 2 | .698 TQM 2 | .673
BPR 3 |.783 TQM_3 | .824
BPR 4 | .694 TQM 4 | .804
BPR_ 5 |.706 TQM 5 |.798
BPR 6 |.781 TOM 6 | 752
BPR 7 |.751 TQM_7 |.825
BPR 8 |.729
BPR 9 | .676
Table 5.3: Item loadings of the BPR and TQM constructs.

From table 5.2 we can see that for both models the incremental fit indexes are within the
limits recommended by Gefen et al (2000) (>0.9); RMSEA for the TQM model is within
the limits recommended by Browne and Cudeck (1993) (< 0.08), while for the BPR model
it is a little higher. The item loadings of these two constructs shown in table 5.3 are all
statistically significant and exceed the 0.6 minimum acceptable level suggested by Chin
(1998). Taking into account all the above results we conclude that both constructs are
characterised by convergent validity.

Next, discriminant validity of the BPR and TQM constructs was tested by performing fac-
tor analysis with varimax rotation using the SPSS 15.0 software. As well as the reliability
of the above BPR and TQM constructs was tested by calculating their Cronbach’s Alpha
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coefficients. The same procedure has been followed as in chapter 4 (table 4.3) and is not
going to be repeated again. The results clearly indicate discriminant validity and reliabil-
ity of the two constructs.

5.4.2 Moderating effects

Having confirmed the validity and reliability of the BPR and TQM constructs we pro-
ceeded to the investigation of the moderating effects of BPR and TQM on ICT business
value, which is quantified as the contribution of firm ICT investment to firm value added,
by estimating regression models (3.2) and (3.3). In these models were additionally in-
cluded two dummy variables controlling for firm size: D_Large (it is equal to 1 for large
firms having more than 250 employees and O for all other firms) and D_Medium (it is
equal to 1 for medium firms having more than 50 and less than or equal to 250 employees
and O for all other firms). In table 5.4 we can see the results from the estimation of the
model of equation (3.2). We can see that the coefficients of labour, non-computer capital
and computer capital are all positive and statistically significant, so we conclude that all
these three inputs make a positive contribution to firm value added.

Dependent variable : In (VA)

Independent var- Standardized

iable Coefficient | Standard Error | Coefficient Significance
Constant 4.204 0.685 0.000

In (L) 0.474 0.054 0.454 0.000

In (K) 0.083 0.034 0.105 0.015

In (CK) 0.248 0.043 0.275 0.000

D Large 0.773 0.226 0.194 0.001
D_Medium 0.397 0.157 0.108 0.012

Table 5.4: Regression model for the impact of labour, non-computer capital and computer capital
on firm value added

In Table 5.5 we can see the results from the estimation of the model of equation (3.3) for
F equal to the extent of BPR measured by the average of the abovementioned nine BPR
items. We remark that the coefficients of labour, non-computer capital and computer cap-
ital remain all positive and statistically significant, and also that the coefficient of the in-
teraction term between computer capital and BPR is positive and statistically significant.
This result indicates that the extent of BPR moderates positively the contribution of ICT
investment to firm value added and provides support for hypothesis 5.1. In particular, this
model indicates that the contribution of In(CK) to In(VA) is equal to (0.202 +
0.013*BPR)*In(CK), so if the extent of BPR takes its lowest value being equal to 1 (cor-
responding to not performing at all any of the nine considered BPR activities) this contri-
bution is equal to 0.215*In(CK); however, if BPR takes its highest value being equal to
five (corresponding to a very large extent of performing all these BPR activities) this con-
tribution will be higher and equal to 0.267*In(CK). Therefore, if ICT investment is com-
bined with extensive BPR, the contribution of In(CK) to In(VA), which equals to the out-
put elasticity of the computer capital (see Brynjolfsson et al 1996, Nicholson 1998), will
increase by (0.267/0.215)-1=0.242, i.e. by 24.2%, in comparison with the case of having
ICT investment without any BPR at all.
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Dependent variable : In (VA)

Independent var- Standardized

iable Coefficient | Standard Error | Coefficient Significance
Constant 4.350 0.685 0.000

In (L) 0.479 0.054 0.458 0.000

In (K) 0.077 0.034 0.097 0.023

In (CK) 0.202 0.049 0.224 0.000

In (CK)*BPR 0.013 0.006 0.085 0.051
D_Large 0.750 0.225 0.188 0.001
D_Medium 0.365 0.157 0.099 0.012

Table 5.5: Regression model for the impact of labour, non-computer capital, computer capital
and interaction between computer capital and extent of BPR on firm value added

Table 5.6 shows the results from the estimation of the model of equation (3.3) for F equal
to the extent of TQM measured by the average of the abovementioned seven TQM items.
We remark that the coefficients of labour, non-computer capital and computer capital
again remain all positive and statistically significant, and that the coefficient of the inter-
action term between computer capital and TQM is positive and statistically significant.
This result indicates that the extent of TQM moderates positively the contribution of ICT
investment to firm value added and provides support for hypothesis 5.2. In particular, this
model indicates that the contribution of In(CK) to In(VA) is equal to (0.201 +
0.014*TQM)*In(CK), so if the extent of TQM takes its lowest value being equal to 1
(corresponding to not performing at all any of the seven considered TQM activities
shown in the Appendix) this contribution is equal to 0.215*In(CK); however, if TQM
takes its highest value being equal to five (corresponding to a very large extent of per-
forming all these TQM activities) this contribution will be higher and equal to
0.271*In(CK). In conclusion, if ICT investment is combined with extensive TQM, the
contribution of In(CK) to In(VA), which equals to the output elasticity of the computer
capital as mentioned above, is going to increase by (0.271/0.215)-1=0.26 (i.e. 26%) in
comparison with the case of having ICT investment without any TQM at all.

Dependent variable: In (VA)

Independent var- Standardized

iable Coefficient | Standard Error | Coefficient Significance
Constant 4.214 0.675 0.000

In (L) 0.488 0.054 0.467 0.000

In (K) 0.070 0.033 0.090 0.036

In (CK) 0.201 0.046 0.223 0.000

In (CK)*TQM 0.014 0.005 0.104 0.006

D Large 0.771 0.222 0.193 0.001
D_Medium 0.373 0.155 0.101 0.017

Table 5.6: Regression model for the impact of labour, non-computer capital, computer capital

A comparison betwen the moderating effects of BPR and TQM on the contribution of
ICT investment to firm value added leads to the conclusions that they are of similar mag-
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nitude, since the small difference between the coefficients of the corresponding interac-
tion terms in the models of Tables 5.5 and 5.6 (0.013 and 0.014 respectively) is much
lower than their standard errors (0.006 and 0.005 respectively).

Furthermore, in order to identify the BPR and TQM activities, which have the major in-
fluence in business performance creation, we ran the above regression models for F equal
to the extent of implementing each BPR and TQM activitiy seperately (total 16 regression
models). The results showed that 5 BPR and 5 TQM activities were significant and mod-
erate positively the effect of ict investments on business performance (table 5.7). We note
that the coefficients of labor, non-computer capital and computer capital were significant
in all models. More particularly, process creation, development of workgroups, creation
of coordinator roles, process simplification and process abolition were the BPR activities
that affect significanly business performance if combined with ICT investments, provid-
ing thus support for hypotheses 5.1.1, 5.1.2, 5.1.3, 5.1.4, and 5.1.6. On the other hand hy-
potheses 5.1.5, 5.1.7, 5.1.8, and 5.1.9 were not supported. Regarding TQM, the estab-
lishment of quality improvement teams, measurement of customer satisfaction, coopera-
tion with suppliers, work simplifiction and measurement of employee satisfaction were
found to have a moderating effect on performance. Therefore hypotheses 5.2.2-5.2.6 were
supported whereas 5.2.1 and 5.2.7 were not.

The extent of the moderating effect for each activity can be calculated as in the previous
regression models (tables 5.6 and 5.7). For example for BPR_1 the contribution of In
(CK) to In (VA) equals to (0.190+0.013*BPR_1)*In (CK). If the extent of implementing
BPR_1 takes the lowest value (equals to 1) this contribution equals to 0.203*In (CK). On
the other hand if the extent of implementing BPR_1 takes the highest possible value
(equals to 5) the contribution will become equal to 0.255*In (CK). Therefore if ICT in-
vestment is combined with extensive process simplification, its contribution will increase
by 0.255/0.203-1=0.26 (i.e 26%) in comparison to the case of not going under process
simplification at all. In a similar manner we calculated the positive contribution for each
significant BPR and TQM activity (as shown in the fifth column of table 5.7). As we can
see process simplifiction and process improvement are the two BPR activities with the
largest moderating effect. For TQM our results show that the measurement of employee
satisfaction, as well as work method simplification are the activities that moderate the im-
pact of ICT on performance at most.

Dependent variable: In(VA) Coefficient

BPR . Standard | Standardized

Activity Coefficient Error Coefficient Contribution In(L) In(K) | In(CK)
BPR 1 |.013 .005 .103** .26 479 .081 .190
BPR 2 |.013 .006 .092** .25 .480 .081 191
BPR_3 |.010 .005 .085** .18 480 074 211
BPR 4 |.009 .005 .069* 14 AT2 .076 .216
BPR 5 |- - - - - - -
BPR 6 |.009 .005 .073* .16 AT7 .075 221
BPR 7 | - - - - - - -
BPR 8 | - - - - - - -
BPR 9 | - - - - - - -
TQM

Activity
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TQM 1 | - - - - - - -
TQM 2 | .007 003 071%* 12 483 076 | .224
TQM 3 | .008 004 074%* 14 484 076 | .221
TQM 4 | .008 004 072%* 14 478 073 | 222
TQM 5 | .012 004 099*** 21 481 072 | 212
TQM 6 | .015 004 107%** 27 494 074 | .209
TQM 7 | - - - - - - -

Table 5.7: Regression models for the impact of each BPR and TQM activities on business perfor-
mance.

5.5 Conclusions, limitations and further research directions

Chapter 5 presents an empirical investigation and comparison of the moderating role of
the two basic process change paradigms, BPR and TQM, on the business value generated
for firms by their ICT investments, which aims at contributing to filling the existing re-
search gap on this issue. It also provides useful managerial hints regarding the most wide-
ly accepted and used, as well as the most influential BPR and TQM activities. In order to
achieve a reliable measurement of BPR and TQM, since they constitute highly abstract
and multidimensional concepts, multi-item constructs have been developed based on the
relevant literature; their validity and reliability has been tested using the methods pro-
posed by the relevant statistical literature with positive results. Then, based on those con-
structs, moderated regression models with objective measures of business performance
(firm value added) and ICT (value of firm ICT hardware-software and networks) have
been constructed, founded on the Cobb-Douglas production function and including all the
fundamental independent variables.

The results have shown that both BPR and TQM have considerable positive moderating
effects of similar magnitude on the relationship between ICT investment and firm value
added. These findings are consistent with the results of the two previous empirical studies
of the moderating effect of BPR on ICT business value (Grover et al. 1998, Devaraj and
Kohli 2000). It should be noted that the findings of this study confirm the theoretical ex-
pectations and arguments of the relevant literature, which have been mentioned in the In-
troduction, that BPR constitutes an important ‘ICT complementary factor’, which, if
combined with ICT, can increase the positive impact and in general the business value
that ICT generates. Another important contribution is the identification of the “most valu-
able’ BPR and TQM activities by constructing regression models with each activity sepa-
rately. The results show that process simplification and improvement as well as horizontal
process creation are the BPR activities that have shown to contribute most in business
performance if combined with ICT investments. On the other hand systematic measure-
ment of employee satisfaction, simplification of working tasks and cooperation with sup-
pliers are the TQM activities that add value to firms.

This chapter contributes to the very limited empirical literature on the moderating effect
of business process change on ICT business value, based on a reliable measurement of
BPR and TQM and on theoretically sound models based on the Cobb-Douglas production
function and including all the fundamental independent variables. Also the multi-item
BPR and TQM constructs that have been developed and tested in this study with positive
results, and in general the whole adopted approach, could provide useful directions for
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future empirical research concerning impacts and complementarities of BPR and TQM.
Moreover, the multi-item BPR and TQM measurement approach developed in this study
allows for the empirical investigation of differing impacts and complementarities of dif-
ferent types of BPR and TQM activities.

Concerning the business and ICT management community, this study has significant ICT
management implications, providing useful directions for increasing the value and the
benefits that organizations can gain from their ICT investments. In particular, it shows
that ICT should not be used simply as a tool for automating existing business processes,
which have usually been designed in the past before the emergence of ICT and have been
based on the two ‘old assumptions’: the dominant manual mode of office work and the
high costs of communication and information processing at that time. On the contrary,
ICT should be used in an innovative manner for creating and supporting new business
processes and practices, such as those proposed by the BPR and TQM literature, based on
the ‘new assumptions’ that ICT have generated: the low costs of communication and in-
formation processing and the new electronic mode of office work. Such an innovative ap-
proach will result in more beneficial ways of using ICT assets in more valuable applica-
tions, so it will increase the benefits and business value generated by ICT investment.

The results of this study provide useful direction for managers who decide to invest in
information and communication technologies. It is clear that a change management per-
spective (either BPR or TQM, since both seem to have a similar moderating effect, if im-
plemented properly) should be adapted in order for the new investments to bring about
the expected results. If BPR is chosen, existing complex processes should be simplified
and problematic or costly ones should be improved since the existence of ICT enables
such changes. Processes should be redesigned in a horizontal structure in order to be more
effective. In a case of quality program employee satisfaction should be systematically
measured and evaluated working methods should become clearer and cooperation with
suppliers should be the edge of a good relationship building with stakeholders. We should
note however, that managers are aware, if not completely, of what is best for their organi-
zations, since the extent of implementing the above practices, according to their report-
ings, is satisfactory (table 5.1). However those directions could be quite useful especially
for developing econmies (like Greece) where the majority of organizations concerns small
and medium enterprises (SME’s).

The basic limitation of this study is that it is based on data from Greek firms, so its results
might, at least to some extent, reflect the characteristics of the Greek national economic
and cultural context (e.g. lower level of economic development, smaller firm size, smaller
size of domestic market, lower level of competition and lower ICT penetration and Inter-
net usage in comparison with the other member-states of the European Union). Another
limitation is that only one business performance measure has been used (firm value add-
ed). So further empirical research is required concerning the moderation effects of BPR
and TQM on ICT business value in various national and sectoral contexts, using more
financial indicators of business performance as well as non-financial ones.
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CHAPTER 6

Strategy, ICT and non-ICT Investment, Process
Change and Business Performance: An Empirical
Investigation
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6.1 Introduction

In a dynamic and highly competitive environment firms nowadays are struggling to pre-
vail and gain competitive advantage. In an era where information plays the most crucial
role, one of the major concerns is the way of information handling. Consequently, the fo-
cus is transferred more and more intensively on information technologies (IT) and their
ability to handle information and, therefore, businesses are realizing great amounts of in-
vestments in ICT. However competitive advantage is not gained simply by investing in
ICT. In other words enhanced business performance is not only dependent by the amount
of investment in iCT’s, but also by other factors as well.
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The relationship between ICT investment and business performance has been studied in
depth in the previous chapters. The “productivity paradox” phenomenon (Brynjolfsson,
1993) has been broadly analyzed by researchers and answers have been provided
(Brynjolfsson and Hitt, 1996; Stolarick, 1999; Devaraj and Kohli, 2000). The main reason
for it has been found to be the inability of firms to exploit the full potential of ICT by as-
justing and improving existing business processes based on the capabiities offered by
ICTs. According to Bryjolffson and Hitt (2000) the most beneficial aspect of ICTs is that
they are catalysts and enablers of big improvements of existing business processes and
work practices, which in turn lead to high levels of benefits. For this reason they expect
that the main mechanism of business value creation from ICT investment will not be the
simple automation of existing business processes, but the IT-enabled change and im-
provement of them, which can lead to quite satisfactory business benefits. The most wide-
ly known and used process change approaches are business process reengineering (BPR)
and total quality management (TQM).

The positive effects of ICT investments, BPR and TQM on business performance have
been extensively mentioned by the existing literature (OECD 2004, Altinkemer et al
2007, Sila 2007). However little is known about the antecedents of ICT investments, i.e
the factors that make managers take such decisions. Among those factors is business
strategy. It is a fact that business performance is closely related to the strategy of the
firms and is measured according to the particular strategic choices of each (Lorsch, 2002;
Kaplan, 1987). Langefeld and Smith (1997) define strategy as “a pattern of decisions
about the organizations' future, which take on meaning when it is implemented through
the organizations' structure and processes”. Another definition is offered by Tallon
(2007), who conceptualizes business strategy as “the determination of the basic long-term
goals of an enterprise and the adoption of courses of action and allocation of resources
necessary for carrying out these goals”.

Business environment is nowadays characterized by great uncertainty and variability. In
such a context, business strategy sets the path on which an organization will walk in order
to fulfill its objectives. This can only be achieved through the appropriate utilization of
the resources owned by firms. Some authors (e.g Podsakoff et al., 2006), relate strategy to
the ways firms exploit their assets (resources) in order to achieve performance. The prob-
lem therefore of choosing strategy is a problem of resource allocation and the decision
will be reflected on the final outcome. According to Stieglitz and Klaus (2007) due to
firms having different resources as well as opportunities to innovate and immitate, they
differ in their potential strategic paths. It is anticipated that organizations posses and re-
quire different combinations of strategic resources and the fit between these resources and
strategy type will have varying performance impacts (Hughes and Morgan, 2008). An es-
sential managerial task is the strategic direction of investments into new complementarity
resources and of the associated learning processes to prevent the pre-market appropriation
of innovative rents and preserve the firm’s competitive advantages. (Stieglitz and Klaus,
2007).

According to Hogue (2004) the organizational literature suggests that improved business
performance requires an organizational structure, information systems and management
style that are related to a specific firm strategy. Existing literature has studied the inter-
vening roles of BPR and TQM in the ICT-performance relationship. It has also studied,
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the role of IT in strategy implementation and their effect on business performance (The-
odorou and Florou, 2008. However BPR and TQM have been studied separately, as dis-
tinct process change paradigms. Additionally performance is influenced by non-ICT in-
vestment as well, its “traditional” capital, especially in the industry sector. It would be
therefore interesting to study the effects of strategy on both ICT and non-ICT capital,
process change (expressed through BPR and TQM), and, finally the contribution of all to
business performance.

In chapter 6 we attempt to cover all the abovementioned research gaps by empirically in-
vestigating the abovementioned relationships. Moreover, the mediating effects of BPR
and TQM in respect to strategy are also going to be examined using objective measures of
both, through the construction of structural equation models that include all the funda-
mental variables. These models are based on the Cobb-Douglas production function, as in
the previous chapters. This empirical investigation has been conducted in the national
context of Greece, a developing country with small size of internal market and small av-
erage firm size. A detailed analysis on the particular characteristics of developing coun-
tries can be found in Hipkin (2004).

In the following Section 6.2 the relevant literature is briefly reviewed. In Section 6.3 the
research hypotheses, method used and data collection process are described, while in Sec-
tion 6.4 the data analysis and the results of this study are presented. Finally in section 6.5
the main conclusions are outlined and future research directions are proposed.

6.2 Literature review

6.2.1 Strategy

Strategy research has identified various different typologies and categories, based on dif-
ferent criteria. The two most widely known and broadly used are the ones by Porter
(1980) and Miles and Snow (1978). Porter (1980, 1985) described three generic strate-
gies: cost leadership, differentiation, and focus. In order to gain a low-cost position rela-
tive to competitors a firm should emphasize in aggressive construction of efficient-scale
facilities, vigorous pursuit of cost reductions from experience, tight cost and overhead
control, avoidance of marginal customers accounts, and cost minimization in areas like
RnD, service, sales force, advertizing and so on. A differentiation strategy focuses on cre-
ating and providing products or services that customers perceive as unique and valuable
as compared to those of its competitors. The focus strategy concentrates on a narrow
segment and within that segment attempts to achieve either a cost advantage or differenti-
ation. The premise is that the needs of the group can be better serviced by focusing entire-
ly on it. A firm using a focus strategy often enjoys a high degree of customer loyalty, and
this entrenched loyalty discourages other firms from competing directly (Porter, 1980).

Miles and Snow (1978) recognized three successful organizational types: defenders, pro-
spectors and analyzers. Prospectors constantly seek out new technological and product-
market opportunities to exploit for first-mover advantages. This requires significant ca-
pacities to learn and distribute information rapidly in order to be attentive to customers.
Analyzers follow a second-but better strategy. They tend to closely monitor competitors’
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activities in making strategic decisions. Defenders seek to maintain a secure niche in a
stable product-market, focusing on a few products and on cost control (Hughes and Mor-
gan, 2008). A detailed literature review of the various strategy typologies that have been
presented by researchers is included in chapter 2.

6.2.2 Strateqy, ICT investment and business performance

Relevant literature has empirically investigated the ways strategy affects business perfor-
mance. It is evident that the choice of a strategy will affect particular processes within the
organization, which will in turn activate specific mechanisms in the value chain, being
reflected in different performance measures each time (financial or non-financial). Ac-
cording to Hyvonen (2007) many authors suggest that the relationship between IT and
firm performance should be investigated within a strategic framework. Folowing this ar-
gument existing literature has investigated the ways a particular business strategy type
affect performance measures. Perrera et al. (1997) and Hyvonen (2007) find a significant
association between customer-focused strategies and the use of non-financial performance
measures, but not a link to organizational performance. This finding implies that not all
business performance measures are suitable to measure the result of a selected business
strategy. In other words the ultimate target of a strategy should determine the measures
managers should use to investigate its effectiveness. According to Langefeld and Smith
(1997) performance measures should support the focus of the strategy-be it cost, quality
or delivery.

Mencug et al (2007) pose that the evaluation of a strategy may be realized in terms of ef-
ficiency and effectiveness. For instance a marketing differentiation strategy demands an
atmosphere in which employees have more autonomy to be effective, whereas a low cost
strategy typically demands tight controls on operational functions, which enhance effi-
ciency. Supporting this notion Gupta (1987) claimed that subjective performance is posi-
tively associated with effectiveness in organizations following a build or differentiation
strategy. Therefore market-driven firms emphasize low-cost processing strategies more
than their counterparts who engage purely in a customer or competitor orientation. Inno-
vation differentiation strategies effectively contribute to growth in terms of firms’ per-
formance. Marketing differentiation, unlike innovation differentiation, does not try to cre-
ate a unique position in the minds of customers on the basis unique product features but
rather works to deliver greater exchange value through branding, advertising, sales force,
and other unique marketing techniques. An innovation differentiation strategy enhances
effective firm performance, whereas cost leadership contributes to efficient firm perfor-
mance. Only a marketing differentiation strategy strengthens both effective and efficient
firm performance. On the other hand Langefield and Smith (1997) support that more
open, flexible, organic performance measures appear to suit more product differentiation
and build types of strategies. Finally, firms that desire to be prospectors and defenders at
the same time (ie analyzers) may receive handsome rewards if they invest in marketing
differentiation strategies.

The relationship between strategy and ICT has been a quite interesting research topic dur-
ing the last years. The great amounts invested in ICT arise serious concerns regarding
how those investments will be exploited in the best way in favor of the organizations.
During the last years research has focused on the “particular circumstances” under which
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ICT investment leads to organizational performance. Among those “circumstances” is
business strategy (Mahmood and Mann, 1993). The choice of a particular strategy should
concentrate IT resources and capabilities of the firm to a specific orientation. According
to Porter (2001) information technology has become a powerful tool for strategy. Accord-
ing to Tallon (2007) the nature of business strategy is also a factor in firm’s ability to re-
alize value from IT investment.

For other researchers strategy and ICT are viewed from the “business value” perspective.
Brynjolfsosn and Hitt (1995) claim that firm idiosyncrasies, a quintessential form of
which is business strategies, account for half of the productivity gains imputed to IT. Ac-
cording to Chan et al (1997) “companies that appear to perform best are companies in
which there is alignment between realized business strategy and realized IS strategy. Tal-
lon (2007) mentions that firms with a narrow strategic focus realize less value from IT
than those that espose a broad or multifocused strategy. The locus and the level of IT
business value are sensitive to the type of strategic foci underlying a business strategy.
However existing literature does not clearly show the kind as well as the strength of the
effect of business strategy on performance (Hogue, 2004, Prajogo and Sohal, 2006).

6.2.3 ICT-non-ICT investment, process change and business performance

The relationships between ICT-non-ICT investment, BPR/TQM (as approaches of busi-
ness process change) and business performance has been described in detail in chapters 2,
4 and 5. ICTs offer the potential to act as catalysts and enablers of big improvements in
existing business processes and work practices, which in turn can lead to higher levels of
business benefits. Bresnahan et al (2002) note that ICTs will generally change the way
that human work is measured, controlled and reported; also work will be restructured in
order to allocate routine, well-defined tasks associated with symbols processing to com-
puters and separate and redesign tasks that require human skills. Their main conclusion is
the three most important elements of modern economy are ICT, workplace reorganization
and new products and services, which are basic closely associated and complementary,
and their combination results in the demand of more skilled labor by firms (skill-biased
changes). OECD (2004), based on many studies that have been conducted in its member
states, concludes that achieving benefits from ICT investments is not straightforward, but
requires ‘complementary investments’ and changes in business processes, organization
and human capital; Those ‘complementary investments’ are realized in this dissertation
through BPR and TQM, which are considered as the most important change paradigms.
Regarding the relationship between BPR and performance, there are several empirical
studies based on large datasets providing evidence of a positive effect of BPR on perfor-
mance (Guimaraes and Bond, 1996; Altinkemer et al. 1998; Tai and Huang, 2007; Greg-
or, et al. 2006).

On the other hand, the relationship between TQM and ICT has also been broadly recog-
nized by researchers (Martinez-Lorente et al 2004, Rodriguez et al 2006), identifying the
critical role that computers play in quality management, since they can significantly sup-
port statistical process control, reduce the effort required by production personnel to col-
lect and analyze quality data and also shorten the reaction time between process data col-
lection and implementation of corrective actions. ICTs can effectively support TQM in
improving customer and supplier relationship, increasing process control, facilitating
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teamwork, facilitating inter-departmental information flow, improving design process and
skills, applying preventive maintenance, introducing 1ISO 9000, measuring quality costs
and improving the decision process in quality departments (Dewhurst et al. 2003). Also,
many empirical studies based on large datasets provide evidence of a positive effect of
TQM on various measures of business performance (Easton and Jarrell, 1994; Hendricks
and Singhal, 1997; Fynes & Voss, 2002; Demirbag et al. 2006). TQM practices impact
upon quality performance, manufacturing performance and business performance, while
the relationship between TQM practices and quality performance is moderated by the
strength of relationships with customers.

6.2.4 Summary of literature review and conclusions

The existing literature has dealt with the mediating roles of BPR and TQM in the rela-
tionship between ICT/non-ICT investment and business performance. It has also studied
the notion of strategy and has identified its positive contribution to performance, as well.
However those studies have been conducted in various national contexts using various
sample sizes. A study where all the abovementioned concepts are studied for the same
country and with the same dataset is still missing. Additionally none of the existing stud-
ies, according to our knowledge, have seen business strategy as an antecedent of ICT in-
vestments and business transformation, at the same time. Authors agree in that there is a
growing acceptance of the need to review IT impacts at the process level by virtue of the
argument that the first-order impacts of IT spending occur at the process level (Barua et
al. 1995, Melville at al. 2004). The impact on processes is mirrored in the extent of busi-
ness transformation throughout the organizations. Also all reviewed studies undermined
the role of non-ICT investment (‘traditional’ assets) in business performance, despite the
fact that it constitutes the largest proportion of a firm’s capital.

The reviewed literature does not include any investigation on the relationship between
business strategy and process change. Only some incomplete references regarding this
issue have been identified regarding the connection of strategy to several aspects of TQM.
In particular Demirbag et al (2006) mentions that the relationship between TQM practices
and performance is moderated by the strength of relationships with customers, which is
considered as a TQM dimension. Prajogo & Sohal (2006) investigated quantitatively the
relationships between organization strategy, TQM and organization performance; they
found that TQM is associated with differentiation strategy, and also partially mediates the
relationship between differentiation strategy and performance.

As a conclusion we could say that a deeper investigation is required in order to realize the
importance of selecting a particular strategy and the impact of this choice on the internal
mechanisms of the firms: ICT and non-ICT utilization, process transformation and busi-
ness performance.

6.3 Research Hypotheses, Method and Data

The first set of hypotheses regards the ICT-business performance relationship. We have
also included in our investigation non-ICT investment (the ‘traditional’ assets) as well, in
order to make a comparison between ICT investment and non-ICT investment regarding
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the above aspects. The reason for doing this is that despite the growing investment of
firms in ICTs, non-ICT investment constitutes in most sectors the biggest part of firms’
total investment. VVarious empirical studies conducted in order to investigate the contribu-
tion of firms” ICT investment to their business performance have also dealt with the con-
tribution of non-ICT investment as well, and have provided evidence of a positive and
statistically significant contribution of non-ICT investment to business performance (e.g.
Brynjolfsson and Hitt 1996, Stolarick 1999, Preslac 2003, etc.). However, ICT assets are
much more closely associated with business processes (supporting and influencing them
significantly) in comparison with non-ICT assets.

Hypothesis 6.1: ICT Investment has a positive and significant effect on business perfor-
mance.

Hypothesis 6.2: non-ICT Investment has a positive and significant effect on business per-
formance.

As mentioned in the literature review, there is also considerable literature proposing spe-
cific ways for using ICTs in order to support BPR and achieve higher business perfor-
mance (Grover et al 1993, Davenport 1993, Tapscott and Caston 1993, Gunasekaran and
Nath 1997, Champy 2002a, Champy 2002b, Attaran 2003). Similarly, there are several
empirical studies providing evidence for a positive effect of TQM on business perfor-
mance (e.g. Martinez-Lorente et al 2004, Demirbag et al 2006, etc.). As a consequence of
the above, we make the following research hypotheses:

Hypothesis 6.3: The extent of BPR has a positive and significant effect on business per-
formance.
Hypothesis 6.4: The extent of TQM has a positive and significant effect on business per-
formance.

As described in section 6.2 there are many theoretical arguments in the literature concern-
ing the important capabilities offered by ICTs for improving dramatically the existing
business processes and work practices, and through these improvements for achieving
high levels of business benefits (e.g. Brynjolfsson & Hitt 1996, Brynjolfsson & Hitt 1998,
Brynjolfsson & Hitt 2000, Bresnahan et al 2002, OECD 2004, Melville et al 2004).
Therefore we expect that ICT investment is positively related to BPR. We pose the same
hypothesis for non-ICT investment.

Furthermore, while the ICTs are ‘general purpose’ technologies, which can be used for
many different functions and can be easily adapted to new needs and processes, non-ICT
investments (e.g. for production machinery, buildings, etc.) do not offer this flexibility.
For this reason we do not expect that non-ICT investment leads to BPR implementation in
order to contribute to better performance. On the other hand we expect that TQM might
have a mediation effect on the ICT-performance relationship (thus non ICT leads to
TQM): high investment in non-ICT assets (e.g. sophisticated and complex production
machinery) can act as a driver for adopting various TQM practices, such as statistical
quality control, quality improvement teams aiming to continuous improvement, coopera-
tion with suppliers for quality improvement, monitoring of customers’ satisfaction, etc.,
in order to increase the value generated for the firm from these expensive assets. Taking
the above into account our next four hypotheses will be:
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Hypothesis 6.5: ICT investment has a positive and significant effect on the extent of BPR.
Hypothesis 6.6: Non-ICT investment has a positive and significant effect on the extent of
BPR.

Hypothesis 6.7: ICT investment has a positive and significant effect on the extent of TQM.
Hypothesis 6.8: Non-ICT investment has a positive and significant effect on the extent of
TQM.

The gaps of the previous research, as mentioned in the previous section, inspired us to
empirically investigate the role of strategy in the relationship between ICT investment
and business performance, with BPR and TQM (the main process change paradigms) act-
ing as mediating factors in this relationship. As mentioned in section 6.2 previous studies
have identified a possible connection between strategy and ICTs (Mahmood and Mann,
1993; Kettinger et al, 1995; Porter, 2001). Tavakolian (1989), Chan et al (1997) and Li
and Ye (1999) suggest links between advanced ICTs and highly differentiated strategies.
On the other hand Bouwens and Abernethy (2000) explain the reasons ICTs are important
for customer-focused strategies to be implemented. The selection of a particular strategy
by the firm requires the support of a particular ICT as well as non-ICT equipment.

We have constructed two basic models (which are going to be separated into six hypothe-
sized models, as will be shown later), for BPR and for TQM, in order to acquire compa-
rable results, as shown in figure 6.1.

Strategy
Cost leadership
Differentiation
Focus
BPR/TQOM Business
Performance
Investment

ICT Investment
Non-ICT Investment

Figure 6.1: The hypothesized BPR and TQM models.

The present study uses Porter’s strategy typology (1985). The classification of business
strategies in cost leadership, product differentiation, and focus, is considered by many
authors to be conceptually valid and is academically well accepted (Jermias, 2008). Ac-
cording to Kim et al (2004) there are two additional reasons for using this particular ty-
pology: First, Porter’s framework of generic strategies is inherently tied to firm perfor-
mance. Second, Porter’s framework overlaps with other typologies. For example, Porter’s
strategy of differentiation resembles Miles and Snow’s (1978) prospector strategy, and
Porter’s strategy of cost leadership is similar to Miles and Snow’s defender and Ham-
brick’s (1983) and Dess and Davis’s (1984) cost leadership strategies. Porter’s strategy of
focus is very much like Miller and Friesen’s (1986) niche innovator strategy.
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Previous studies (Porter 1980, Porter and Millar 1985, Ward 1987, Klouwenberg et al
1995, Mattson et al 2000, Cragg et al, 2002) have emphasized that all three business strat-
egies proposed by Porter, in order to be successful, require support by the appropriate ICT
and non-ICT capital, which may differ according to the particular strategy a firm follows.
For instance, a cost leadership strategy requires IS oriented towards the automation to the
highest possible extent of firms’ processes, in order to minimize the number of employ-
ees, to improve the exploitation and management of the resources, as well as to control
and reduce costs. On the contrary, a differentiation strategy requires 1S oriented towards
the achievement of the quality features of firms’ products or services that have been cho-
sen as the basis for its differentiation, the design of better products or services, as well as
the measurement of customers’ satisfaction. Finally, a focus strategy, which aims at pro-
ducing specialized products or services focusing on the needs of particular customer
groups, requires 1S oriented towards analysing the particular needs of those groups. We
therefore expect that:

Hypothesis 6.9: The extent of implementing a low-cost strategy has a positive and signifi-
cant effect on ICT Investment.

Hypothesis 6.10: The extent of implementing a differentiation strategy has a positive and
significant effect on ICT Investment.

Hypothesis 6.11: The extent of implementing a focus strategy has a positive and signifi-
cant effect on ICT Investment.

Hypothesis 6.12: The extent of implementing a low-cost strategy has a positive and signif-
icant effect on non-ICT Investment.

Hypothesis 6.13: The extent of implementing a differentiation strategy has a positive and
significant effect on non-ICT Investment.

Hypothesis 6.14: The extent of implementing a focus strategy has a positive and signifi-
cant effect on non-ICT Investment.

The relationship between business strategy and the business transformation paradigms we
are dealing with, BPR and TQM, has not been empirically investigated by the relevant
literature, to the best of our knowledge. However the impacts as well as the routes of BPR
and TQM imply a close connection, which should therefore be empirically investigated.
As Jaworski and Kohli (1993) very spotly denote “both reengineering and TQM ap-
proaches share certain principles and adopt a process perspective, so it is possible to make
some general propositions on managing change that will enable a company to reinvent its
competitive advantage”.

The main driving forces of BPR (as described by Hammer and Champy, 1993) are: cus-
tomers, competition, and change. According to Altinkemer et al (1998) the primary rea-
sons companies go through process change are cost cutting and customer satisfaction.
Furthermore Kallio et al (1999) mention, among others, that the key characteristics of
BPR are performance improvements, business benefits, and customer orientation. On the
other hand some benefits TQM offers (as reported by Seetharaman, et al.; 2006) are re-
duced operating costs, continuous improvement, and customer satisfaction. The conclu-
sion drawn from the above is that BPR and TQM offer benefits that are related with the
choice of strategy type. The relationship thus between those two process change para-
digms and strategy should be investigated. The following six hypotheses regard the
abovementioned relationships:
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Hypothesis 6.15: The extent of implementing a low-cost strategy has a positive and signif-
icant effect on the extent of BPR.

Hypothesis 6.16: The extent of implementing a differentiation strategy has a positive and
significant effect on the extent of BPR.

Hypothesis 6.17: The extent of implementing a focus strategy has a positive and signifi-
cant effect on the extent of BPR.

Hypothesis 6.18: The extent of implementing a low-cost strategy has a positive and signif-
icant effect on the extent of TQM.

Hypothesis 6.19: The extent of implementing a differentiation strategy has a positive and
significant effect on the extent of TQM.

Hypothesis 6.20: The extent of implementing a focus strategy has a positive and signifi-
cant effect on the extent of TQM.

Regarding the relationship between business strategy and firm performance existing re-
search has shown that the result of a selection of any strategy type should be measured by
particular metrics (Perrera et al., 1997; Hyvonen 2007). It should be really interesting to
investigate whether there exists a direct effect of a selected strategy on firm financial per-
formance. Consequently our last three hypotheses would be:

Hypothesis 6.21: The extent of implementing a low-cost strategy has a positive and signif-
icant effect on business performance.

Hypothesis 6.22: The extent of implementing a differentiation strategy has a positive and
significant effect on business performance.

Hypothesis 6.23: The extent of implementing a focus strategy has a positive and signifi-
cant effect on business performance.

As in the previous chapters the above hypotheses were tested by estimating the 6 models
(based on the model of figure 6.1) using the structural equations modelling (SEM) ap-
proach (Kline 2005). The particular questions regarding research hypotheses 6.1-6.23, are
shown in Appendix A (questions 1-8). Table 6.1 shows the means for the nine BPR and
seven TQM items. In the last two columns the overall BPR and TQM means (which have
been calculated as the average of the items’ means) are shown, as well the means for the
variables computer capital, non-computer capital, and firm performance.

BPR and TQM have been modelled as constructs, including 9 and 7 items respectively
(see chapter 4). The hypothesized models include all the fundamental variables, based on
the Cobb-Douglas production function (Nicholson, 1998). Business performance is meas-
ured with the metric value added, similarly to chapters 4 and 5. According to Hyvonen
(2007) “while there has been extensive interest in the role of contemporary measures to
assist in developing differentiation strategies including customer-focused strategies, sur-
vey evidence suggests that financial measures remain important to managers”. This is the
main reason why we decided to use value-added, a widely accepted and used performance
measure (Arvanitis, 2005).

It is obvious that the model of figure 6.1 implies six hypothesized models in total, accord-

ing to the three strategy types (low-cost, differentiation and focus) and the two process
change paradigms (BPR and TQM), with 23 research hypotheses, in total.
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6.4 Data analysis and results

6.4.1 Measurement models

The six models based on the model shown in figure 6.1 were estimated using a covari-
ance-based SEM approach (maximum likelihood) through the AMOS 7 software (Burne,
2001). First of all we tested construct validity and reliability for the BPR and TQM con-
structs in the six models. Convergent validity of the BPR and TQM constructs was tested
by examining the six measurement models (i.e the regression coefficients of the items of
the BPR and TQM multi-item constructs). The results, shown in table 6.2, indicate con-
vergent validity for both constructs, exceeding the cutoff level of 0.6 suggested by Chin
(1998). We should mention that the loadings of the item TQM_1 for the three strategic
directions, which are slightly below the abovementioned level. Therefore they are also
accepted since they are very close to 0.6.

BPR item loadings TQM item loadings

Indicator | cost differ | var Indicator | cost differ | var
BPR 1 153 154 .7156 TOM 1 591 592 591
BPR_2 .683 .683 .683 TOQM 2 671 673 .675
BPR_3 73 173 75 TOM 3 .823 822 821
BPR 4 .698 .695 .693 TOM 4 | .806 .804 .804
BPR 5 A17 A17 718 TOM 5 .799 .800 .800
BPR_6 .810 810 811 TOM 6 751 751 751
BPR_7 125 126 124 TOQM 7 .823 .825 .825
BPR 8 .700 701 .697
BPR_9 .666 .666 .664
Table 6.1: Item loadings of the BPR and TQM constructs for the six hypothesized models.

Discriminant validity for the BPR and TQM constructs was also tested (it is the same
procedure as in chapters 4 and 5); even though these two constructs do not appear in the
same model (BPR is included in three models whereas TQM in the other three), we would
like to be assured that the items of each of these two constructs do not correlate highly
with the other construct, so that there is a clear discrimination between the two constructs.
For this purpose we performed a factor analysis with varimax rotation using the SPSS
15.0 software. In particular, we examined the factor structure behind the 16 items of these
two constructs (i.e. the 9 items of BPR and the 7 items of TQM). The results are shown in
table 4.3 of chapter 4. We can see there is one factor, characterized by high loadings of
the BPR items and much lower loadings of the TQM items, and another factor character-
ized by high loadings of the TQM items and much lower loadings of the BPR items.
These results indicate the discriminant validity of the two constructs.

Finally the reliability of each construct, which concerns the extent to which its items, tak-
en together, constitute an error-prone operationalization of it (Straub et al 2004), was ex-
amined. For this purpose the Cronbach’s Alpha of each construct was calculated using the
SPSS 15.0 software, with very satisfactory results (0.914 for the BPR construct and 0.906
for the TQM construct) exceeding the minimum acceptable level of 0.7 recommended by
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the relevant literature (Gefen et al 2000, Straub et al 2004), confirming therefore the reli-
ability of both constructs.

6.4.2 Structural models

As a second step we examined the fit indices of both structural equation models. Table
6.3 shows several fit Indices for the six hypothesized models, which quantify how well
the specified models fit the observed data. We can see that those models have a satisfacto-

ry fit for the incremental fit indexes (= 0.9), according to the suggestions of Gefen, et al;
(2000), as well as for RMSEA (= 0.08) a5 suggested by Browne and Cudeck (1993).

BPR |Chi- NFI RFI IFI TLI CFlI RMSEA
square

cost (84.35 947 921 979 .969 979 .047
Differ |91.30 .943 915 975 .963 975 .052

Var |85.60 947 922 979 .969 979 .048
TOM

cost |50.93 .958 .939 .989 .984 .989 .036
Differ |50.15 .959 .940 .990 .985 .990 .034

Var |49.22 .960 .942 991 .986 991 .033

Table 6.2: Model fit for the six hypothesized models

After examining construct validity, reliability and model fit, the final step was to examine
the structural models, i.e. the paths between the constructs and (or) the other variables in
the hypothesized models. Figures 6.2-6.7 show the results for each hypothesized model.
Starting from Figure 6.2, which examines the role of implementing a low-cost strategy
and following a BPR process change approach, we can see that the extent of implement-
ing a low-cost strategy does not seem to have any effect on ICT/non-ICT investment,
BPR or business performance. ICT investment has a significant and strong direct effect
on business performance (.328), and a small mediating effect through BPR
(.141*.167=.025). Non-ICT investment has also a direct effect on performance (.104)
whereas it doesn't have one on BPR. Therefore hypotheses 6.1, 6.2, 6.3, and 6.5 are sup-
ported by the results whereas hypotheses 6.6, 6.9, 6.12, 6.15, and 6.21 are not.
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Figure 6.2: The low-cost strategy-BPR structural model

Figure 6.3 depicts the second structural model, which includes the extent of implementing
a differentiation strategy and business process reengineering. Choosing a differentiation
strategy affects firm performance not directly, but through BPR implementation, at a level
of 2% (.114*.174). Hypotheses 6.16 is therefore supported (hypothesis 6.3 has been
found to be supported in the structural model of figure 6.2 and will therefore not be men-
tioned again) whereas hypothesis 6.10 is not. On the other hand this strategy type does
not have an impact on non-ICT investments, rejecting thus hypothesis 6.13. The mediat-
ing effect of BPR on the relationship between ICT investment and business performance
is also clear, as expected, as well as the positive and significant effect of non-ICT invest-
ment on performance, results, which are in agreement with our findings in figure 6.2.
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Figure 6.3: The differentiation strategy-BPR structural model

As far as the role of a focus strategy implementation is concerned (Figure 6.4), results
show that it directly, positively and significantly affects firm performance at a level of
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13.8% as well as through the extent of BPR implementation, at a level of 4.2%. Those
results offer us support for hypotheses 6.17 and 6.23. A focus strategy, on the other hand,
does not influence the amounts of ICT and non-ICT investments, rejecting thus hypothe-
ses 6.11 and 6.14.
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Figure 6.4: The focus strategy-BPR structural model

After examining the structural models regarding the combination of the three strategy
types and BPR, we have repeated the same procedure with TQM, as well, constructing
consequently three more hypothesized models, the results of which are shown in figures
6.5-6.7.
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Figure 6.5: The low-cost strategy-TQM structural model

Starting from the model including low cost strategy and TQM (figure 6.5) we can see that
a low cost strategy affects significantly TQM (path loading: .105) whereas the later has a
direct effect on business performance (.175). This implies a small mediating effect of
TQM in the relationship between low cost strategy and performance (equal to .018). Hy-
potheses 6.4 and 6.18 are thus supported. This is the only way for a low-cost strategy to
affect the final business outcome, meaning that there is no direct effect, leading thus to a
rejection of hypothesis 6.2. Moreover, a low cost strategy does not affect neither
ICT/non-ICT investment nor does it directly influence business performance. On the oth-
er hand ICT and non-ICT investment affect performance, findings that are consistent with
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the ones from figure 6.2. TQM is not caused or affected by ICT investment (hypothesis
6.7 is rejected) whereas it is affected by non-ICT investment (path loading: .130) (hy-
pothesis 6.8 is supported). This indicates a mediating role of TQM in the relationship be-
tween non-ICT investment-firm performance with an (mediating) effect equal to 2%.

The structural model of figure 6.6 shows the hypotheses regarding the relationships be-
tween differentiation strategy-1CT/non-ICT investment. A differentiation strategy affects
firm performance through TQM implementation. The size of the indirect effect is .020.
Hypothesis 6.19 is therefore supported whereas there has been no evidence found for a
direct effect, leading us to the rejection of hypothesis 6.22. The mediating role of TQM in
the non-ICT-business performance relationship is also shown in figure 6.6.
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Figure 6.6: The differentiation strategy-TQM structural model

The sixth and last structural model regards the choice of a focus strategy and a TQM pro-
cess change approach. As we can see in figure 6.7 a focus strategy has a direct impact on
business performance (.142) (hypothesis 6.23 has been supported in figure 6.4) as well as
an indirect one through TQM (equal to .04). Hypothesis 6.20 is therefore accepted (as
well as hypothesis 6.4 which has been supported in figure 6.5).
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Figure 6.7: The focus strategy-TQM structural model
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6.5 Discussion

Having examined all the models, and identified all the significant and insignificant paths
we can extract some useful conclusions. A low cost strategy doesn’t have any effect on
ICT/non-ICT investment and BPR. It indicates an effect on business performance only
through TQM. This seems reasonable since in order to gain a low cost position relative to
competitors, a firm should minimize its investments, emphasize in cost reductions and
conduct strict controls. TQM offers the tools for such controls and slight process adjust-
ments in order to achieve a better outcome, whereas BPR, due to its rapid and intensive
nature, demands some investment which is not accordant to cost reduction. Our findings
regarding the effect of a low cost strategy on financial performance are in agreement with
previous studies (Porter, 1980; Mencug et al., 2007).

A differentiation strategy does not have a direct impact on financial performance in nei-
ther of the two models (Figures 6.3 and 6.6). However our findings show that firms that
have chosen to follow this direction may enhance their performance if they conduct some
process change either through BPR or through TQM in order to offer products or services
that customers regard as unique and special. According to Day (1994) a marketing differ-
entiation strategy works to deliver greater exchange value through branding, advertising,
sales and other unique marketing techniques. In this respect marketing differentiation re-
fers to the market-sensing and customer-linking capabilities that firms use to connect cus-
tomers to the firm and should therefore contribute to sales growth and market share
growth (effectiveness measures), which cannot be depicted in financial performance.
However the implementation of BPR and TQM reveal a small proportion of value created
by differentiation strategy represented in financial business performance enhancement.

Regarding the effect of a focus strategy on business performance the findings are really
interesting: we can clearly see in both models (Figures 6.4 and 6.7) a clear direct effect of
about 14% as well as an indirect effect of BPR and TQM (both equal to .04). According
to Porter (1980) the focus strategy concentrates on a narrow segment and within that
segment attempts to achieve either a cost advantage or differentiation. A firm using a fo-
cus strategy often enjoys a high degree of customer loyalty, being able to pass higher
costs on to customers since close substitute products do not exist, achieving thus financial
benefits. The (partial) mediating role of BPR and TQM could be explained by the fact
that product or service customization necessitates process changes in order to create val-
ue. The findings of this study related to focus strategy are not consistent with previous
studies (Perrera et al., 1997; Hyvonnen, 2007), which have not identified a significant as-
sociation between customer-focused strategies and financial performance.

Furthermore the results of this study indicate a clear direct effect of ICT investment on
business performance (equal to about .33 in all models, Figures 6.2-6.7) and a small indi-
rect effect through BPR. According to these results we could infer that BPR is a partial
mediator in the relationship between ICT investment-business performance, finding
which is consistent with conclusions of previous studies (Albadvi et al 2006, Grover et al
1998). We also remark that the direct effect of ICT on business performance is stronger
than the indirect one through BPR. This means that in the Greek national context a small
part of the effect of ICT on business performance is through enabling and facilitating pro-
cess redesign and improvement, which has a positive impact on business performance.
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The implementation of quality management practices affects positively firm performance
(Figures 6.5-6.7) but is not necessitated by ICT investment. This means that, in contrast
with BPR, TQM is not a mediator in the ICT investment-business performance relation-
ship. However it is mediating the relationship between non-ICT investment and perfor-
mance, since a positive and significant effect has been found on the relationships between
non-ICT investment-TQM and TQM-business performance. It should be noted that this
finding is consistent with conclusions of previous studies (e.g. Martinez-Lorente et al
2003, Prajogo and Sohal 2001, etc.) as well as with the findings of chapters 4 and 5.

The difference in the mediation role of BPR and TQM on the relationship between non-
ICT investment and business performance could be explained considering that BPR ini-
tiatives focus on process change mostly through the employment of new technologies
(ICT capital), so they are greatly facilitated and supported by ICTs, but they are not much
affected by non-ICT capital and the rest of the firm’s infrastructures. On the contrary,
TQM is highly related to the firm’s non-ICT capital, mainly to production equipment,
since it concerns the systematic measurement and control of production processes and
infrastructures in order to increase their contribution to firm performance. Consequently,
firm making high non-ICT investments (e.g. in sophisticated and complex production
machinery) tend to adopt to a larger extent various TQM practices as a complementary
‘soft investment’. In particular, they tend to adopt statistical quality control, quality im-
provement teams aiming at continuous improvement, cooperation with suppliers for qual-
ity improvement (since more sophisticated and complex production equipment usually
need higher quality materials), monitoring of customers’ satisfaction, etc., in order to in-
crease the value generated for the firm from these expensive assets; also they aim at work
simplification in order to balance the increased complexity caused by highly sophisticated
and complex production equipment.

6.6 Conclusions, limitations and further research directions

Chapter 6 deals with the empirical investigation of the whole network of relations be-
tween business strategy (at a first level), ICT investment, BPR, TQM and non-ICT in-
vestment (at a second level) and business performance (at a third level). It utilizes a sound
theoretical foundation from the area of microeconomics, the Cobb-Douglas production
function. The measurement of BPR and TQM (which have been chosen as the main pro-
cess change paradigms) is realized through a multi-item scale, which has been developed
through an extensive review of the relevant BPR and TQM literature and validated in
terms of validity and reliability.

The findings suggest that the choice of business strategy defines the final outcome and/or
the need for ICT/non-ICT and other complementarity investments in order to enhance
business performance. A low-cost strategy necessitates the implementation of quality
management practices whereas a differentiation strategy produces value for the firm
through process transformation (BPR or TQM, with similar levels of effect on business
performance). On the other hand a focus strategy, in the Greek national context, seems to
have the greatest influence on the firm outcome, since it affects performance directly and
indirectly, through business transformation (BPR or TQM). Business strategy does not
have a causal relationship with firm investments, meaning that the latter is not affected by
the former. This could be translated as no matter what type of strategy a firm follows, in-
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vestments (in ICT and non-ICT) should be realized in order to enhance performance. Pro-
cess reengineering and quality management are necessary practices for improving per-
formance by implementing a business strategy and/or by realizing investments.

As basic limitation we could mention the context under which this study has been con-
ducted (Greek national context), which may be an obstacle for generalizations. Greece
does not belong to the highly developed countries, though it has made considerable pro-
gress in the last twenty years, having become a member of the European Economic and
Monetary Union. Moreover it is characterized by small size of internal market as well as
small average firm size. Culturally it is not characterized by risk-taking mentality, as
shown by its high Uncertainty Avoidance Index (UAI) (value: 112) in comparison to oth-
er European countries and USA, according to Geert Hofstede estimation
(http://www.geert-hofstede.com/). This fact may negatively affect the attitude towards
undertaking process change initiatives (through the BPR or TQM approaches). Therefore
it would be useful to conduct similar empirical studies in other national contexts as well
and compare the findings.

A second limitation of this study is that it measures business performance through one
measure, value added per employee (labour productivity). Even though it is a fundamen-
tal one, since it incorporates the value of the products or services produced by a firm, the
value of the materials or services it buys from suppliers, as well as the number of its em-
ployees, and despite the fact that it is widely used by researchers, it would be interesting
to conduct similar empirical studies using multiple financial (ROI, ROA) and non-
financial (sales growth, customer satisfaction, etc) measures of business performance.
However the reason for using value added is that it stems from a very well grounded theo-
ry (the Cobb-Douglas production function) and has been widely used as a surrogate indi-
cator of business performance. Our future research steps also regard the examination of
the external environment (competition, buyers, suppliers, etc) and how it affects the
choice of business strategy, and finally, through the same vale creation process, business
performance.
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CHAPTER 7

Business Environment: The Effect of External
Forces on Capital Investment, Process Change and
Firm Performance
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7.1 Introduction

In a continuously evolving and competitive environment firms nowadays realize enor-
mous investments in information and communication technologies (ICTs) aiming at ac-
quiring the necessary resources and capabilities, which will enable them to gain competi-
tive advantage among rivals, support their strategic orientations, and achieve better finan-
cial performance. The era of the ‘productivity paradox’ has passed for good and answers
concerning the contribution of ICTs to business performance have been given. Recent
research has been focused on the complementarity investments firms must realize in order
to utilizing their ICT assets in a productive and efficient manner. However, it is also of
critical importance to go beyond the organizational boundaries and investigate how the
external environment affects firms in terms of investments in ICT and other complemen-
tarities, having as final objective to identify the effects of all those factors on business
performance and capture the whole value creation process.

The positive and significant relationship between business strategy and performance has
been shown and described in detail in chapter 6. Due to the fact that existing literature has
also proven the positive link between external environment of the firms and strategy, it is
of high importance to investigate the ways external factors influence the resources and
capabilities of the organizations as well as cause changes in their structure and processes.
Thus we will examine the relationship between the external environment and 1CT/non-
ICT investments, which constitute the resources of the organizations. Furthermore the
extent of BPR and TQM, as the main expressions of business process and structural trans-
formation, will be investigated evoked by the influence and the pressures of the external
environment.

Chapter 7 contributes to the existing literature by empirically investigating the role of the
various forces of the external business environment in the business value creation pro-
cess, and their effect on ICT, non-ICT and the other complementarity investments, such
as process change. In accordance to the previous chapters, it moves one step backwards
(see Figure 2.3, Chapter 2), beyond the boundaries of the firms, focusing more on the
context under which organizations operate and on the manners it adds value to the busi-
ness. The empirical investigation has taken place in the national context of Greece and
has used the same sample and method, as in the chapters (4 and 6).

Starting from a definition, as business environment could be regarded anything that af-
fects but does not belong to an organization, in other words its surroundings. The envi-
ronment has an impact on the strategy, decisions, processes and performance of the firms.
It could be distinguished into two categories: the micro environment, consisting of differ-
ent types of stakeholders - customers, employees, suppliers, board of directors and credi-
tors, and the macro environment, which includes factors which are beyond the control of
the business, social, tehnological, economical and political (Karagiannopoulos et al,
2005). Changes in the micro environment will directly affect and impinge on the firm's
activities. Changes in the macro environment will indirectly affect the business but will
nonetheless affect it. External environment describes the factors that affect the organiza-
tion but do not belong to it. Figure 7.1 shows how organizations are connected to their
surroundings and the role of external environment, which can be divided into industry
(where the competition takes place) and macro environment (implying the national, eco-
nomic, politic, and social boundaries of a particular economy).
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Dess and Beard (1984) distinguished the following three factors characterizing external
environment: munificence, complexity, and dynamism. Munificence relates to the scarce-
ness of environmental resources that support firm’s growth within a given industry. Envi-
ronmental complexity reflects the heterogeneity and concentration of environmental ele-
ments. Environmental dynamism refers to the rate of change and degree of instability of
the environment. Rapid change, short product lifecycles and processes of creative de-
struction are typical characteristics of dynamic environments. Organizational theory has
established several dimensions of environmental characteristics: uncertainty, directness,
change, dynamism, homogeneity, complexity and munificence (Aldrich, 1979; Duncan,
1972).

The macro-environment

Industry (or sector)

Competitors

The Organization

Markets

Figure 7.1. The organization and the effects of the external environment.

The main characteristic of the environment is the existence of other firms, which compete
each other to gain competitive advantage. Competitive environment can be characterized
by various dimensions, including market turbulence, demand uncertainty, buyer power,
market growth, competitive hostility, competitive intensity, technology turbulence, and
supplier power (Porter, 1985). Miller (1987) uses the term environmental competitiveness
to reflect the number of competitors, and of areas in which there is competition. Jaworski
and Kohli (1993) use the term competitive intensity, which reflects the behaviour, re-
sources and ability of competitors to differentiate their products or services.

The most influential work however, is the one of Porter (1980), who introduced the five
forces model and has been described in detail in Chapter 2 (section 2.6). According to this
model the forces evoking industry competition, and thus affect firm performance, are:
threat of entry, the power of buyers, the power of suppliers, threat of substitute products,
and rivalry among existing competitors.

7.1.1 RBV

In the current dynamic and competitive environments firms have to realize the changes
and keep up. However managers complain that strategic planning is too static and too
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slow (Collis and Montgomery, 2008), compared to the changes required. In order for a
solution to be found a lot of approaches have been developed. Since late 80’s firms have
started implementing quality management, and process reengineering projects, competing
on capabilities and using more systematically firm-level developed knowledge. However
the theory that explains best how a company’s resources drive its performance in a com-
petitive environment is the resource-based view (RBV, Barnley, 1991). Resources could
be defined as “the wide variety of tangible and intangible factors from reputation to inter-
organizational relationships in place” (Galbreath and Galvin, 2008).

The RBV posits that the key point for gaining competitive advantage is the best possible
exploitation of the available resources. In terms of strategy a resource is valuable if it is
hard to copy, it depreciates slowly, is controlled by the company (and not by customers,
suppliers or other stakeholders), cannot be easily substituted and it is better than competi-
tors” similar resources (Collis and Montgomery, 2008). The RBV combines the internal
analysis of phenomena within companies (a preoccupation of many management gurus
since the mid-1980s) with the external analysis of the industry and the competitive envi-
ronment (the central focus of early strategy approaches) in order to explain in clear mana-
gerial terms why some competitors are more profitable than others, how to put the idea of
core competence into practice and how to develop diversification strategies that make
sense (Collis and Montgomery, 2002). Its main characteristic is that it does not see firms’
high returns as the result of a favourable industry structure, but rather as a result of their
access to unique, or otherwise costly-to-copy resources (Stoelhorst and Raaij, 2002).

One of the greatest debates of management-related literature concerns the extent of the
impact of industry structure and firm factors on business performance. The most crucial
point of the debate regards the importance of external factors (industry structure) com-
pared to internal factors (resources) and the extent of their impact on business perfor-
mance. The reason for this debate was the existence performance variation even between
firms operating in the same sector and/or of similar size. Interest in industry structure as a
variable for explaining performance variation has been expressed since the middle of the
last century (Bain, 1954) as a research topic of industrial organization (1/0). However, a
complete and widely accepted framework had not been developed until 1980 when Porter
managed to offer a tool for explaining how exogenous factors impact firms in a given in-
dustry. Stoelhorst and Van Raaij (2004) note that Porter’s framework has concentrated
the focus of much attention in the extant literature, particularly with respect to analyzing
performance differentials.

In chapter 6 the strong link between strategy and performance has been identified. In this
chapter an attempt will be made to explore the role of the competitive environment on the
management of the firms’ resources and finally on performance. Following the resource-
based view we intend to investigate how firms receive the messages of the external envi-
ronment and how do they choose to respond. In particular we will examine the various
forms of external environment pressures in respect to the amount of investments (in ICT
and non-ICT) firms realize in order to acquire the necessary resources and capabilities to
face those external pressures, the extent of organizational transformation (expressed via
BPR and TQM), as well as their direct and indirect effect on business performance.

After having presented the main dimensions of business environment, according to Por-
ter’s theory, the next section (7.2) presents a literature review regarding its relationship
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with the abovementioned variables (business strategy, ICT-non ICT investments, BPR,
TQM and performance). Section 7.3 includes the development of research hypotheses,
whereas in section 7.4 data analysis and results are presented. Finally, section 7.5 con-
tains the conclusion, the main limitation and the future research direction of the particular
empirical investigation.

7.2 Literature Review

7.2.1 Environment-BPR

As mentioned throughout this dissertation, there are many options for business tranfor-
mation, the main of which BPR and TQM. Which option a company chooses to adopt is
not only dependent on internal factors to the organization but also on factors belonging to
the external environment of the firms, such as the type of industry, rate of change, compe-
tition, market opportunities etc (Keeble, 1995).

There is not much empirical work done concerning the effect of external environment to
the extent of BPR. However, the dynamic nature of the external environment is very like-
ly to force changes in the structure and processes of the organizations, in order to be able
to compete and prevail among rivals. One of the main reasons for BPR in organizations is
the influence of the external environment. The major changes in markets, technologies,
and degree of competition imply the need for enterprises to change their organizational
and managerial arrangements (Francis and Maclntosh, 1997). According to Agrawal and
Haleem (2003) “environment changes are much faster than organizations”. Therefore
firms must realize those changes and make the necessary follow-ups.

The advantage of the organizations, compared to the past, is access to ICTs. “BPR is now
coming to the fore in a different business environment. Certainly, the technological infra-
structure is now very different, offering capabilities that were not feasible in the past”
(Brian and Ciaran, 1996). If firms do not follow the environmental changes they will be
left behind from those that will do. The success of a BPR project is alos highly dependent
on the environment. According to Agrawal and Haleem (2003), who studied the effect of
culture and environmental pressures on the factors of successful implementation of BPR
projects, those two factors play an important role in the success of such projects.

The environment-BPR relationship stems also from the fact that-by definition-some of the
basic dimensions of BPR regard not only the orgnization but also its environment. The
transformation or deletion of some processes may be influenced by customers, suppliers
or other partners.

7.2.2 Environment-TQM

Similarly to BPR, a connection also exists between external environment and TQM. The
idea lies within the aspect that the environment is recognized as a vital source of re-
sources and constraints. The term ‘boundaryless organization’, which has been extensive-
ly used in the TQM literature, supports this idea. “TQM blurs the boundaries between the
organization and the environment. Entities previously regarded as outsiders (e.g. suppli-

122



ers, customers) are now considered part of organizational processes” (Spencer, 1994).
There is also literature referring to the relationship between external environment and
TQM. Since 1967 Lawrence and Lorsch had identified that the success of TQM is a func-
tion of the interrelationship among internal organizational states and processs and exter-
nal environment demands. Dean and Evans (1994) argued about the relationship between
TQM and competitive advantage, which implies that, in order to implement TQM, one
must examine the idioms of the environment, and more particular, the competition.

TQM by definition regards the relationship of the firm with its environment. Some of its
main activities, measurements of customer satisfaction, cooperation with suppliers and
other partners reveal a close relationship. Hung (2007) investigated, among others, the
effect of environmental changes on TQM practices in pursuing innovation performance,
through a case study on a leading global firm. His results showed that innovation initially
had no effect on sales when the business environment was unchanged despite of market-
ing/sales efforts, but the innovation was a critical success after business environment
changes created value for the innovation's claims. Realizing how TQM practices lead to
quality and innovation performance and how business environment is important for the
dynamic process above, he suggests that executives should make features of innovation
from TQM practices as open and scalable as possible to match emerging social demands,
or to consider trends of the business environment when developing solutions in TQM
practices.

7.2.3 Environment-performance

The relationship between external business environment and performance has been inves-
tigated by existing literature to a satisfactory extent. Previous studies have investigated
this link not only directly but also indirectly, through other variables (mainly business
strategy).

Badri et al (2000) used a path analytic framework to study the effects of environment on
the choice of operations strategy and performance for a sample of manufacturers in Unit-
ed Arab Emirates. Environment has been measured through six variables: business cost,
labour availability, competitive hostility, government laws, political environment and dy-
namism in the market. For strategy they used the commonly used manufacturing opera-
tions strategies taxonomy, which identifies four strategy dimensions: cost, quality, deliv-
ery and flexibility. Finally performance was measured through objective measures (low
and high performers). Their results indicate that a relationship exists between environ-
ment and strategy selection, and that environmental concerns in mature and emerging
manufacturing industries are not similar, and hence, should be considered. Furthermore
they found that successful firms operating in dynamic environments are more likely to
emphasize in flexibility, quality and delivery performance, rather than cost reduction
strategies.

Sila (2007) investigated the impact of contextual (institutional and contingency) factors
on TQM implementation and performance. They found that the implementation of TQM
practices was similar across subgroups of companies within each contextual factor, mean-
ing that TQM and TQM-performance relationships are not context-dependent.
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Hogue (2004) investigated the role of the choice of performance measures on the rela-
tionship between a) strategic priorities and performance and b) environmental uncertainty
and performance, using survey data from 52 manufacturing companies. The results re-
vealed the existence of a significant and positive association between strategy choice and
performance, whereas no evidence was found regarding a significant relationship between
environmental uncertainty and performance. Moreover, Galbreath and Galvin (2008) ex-
plored the relative importance of distinct resources and industry structure variables in ex-
plaining firm-level performance variation, in a sample of 285 Australian firms. The re-
sults of their study demonstrated that resources are more important than industry struc-
ture, and that in service firms resources are found to be much more important to explain-
ing performance variation than in manufacturing firms. Another interesting finding was
that in both manufacturing and services firms, intangible assets and capabilities explain
performance variation while, tangible resources do not.

On the other hand, Gao et al. (2007) studied the moderating effect of environment in the
relationship between strategic orientation and business performance. The conclusion from
his research were that the effect of customer orientation on performance becomes positive
as demand uncertainty increases, and it becomes negative at high levels of demand uncer-
tainty, whereas the effect of competitor orientation on business performance is not affect-
ed by the extent of competitive intensity. Moreover technology orientation has a negative
effect on business performance at lower levels of technological turbulence, but the effect
changes to positive with an increasing level of technological turbulence. Finally, Porter
(2008) clearly supports the above-mentioned relationship by stating that “understanding
the competitive forces, and their underlying causes, reveals the roots of an industry’s cur-
rent profitability while providing a framework for anticipating and influencing competi-
tion (and profitability) over time.

7.2.4 Summary of literature review and conclusions

As we can see from the existing literature review, there are a lot of studies describing the
relationship between external environment and business performance. Similarly, there are
studies relating environmental dimension with business change (BPR, TQM or other
form). However our literature review has not conveyed empirical studies on the relation-
ship between environment and ICT. In accordance to this finding McAfee and
Brynjolffsson (2008) state that “much attention has been paid to the connection between
productivity growth and the increase in IT investment. But hardly any has been directed
to the nature of the link between IT and competitiveness”.

All in all, to the best of our knowledge, there is a serious gap in the literature regarding a
study, which integrates all those variables (which have been sporadically mentioned) into
one single model. In other words, a study regarding the interplay between external envi-
ronment, ICT/non-ICT investment, BPR or TQM (as business transformation paradigms)
and performance, is missing.

7.3 Research Hypotheses, Method and Data

Bearing in mind the conclusions from the literature review we formulated our research
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hypotheses, which can be summarized by the theoretical model of figure 7.2.

External Envirenment

supplier power
customer power
price competition
non-price competition
threat from new entrants
threat from substitutes

Business

BPR/TQM Performance

Investment

ICT investment
non-ICT investment

Figure 7.2: The theoretical model of the effects of the external environment on ICT, non-ICT,
BPR, TQM and performance.

The model posits that the various forces of the competitive environment affect the extent
of investments in ICT and non-ICT, the extent of business transformation (BPR or TQM),
and, finally, business performance. Actually, from this model emerge 12 theoretical mod-
els, if we consider each environmental force (six in total) each time with BPR and then
with TQM. In the hypothesized models we have decided to cover the various dimensions
of the external environment by using Porter’s five forces model, described in the intro-
duction as well as in chapter 1. The first reason for choosing this theory is that it is a well-
grounded theory, widely used in the past in numerous studies (Galbreath and Galvin,
2008; Collis and Montgomery, 2008). Porter (2008) summarizes the advantages of the
five forces model: “The competitive forces reveal the drivers of industry competition. A
company strategist who understands that competition extends well beyond existing rivals
will detect wider competitive threats and be better equipped to address them. At the same
time, thinking comprehensively about an industry’s structure can uncover opportunities:
differences in customers, suppliers, substitutes, potential entrants, and rivals that can be-
come the basis for distinct strategies yielding superior performance. In a world of more
open competition and relentless change, it is more important than ever to think structural-
ly about competition”. The second reason is related to our decision of choosing Porter’s
strategy typology in chapter 6. Since the two approaches are closely related to each other
(Miller, 1988), the reliability of the results will be greater.

At this point we should also note that the threat from competitors has been divided into
two categories: price competition (e.g discounts, special offers, etc) and non-price compe-
tition (advertizing, promotion, etc). This is a common practice since those two categories
of competition have different routes and provide us with additional information. Based on
the above we formulated our hypotheses.

The first set of hypotheses regards the ICT-business performance relationship. We have
also included in our investigation non-ICT investment (the ‘traditional’ assets) for com-
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parison purposes between ICT investment and non-ICT investment regarding the above
aspects. The reason for doing this is that, despite the growing investment of firms in ICTs,
non-1CT investment constitutes in most sectors the biggest part of firms’ total investment.

Hypothesis 7.1: ICT Investment has a positive and significant effect on business perfor-
mance.

Hypothesis 7.2: non-ICT Investment has a positive and significant effect on business per-
formance.

There is also considerable literature proposing specific ways for using ICTs in order to
support BPR and achieve higher business performance (Grover et al 1993, Davenport
1993, Tapscott and Caston 1993, Gunasekaran and Nath 1997, Champy 2002a, Champy
2002h, Attaran 2003). Similarly, there are several empirical studies providing evidence
for a positive effect of TQM on business performance (e.g. Martinez-Lorente et al 2004,
Demirbag et al 2006, etc.). As a consequence of the above we make the following re-
search hypotheses:

Hypothesis 7.3: The extent of BPR has a positive and significant effect on business per-
formance.
Hypothesis 7.4: The extent of TQM has a positive and significant effect on business per-
formance.

Regarding the relationship between ICT/non-ICT investment and BPR/TQM, there are
many theoretical arguments in the literature concerning the important capabilities offered
by ICTs for improving dramatically the existing business processes and work practices,
and through these improvements for achieving high levels of business benefits (e.g.
Brynjolfsson & Hitt 1996, Brynjolfsson & Hitt 1998, Brynjolfsson & Hitt 2000, Bresna-
han et al 2002, OECD 2004, Melville et al 2004). Therefore we expect that ICT invest-
ment is positively related to BPR. Furthermore, while ICTs are ‘general purpose’ tech-
nologies, which can be used for many different functions and can be easily adapted to
new needs and processes, non-ICT investments (e.g. for production machinery, buildings,
etc.) do not offer this flexibility. For this reason we do not expect that non-ICT invest-
ment leads to BPR implementation in order to contribute to better performance.

On the other hand we expect that TQM might have a mediation effect on the ICT-
performance relationship (thus non ICT leads to TQM): high investment in non-ICT as-
sets (e.g. sophisticated and complex production machinery) can act as a driver for adopt-
ing various TQM practices, such as statistical quality control, quality improvement teams
aiming at continuous improvement, cooperation with suppliers for quality improvement,
monitoring of customers’ satisfaction, etc., in order to increase the value generated for the
firm from these expensive assets. Taking the above into account, our next four hypotheses
will be:

Hypothesis 7.5: ICT investment has a positive and significant effect on the extent of BPR.
Hypothesis 7.6: Non-ICT investment has a positive and significant effect on the extent of
BPR.
Hypothesis 7.7: ICT investment has a positive and significant effect on the extent of TQM.
Hypothesis 7.8: Non-ICT investment has a positive and significant effect on the extent of
TQM.
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Hypotheses 7.1-7.8 have already been examined in chapters 4 and 6. However, they will
be also investigated since they are included in the new hypothesized model (figure 7.2).
Therefore they are not going to be further analyzed (in terms of literature review regard-
ing the relationships they concern) since the reader can find all the information in the
abovementioned chapters.

The relationship between external environment and investments in ICT has not been em-
pirically investigated so as to produce safe results, as explained in section 7.2.1. McAfee
and Brynjolfsson (2008), in a Harvard Business Review paper, identify the gap in the ex-
isting literature regarding the connection between the various dimensions of the external
environment and ICT, by stating that “much attention has been paid to the connection be-
tween productivity growth and the increase in IT investment. But hardly any has been di-
rected to the nature of the link between IT and competitiveness”. However their study
came up with optimistic findings regarding the business environment-ICT investments
relationship: “During the last decades a new competitive dynamic has emerged...This
accelerated competition has coincided with a sharp increase in the quantity and quality of
IT investments, as more organizations have moved to bolster (or altogether replace) their
existing operating models using the internet and enterprise software. They finally con-
clude in that “a central catalyst in competition acceleration is the massive increase in the
power of IT investments”, implying a close relation of the two variables. We therefore
expect that:

Hypothesis 7.9: The extent of supplier power has a positive and significant effect on ICT
investment.

Hypothesis 7.10: The extent of customer power has a positive and significant effect on
ICT investment.

Hypothesis 7.11: The extent of price competition has a positive and significant effect on
ICT investment.

Hypothesis 7.12: The extent of non-price competition has a positive and significant effect
on ICT investment.

Hypothesis 7.13: The extent of threat from new entrants has a positive and significant ef-
fect on ICT investment.

Hypothesis 7.14: The extent of threat from substitutes has a positive and significant effect
on ICT investment.

Similarly to the previous chapters, we will examine the same hypotheses for non-ICT in-
vestment as well, trying to identify the effect of external environment on the traditional
assets of the firms (which constitute the main proportion of their total assets), as well as
on business performance. The reasons for doing this, have been already been presented in
detail in chapter 4 (section 4.3). Consequently, according to the above, we expect that:

Hypothesis 7.15: The extent of supplier power has a positive and significant effect on
non-1CT investment.
Hypothesis 7.16: The extent of customer power has a positive and significant effect on
non-1CT investment.
Hypothesis 7.17: The extent of price competition has a positive and significant effect on
non-1CT investment.
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Hypothesis 7.18: The extent of non-price competition has a positive and significant effect
on non-ICT investment.

Hypothesis 7.19: The extent of of threat from new entrants has a positive and significant
effect on non-ICT investment.

Hypothesis 7.20: The extent of threat from substitutes has a positive and significant effect
on non-ICT investment.

As mentioned in section 7.2 the relationship between external environment and business
transformation (the main paradigms of which are BPR and TQM) is considered among
the most important research objectives by the existing literature. The dynamic nature of
the external environment is very likely to force changes in the structure and processes of
the organizations, in order to be able to compete and prevail among rivals. One of the
main reasons for BPR in organizations is the influence of the external environment. The
major changes in markets, technologies, and degree of competition imply the need for
enterprises to change their organizational and managerial arrangements (Francis and Mac-
Intosh, 1997). BPR as the outcome of external environment pressures. The relationship
between environment and BPR has been mentioned by Agrawal and Haleem (2003) and
Brian and Ciaran (1996). Our hypothethes regarding this issue will therefore be:

Hypothesis 7.21: The extent of supplier power has a positive and significant effect on the
extent of BPR.

Hypothesis 7.22: The extent of customer power has a positive and significant effect on the
extent of BPR.

Hypothesis 7.23: The extent of price competition has a positive and significant effect on
the extent of BPR.

Hypothesis 7.24: The extent of non-price competition has a positive and significant effect
on the extent of BPR.

Hypothesis 7.25: The extent of of threat from new entrants has a positive and significant
effect on the extent of BPR.

Hypothesis 7.26: The extent of threat from substitutes has a positive and significant effect
on the extent of BPR.

On the other hand, there is an also close connection between external environment and
TQM. Lawrence and Lorsch have identified that the success of TQM is a function of the
interrelationship among internal organizational states and processs and external environ-
ment demands. Dean and Evans (1994) argued about the relationship between TQM and
competitive advantage, which implies that, in order to implement TQM, one must exam-
ine the idioms of the environment, and more particular, the competition.

TQM by definition regards the relationship of the firm with its environment. Some of its
main activities, measurements of customer satisfaction, cooperation with suppliers and
other partners reveal a close relationship. Hung (2007) investigated, among others, the
effect of environmental changes on TQM practices in pursuing innovation performance,
through a case study on a leading global firm. We therefore expect that:

Hypothesis 7.27: The extent of supplier power has a positive and significant effect on the
extent of TQM.
Hypothesis 7.28: The extent of customer power has a positive and significant effect on the
extent of TQM.
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Hypothesis 7.29: The extent of price competition has a positive and significant effect on
the extent of TQM.

Hypothesis 7.30: The extent of non-price competition has a positive and significant effect
on the extent of TQM.

Hypothesis 7.31: The extent of threat from new entrants has a positive and significant ef-
fect on the extent of TQM.

Hypothesis 7.32: The extent of threat from substitutes has a positive and significant effect
on the extent of TQM.

Finally, a lot of research has dealt with the relationship between the forces of the external
environment and business performance. Most of the reviewed studies identified a nega-
tive (direct or indirect) link (Badri et al, 2000, Sila, 2007; Hogue, 2004; Galbreath and
Galvin, 2008). On the other hand, one study was found to identifying a positive one (Gao
et al, 2007). In particular, powerful suppliers capture the biggest proportion of value for
themselves by charging higher prices, limiting at the same time the quality of the products
or services. They thus charge higher costs to firms, obliging them to transfer their in-
creased costs to final consumers by offering their products/services in higher prices, re-
ducing thus their profit margins. Powerful buyers can force down prices by demanding
better quality and service, and generally playing industry participants off against one an-
other, all at the expense of industry profitability.

On the other hand firms that compete in prices (e.g through discounts) or not (e.g through
advertising) try to gain a better share. Rivalry among existing competitors takes various
forms but has one consequence: reduction of profits. Regarding the possibility of new
players in the market we could expect that new entrants to an industry bring new capacity
and a desire to gain market share that puts pressure on prices, costs, and the rate of in-
vestment necessary to compete. Finally, the threat of substitutes limits an industry’s profit
potential by placing a ceiling on the products’ prices, since customers have the ability to
turn to a substitute if they judge that its price is high. According to the above thoughts, we
have formulated the following hypotheses:

Hypothesis 7.33: The extent of supplier power has a negative and significant effect on
business performance.

Hypothesis 7.34: The extent of customer power has a negative and significant effect on
business performance.

Hypothesis 7.35: The extent of price competition has a negative and significant effect on
business performance.

Hypothesis 7.36: The extent of non-price competition has a negative and significant effect
on business performance.

Hypothesis 7.37: The extent of threat from new entrants has a negative and significant
effect on business performance.

Hypothesis 7.38: The extent of threat from substitutes has a negative and significant effect
on business performance.

The instrument used for testing the abovementioned 38 hypotheses is a part of the ques-
tionnaire, which has been used in the previous chapters and is included in Appendix A
(questions 1-7 and 9). The sample and the method used for data elaboration is the same as
in chapters 4 and 6 (see chapter 3). The hypothesized models are based on the Cobb-
Douglas production function (Nicholsson, 1998). BPR and TQM, similarly to the previ-
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ous chapters, have been measured through multi-item scales consisting of 9 items for
BPR and 7 items for TQM. The particular 16 items can be also viewed in Appendix A
(survey instrument). The conceptualization resources of those items have already been
analyzed in chapter 4 (see Appendix B). Finally SEM has been applied for testing the
measurement and structural models.

7.4 Data analysis and results

7.4.1 Measurement models

The 12 theoretical models based on figure 7.2 were estimated using SEM through the
AMOS 7 software (Byrne 2001). Initially the measurement models were examined; in
particular, content validity, construct validity and reliability of the BPR and TQM multi-
item constructs were assessed, as described in the following paragraphs. The same proce-
dure has taken place in chapter 4, so we are not going to present it in deep detail.

Both BPR and TQM multi-item scales have been developed through extensive review of
the relevant literature, and reviewed by three highly experienced ICAP experts, ensuring
therefore content validity for the two constructs included in the models. Convergent va-
lidity of the BPR and TQM constructs was tested by examining the estimated measure-
ment models parts of the above 12 models, which connect the two constructs with their
corresponding items. In all models the item loadings of the BPR and TQM are statistical-
ly significant and exceed (or equal) the cut off level of 0.6 (Chin, 1998), as table 7.1
shows.

| BPR item loadings

Indicator sup cust price non-price entry sub
BPR 1 747 .746 147 746 745 744
BPR 2 716 717 716 716 714 715
BPR_3 .781 .783 .781 .781 .780 .781
BPR 4 .690 689 690 .690 690 690
BPR_5 711 712 12 712 712 711
BPR_6 .810 .807 .809 .810 .810 .810
BPR_7 746 745 .745 746 746 746
BPR_8 713 714 712 712 713 713
BPR_9 .665 665 665 716 665 666

TQM item loadings

Indicator sup cust price non-price entry sub
TQM 1 .600 .600 .600 .600 .600 .600
TQM 2 671 673 672 672 671 673
TQM 3 .822 823 824 .823 823 823
TQM 4 .806 .804 .805 .805 .806 .804
TQM_5 .800 .800 .800 .800 .800 .801
TQM 6 752 751 .750 751 752 .751
TQM 7 .824 .823 .823 .824 .824 .824

Table 7.1. Convergent validity of the BPR and TQM constructs (sup=supplier power,
cust=customer power, price=price competition, non-price=non-price competition, entry=threat
from new entrants, sub=threat from substitutes).

Discriminant validity of the BPR and TQM constructs was again tested by performing
factor analysis with varimax rotation using the SPSS 15.0 software. The results are exact-
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ly the same as in table 4.3 (chapter 4), indicating thus discriminant validity for the two
constructs. Similarly, the reliability of the two constructs was examined through
Cronbach’s Alpha. The resulting values (0.914 for the BPR construct and 0.906 for the
TQM construct) exceeded the minimum acceptable level of 0.7 recommended by the rel-
evant literature (Gefen et al 2000, Straub et al 2004), confirming therefore the reliability
of both constructs.

7.4.2 Structural models

As a second step we examined the fit indices of the 12 structural equation models. Table
7.2 shows the main goodness-of-fit indices (incremental fit indices), which quantify to
what extent the specified models fit the observed data. We can see that all models have
satisfactory values of the incremental fit indexes (>0.9) as well as of the RMSEA
(£0.08), in accordance with the suggestions of the relevant literature (Browne and
Cudeck 1993, Gefen et al 2000, Straub et al 2004). Therefore, we can conclude that all
models show a satisfactory and acceptable fit with the data, and proceed to examining
their path coefficients.

BPR Chi-square NFI RFI IFI TLI CFI RMSEA
suUp 108.58 31 403 965 450 54 &0
cust 110.01 331 886 64 ) 63 &1
price 106.19 H33 904 966 982 966 059
non-price 105.55 B33 05 967 952 966 055
entry 112.87 829 899 962 S4B 962 0B2
sub 112.30 929 300 983 S4B 52 B2
Tam
suUp 47.404 a1 932 H3z HE6 992 030
cust 45387 983 33D 994 4eg 994 027
price 48.39 960 942 991 887 991 032
non-price 47 179 961 944 292 985 992 030
entry 51.413 958 338 989 483 988 036
sub 55.00 HES 435 el 879 H85 0

Table 7.2 Model fit of the 12 structural models.

The final step was to estimate the paths in the 12 structural models. As an example, the
results of two structural models can be seen in figure 7.3, which shows the models of
supplier power-BPR and supplier power-TQM. However, for a better presentation and
analysis, the results are going to be grouped and presented together in table 7.3.
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Figure 7.3 Estimated structural models of supplier power-BPR and supplier power-TQM

Table 7.3 shows the results of the 12 estimated structural models (concerning hypotheses
7.9-7.38). The first six models examine the effect of environmental forces on investment,
BPR and performance. The rest use the other process change paradigm, TQM, instead of
BPR. First of all, there is a clear direct effect of ICT investment on business performance
equal to about 0.3 in all 12 models. Additionally ICT investment affects performance in-
directly, through BPR. The magnitude of the effect of ICT investment on BPR equals to
about 0.13 in all models. Non-ICT investment has a direct effect on performance (equal to
about 0.1) and an indirect effect through TQM (with a magnitude of 0.130*0.175=
0.0225). The above results (the direct effects of ICT and non-ICT investments on perfor-
mance and the partial mediating role of BPR and TQM on the abovementioned relation-
ship) are consistent with our findings in chapter 4, proving for the stability of the devel-
oped models and the reliability of the data. Therefore hypotheses 7.1-7.8 are supported.

Regarding the effect of environmental forces, the extent of supplier power has a negative
impact on ICT investment in both (BPR and TQM) models. This means that the higher
the pressure of suppliers, the less the investments in ICT by firms. This is an expected
result since powerful suppliers press down firms’ profitability and leaves no space for fur-
ther development through the acquisition of enhanced ICT equipment. Supplier power
does not seem to affect significantly any other variable included in the model. Conse-
quently hypotheses 7.9, 7.15, 7.21 and 7.33 are not supported. The power of customers
has a significant effect on BPR equal to 0.2. This finding could be interpreted as that
firms proceed to process improvement and adjustment if they feel the pressure from their
customers. As mentioned above, customers have the power to demand better quality of
the products offered, better services and lower prices. Firms, in order to respond to those
requirements undertake BPR projects aiming at cost reduction, which will lead to profita-
bility increase or minimization of their losses. Hypothesis 7.22 is therefore supported.
Customer power does not affect ICT and non-ICT investment, and business performance,
leading to the rejection of hypotheses 7.10, 7.16 and 7.34.

Similar results can be also seen in the TQM model: Customer power has a positive and
significant effect (equal to 0.18) on TQM. TQM approaches are employed for better pro-
duction quality control and minimization of false production in order for the firms to bet-
ter respond to customer requirements without loosing great proportions of their profitabil-
ity. This finding provides support for hypothesis 7.28.

As far as the effect of price competition is concerned, it doesn’t seem to significantly af-
fect neither BPR nor TQM. This finding seems rather odd since the main motive for firms
undertaking busness transformation projects (through BPR or TQM) is cost reduction,
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which will enable them to offer products or services in lower prices than their competi-
tors. This finding forces us to reject hypotheses 7.11, 7.17, 7.23 and 7.35. On the other
hand, competition on other factors rather than on prices implies superiority of products,
services, or processes, necessitating thus investments in ICT. The direct effect of non-
price competition on ICT investments (in both models) equals to about 0.11 (-0,110 in
BPR and -0,115 in the TQM model), providing thus support for hypothesis 7.12. Apart
from this effect, non-price competition does not affect any other variable, which leads to
the rejection of hypotheses 7.18, 7.24, 7.30 and 7.36.

BPR Model
Environment ICT Non-ICT BPR Performance
Supplier power -.113* - - -
Customer power - - 201%** -
Price competition - - - -
Non-price competition .108* - - -
Threat from new entrants - - - -.110*
Threat from substitutes - - 147 * -
TQM Model
Supplier power -113* - 156** -
Customer power - - .182** -
Price competition - - - -
Non-price competition .108* - - -
Threat from new entrants - - 113* - 115**
Threat from substitutes - - 184*** -

Table 7.3 Grouped results of the effect of the external environment on ICT, non-ICT investment,
BPR, TQM and business performance.

The fifth element of Porter’s competitive forces theory, the threat from new entrants,
seems to negatively affect business performance with direct effects of similar magnitude
(-0.110 in the BPR and -0.115 in the TQM model). This finding could be interpreted as
that a higher threat from new players in the market will reduce the market share of the
existing ones, causing thus decreases in their income. Hypothesis 7.37 is thus supported.
The threat from new entrants does not show any effects on any other variable on the BPR
models. Existing players will try to react in the perspective of market share decrease, by
exploiting their relations to their suppliers and customers (through various manners) and
by enhancing control in the production process. Those activities imply the employment of
a TQM approach and therefore prove the direct effect of the threat from new entrants on
TQM (equal to 0.113). Therefore hypotheses 7.13, 7.19 and 7.25 are rejected whereas hy-
pothesis 7.31 is supported.

Finally, the threat from substitute products or services affects significantly and positively
BPR and TQM at a magnitude of 0.147 and 0.184 respectively (providing support for hy-
potheses 7.26 and 7.32). The threat of sales reduction forces firms to think of better and
cheaper processes in operational as well as production processes. The solution is business
transformation through BPR and TQM. No other variable seems to be affected, leading to
the rejection of hypotheses 7.14, 7.20 and 7.38.

7.5 Conclusions, limitations and further research directions

133



In the previous chapters we have dealt with the role of BPR and TQM (as complementari-
ty investments) on the relationship between (ICT and non-ICT) investment and business
performance. Besides we have empirically investigated the effect of business strategy
regarding the above. As mentioned in the introduction of the present dissertation, current
research pays a lot of attention to the effects of external factors on organizations. After
having provided trustful answers to the productivity paradox, it has been realized that,
apart from internal factors, business performance is also affected by environmental fac-
tors belonging to the external business context, as well. Existing literature has dealt with
the effect of external environment without investigating its role in the business value
creation process, apart from the other complementarity investments.

Chapter 7 contributes to the existing literature by fulfilling the abovementioned research
gap. It empirically investigates the role of the various competitive forces in the business
value creation process, and their effect on ICT, non-ICT and two main complementarity
investments, such as BPR and TQM. In accordance to the previous chapters, it moves one
step backwards, focusing more on the context under which organizations operate and on
the manners it adds value to the business (see figure 2.3, chapter 2). In particular there
have been examined the effects of Porter’s five competitive forces on ICT and non-ICT
investment, BPR, TQM and business performance in a sample of 271 firms in Greece.

The findings are quite interesting and useful for researchers as well as for practitioners:
The power of suppliers leads to decrease in ICT investments whereas in enhances TQM
initiatives. Customer power necessitates process transformation (BPR and TQM) whereas
non-price competition enhances investments in ICT. The threat from new entrants de-
creases profitability and forces firms to undertake TQM initiatives to reduce their losses.
Finally the fear of competitors offering substitute products or services evokes more dras-
tic measures, such as radical process improvement through BPR.

However, there are also some limitations. As mentioned in the previous chapters the pre-
sent empirical investigation has been based on a sample of Greek firms, so its results may
have been influenced by the characteristics (e.g. technological, economic, cultural, social,
etc.) of the Greek national context. It is a country of a population of eleven million, with a
small size of internal market and small average firm size; those characteristics possibly
form a competitive environment of low or moderate intensity and effects of similar mag-
nitude on the Greek firms. Additionally, according to Hofstede’s Uncertainty Avoidance
Index (http://www.geert-hofstede.com/) Greece receives a very high score, much higher
than the other European countries, indicating that it is a risk-averse culture. This fact im-
plies that Greek firms avoid taking highly risky decisions; therefore their reactions to the
pressures of the various competitive forces are conservative, compared to other countries.

A second limitation that could be mentioned is that in the present chapter the relationship
between external environment and strategy has not been investigated, despite the fact that
there is literature providing evidence of a significant link (Gimsauskiene and Kloviene,
2008; Parnell et al, 1996; Miller, 1998). However the objective of this study was to exam-
ine the influence of the external environment to particular adding-value factors (such as in
investments in ICT and non-ICT assets, BPR and TQM) and their overall impact on busi-
ness performance. Nevertheless, the impact of external environment on strategy selection
has been proven and is undouptful. Future research implications regard the investigation
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of the same theoretical models by substituting the single-variable performance measure
(value added) with a performance construct, including objective as well as subjective
measures of business performance.

CHAPTER 8
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Information and Communication Technologies,
Human Capital, Workplace Organization and La-
bour Productivity in Greece and Switzerland: A
Comparative Study Based on Firm-level Data
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8.1 Introduction

In the modern economy, in addition to the traditional production factors (traditional phys-
ical capital and labour), some ‘new’ factors are gradually becoming highly important,
such as human skills (often referred to as ‘human capital’), workplace organization (often
referred to as ‘organizational capital’), information and communication technologies
(ICT) and knowledge. As already mentioned in the previous chapters, in most developed
and developing countries firms make big investments for acquiring and using these new
production factors, so it is of critical importance to investigate their contribution to and
impact on firm performance.

The impact of ICT investments on firm performance has been investigated in previous
studies (productivity paradox). Additionally the contribution of human capital to econom-
ic growth at aggregate, sector and firm level has been researched and recognized by pre-
vious research (e.g., Barro, 1999; Middendorf, 2006). Recently there has been research
interest for new organizational practices, such as ‘employee voice’ and new forms of
‘work design’, and their impact on firm performance (e.g., Murphy, 2002; Black and
Lynch 2002). Moreover, relevant literature has indicated the existence of complementari-
ties between ICT capital, human capital and new organizational practices, which are of
critical importance for firm performance. These complementarities have been regarded as
a fundamental characteristic of an emerging new “firm paradigm’ in modern economy
(Milgrom and Roberts, 1990). The conclusions of those studies contain some similarities,
but also several differences as well, which might be (at least to some extent) due to dif-
ferences in sample composition (the samples of these studies are from different sectors
and industries, in variables and models specification and also in the nature of the investi-
gations (cross-sectional versus longitudinal). Therefore, further empirical research is re-
quired concerning the impact of ICT capital, human capital, new organizational practices,
and their combinations on firm performance.

The previous chapters of the present thesis have dealt with the main complemenarity in-
vestment, namely process change, expressed and measured through the extent of BPR and
TQM implementation. As mentioned in the conclusions of those chapters, a serious draw-
back has been the empirical investigation of the research hypotheses in only one national
context (i.e Greece). In these directions this chapter presents a comparative empirical
study of the effect of ICT capital, human capital, new organizational practices and their
combined use, also controlling for the knowledge capital, on labour productivity in Greek
and Swiss firms. Its analytical framework is that of a firm-level production function. Both
the Greek and the Swiss part of this study are based on firm-level data collected through
the same questionnaire in 2005 and from samples of similar composition (concerning firm
size classes and sectors), and also use the same variables and models specification, so
they are comparable.

The contribution of this study to the empirical literature is three-fold. First, for the above-
mentioned reasons, it is the first completely comparative empirical study on the above
critical research questions in two quite different countries giving particular attention to
the complementarity issue. Second, part of this study, is the first study of this type for
Greece, whose economy is quite different from the economies of the highly developed
countries, in which most of the empirical studies on these research questions have been
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conducted. Third, this study takes into consideration explicitly possible endogeneity prob-
lems of the right-hand side variables in a cross-section.

Chapter 8 is structured a follows: In section 8.2 a literature review and the conceptual
framework of this study are presented. Section 8.3 contains a review of the relevant em-
pirical literature. In section 8.4 the data of both the Greek and the Swiss parts of the study
are described. The patterns of use of ICT, new organizational practices and human capital
in Greece and Switzerland are presented and compared in section 8.5. In section 8.6 are
described the variable construction as well as the specification of the two types of econo-
metric models we used in this study. The results of the econometric estimates are present-
ed and discussed for both samples in section 8.7. Finally, in section 8.8 the results are
summarized and comparisons between the findings from Greece and Switzerland are
made and discussed.

8.2 Literature review

8.2.1 The new firm model

The last fifteen to twenty years have witnessed a constellation of important changes of the
production process, such as the extensive use of computer-aided production technologies,
the advances in information and communication technologies, the emerging of new ideas
how to organize firms, changes in the skill requirements of labour and changes in em-
ployee preferences toward more flexible working conditions. Therefore, many authors
have recently postulated a shift to a new “firm paradigm’. Some of them focus their atten-
tion mainly on technological changes, some find the introduction of new organizational
practices a central characteristic of this ‘paradigm change’, while a third group concen-
trates primarily on the shift of firm demand to high-skilled labour in the last twenty years
and analyzes the determinants of this shift. In this section we briefly review some of this
literature.

Milgrom and Roberts (1990) focusing mainly on manufacturing, proclaim the replace-
ment of the “mass production model by the vision of a flexible multiproduct firm that
emphasizes quality and speedy response to market conditions while utilizing technologi-
cally advanced equipment and new forms of organization” (p. 511). Changes in the pro-
duction techniques and their implications for firm efficiency and performance build the
main subject of their theoretical analysis. Lindbeck and Snower (2000) analyze the shift
from * ‘tayloristic’ organization (characterized by specialization by tasks) to ‘holistic’
organization (featuring job rotation, integration of tasks and learning across tasks)” (p.
353). In a following paper the same authors elaborate on the idea of the “firm as a pool of
factor complementarities”, thus identifying factor complementarity as constitutive to the
determination of a firm’s boundaries (Lindbeck and Snower, 2003). Bresnahan et al.
(2002) take the relative demand of skilled-labour as starting point of their analysis and
consider the increased use of “complementary systems” of information technologies,
workplace organization and product innovation as drivers of skill-biased technical
change. One point, which is central to all types of analysis and builds a common charac-
teristic of them, is the existence of complementarities among several factors, which mutu-
ally enhance their impact on firm performance.
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8.2.2 Role of ICT

The role of ICT has been widely discussed in the previous chapters of this disseration.
The benefits of ICT for a firm include savings of inputs, general cost reductions, higher
flexibility and improvement in product quality. New technology may save labour or some
specific labour skills; it may reduce capital needs through, for example, increased utiliza-
tion of equipment, reduction of inventories or space requirements and so on. It may also
lead to higher product quality or better conditions for product development. Moreover, it
may increase the flexibility of the production process allowing for the exploitation of
economies of scale (see e.g. Milgrom and Roberts, 1990, 1995). A specific feature of ICT
is related to networking and communication. As new technologies reduce the cost of lat-
eral communication, firms use these technologies to facilitate communication among em-
ployees and reduce co-ordination costs. Monitoring technologies can also be used to re-
duce the number of supervisors required in the production process. Thus, the use of ICT
has direct implications for firm organization. While inventions that lead to improvements
in ICT are quickly available throughout the economy, complementary organizational
changes involve a process of co-invention by individual firms (Bresnahan and Greenstein,
1997). Identifying and implementing such organizational changes is difficult and costly.
These adjustment difficulties lead to variation across firms in the use of ICT, its organiza-
tional complements and the resulting outcomes.

8.2.3 Role of new organizational practices

Some theories have been developed to explain why new high-skill and high-involvement
workplaces may be more effective (see, e.g., Ichniowski et al., 2000). These can be divid-
ed, first, into theories that focus on the effort and motivation of workers and work groups
and suggest that due to the positive worker incentives created by new organizational
forms the worker performance increases. A second group of theories focuses on changes
of the structure of organizations that improve efficiency (see also Aghion et al., 1999, p.
1650 for a discussion about the characteristics of recent developments in the structure of
European and US companies). We concentrate here more on the second group. These the-
ories imply that new arrangements can make organizational structures more efficient. For
example, decentralizing decision-making to self-directed teams can reduce the number of
supervisors and middle-level managers required while improving communication; em-
ployee involvement can eliminate or reduce grievances and other sources of conflict with-
in the firm, thus improving performance (see Mookherjee, 2006 for a survey of the theo-
retical literature on decentralization, hierarchies and incentives).

Moreover, for the organizational practices there exist interdependencies with other factors
and inputs. Some work design changes are associated with the introduction and diffusion
of information technologies within the firm. For example, Greenan and Guellec (1994)
show in a theoretical paper that the relative efficiency of a centralized mode of firm or-
ganization in which knowledge is confined to specialized workers and a decentralized one
in which every worker participates in learning depends on the technological level of the
firm: “whereas the centralized style is more efficient when the technological level is low,
the decentralized one becomes more efficient when the technological level is higher” (p.
173).
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8.2.4 Role of human capital

The shift toward skilled workers appears to have accelerated in the last twenty years.
While many factors have contributed to this increase most authors think that this effect is
attributable primarily to skill-biased technical change. The size, breadth and timing of the
recent labour demand shift have led many to seek skill-biased technical change in the
largest and most widespread new technology of the last years: the ICT (see Bresnahan et
al., 2002). On the one hand, high-skilled labour is a precondition for the use of ICT; for
example, training in problem-solving, statistical process controls and computer skills can
increase the benefits of ICT. On the other hand, highly computerized systems not only
systematically substitute computer decision-making for human decision-making in rou-
tine work, but also produce a large quantity of data, which needs high-skilled workers,
managers and professionals to get adequately utilized.

8.2.5 Role of ‘complementarities’

The notion of ‘complementarity’ has been also previously discussed in this disseration.
The use of ICT, new organizational practices and human capital build a “complementary
system” of activities (Bresnahan et al., 2002; p. 341ff; Milgrom and Roberts, 1995, p.
191ff.). According to Milgrom and Roberts (1990, p. 514) “the term ‘complement’ is
used not only in the traditional sense of a specific relation between pairs of inputs but also
in a broader sense as a relation among groups of activities”. For example, modern ad-
vanced manufacturing techniques consist of a bundle of technology elements implying
considerable complementarities among these technology elements; a standard illustration
refers to the use of CAD, which leads to complementarities with other programmable
manufacturing equipment. But complementarities are considered also with respect to or-
ganization and human capital. In a recent paper Lindbeck and Snower (2003) further
elaborate on the idea of factor complementarity which is identified as a central element
for the determination of a firm’s boundaries, distinguishing four types of complementari-
ties: two kinds of inter-factor complementarity (technological and informational comple-
mentarity), intra-factor complementarities (leading to increasing returns of scale) and
complementarities among factors in the production of additional products (leading to in-
creasing returns to scope). In this study we restrain our analysis to inter-factor comple-
mentarities.

Recent theoretical developments analyze more in depth the conditions that are necessary
for complementarity (a) between ICT and decentralization and (b) between ICT and skill-
upgrating. Acemoglu et al. (2006) develop a framework to analyze the relationship be-
tween the diffusion of new technologies and the decision decentralization of firms. They
show that firms that recently adopted a new technology and therefore are closer to techno-
logical frontier, younger firms and firms in more heterogeneous environments are more
likely to choose decentralization. Borgans and ter Weel (2006) analyzed the differences of
the division of labour across firms as a result of computer technology adoption. The adop-
tion of computer technology can lead to productivity gains either directly, e.g. through
reduced production time or indirectly through improved communication possibilities
among employees. Direct productivity gains induce skill upgrading, while in firms gain-
ing from improved communication specialization increases and skill requirements fall.
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Thus, what we can observe if we correlate ICT and skills is the net result of these two op-
posite effects. In both the above-mentioned studies the theoretical predictions are backed
by some empirical evidence.

8.2.6 Production function framework

The above discussion of the literature shows that there are some common testable hy-
potheses with respect to the contribution of ICT, new organizational practices and human
capital to firm efficiency and performance, which can be at best put together in the
framework of a production function containing besides the classical production factors,
labour and traditional physical capital, also the new ones, ICT capital, organization capi-
tal and human capital (see Brynjolfsson and Hitt, 2000 for a recent survey of empirical
literature on this line):

- Hypothesis 8.1: there are considerable direct positive effects of ICT, organization and
human capital respectively on firm performance;

- Hypothesis 8.2: there are considerable indirect positive effects of these factors on
firm performance, which can be traced back to complementarities among them.

8.2.7 Summary of similar empirical literature

We review here empirical studies that investigate simultaneously the impact of ICT, or-
ganizational capital and human capital (or at least two of them) on business performance.
The choice of the studies reported in Table 1 was based on following criteria: recent date
of publication, consideration of at least two of the three variable blocks technology, or-
ganization and human capital in the model specification, firm-level analysis, coverage of
all sectors of the economy. For a recent survey of this literature see Addison (2005).

We can see that most of these studies find a statistically significant positive effect for ICT
and organizational capital, and only few of them for human capital; we remark that most
USA studies did not find a statistically significant positive effect for human capital. With
respect to these direct effects Swiss firms tend to give more attention to human capital
than to organization relative to firms in other countries. Concerning complementarities
only two of the USA studies find statistically significant complementarities between ICT
and organizational capital, and also between ICT and human capital; also the Australian
study shows the existence of complementarities primarily between ICT and human capital
and — somewhat weaker — between ICT and organizational capital.

a) Study ICT ORG HC Complementarity
USA:

Black/Lynch (2000)

- cross-section positive positive n.s. n.s.

- longitudinal positive positive n.s. n.s.
Capelli/Neumark (2001)

- cross-section positive positive n.s. n.s.

- longitudinal positive positive n.c. n.s.
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Bresnahan et al. (2002)

- cross-section positive positive positive ORG/ICT; HC/ICT
Brynjolfsson et al. (2002)

- longitudinal positive n.s. n.c. ORG/ICT
Australia:

Gretton et al. (2002)

- longitudinal positive positive positive ORG/ICT; HC/ICT
Germany:

Bertschek/Kaiser (2001)

- cross-section positive positive n.c. n.s.
Wolf/Zwick (2002)

- longitudinal positive positive positive n.c.
Hempell (2003)

- longitudinal positive n.c. n.s. ICT/HC
Bauer (2003)

- cross-section n.a. n.s. n.a. n.c.

- longitudinal n.a. positive n.a. n.c.
France:

Caroli/Van Reenen (2001)

- longitudinal n.s. positive n.s. ORG/HC
Switzerland:

Arvanitis (2005)

- Cross-section positive positive positive ICT/HC
UK:

Crespi et al. (2006)

- longitudinal positive n.s. n.c. ICT/ORG

Table 8.1: Summary of the empirical literature

Notes: the dependent variable is average labour productivity; ICT: information and communication tech-
nologies; ORG: workplace organization; HC: human capital; ,,positive®: statistically significant (at the test
level of 10%) positive coefficient of the variables(s) for ICT, ORG and HC respectively; n.s.: statistically
not significant (at the test level of 10%); n.c.: not considered; n.a.: not available (for such cases in which the
corresponding variables are included in the models, but the results are not explicitly presented).

In the European studies there is a tendency for complementarities between ICT and hu-
man capital and between organizational and human capital. The results are indicative but
not completely comparable because some of the observed differences can be traced back
to differences with respect to the sectors and industries covered in the studies, the specifi-
cation of the independent variables and the nature of the investigations (cross-sectional
versus longitudinal).

8.3 Data
The present study was initialized by two surveys, both conducted in autumn, 2005. The
reference period for the qualitative data is the period 2003-2005 unless otherwise men-

tioned. The reference year for the quantitative variable is 2004. The variables (survey in-
strument) used in this study as well as their meaning is presented in table 8.2.

8.3.1 Swiss data

The data used in the Swiss part of this study were collected in the course of a survey
among Swiss enterprises using a questionnaire which included questions on the incidence
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and within-firm diffusion of several ICT technologies (e-mail, Internet, intranet, extranet)
and new organizational practices (team-work, job rotation, employees* involvement), em-
ployees‘ vocational education and job-related training, and also on basic economic data
for 2004 (sales, value of intermediate inputs, investment expenditure, number of employ-

ees, etc.).”

Variable Definition and measurement

Basic model

logCL Logarithm of gross investment expenditure per employee 2004

logASSETN Logarithm of assets value per employee at the and of 2004

logQUAL Logarithm of the share of employees with tertiary level education 2004

LogTRAIN Logarithm of employees participating to internal and/or external training
courses initialized or supported by the firm 2004

logRDL Logarithm of R&D expenditure per employee (average of the period 2003-
2005);

INTERNET Six-level ordinate variable for the intensity of internet use: share of employ-
ees using internet in daily work: 0: 0%; 1: 1-20%; 2: 21-40%; 3: 41-60%; 4:
61-80%; 5: 81-100%

INTRANET Six-level ordinate variable for the intensity of intranet use: share of employ-
ees using internet in daily work: 0: 0%; 1: 1-20%; 2: 21-40%; 3: 41-60%; 4:
61-80%; 5: 81-100%

TWORK Ordinate variable measuring how widespread is team-work inside a firm on
a five-point Likert scale (1: 'very weakly widespread'; 5: 'very strongly wide-
spread’); team work: project groups, quality circles, semi-autonomous
teams, etc.

JROT Ordinate variable measuring how widespread is job rotation inside a firm on
a five-point Likert scale (1: 'very weakly widespread'; 5: 'very strongly wide-
spread’); team work: project groups, quality circles, semi-autonomous
teams, etc.

LEVEL Three-level ordinate variable for the change of the number of managerial

levels in the period 2000-2005: 1: increase; 2: no change; 3: decrease

COMP_OVERALL

Three-level ordinate variable measuring the change of the distribution of
decision competences between managers and employees inside a firm in
the period 2000-2005: 1: shift towards managers; 2. no shift; 3: shift to-
wards employees

COMP_WORKPACE

Ordinate variable measuring the distribution of decision competences to
determine work pace (1: 'primarily managers'; 5: 'primarily employees")

COMP_WORKSEQ

Ordinate variable measuring the distribution of decision competences to
determine the sequence of the tasks to be performed (1: 'primarily manag-
ers'; 5: 'primarily employees')

COMP_WORKASSIGN

Ordinate variable measuring the distribution of decision competences to
assign tasks to the employees (1: 'primarily managers'; 5: ‘primarily em-
ployees')

COMP_WORKWAY

Ordinate variable measuring the distribution of decision competences to
determine the way of performing tasks (1: ‘primarily managers'; 5: 'primarily
employees’)

COMP_PRODUCTION

Ordinate variable measuring the distribution of decision competences to
solve emerging production problems (1: 'primarily managers'; 5: 'primarily
employees’)

COMP_CUSTOMER-
CONTACT

Ordinate variable measuring the distribution of decision competences to
contact customers (1: 'primarily managers'; 5: 'primarily employees')

! The questionnaire was based to a considerable extent on similar questionnaires used in earlier surveys (see EPOC, 1997; Francois et
al.; 1999, Vickery and Wurzburg, 1998; and Canada Statistics, 1999). Versions of the questionnaire in German, French and Italian are

available in www.kof.ethz.ch.
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COMP_CUSTOMER Ordinate variable measuring the distribution of decision competences to

marily employees')

Table 8.2: Definition of model variables.

The survey was based on a disproportionately stratified (with respect to firm size) random
sample of firms with at least 20 employees covering all relevant industries of the business
sector as well as firm size classes (on the whole 29 industries, and within each industry
three industry-specific firm size classes with full coverage of the upper class of large
firms). Answers were received from 1895 firms, i.e. 38.7% of the firms in the underlying
sample. The response rates do not vary much across industries and size classes with a few
exceptions (over-representation of paper and energy industry, under-representation of ho-
tels, catering and retail trade). The non-response analysis (based on a follow-up survey of
a sample of the non-respondents) did not indicate any serious selectivity bias with respect
to the use of ICT and new organizational practices (team-work, job rotation). A careful
examination of the data of these 1895 firms led to the exclusion of 185 cases with contra-
dictory or non-plausible answers, so the remaining 1710 valid answers were finally used
for the analyses presented in the following sections.

8.3.2 Greek data

The data we used in the Greek part of this study were collected similarly through a survey
among Greek enterprises based on the same questionnaire that has been used in the Swiss
part of the study. This questionnaire was translated into Greek and pre-tested by three ex-
perts highly experienced in such surveys and questionnaires, from ICAP, one of the larg-
est business information and consulting companies of Greece, and also by two postgradu-
ate students from the University of Aegean with experience in information systems re-
search. Based on their remarks the final version of the questionnaire was developed. This
survey instrument is the same that has been used in chapters 4-7 of this disseration and is
described in detail in chapter 3. A non-response analysis was performed (survey of a
sample of the non-respondents), which did not indicate any serious selectivity bias with
respect to the use of ICT, new organizational practices, vocational education and job-
related training. For the 271 Greek firms we also retrieved from the database of ICAP
some economic data for 2004 that were not collected through the questionnaire. So we
finally obtained for all these Greek firms all the economic data that were collected for the
firms of the above Swiss data set through the Swiss questionnaire, with only one differ-
ence: the Swiss questionnaire collected the ‘gross investment expenditure in 2004’, as a
measure of ‘traditional capital’, while from the ICAP database we could retrieve only the
‘assets value at the end of 2004’ for this purpose. However, we believe that this is not a
problem, since both these variables are good measures of the ‘traditional capital’ a firm
uses.

2 Table 1 contains only 26 industries; the Swiss sample has ,,watches“, “telecommunication” and “computer services” as separate in-
dustries that were put together with “electronics/instruments”, “transport” and “other business services” respectively to make the in-
dustry classification comparable to that of the Greek data.
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8.4 Method and results

8.4.1 Patterns of use of ICT, new organizational practices and human capital in Greece
and Switzerland

For both Greek and Swiss data, as mentioned in the previous section, we initially calcu-
lated their descriptive statistics; the most important of them are shown in Tables 8.3 and
8.4 and enable us to draw some conclusions on the patterns of use of ICT, new organiza-
tional practices and human capital in Greece and Switzerland and also make comparisons
between them. Concerning ICT capital there are remarkable differences between the pat-
ters of Internet usage (which is ‘outwards-looking” aiming at linking the firm to the out-
side world) and intranet usage (which is ‘inwards-looking” aiming at linking employees
and organizational units within the firm). As we can see from Table 8.4, the percentage of
firms not using Internet (3.0% in Greece and 3.6% in Switzerland) is very small. In both
countries the class with the highest relative frequency is that of the firms with 1-20% of
their employees using the Internet (52.1% in Greece and 37.8% in Switzerland), while
much smaller is the percentage of the firms characterised by extensive diffusion of the
Internet with more than 60% of their employees using the Internet (16.3% in Greece and
26.4% in Switzerland).

Greece Switzerland
Variable Mean Standard Mean Standard
deviation deviation
Log (value added per| 10.833 1.088 11.834 0.515
employee)
LogASSETN (logCL) 10.084 1.660 8.699 1.856
logQUAL 2.869 1.040 2.534 1.099
LogTRAIN 2.386 1.454 2.725 1.212
logRDL 1.798 2.961 3.936 3.702
INTERNET 2.948 1.340 3.380 1.491
INTRANET 3.015 1.793 2.668 1.877
TWORK 1.915 1.775 2.218 1.677
JROT 0.945 1.493 0.505 1.145
LEVEL 1.881 0.423 2.053 0.350
COMP_OVERALL 2.166 0.536 2.304 0.529
COMP_WORKPACE 2.196 1.045 2.743 0.703
COMP_WORKSEQ 1.834 0.864 2.540 0.870
COMP_WORKASSIGN 1.483 0.654 2.038 0.686
COMP_WORKWAY 2.081 0.921 2.509 0.910
COMP_PRODUCTION 1.985 0.950 2.103 0.698
COMP_CUSTOMER- 2.426 1.201 2.650 1.414
CONTACT
COMP_CUSTOMER 1.970 0.977 2.155 0.975
Table 8.3: Descriptive statistics.

Variable Greece Switzerland

Average value-added per employee in Euro 74,506 106,821

Percentage of firms in which ... % of employees are using

internet:
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0 3.0 3.6
1-20 52.1 37.8
21-40 15.6 18.5
41-60 13.0 13.7
61-80 8.9 9.3
81-100 7.4 17.1
Percentage of firms in which ... % of employees are using

intranet:

0 24.4 43.5
1-20 274 15.1
21-40 12.5 10.3
41-60 11.4 8.7
61-80 7.0 7.3
81-100 17.3 15.1
Percentage of employees with tertiary-level education 26.2 20.8
Percentage of employees with job-related training 23.3 26.8
Teamwork (1) 25.9 24.3
Job rotation (1) 7.7 3.6
Change of the number of management levels since 2000:

- increase 15.6 3.7
- no change 80.7 87.3
- decrease 3.7 9.0
Overall distribution of decision competencies since 2000:

- shift towards managers 7.4 3.4
- no shift 68.6 63.0
- shift towards employees 24.0 33.6
Distribution of decision competencies with respect to (2):

work pace 9.9 12.3
sequence of tasks 2.2 13.8
assignment of tasks 0.4 4.8
way of performing tasks 4.8 15.2
solving of production problems 5.9 4.4
contact to customers 18.1 25.1
solving problems with customers 4.8 8.6

Table 8.4: Patterns of use of ICT and new Organizational Forms in Greece and Switzerland
(1): percentage of firms reporting the values 4 or 5 of an ordinate variable measuring how widespread
is team-work and job rotation resp. inside a firm on a five-point Likert scale; (2): percentage of firms
reporting the values 4 or 5 of an ordinate variable measuring the distribution of decision competences
to determine work pace, the sequence of tasks etc. inside a firm an on a five-point Likert scale

A comparison between the two countries leads to the conclusion that while the share of
firms using the Internet is almost the same in both countries (97.0% in Greece and 96.4%
in Switzerland), the intensity of use of Internet in those Swiss firms that have introduced
this technology is higher than in the Greek firms (also from Table 8.3 we can see that the
mean of this variable is 3.380 for Switzerland and 2.948 for Greece).

On the contrary, there is considerable percentage of firms that do not have an intranet in
both countries (24.4% in Greece and 43.5% in Switzerland). The class with the highest
relative frequency in both countries is again that of the firms with 1-20% of their employ-
ees using intranet, but it has a lower relative frequency than the corresponding class (1-
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20%) of Internet usage in both countries (27.4% in Greece and 15.1% in Switzerland); the
percentage of the firms with extensive intra-firm diffusion of intranet technology having
more than 60% of their employees using firm intranet is slightly lower in Greece 24.3%
but higher 22.4% in Switzerland. The comparison between the two countries leads to the
conclusion that the share of firms not having an intranet is higher in Switzerland than in
Greece (43.5% and 24.4% respectively) and the intensity of use of intranet in the Greek
firms is higher than in the Swiss firms (also from Table 8.3 we can see the mean of this
variable is 2.668 for Switzerland and 3.015 for Greece). We also remark that in the Greek
firms the use of Internet and Intranet on average are at similar level (from Table 8.3 we
can see that the averages of the corresponding variables are 2.948 and 3.015 respectively),
while in the Swiss firms a more ‘outward-looking’ use of ICT can be observed: the use of
Internet is higher than the use of intranet (the averages of the corresponding variables be-
ing 3.380 and 2.668 respectively).

Concerning human capital, in table 8.4 we can see that the mean percentage of employees
with vocational education at the tertiary level is 26.2% in the Greek firms and 20.8% in
the Swiss firms; the share of employees receiving job-related training is 26.8% in the
Swiss firms and 23.3% in the Greek firms. So the comparison between the two countries
results again in a ‘mixed’ conclusion: from the two forms of human capital we examined,
Swiss firms offer to their employees more job-related training than the Greek firms, while
the later employ more tertiary level personnel than the former.

From the new organizational practices associated with new forms of ‘work design’ the
above tables show that the most frequently adopted of them is team-work (with 25.9% of
the Greek firms and 24.3% of the Swiss firms having extensive diffusion of ‘team-work’
at the levels of 4 (strongly widespread) or 5 (very strongly widespread)). Much lower is
the adoption of ‘decrease of management levels’ (by 9.0% of the Swiss firms and 3.7% of
the Greek firms) and of the ‘job rotation’ (by 7.7% of the Greek firms and 3.6% of the
Swiss firms). A comparison between the two countries again gives a ‘mixed’ conclusion:
the percentage of the firms that decreased management levels is much larger in the Swiss
firms than in the Greek firms, while the adoption of job rotation is higher in the later than
in the former; concerning the level of adoption of team-work by taking into account the
results of both tables we conclude it is higher in the Swiss firms than in the Greek firms
(from Table 8.3 we can see that the mean of this variable is 2.218 for Switzerland and
1.915 for Greece).

However, for the ‘employee voice’-related new organizational practices the comparison
between the two countries gives a clear conclusion that Swiss firms adopt them to a much
higher extent than the Greek ones. In a considerable percentage of the firms there has
been a shift of the overall distribution of competences towards employees since 2000 (in
33.6% of the Swiss firms and 24.0% of the Greek firms). The highest decentralization has
been made in the competences of contacting customers (with 25.1% of the Swiss firms
and 18.1% of the Greek firms reporting one of the two higher values (4 or 5) of the ordi-
nate variable measuring how widespread this type of decentralization is inside a firm on a
five-point Likert scale), followed by decentralization in deciding the way of performing
various tasks (15.2% and 4.8% respectively), the sequence of tasks (13.8% and 2.2% re-
spectively) and the work pace (12.3% and 9.9% respectively).
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Finally it is worth commenting that concerning knowledge capital, as we can see in Table
8.3, the investment per employee in research and development in the Swiss firms is much
higher than in the Greek firms. A last discussion point is related to the time lag between
the introduction of new technology and/or new organizational practices and the effects on
productivity in the two countries. We have some information on the (approximate) adop-
tion time of internet and intranet as well as team-work and job rotation for the Swiss case:
89.4% of all firms having Internet and 75.4% of all firms having Intranet in the year 2005
have introduced the new technology before 2003.° The respective figures for firms having
introduced team-work and job rotation before 2000 are 65.5% and 58.3% respectively.*
Thus, the time lags both for technology and organization seem to be large enough to al-
low some effect on productivity. However, we cannot be sure that a thorough exploitation
of possible technology and organization effects has taken place in the observed period.

8.4.2 Model specification and variable construction

Throughout this study we use the logarithm of annual value added (sales revenue minus
value of intermediate inputs) per employee as dependent variable. As independent varia-
bles we used measures of “ICT capital”, “organizational capital”, “human capital” “phys-
ical capital” and “knowledge capital”. In particular, as measures for technology input,
particularly ICT input (“ICT capital””) we used the intensity of use of two important ICT,
internet (linking to the outside world) and intranet (linking within the firm), quantified by
the share of employees using Internet and intranet respectively in their daily work. The
firms were asked to report this share not by a precise figure but within a range of twenty
percentage points in a six-level scale: 0%, 1% to 20%, 21% to 40%, 41% to 60%, 61% to
80% and 81% to 100%. Based on these data we constructed two ordinal variables, i.e. one
for internet and one for intranet, taking the values 0 to 5, thus covering the whole range
from 0% to 100% (see Table 8.4). The idea behind this variable is that a measure of the
diffusion of a certain technology within a firm would be a more precise proxy for ‘ICT
capital’ than the mere incidence of this technology or some kind of simple hardware
measure (e.g. number of installed personal computers). We expect in general a positive
correlation of these technology variables with labour productivity.

The measurement of organizational inputs, here restricted to inputs related to workplace
organization, is an issue still open to discussion, since there is not yet a definite agree-
ment among applied economists to the exact definition of “organizational capital” (see
Black and Lynch, 2002 and Lev, 2003 for a discussion on this matter; see also Appel-
baum et al, 2000, chapter 7 for definitions of high-performance work system variables).
In order to choose the variables related to changes as well as introduction and use of new
organizational practices at the workplace level we draw on the definition offered by Black
and Lynch (2002), who distinguish three components of organizational capital: “work de-
sign”, “employee voice” and “workforce training”. The first component, “work design”,
includes practices that involve changing the occupational structure of the workplace, the
number of levels of management within the firm, the existence and diffusion of job rota-

tion, the job share arrangements and the level of cross-functional co-operation. The sec-

% In addition, we know from an earlier study that 78.0% of the firms in the sample have introduced Internet before 2000 (see Arvanitis
et al., 2002). Unfortunately, we do not dispose of such data for the Greek case.
% 46.3% of all Greek firms having team-work have already adopted this organizational form before 1999; 67.2% before 2001. With
respect to job rotation: 52.4% have adopted it already before 1999; 71.0% before 2001.
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ond component “employee voice” is associated with practices that give employees, espe-
cially non-managerial ones, greater autonomy and discretion in the structure of their
work, such as individual job enrichment schemes, decentralization of decision competen-
cies that give to employees more decision competences, etc. Based on the above defini-
tions in this study we regard “organizational capital” as consisting of the first two of these
components, “work design” and “employee voice”, while we view the third component
“workforce training” as part of the human capital of the firm, as explained in the follow-
ing paragraph. In this direction we constructed the following three- or five-level ordinate
variables covering most of the above-discussed aspects of organisational capital (Table
8.4):

i) for measuring “work design” practices: intensity of use of team-work (project groups,
quality circles, semi-autonomous teams), intensity of use of job rotation, in-
crease/stability/decrease of the number of management levels;

i) for measuring “employee voice”: overall shift of decision competencies from manag-
ers to employees inside a firm and distribution of decision competencies between manag-
es and employees inside a firm with respect to: (a) work pace, (b) sequence of the tasks to
be performed, (c) the assignment of tasks, (d) the way of performing tasks, (e) solving
emerging production problem, (f) contacts to customers and (g) solving emerging prob-
lems with customers. We expect an overall positive correlation of organizational variables
with average labour productivity, but we do not have sign expectations for every single
variable.

For measuring human capital we use two variables: the share of employees with voca-
tional education at the tertiary level (universities, business and technical colleges, etc.)
and the share of employees receiving job-related training (internal and/or external training
courses initialized or supported by the firm) (table 8.4). According to standard analysis
(see e.g. Barro and Lee 1994) we expect a positive correlation of these variables with la-
bour productivity. Furthermore, we control for physical capital (measured through the
logarithm of annual gross investment expenditure per employee in the Swiss part of the
study, and the logarithm of assets value per employee in the Greek part of it), knowledge
capital (measured through the logarithm of annual R&D expenditure per employee), firm
size and sector affiliation. Firm size controls could also serve as an approximation for
firm age controls (young firms are mostly small), thus taking into consideration the possi-
bility that firm age could play a role in the relationship between decentralization and
technology as postulated in Acemoglu et al. (2006). Finally, controls for sector affiliation
could be seen also as controls for the heterogeneity of a firm’s environment, a further fac-
tor influencing technology-decentralization relationship according to Acemoglu et al.
(2006).

8.4.3 ‘Compact’ model

As mentioned in the previous section two variables for the use of internet and intranet
serve as proxies for “ICT capital”, eleven organizational variables are used to approxi-
mate “organizational capital” and two variables are proxies for “human capital”. In order
to be able to assess the relative significance of each of these three variable blocks for la-
bour productivity, it is necessary to construct comparable overall measures of these three
‘types of capital’. To this end, we constructed four composite indices: one based on the
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two technology variables (variable ICT), one based on the two human capital variables
(HUMAN), one for the three organizational variables measuring “work design” (ORG1)
and one for the eight organizational variables measuring “employee voice” (ORG2).
These composite indices were calculated as the sum of the standardized values (average
0; standard deviation 1) of the underlying variables (see table 8.4). Then based on them,
we estimated “compact” models having the logarithm of annual value added per employ-
ee as dependent variable, and the above composite indices ICT, HUMAN, ORG1 and
ORG?2 as independent variables, besides the variables for the physical capital, the R&D
intensity and the control variables.

A second reason for specifying this “compact” model was to enable an investigation of
the issue of the complementarity between technology, human capital and the two forms of
organizational capital; the composite indices are considered as metric variables and inter-
action terms of these variables can be inserted in the model for investigating the corre-
sponding complementarities (see coming section).

8.4.4 Greek results

In table 8.5 we can see the estimates of the “compact” model based on the Greek data. We
remark that the composite indices for information technology (ICT), human capital
(HUMAN) and the organizational variables representing “employee voice” (ORG2), as
well as the variable of the ‘traditional’ physical capital have significant positive coeffi-
cients; on the contrary the composite indicator comprising the three variables representing
new forms of "work design” (ORG1) and the variable of the knowledge capital (loga-
rithm of R&D expenditure per employee) do not have statistically significant coefficients.

The relative importance of these production factors with respect to labour productivity, as
measured by the magnitude of the corresponding standardized regression coefficients (ta-
ble 8.5), leads to the following ranking of them: traditional capital in the first position,
followed by ICT, then human capital and at the end the ‘employee-voice’ oriented new
organizational practices.

Next we constructed two more models by adding in the above “compact” model interac-
tion terms between the composite variables for technology, organizational and human
capital, which are considered as metric variables, in order to examine whether there is
complementarity between them. In particular, we added the ICT*ORG1 and ICT*ORG2
terms (table 8.5). In the second model we added the term ICT*HUMAN. We found that
only the interaction term of the technology variable with the new forms of “work design”
variable (ICT*ORG1) has a weakly negative coefficient (with 8% significance). These
results (taking also into account the corresponding results of the Swiss part of this study
presented next) show that the Greek firms have not yet learnt how to combine effectively
these three important factors: ICT, human capital and new organizational practices, e.g.
how to use ICT for supporting and improving new organizational practices, how to use
the highly educated personnel and also the training for supporting and improving new or-
ganizational practices, or for exploiting better the capabilities offered by their ICT sys-
tems, etc.
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Explanatory ICT*ORG1& ICT*ORG2 ICT*HUMAN
variables
Original Standardized | Original co- | Standardized
coefficient coefficient efficient coefficient
logASSETN 0.112*** 0.171 0.118*** 0.181
(0.040) (0.040)
logRDL 0.003 0.007 0.004 0.011
(0.024) (0.024)
HUMAN 0.095* 0.145 0.091* 0.141
(0.049) (0.049)
ICT 0.101** 0.166 0.101** 0.165
(0.044) (0.045)
ORG1 0.013 0.022 0.009 0.016
(0.036) (0.036)
ORG2 0.032** 0.137 0.030* 0.130
(0.016) (0.016)
ICT*ORG1 -0.034* -0.105 I
(0.019)
ICT*ORG2 0.007 0.047 1l
(0.009)
ICT*HUMAN I -0.005 -0.015
(0.022)
M'd?.'e's'zed 0.008 0.003 0.016 0.007
irms
(0.159) (0.160)
Large firms -0.087 -0.036 -0.085 -0.035
(0.173) (0.176)
S?.r vices 0.058 0.026 0.099 0.045
irms
(0.139) (0.138)
Constant 9.668*** 9.599***
(0.446) (0.452)
N 251 251
DF 11 10
SER 1.011 1.017
F 4 564*** 4,581 ***
R’ad] 0.135 0.125

Table 8.5: Compact model: average labour productivity (log (value added per employee) 2004®
(OLS estimates); Greece

(1): calculated in full-time equivalents; reference group for sector dummies: manufacturing; reference
group for firm size dummies: firms with less than 20 employees; standard errors in brackets; ***, ** * de-
note statistical significance at the 1%, 5% and 10% level respectively; heteroscedasticity-robust standard
errors (White procedure).

8.4.5 Swiss results

The estimates of the “compact” model for the Swiss data are presented in Appendix D.
We can see that the composite indices for technology (ICT), human capital (HUMAN)
and the organizational variables, representing “employee voice” (ORG2) have significant
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positive coefficients, while the same happens with the variables representing the *“tradi-
tional’ capital and knowledge capital. Their relative importance in respect to labor
productivity, is measured by the magnitude of the standardized regression coefficients of
these variables, leads to the following ranking: human capital is at the first position,
follwed by technology, then ‘employee voice’, followed by the ‘traditional’ capital and
knowledge capital.

We have also inserted in the “compact” model the two interaction terms of the composite
variables for technology, organization and human capital which are considered as metric
variables: ICT*ORG1, ICT*ORG2, and ICT*HUMAN (table 8.6). We found that, in con-
strast with the Greek results, the coefficients of the interaction term of the technology var-
iable with the human capital variable are positive and statistically significant. These re-
sults imply the existence of a complementarity of ICT and human capital, which means
that in Switzerland the combined use of ICT and human capital in a firm wuld enhance its
performance, additionally to the effects of those factors taken alone.

E\’;g'ria;;tec;ry ICT*ORG1& ICT*ORG2 ICT*HUMAN
Original co- | Standardized | Original co- | Standardized
effi-cient coeffi-cient effi-cient coeffi-cient
logCL 0.033*** 0.124 0.034**=* 0.128
(0.009) (0.009)
logRDL 0.014#*** 0.100 0.013**=* 0.097
(0.004) (0.004)
HUMAN 0.037%*** 0.119 0.040%*=* 0.131
(0.010) (0.009)
ICT 0.054*** 0.191 0.027* 0.096
(0.009) (0.016)
ORG1 -0.001 -0.004 -0.002 -0.007
(0.006) (0.006)
ORG2 0.005** 0.047 0.006** 0.052
(0.002) (0.003)
ICT*ORG1 -0.001 -0.008 1
(0.003)
ICT*ORG2 -0.002 -0.029 1
(0.002)
ICT*HUMAN I 0.008* 0.099
(0.004)
Middle-sized 0.013 0.027 0.016 0.031
firms
(0.013) (0.013)
Large firms 0.028** 0.068 0.029** 0.071
(0.012) (0.012)
High-tech 0.042 0.037 0.047 0.041
manufacturing
(0.043) (0.042)
Low-tech 0.081** 0.073 0.084** 0.075
manufacturing
(0.039) (0.039)
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Modern ser- 0.198*** 0.135 0.188*** 0.128
vices
(0.058) (0.059)
Traditional 0.026 0.022 0.030 0.025
services
(0.041) (0.041)
Constant 11.32%** 11.29%**
(0.079) (0.079)
N 1710 1710
DF 14 13
SER 0.450 0.450
F 28.3*** 30.6***
R’ad] 0.186 0.187

Table 8.6: Compact model with interaction terms: average labour productivity (log (value added
per employee) 2004 ® (OLS estimates); Switzerland

(1): calculated in full-time equivalents; reference group for sector dummies: construction; reference group
for firm size dummies: firms with less than 20 employees; standard errors in brackets; ***, ** * denote
statistical significance at the 1%, 5% and 10% level respectively; heteroscedasticity-robust standard errors
(White procedure).

8.5 Summary and conclusions

This chapter has presented a comparative empirical study of the effect of ICT capital,
human capital, new organizational practices and their combined use, also controlling for
the physical and the knowledge capital, on labour productivity in Greece and Switzerland,
based on firm-level data from both countries. Its analytical framework is that of a firm-
level production function. Both the Greek and the Swiss part of this study are based on
the same questionnaire and samples of similar composition (concerning firm sizes and
sectors), and also use the same variables and models specification, being therefore com-
parable. Our results are based on firm samples structurally similar as to firm size and in-
dustry, so that differences related to the quite different industry structures of the two
countries (e.g., Switzerland having a high share of banks and pharmaceutical industries,
Greece having a high share of textiles and clothing industry) are cancelled out. In the fol-
lowing sections we summarize the empirical results and discuss similarities and differ-
ences between the two countries.

8.5.1 Similarities

For both samples we found statistically significant positive effects for physical capital,
ICT, human capital (HUMAN) and “employee voice” oriented organizational practices
(ORG2); no effect (Greek case) or even a negative effect (Swiss case) has been found for
“work design” oriented organizational changes (ORG1). Also for both countries the intra-
net effect was stronger than the Internet effect, meaning that the use of ICT for the im-
provement of intra-firm information, communication and coordination processes has a
higher payoff, measured in labour productivity gains, than the use of ICT for the im-
provement of the corresponding inter-firm processes.

8.5.2 Differences
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There are also considerable differences between the firms in the two countries. First, the
relative importance of these effects, as measured by the standardized coefficients of the
compact model, is not the same in both samples. For the Greek firms we found the fol-
lowing ranking: physical capital > ICT > human capital > “employee voice” practices
(ORG2). For the Swiss firms the respective ranking is: human capital > ICT > “employee
voice” practices (ORG2) > physical capital ~ R&D. We remark that in the Swiss firms the
impact of human capital, ICT capital and organizational capital, associated with “employ-
ee voice” practices, is higher than the impact of the “traditional” physical capital, while,
on the contrary, in Greek firms these three “new” production factors have a lower impact
on labour productivity than the physical capital. For Greek firms physical capital (“tangi-
bles™) is (still) very important, more important than ICT, which has both a tangible com-
ponent (hardware) and an intangible component (software); also the “intangibles” (human
capital, R&D) are less important for achieving a better economic performance in Greek
firms, while the R&D variable shows no effect on productivity. Even though more per-
sons with tertiary level education are employed in Greek firms than in Swiss firms, hu-
man capital is evidently more efficiently utilized in Swiss firms. On the whole, “intangi-
bles” have a high impact on economic performance of Swiss firms (strong effects of hu-
man capital, ICT capital and organizational capital associated with “employee voice”
practices; clearly positive effect of R&D), but a much lower impact on the economic per-
formance of the Greek firms. Therefore, it can be concluded that Swiss firms are more
efficient and mature in creating and using these “new” production factors than the Greek
ones.

Second, the “employee voice” effect on labour productivity, which is, as already men-
tioned, significantly positive for firms in both countries, is based on different types of
employee competences. In Greek firms this effect is related to the decentralization of
competences referring to the working conditions (work pace, work way, work sequence),
while in Switzerland to the decentralization of competences having to do with the work
content (contact to customers, solving of problems related to customers). These differ-
ences can be interpreted as reflecting different management philosophies and different
levels of employee autonomy. Co-operation between management and employees with
respect to working conditions is required mostly for strongly routine activities and pro-
duction processes, which is rather a characteristic of Greek firms. Employee competences
on work content is relevant for less routine activities requiring more individual initiative
from employees, as is often the case in Swiss firms.

Third, there are differences between firms of the two countries with respect to the com-
plementarity effects between ICT capital, human capital and organizational capital. We
could not find any interaction effects for the Greek firms, while there was evidence for
two interaction effects (between human capital and ICT, and also between human capital
and “employee voice” oriented organizational practices) for the Swiss firms. Therefore, in
Greek firms the use of ICT does lead to positive productivity effects, but the potential of
this technology is not fully utilized because human capital is not efficiently combined
with it; similarly, the decentralization of some competences has positive productivity ef-
fects as well, but its potential is also not fully exploited due to inefficient combination of
it with human capital. On the contrary, Swiss firms seem to be able to take a maximum
out of the potential of technology and decentralization through the combination of them
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with appropriate human skills, which enable a higher exploitation of ICT and a more suc-
cessful decentralization of competences.

The results of this study could provide interesting policy implications at the government
level, given that a country needs to have and the government of a country wants to exer-
cise some kind of industrial policy, which is rather the case for Greece than for Switzer-
land. Government organizations should not provide to the firms only subsidies, loans, tax
reductions and other incentives for making new investments in ICT, human capital skills,
new organizational practices and R&D; it is necessary at the same time to provide to the
firms (and especially to the SMEs) knowledge (e.g., guides, best practices both from the
same country and from other more advanced countries, etc.) concerning the efficient crea-
tion, use and exploitation of these “new” production factors, as well as the appropriate
combination of them. Consulting companies, ICT companies and educational organiza-
tions (e.g. universities) should also follow the same direction as well.

155



CHAPTER 9

Investigation and Evaluation of ICT Productivity

and Determinants at System-Level
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9.1 Introduction

The focus of the research described in the previous chapters had been placed on ICT val-
ue at the firm level, trying to investigate the effect various factors affecting its impact on
various business performance measures. However, this impact is generated through the
development of a number of individual IS (see Figure 9.1) which satisfy the needs of their
users, produce value to them, and fulfill their intended objectives. Those users may be
internal (employees) or external (customers, suppliers, other partners, etc) to the organiza-
tion and their satisfaction implies the success of the individual IS.
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Business Process 1
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Figure 9.1: The impact of individual IS on performance

Considering the ICT business value generation process model, proposed by Melville et al
(2004, see figure 2.3, chapter 2), it encounters that the success of an IS providing support
to a business process increases its performance and creates value to the organization, con-
tributing thus positively to organizational performance (figure 9.2).
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Figure 9.2: The contribution of ICT system value to organizational performance

For this reason we extend the firm-level research described in the previous chapters for
the level of an individual IS, developing and testing empirically a novel approach for in-
vestigating and evaluating the productivity of particular 1S and its main determinants by
estimating ‘Value Flow Models’. By conducting system-level IS evaluation managers
will be able to assess whether the IS that supports the processes of their organization ful-
fills the objectives it is meant to, and produces value to its users. In this way they will be
able to know the contribution of the firm’s ICT investments to business performance
anddecide the necessary interventions (improvements) in order to enhance this perfor-
mance.

As mentioned in the introduction, Information Systems (IS) evaluation, defined as a pro-
cess that takes place at different points in time during the IS lifecycle in order to identify
and make explicit, quantitatively or qualitatively, the impacts (both the positive and the
negative ones) of an IS (Farbey et al, 1999), has been one of the most extensively re-
searched and at the same time most complicated subjects in the area of IS for more than
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two decades (e.g. Hirschheim and Smithson 1988, Farbey et al 1995, Smithson and Hir-
scheim 1998, Farbey et al 1999, Irani 2002, Gunasekaran et al 2006). The relevant litera-
ture emphasizes that IS evaluation is highly complex, because the benefits and in general
the value created by most categories of IS are multidimensional, both tangible and intan-
gible, financial and non-financial, making it difficult to decide “what to measure” for the
evaluation and “how”. Moreover, different categories of IS have different objectives

and produce different types of benefits and value, so they require different kinds of evalu-
ation methods. Farbey et al (1995) classify IS into eight IS categories according to Farbey
et al (1995) classify IS into eight IS categories according to the method required for eval-
uating them (mandatory IS, automation IS, direct value added IS, management infor-
mation and decision support systems (MIS - DSS), infrastructure IS, inter-organizational
IS, strategic IS and business transformation IS) and proposes different evaluation ap-
proaches and methodologies for each of them. The development therefore of a generic
“best 1S evaluation method” suitable for all situations is not possible, thus it is necessary
to develop specialized IS evaluation methods and frameworks, which are suitable for spe-
cific types of IS. Smithson and Hirschheim (1998) classify the existing IS evaluation
methods into three basic categories and discuss their basic characteristics. The first cate-
gory are the efficiency-oriented methods, which evaluate the performance or quality of an
IS with respect to some predefined technical and functional specifications, being focused
on whether the IS is functioning properly, and aiming to answer the question “is it doing
things right?”. The second category consists of effectiveness-oriented methods, which
have been influenced mainly by management science approaches; they evaluate how
much an IS supports the execution of business-level tasks or the achievement of business-
level objectives, being focused on its impact on achieving business-level objectives, and
aiming to answer the question “is it doing the right things?”. The third category consists
of understanding-oriented approaches, which aims at a deeper understanding of the mech-
anisms of value generation by IS and their association with the organizational context.

In chapter 9, we deal with a highly important category of IS, that has recently attracted
much interest both from the research & development and the practical implementation
viewpoint. This category includes Information Systems supporting learning in various
ways, usually referred as e-learning systems. In order to maximize the benefits from the
huge investments made in e-learning, it is necessary to develop and use appropriate meth-
ods for its systematic evaluation. The purpose of this evaluation is to assess the educa-
tional value generated by e-learning, and its main determinants, to identify good and bad
practices, to detect problems and finally to improve the effectiveness of e-learning. How-
ever, due to the above radical differences between the e-learning and the “traditional” ed-
ucation, the evaluation of e-learning cannot be performed using the methods that have
been developed for the evaluation of the traditional education (Hoyt and Cashin 1977,
Marsch 1982, Cashin and Downey 1992): e-learning has brought up big innovations in
the way courses are taught, the role of the teacher, the interaction between teachers and
learners and the interaction between the learner and the content, so it requires different
and appropriate evaluation methods. A lot of research has been conducted in this area;
however there is an “absence of a widely established and practiced methodology by
which to rigorously evaluate e-learning, and through which to develop the secure body of
knowledge on which to build learning technology as a discipline” (Dempster, 2004).
Therefore further research is required in this area in order to develop practically applica-
ble e-learning evaluation methods that generate rich and useful information concerning
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the different types of value that e-learning creates, the mechanisms of their creation and
also possible interventions for increasing them.

Based on the above, Chapter 9 deals with the evaluation of IS in system-level. In particu-
lar, it includes an empirical investigation of an e-learning system, by proposing a method
of multi-layer e-learning evaluation, consisting of value measures structured in the fol-
lowing three layers: a) “efficiency evaluation” measures (evaluating the basic resources
and capabilities offered by an e-learning system, such as the educational content, the
technical quality of the system, the usability of the system, the capabilities it offers for
customizing the learning process to e-learners particular needs and preferences, the in-
structor support and the degree of electronic community development), b) “effectiveness
evaluation” measures (evaluating the extent of usage of the e-learning system and its edu-
cational effectiveness), c) “intended future behavior” measures (evaluating the intention
to use the e-learning system in the future and to recommend it to colleagues). Further-
more this method provides estimations of the relations between the value measures of the
above three layers. Those multiple layers of value measures as well as the relations
among them constitute a “value flow model”, which includes: i) the value created by the
basic resources and capabilities offered by an e-learning system (at the first layer), ii) how
this (first level) value results in higher level value (concerning the accomplishment of
various higher-level objectives), and finally iii) how the above levels of value result in
value related to future intended behavior (i.e. intention to use in the future or recommend
it to colleagues). This approach constitutes an extension to the “classical” technology ac-
ceptance models approach with additional measures of IS value and is theoretically
founded on the process theories of IS value creation (e.g. Soh and Markus 1995) and on
the multi-dimensional and multi-layer approaches of IS success literature (e.g. DeLone
and McLean 1992, 2003, Seddon 1997).

In section 9.2 a review of the relevant literature is presented. In section 9.3 follows a de-
scription of the value model estimation approach proposed for the evaluation of an e-
learning service, which has been developed in the e-RMIONE project of the eTEN Pro-
gramme of the European Union (www.ermione-edu.org). In section 9.4 the results of a
first application of this approach are presented. Section 5 presents the SEM empirical in-
vestigation of the value flow model using the same data. Finally the last two sections, 5
and 6, analyze the results, the conslusions, the limitations of the approach as well as fur-
ther research directions.

9.2 Literature review

Extensive research has been conducted concerning the evaluation of the traditional educa-
tion and especially concerning students” evaluation of “traditional” teaching effectiveness
(SETE) (Marsch, 1982, Marsh 1987, Hoyt & Cashin, 1977, Cashin and Downey, 1992).
Wang (2003) mentions the following six SETE instruments as the most important ones:
the Instructional Development and Effectiveness Assessment (IDEA), the Students’ Eval-
uations of Educational Quality (SEEQ), the Endeavor Instrument, the Student Instruction-
al Rating System (SIRS), the Instructor and Course Evaluation System (ICES) and the
Student Description of Teaching (SDT) Questionnaire. The first two of them are the most
widely used ones. The IDEA instrument (Hoyt & Cashin 1977, Cashin & Downey 1992)
consists of 38 evaluation criteria, which are grouped in the following four evaluation di-
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mensions: instructor methods, students’ ratings on course objectives, course content and
students’ self-ratings. The SEEQ instrument (Marsh 1982, Marsh 1987) is longer and has
the following nine evaluation dimensions: learning/value, enthusiasm, organization,
group interaction, individual rapport, breadth of coverage, exams/grades, assignments and
workload. As we have already mentioned in the Introduction, those SETE instruments
cannot be used for the evaluation of e-learning, since e-learning is characterized by signif-
icant differences from the traditional teaching.

Considerable amount of research has also been conducted in the e-learning evaluation ar-
ea, which has resulted in the development of some high-level e-learning evaluation
frameworks. The most well-known and widely used framework for measuring the effec-
tiveness of training programs, which has been used both for traditional training and e-
learning, has been developed by D. Kirkpatrick in the late 1950s, and has been adapted
and modified subsequently, through its basic structure has not changed significantly
(Kirkpatrick, 1983). It consists of the following four levels of evaluation: Learners Reac-
tion, Learning, Workplace Behavior and Organizational Results. Jackson”s framework
(1998) is based on the evaluation of e-learning objectives (intentions), implementation
and outcomes, and suggests that it is necessary to take into account also the context (pre-
vious knowledge, attitudes and conceptions of the e-learners); furthermore, it provides a
systematic way for evaluation of outcomes based on the “Structure of the Observed
Learning Outcome” (SOLO) taxonomy developed by Biggs & Collins (1982). A more
detailed framework is the “Evaluating Learning Technology” (ELT) (Oliver and Conole
1998), which provides systematic guidance for the six e-learning evaluation stages it pro-
poses: identification of stakeholders, formulation of questions to each group of stakehold-
ers, selection of a research approach (quantitative or qualitative), selection of data capture
techniques, selection of data analysis techniques and choice of presentation format. Garri-
son & Anderson (2003) propose that e-learning evaluation should include seven stages:
determination of strategic intent of the e-learning program, examination of the courses’
content, examination of the design of the interfaces, identification of amount of interactiv-
ity supported, evaluation of student assessment methods, measurement of the degree of
student support and evaluation of outcomes. However, the existing e-learning evaluation
frameworks are at a higher-level and much more abstract than the SETE instruments,
since they propose only evaluation stages and directions, so they need further develop-
ment, improvement, elaboration and also empirical investigation in “real life” settings.

The research work that has been performed in the area of e-learning quality is also inter-
esting from the e-learning evaluation viewpoint. Lorenzo and Moore (2002) proposed the
following basic determinants of on-line education quality, which they call the “Five Pil-
lars of Quality Online Education”: Learning Effectiveness, Student Satisfaction, Faculty
Satisfaction, Cost Effectiveness and Access. Ehlers (2004, 2005) argues that quality in e-
learning should be viewed as a co-production by the learner and the learning environ-
ment, identifying seven basic fields of e-learning quality from the e-learners’ viewpoint:
tutor support, cooperation and communication in the e-course, technology, costs-
expectations-value relation, information transparency concerning the e-course and its
provider, e-course structure and didactics. Additionally, Euler (2006) follows a similar
holistic approach to e-learning quality by suggesting six quality dimensions known as
“CEL Quality Dimensions”: program strategy, pedagogy, economics, organization, tech-
nology and culture. Wang (2003), developed a global instrument for measuring the total
e-learner satisfaction with asynchronous e-learning systems (a global satisfaction index),
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consisting of 17 relevant variables, in order to support mainly summative evaluation of e-
learning. He concluded that e-learner satisfaction is determined by four major constructs:
content, learner interface, learning community, and personalization. Quite useful infor-
mation could also provide the ISO/IEC 19796-1 reference framework for the description
of quality approaches in learning, education and training.

Another research stream in the area of e-learning evaluation is based on the Technology
Acceptance Model (TAM) and its extensions (Davis 1989, Venkatesh et al 2003), and
deal with the identification of the factors affecting either the extent of use of an e-learning
system by the learners, or their intention to use it in the future or recommend it to col-
leagues (as measures of user acceptance), which are regarded as the basic surrogate
measures of the value that e-learning generates. In this direction Selim (2003) used the
TAM in order to investigate empirically the acceptance of course web-sites by students
and identify its main determinants. For this purpose he developed the “Course Website
Acceptance Model” (CWAM) consisting of the three constructs of the TAM (perceived
usefulness, perceived ease of use, and use), which were elaborated for the case of a course
web-site; using structural equation modelling (SEM) he validated his model and revealed
the most important factors of the course web-site acceptance. Saade and Bahli (2005)
conducted an empirical study aiming at explaining the acceptance (measure as intention
to use in the future) of Internet-based learning systems, based on an extension of the
TAM, which included the concept of cognitive absorption as antecedent of perceived use-
fulness and perceived ease of use; the results of this study, which used data collected from
students, provided support for this model as explaining the acceptance of the Internet-
based learning system and for cognitive absorption as an important variable affecting the
above TAM variables. Another extension of the TAM has been developed by Ngai et al
(2005), including Technical Support as an additional construct, for the empirical exami-
nation of the adoption of Web Course Tools (WebCT), measured through current system
use and intention to use in the future. This e-learning acceptance research based on the
TAM and its extensions provides useful elements that should be taken into account for the
development of e-learning evaluation methods, however its main dependent variables,
such as “use” or “intention to use”, do not necessarily reflect the magnitude of the value
created by e-learning, since there are occasions where the use of a particular e-learning
system is simply better than the other existing options, or even mandatory (i.e. there are
no other options), so we can have e-learning systems with equal use but offering very dif-
ferent levels of value.

The conclusions of the research regarding e-learning critical success factors (CSFs)
should be taken into account as well for the development of e-learning evaluation meth-
ods. Volery and Lord (2000) identified three main e-learning CSFs: technology (ease of
access and navigation, interface design, level of interaction), instructor (attitudes towards
students, technical competence, and classroom interaction) and previous use of technolo-
gy by the students. Soong et al (2001) concluded that the main CSFs of e-learning are:
human factors concerning the instructors (motivational skills, time and effort investment),
technical competency of instructors and students, constructivist mindset of instructors and
students, high level of collaboration, user-friendly and sufficiently supported technical
infrastructure. In a more recent study Selim (2005) investigated what do university stu-
dents perceive as CFSs for e-learning acceptance, identifying eight major CSF categories:
attitude towards and control of technology, teaching style, computer competency, interac-
tive collaboration, e-learning course content/design, ease of access, infrastructure and
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support.

Summarizing, from this literature review it is concluded that for the evaluation of e-
learning only a number of abstract-level frameworks have been developed, which are
quite general and include only evaluation stages and directions. Therefore further research
is required for the development of practically applicable and useful e-learning evaluation
methods, which generate rich and useful information concerning the different types of
value that e-learning creates, the mechanisms of their creation and also possible interven-
tions for increasing them, and also for investigating and validating such methods in “real-
life” conditions and situations. For this purpose it is necessary to combine elements from
previous research on the evaluation of the traditional education, on the evaluation of e-
learning (e.g. from the existing e-learning evaluation frameworks), on the e-learning ac-
ceptance on the e-learning CSFs, etc., and also take into account the multi-dimensional
and multi-layer approaches of IS success literature (e.g. DeL.one and McLean 1992, 2003,
Seddon 1997).

9.3 A value flow model estimation approach

Taking into account the above conclusions of the literature review we developed a meth-
od for e-learning multi-layer evaluation and value flow model estimation, in order to use
it for the evaluation of an e-learning service in the area of European cultural heritage, cre-
ated for the e-RMIONE (E-Learning Resource Management Service for InterOperability
Networks in the European Cultural Heritage Domain) project of the eTEN Programme of
the European Union (www.ermione-edu.org). The proposed method incorporates ele-
ments from: i) the IS evaluation and success research, ii) the traditional education evalua-
tion research, iii) the TAM-based e-learning research and iv) the e-learning CSFs re-
search. Its basic evaluation measures and the hypothesized relations among them are
shown in figure 9.3.

The measures are structured in three layers. The first layer includes evaluation measures
of the e-learning resources and capabilities offered to the user: educational content, elec-
tronic support by the instructor, development of a community feeling, technical quality
and reliability, capability to customize the learning process to ones” learning style and
needs, and ease of use; the evaluations of these e-learning resources and capabilities by
the users constitute a measure of the first level efficiency-oriented value created by the e-
learning service. The second layer includes deeper-level evaluation measures of e-
learning effectiveness: extent of usage of the e-learning system and degree of educational
effectiveness (i.e. how effective the e-learning system was for learning new concepts,
facts, methods, technologies, theories, etc.); the evaluations of system use and educational
effectiveness constitute a measure of the higher effectiveness-oriented value created by
this e-learning service. The third layer includes evaluation measures of user’s intended
future behaviour concerning this e-learning service: the degree of intention to use it in the
future and to recommend it to other colleagues, which constitute a measure of future be-
haviour — oriented value. Additionally another context-oriented layer has been added with
measures of personal characteristics of each learner, such as his/her degree of interest in
the course subject and his/her degree of experience with computers, in order to examine
to what extent they affect e-learning effectiveness, and compare their impact with the im-
pact of the e-learning resources and capabilities (of the first layer).
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Figure 9.3: Structure of the e-learning multi-layer evaluation and value flow model estimation
method.

The users of the particular e-learning service we have examined, were asked to evaluate
all the above aspects of these four layers through a structured questionnaire, which in-
cludes 20 questions in total and can be seen in Appendix C.A. At this point we should
mention that we decided to conduct an initial empirical investigation of the value flow
model by using only one measure for each variable (measure). In a more sophisticated
analysis however (in section 9.5) we have developed a SEM model consisting of con-
structs, which include more than one measures.

Starting from the initial analysis, rom the ratings given by the users the average rating for
each measure was calculated. Then for each layer (over all the measures of it) and finally
the global average rating (over all three layers). In this way we produced estimates of the
value created by the e-learning service at each layer (i.e. of the efficiency-oriented value,
the effectiveness-oriented value and the future behavior-oriented value) and also in total,
while we also identified the measures and layers that constitute strengths and weaknesses
of the service.

As a second step the relations between each measure and all the measures of the previous
layer have been calculated, so that we can determine which of the measures of the previ-
ous layer have higher impact on it. For a basic estimate of these relations we have calcu-
lated the correlations among these measures, while for a more accurate estimation of them
we can use structural equation modeling (SEM) techniques (Diamantopoulos 1994, Gefen
et al 2000). In this way a “value flow model” has been constructed, which enables the lo-
cation and understanding of the value generation sources (first layer), the higher level
value creation process (second layer) based on these value generation sources, and, final-
ly, the way in which first and second stage value is transformed into future behavior-
oriented value (third layer). The basic contribution of this approach is that it enables not
only the identification of the strengths and weaknesses of an e-learning service, but also
the identification of their origins in previous layers and their consequences for the next
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layers. Moreover, it offers the capability to define priorities for improvements of the re-
sources and capabilities (of the first layer), based on their average ratings by the users and
also on their impact on the creation of higher layers’ value (e.g. value concerning educa-
tional effectiveness or intended future behavior).

The above e-learning evaluation method is theoretically founded on the process theory of
Soh and Markus (1995). According to this theory the process of value creation from IS
starts from “IT Expenditures”, which through a conversion sub-process result in “IT-
Assets”; then these IT-Assets through a usage process produce “IT-Impacts”, which final-
ly affect the organizational performance. For the case of e-learning an appropriate mix of
“IT-Assets” should be provided to the learner, so this basic concept has to be analyzed
into the six e-learning resources-capabilities of the first layer of figure 9.3. Also, accord-
ing to the technology acceptance models (Davis 1989, Venkatesh et al 2003) the useful-
ness and the ease of use that users perceive are the main determinants of their intended
future behavior (e.g. their intention to use it in the future, to recommend it to other col-
leagues, etc.)

9.4 Data, method and results

For an initial validation of the above e-learning multi-layer evaluation and value flow
model estimation method we collected ratings of all these measures from 65 students
from the University of Leuven (Belgium) and the University of the Aegean (Greece), who
have participated in an e-learning course through the e-learning system e-RMIONE.
Those students used the e-RMIONE service for a period of two months attending the e-
course during the spring semester of 2006. For this purpose a questionnaire was distribut-
ed to them in paper form and was completed in “physical” meetings, organized immedi-
ately after the end of the corresponding e-courses. It included 20 questions in total. In this
case the value flow model has been tested by using one question for its measure of it (12
in total) in order to get a first impression regarding its applicability. The measures (ques-
tions) used for this initial testing are shown in table 9.1. and are scaled from 1-4 or from
1-6 (these 4 or 6 point scales have been preferred, since they do not include an “interme-
diate” point of “neutral” or “medium” type - as it happens in the usual 5 or 7-point scales
- so that we avoid “neutral” ratings by the students). In Appendix C the reader can see
which of the 20 questions have been also used for the initial analysis. A first version of
this questionnaire had been previous pre-tested by all the partners of the e-RMIONE pro-
ject and also by three final year students of the Department of Information and Communi-
cation Systems Engineering of the University of the Aegean, and their remarks were tak-
en into account for producing the final version of the questionnaire. Due to the fact that
the questionnaires were completed during face-to-face sessions after the end of the e-
course, the response rate was very high at the level of (96%) receiving a total of 65 valid
responses.

Based on the ratings given by the students we calculated the average rating for each
measure, then for each layer and finally the global average over all three layers (table
9.1).

MEASURE SCALE | AVERAGE
RATING
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Content 1t06 4.36
Electronic support by instructor 1t06 4.53
Development of a community feeling Otol 0.58
Technical quality and reliability 1t06 4.36
Capability to customize the learning pro- | 1to 6 3.92
cess to ones” learning style and needs

Ease of use 1t06 3.58
Efficiency measures average 4.04
Usage of the e-learning system 1t06 4.05
Degree of educational effectiveness 1to0 6 4.47
Effectiveness measures average 4.26
Intention to use it in the future 1t06 3.52
Intention to recommend it to colleagues 1to0 6 3.70
Future behaviour measures average 3.61
Total average 3.97
Interest in the course subject 1to4 2.93
Degree of experience with computers lto4 3.95

Table 9.1: Average ratings for all value measures

We can see that the average rating over the six efficiency-oriented value measures of the
first layer is 4.04, therefore the users perceive a moderately high value of the service con-
cerning its efficiency (i.e. the e-learning resources and capabilities it offers). By compar-
ing the average ratings of the measures of this first layer we remark that the highest aver-
age ratings have been given for the electronic support by instructor (4.53), the content
(4.36) and the technical quality and reliability (4.36), which constitute the strengths of the
service, while the lowest average ratings have been given for the ease of use (3.58), the
development of a community feeling (1+0.58*5=3.90) and the capability to customize the
learning process to ones’ learning style and needs (3.92), which constitute the weaknesses
of the service. Concerning the second layer we can see that the average rating over the
two effectiveness—oriented value measures is 4.26, therefore the users perceive a moder-
ately high to high value of the service concerning its effectiveness; by comparing the av-
erage ratings of the two measures of this layer we remark that the highest average rating
has been given for the degree of educational effectiveness (4.47), which constitutes an-
other strength of the service. Finally the average rating over the two future behavior-
oriented value measures of the third layer is 3.61; the rating given for the intention to rec-
ommend the service to colleagues (3.70) is higher than the one for the intention to use it
in the future (3.52), however both constitute weaknesses of the service. As far as the
measures of personal characteristics of the users is concerned, the average degree of their
experience with computers is very high (3.95 in the 1 to 4 scale), while moderately high
to high is their interest in the subject of the course they attended (2.93 in the 1 to 4 scale).

In order to estimate the impact of the first layer on the other two layers, we calculated the
correlation coefficients initially between each of the six value measures of the first layer
(efficiency-oriented measures) and each of the two value measures of the second layer
(effectiveness-oriented measures), which are shown in the second and the third column of
Table 9.2; in this Table are shown the statistically significant correlation coefficients at
the 5% level (i.e. with significance lower than 5%), and also with an asterisk (*) the ones
that are statistically significant at the 10% level but not at the 5% level, while with “NS”
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are denoted correlation coefficients that are not statistically significant. Also in the same
columns of this Table (in the last two rows) we can see the correlation coefficients be-
tween each of the two measures of personal characteristics of the users and each of the
two value measures of the second layer. We remark that the development of a community
feeling (COMM) and the capability to customize the learning process to ones’ learning
style and needs (CUST) are characterized by the higher correlation coefficients with the
two effectiveness measures, followed by the content (CONT) and the electronic support
by instructor (INSUP); all these four efficiency measures have a medium level (around
0,5) of statistically significant correlation coefficients with both effectiveness measures of
the second layer. Also the degree of experience with computers (COMPEXP) has statisti-
cally significant correlation coefficients of lower level with both effectiveness measures.

USE ACEO INTUSE | FUTREC
EDCONT 0.465 0.412 0.600 0.637
INSUP 0.440 0.473 0.365 0.372
COMDEV 0.551 0.486 0.270 0.289
ERREL NS 0.197* NS NS
PROCUS 0.482 0.521 0.362 0.483
PEOU NS NS 0.469 0.476
INTSUB NS NS 0.374 NS
COMPEXP | 0.348 0.323 NS NS

Table 9.2: Correlation coefficients between efficiency-oriented value measures-personal charac-
teristics measures and effectiveness-oriented value measures-future behavior value measures
(EDCONT=educational content, INSUP=support from the instructor, COMDEV=development of
a community feeling, ERREL=reliability of the system regarding errors, PROCUS=learning pro-
cess customization capabilities, PEOU=perceived ease of use, INTSUB=interest in the course
subject, COMPEXP=computer experience, USE=degree of system usage, INTUSE=intention to
use in the future, FUTRECOM=intention to recommend the system to other colleagues).

For each of the effectiveness measures (USE and EDEFF) we constructed a regression
model, which had this effectiveness measure as dependent variable and the six efficiency
measures and the two personal characteristics measures as independent variables. The R?
values of these models were 0.51 for the model of the system usage (USE) and 0.49 for
the model of the degree of educational effectiveness (EDEFF). Therefore we conclude
that the six efficiency-oriented value measures of the first layer and the two personal
characteristics can explain about 50% of the variation of the effectiveness-oriented value
measures.

Next we calculated the correlation coefficients between each of the two effectiveness-
oriented value measures of the second layer and each of the two future behavior-oriented
value measures of the third layer, as basic estimates of the impact of the former on the
latter. We remark that both effectiveness measures and future behavior measures have
statistically significant correlation coefficients of medium level (0.507 and 0.534 for USE
with FUTUSE and FUTREC respectively, as well as 0.407 and 0.5 for EDEFF with FU-
TUSE and FUTREC). As a conclusion, system usage has higher levels of correlation with
both future behavior measures than the degree of educational effectiveness.

Furthermore, for each of the two future behavior measures (FUTUSE and FUTREC) we
constructed a regression model, which had this future behavior measure as dependent var-
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iable and the two effectiveness measures as independent variables. The R? values of both
these models were very low: 0.29 for the model of the intention to use the service in the
future and 0.35 for the model of the intention to recommend it to colleagues. So we pro-
ceeded with adding to each of these two modes the six efficiency measures of the first
layer as additional independent variables. The R? values of both these two new models
(each of them having eight independent variables in total) were much higher than the first
two models: 0.59 for the model of the intention to use the service in the future and 0.64
for the model of the intention to recommend it to colleagues; by adding to the independ-
ent variables the two personal characteristics (therefore estimating models with ten inde-
pendent variables in total) the R* values of both these two new models increase by anoth-
er 5%. Therefore we conclude that the two effectiveness-oriented value measures of the
second layer can explain about 30% of the variation of the future behavior-oriented value
measures; however, together the six effectiveness-oriented value measures of the first
layer and the two effectiveness-oriented value measures of the second layer can explain a
much higher percentage of about 60% of the variation of the future behavior-oriented val-
ue measures, while by adding the two personal characteristics the percentage of their var-
lation we can explain rises to about 65%. For this reason we also calculated the correla-
tion coefficients between each of the six efficiency-oriented value measures of the first
layer and each of the two future behavior-oriented value measures of the third layer; also
we calculated the correlation coefficients between each of the personal characteristics and
each of the future behavior-oriented value measures; they are all shown in the fourth and
the fifth column of Table 9.2. We remark that educational content has the highest correla-
tion coefficients with the two future behavior measures (of medium to high level: 0.600
and 0.637 respectively), followed by ease of use (0.469 and 0.476 respectively) and the
capability to customize the learning process to ones’ learning style and needs (0.362 and
0.483 respectively).

According to the above results, the educational content, instructor’s support and technical
quality of this e-learning service seem to be its strengths. On the other hand, we have
identified two critical resources and capabilities that have to be improved, since they are
both characterized by low average ratings by the users (Table 1) and by high impact on
the creation of second and third layers’ value (Table 2): 1) Community feeling ( i.e. we
should further develop tools and functions enabling communication and interaction be-
tween the e-learners (forums, chats, e-mail, etc)), and 2) Customization capabilities, (i.e.
we should further develop the capabilities offered to the users for personalizing (custom-
izing) the e-learning platform according to their particular needs, preferences and learning
style).

9.5 A SEM approach for value flow model estimation

The hypothesized value flow model has been also tested through the SEM approach.
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From this model the context measures (interest in the course subject and experience in
using computers) were excluded since their role has been clearly identified in the previ-
ous section. The same set of data has been used and the same survey method has been ap-
plied. It should be mentioned that the choice of the number of questions/items included
for each e-learning value measure was based mainly on how clear and directly under-
standable it was, taking also into account existing questionnaire length limitations. There-
fore, for the more complex and ambiguous value measures several questions/items have
been included (as items reflecting the corresponding construct). However, the question-
naire had to be kept at a reasonable size, so that the above students can quickly and easily
read and fill it. Thus, for the clear and directly understandable value measures only one
question/item has been included in the questionnaire; The single-item value measures are
Content, Instructor’s Support, Customization Capabilities, System Use and Accomplish-
ment of Course Educational Objectives; on the contrary several items were included for
the value measures concerning Learning Community, Technical Quality, Perceived Ease
of Use and Intention to Use. In Appendix C are shown the nine value measures as well as
their related items and questions (20 in total).

The hypothesized value flow model in depicted in figure 9.4. The basic difference from
the model of figure 9.3 is the inclusion of constructs (measured through more than one
items) and the deletion of the context variables (interest in the course subject and experi-
ence in using computers), since their role has already been identified in section 9.4. For
estimating the parameters of the value flow model
(including 9 constructs and 20 items), we used Structural Equation Modeling (SEM), and
in particular the Partial Least Squares (PLS) approach (Chapter 3).
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Figure 9.4: The hypothesized SEM value flow model

9.6 Results
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As a first step, for each of the 20 items - value measures of the above model the average
rating given for it by the e-learners has been calculated, and is shown in Table 9.4 togeth-
er with the corresponding scale. We note that for the 12 items that have been used for the
initial analysis, the average ratings have already been calculated and are shown in table
9.1. However, in order to have a clear and complete picture, they are also included in ta-
ble 9.4, together with the rest of the items used in the SEM approach.

Even though these items are all ordinal variables their averages are meaningful as com-
parative indicators of the value perceived the e-learners in each of these 20 value dimen-
sions. We remark that from the e-learning resources and capabilities offered to the e-
learners (first layer of the model) the main weaknesses (having the lowest average rat-
ings) according to the e-learners concern the graphical user interface (GUISat), the cus-
tomization capabilities (ProCus) and the development of e-learning community
(ComDev). On the contrary the e-learners perceive a moderately high level of “Accom-
plishment of Course Educational Objectives” (Knowlm), which has been achieved
through a moderately high level of usage of the e-learning system; also, they have a me-
dium intention to attend another e-course on a similar subject provided by the same e-
learning platform or recommend it to colleagues.

As a second step the value flow model shown in figure 9.4 has been estimated through the
PLS approach using the PLS-Graph software (Chin 2001); it has 9 constructs (LVs) and
20 items (MVs) (reflective indicators of the constructs), which are shown in table 9.2. Ini-
tially the measurement model and the factorial validity were assessed according to the
guidelines proposed by the relevant literature (e.g. Gefen et al 2000, Gefen and Starub
2005). The examination of the standardized items loadings showed that some of them
were below the recommended cutoff level of 0.6 (Chin, 1998); those items with loadings
below this cutoff level (ComDev, RespTime, SysError, ErRel, GUISat, GuideUse and
GuideSat) were removed and the new model was estimated having now 13 items. All the
item loadings of the ‘outer model’ were this time far above 0.6, as shown in table 9.5.
Additionally convergent validity was tested by examining the t-values of these item load-
ings; all of them were above the recommended 1.96 value.

Value Measure | Item Average | Scale
OperSeq | 4.49 1-6
ived LearnDif | 2.92 1-4
e etou” [Csa T30 16
GuideUse | 0.38 0-1
GuideSat | 4.30 1-6
Resptime | 4.05 1-6
. .| Syserrors | 0.57 0-1
:;/echnlcal Quali- ErRel 112 16
CrashExp | 0.26 0-1
CrashRes | 3.09 1-4
Instructor Sup-
port InSup 4.48 1-6
Customization
Capabilities ProCus 3.84 1-6
Learning Com- | ComDev | 0.56 0-1
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munity ComBel |2.75 1-4
Comimro | 4.31 1-6

Educational

Content EdCont 4.30 1-6

Accomplishment 1-6

of Educational

Objectives 4.44

(ACEQO) KnowlIm

Use SysUse 4.03 1-6

Intention to FutAtt 3.52 1-6

Use Recom 3.70 1-6

Table 9.4: Averages and standard deviations of the items-value measures

Construct Item Loading
Perceived Ease of Use | OperSeq | 0.787
(PEOU) LearnDif | 0.972
. . CrashExp | -0.817
Technical Quality CrashRes 10.999
Instructor Support InSup 1.000
Customization Capa-
bilities ProCus 1.000
Learning Community ComBel |0.976
Comlmro | 0.975
Educational Content EdCont | 1.000
Accomplishment  of
Educational Objec-
tives (ACEQO) KnowIm | 1.000
Use SysUse 1.000
Intention to FutAtt 0.999
Use Recom 0.999

Table 9.5: PLS outer model loadings

Then, in order to examine the reliability of the above constructs for each of them was cal-
culated the Composite Reliability (CR), which constitutes a better internal consistency
index than Cronbach’s Alpha as mentioned in the relevant literature (e.g. Chin and Gopal,
1995). These CR values are shown in the last column of Table 9.6; we can see that all of
them are above the recommended minimum acceptable level of 0.7 (Fornell & Larcker,
1981), so it is concluded that each construct of the model and their reflective indicators
are reliable. Finally, the discriminant validity was examined by comparing the square root
of the Average Variance Extracted (AVE) of each construct with its correlations with the
other constructs according to the relevant literature (e.g. Gefen and Straub, 2005). In Ta-
ble 9.6 we can see that the square root of the AVE of each construct was larger than any
correlation between this construct and any other construct, which proves the discriminant
validity of the constructs of the model. Note that for the single-item constructs the AVE
receives its highest possible value (1.00).
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PEOQU |[LC [TQ |[IU U ACEO | EC IS CC | SQAVE | CR
PEOU | 1.000 0.885 0.712
LC -0.174 ] 1.000 0.976 0.976
TQ -0.173 | 0.193 | 1.000 0.913 0.862
U -0.203 | 0.175 ] 0.149 | 1.000 0.999 1.000
U -0.207 ] 0.162 | 0.135 | 0.997 | 1.000 1 1.000
ACEO | -0.212 |1 0.177 | 0.141 { 0.997 | 0.998 | 1.000 1 1.000
EC -0.215 ] 0.186 | 0.139 | 0.998 | 0.998 | 0.998 | 1.000 1 1.000
IS -0.290 | 0.142 | 0.164 | 0.814 | 0.813 | 0.807 | 0.808 | 1.000 1 1.000
CcC -0.211 | 0.172 | 0.133 | 0.997 | 0.998 | 0.998 | 0.998 | 0.814 | 1.000 | 1 1.000

Table 9.6:Correlations, squared root of AVE and composite reliabilities

EC: Educational content, IS: Instructor support, LC: Learning community, CC: Customization
capabilities, TQ: Technical quality, PEOU: Perceived ease of use, U: Use, ACEO: Accomplish-

ment of course educational objectives, IU: Intention to use

Next, in order to test the estimated structural model we employed the bootstrap
resampling procedure (Chin 2001, Tenenhaus et al 2005), which enables testing the statis-
tical significance of the PLS path coefficients. In figure 9.5 are shown the standardized
coefficients of the statistically significant paths, as well as the explained variance of the
endogenous LVs (constructs) of the second and third layer of the value flow model. We
remark that between the constructs of the first and the second layer of the value flow
model the only statistically significant paths were those from the Educational Content to
ACEO (0.24) and to Use (0.63), and also from Customization Capabilities to ACEO
(0.46) and to Use (0.36). Between the constructs of the second and the third level of the
value flow model all the paths are statistically significant: from Use to ACEO (0.32) and
to Intention to Use (0.48), and from ACEO to Intention to Use (0.52). Furthermore we
remark that the R? values of the second layer constructs are very high at the level of 0.998
and 0.997 for ACEO and Use respectively, which means that most of the variance in
ACEO and Use is explained by the value flow model. Similarly the R? of the third layer
construct Intention to Use is very high at the level of 0.996, which means that most of the

variance in users’ intentions to use is explained by this model.

From the above results it is concluded that from the e-learning resources and capabilities
offered to the e-learners (first layer) only two have a statistically significant effect on the
value creation of the second layer (i.e. value associated with the extent of usage of the e-
learning system and its educational effectiveness — accomplishment of educational objec-

tives):

e the completeness and structure of the educational content uploaded onto the plat-
form has a strong effect both on the Use (direct effect 0.63) and on the ACEO (di-

rect effect 0.24 and total effect 0.24 + 0.63 x 0.32 = 0.44)

e the capability offered to e-learners to customize the e-learning environment ac-
cording to their needs and preferences has a medium effect on the Use (direct ef-
fect 0.36) and a strong effect on the ACEO (direct effect 0.46 and total effect 0.46

+0.36 x 0.32 = 0.58)

e Dboth the second layer constructs (USE and ACEO) have a statistically significant
effect on the creation of third layer value associated with intention for future us-
age: USE has a strong effect on Intention to Use (direct effect 0.48 and indirect ef-
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fect 0.48 + 0.32 x 0.52 = 0.65)
ACEO has a strong effect on Intention to Use (direct effect 0.52)
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** Significant at the 0.01 level

Figure 9.5: Structural model - significant paths and explained variance of the latent variables
(LV).

Finally based on the above results we can prioritize the necessary improvements in the e-
learning resources and capabilities based on the two criteria mentioned in section 3: the
average rating by the e-learners and the effect on the creation of higher levels value. Tak-
ing into account the results of table 9.4 (looking at the average ratings by the e-learners
for all item — value measures of the first layer) and figure 9.2 (effects of the constructs of
the first layer on the ones of the second layer) it is concluded that the designers of this
cultural heritage e-learning course should focus:

e on reconsidering and improving the functionalities of the e-learning systems asso-
ciated with the customization/personalization capabilities offered to users, and al-
o)
¢ on the quality and structure of the educational content.
9.7 Conclusions, limitations and further research directions

Chapter 9 has presented a multidimensional value flow model — based approach for the
evaluation of e-learning IS, which is theoretically founded on conclusions and elements
from various research areas, such as IS evaluation, traditional learning evaluation, e-
learning evaluation, e-learning quality, e-learning critical success factors, technology ac-
ceptance models (TAM) and IS success and quality. The proposed evaluation approach
can capture the various levels, dimensions and mechanisms of value creation in e-
learning. The e-learning resources and capabilities are regarded as the basis of value crea-
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tion, resulting in the use of the system and the accomplishment of the course’s education-
al objectives, and then to a positive future behavior concerning usage and recommenda-
tion to colleagues. The importance of these factors in general depends on the nature and
the characteristics of each particular e-course. The value flow concept can be applied-
after necessary modifications-for the evaluation of any kind of IS providing useful impli-
cations for decision making in organizations regarding improvements. In this way it pro-
vides implications for the success degree of an IS, which can be then utilized in the firm-
level evaluation since a successful IS is positively related to business performance.

The proposed value flow model — based approach for the evaluation of e-learning enables
the prioritization of the necessary improvements in the e-learning resources and capabili-
ties based on those two criteria: the average rating by the e-learners and the effect on the
creation of higher levels value. This means that the focus should be placed on the limited
resources of the organizations (e.g. human resources, financial resources, etc.), on the im-
provement of the e-learning resources and capabilities that have lower levels of evalua-
tion by the e-learners and at the same time strong effect on higher level value measures.

For the investigated cultural heritage e-learning course developed as part of the ERMI-
ONE Project, it has been found that from the e-learning resources and capabilities offered
to the e-learners the main weaknesses concern the graphical user interface, the customiza-
tion capabilities and the development of learning community. From its estimated value
flow model it has been concluded that the quality of the course educational content and
the customization capabilities are the main resources and capabilities that have strong sta-
tistically significant effect on usage and accomplishment of educational objectives, while
the latter have strong statistically significant effect on the future usage intention. On the
contrary instructor support, technical quality, learning community and perceived ease of
use of the e-learning platform were not found to play a crucial role in the value flow
model, which is in contrast with previous research findings (e.g. Soong et. al 2000, Selim
2005); this difference is probably due to particular characteristics of the investigated cul-
tural heritage e-learning course. Therefore, taking into account the above improvements
prioritization criteria, the designers of the investigated cultural heritage e-learning course
should reconsider and improve the functionalities of the e-learning systems associated
with the customization/personalization capabilities offered to users; also they should
place emphasis on the quality and structure of the educational content.

The findings of this research offer a first validation of the “value flow model approach” in
IS evaluation, which can be used as a “guide” for an effective and applicable evaluation
of not only e-learning IS, but also of any other type of IS by appropriate adaptation and
definition of the basic value measures of each layer and their operationalizations based on
previous research and theory. Its basic advantage is that it enables a multidimensional
evaluation and identification of the value creation and transformation-flow mechanisms;
by knowing the roots of value creation we can focus our attention on the most important
system functionalities/capabilities/resources that play the most crucial role for the users,
and rationally set priorities for system improvements.

The most important limitation of the first application/validation of the “value flow model
approach” presented in this paper was small sample size. Also, there was a conscious ef-
fort from the authors to keep the questionnaire as small as possible, in order to construct a
relatively simple value flow model in this first validation of this concept, as well as to

173



achieve a high response rate among the participating students in this e-course. Future re-
search directions include the examination of the value flow model concept and its useful-
ness for IS evaluation in different types of IS, with bigger samples, more extended ques-
tionnaire including several items for each construct, as well as use of covariance-based
SEM approaches.

CHAPTER 10

Conclusions

The main focus of the present PhD Thesis has been the investigation of the factors affect-
ing the productive impact of ICT on business performance (figure 10.1). In particular, at
firm level, the impact of ICT investment has been examined, as well as the role of the
main complementary factor, process change, expressed and measured through the extent
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of implementing BPR and TQM initiatives. Moreover, the effect of business strategy and
external business environment on the above variables has been investigated. An interna-
tional comparison to the main of the above issues between Greek and Swiss firms, has
taken place, as well. The research has been also been extended at a system-level, aiming
at identifying those factors that influence the success of particular IS, which support the
various business processes.

Macroenvironment
Industry
Competition

Organization
Strategy

Processes-IS

Business
Performance

Figure 10.1: Focus of the present Thesis.

This PhD Thesis contributes to the exising literature by fulfilling the gaps that have been
identified and mentioned in the previous section. In particular:

e It empirically investigates the mediating role of business process change, examin-
ing and comparing its two basic paradigms, BPR and TQM, in the relationship be-
tween ICT investment and business performance.

e It empirically investigates the moderating role of both BPR and TQM, in the busi-
ness value created by ICT investments. It draws useful conclusions regarding the
BPR and TQM activities having the highest ICT moderating effect.

e Extending this research ‘upstream’, it offers an empirical study concerning the ef-
fect of business strategy on both ICT and business process change (distinguishing
again between BPR and TQM), and through them (and also “directly’) on business
performance

e It also investigates empirically the same questions for the five M. Porter’s forces,
which constitute fundamental characteristics of the external environment of an or-
ganization.

e It conducts (for first time in Greece) a comparative empirical study of the impact
of the various forms of capital used by organizations in modern economy (‘tradi-
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tional’ capital, computer capital, human capital, organizational capital (new organ-
izational practices)) on labor productivity, in Swiss and Greek firms.

e All the above empirical studies are based on a sound foundation from economic
science, the Cobb-Douglas Production Function.

e Finally, it extends the above research for the level of an individual 1S, developing
and testing empirically an extension for investigating and evaluating of the
productivity of particular IS and its main determinants by estimating ‘Value Flow
Models’.

The main findings and conclusions are:

e ICT investment has a positive effect on the extent of BPR but not on TQM; on the
contrary, non-ICT investment has a positive effect on the extent of TQM but not
on BPR.

e BPR and TQM initiatives have both a positive impact on business performance.

e BPRis a partial mediator in the relationship between ICT investment and business
perofrmance, whereas TQM is not; on the contrary, TQM is a partial mediator in
the relationship between non-ICT investment and business performance, wheras
BPR is not.

e BPR and TQM have a significant moderating impact of similar magnitude in the
relationship between ICT investment and performance. Process simplification,
process improvement and horizontal process creation, are the BPR activities with
the largest moderating effects; the TQM activities with the largest moderating ef-
fects are systematic measurement of employee satisfaction, simplification of work
and close cooperation with suppliers.

e Cost leadership, differentiation or focus strategy does not affect ICT or non-ICT
investment

e Cost leadership strategy has a small effect on TQM, but no effect on BPR; differ-
entiation stategy has small effects on both BPR and TQM. However, focus strate-
gy has medium effects on both BPR and TQM.

e BPR mediates completely the impact of differentiation strategy on business per-
formance, and partially the impact of focus strategy on business performance; the
other business process change paradigm, TQM, mediates completely the impacts
of cost leadership strategy and differentiation strategy on business performance,
and partially the impact of focus strategy on business performance.

e Concerning the external environment, from the ‘five forces’ of M.Porter’s indus-
try analysis model, the non-price competition has a small positive impact on ICT
investment, while suppliers’ power have a small negative effect; none of these
forces affects non-ICT investment.

e Customer power and threat from substitutes have small to medium effects on both
BPR and TQM; also, suppliers’ power has a small to medium effect, and threat of
new entrants has a small effect only on TQM.

The abovementioned findings concern the national context of Greece, a small developing
country, with particular characteristics, such as small market size and small average firm
size. The international comparison with the Swiss firms led to the following findings:
starting from the similarities, capital (traditional, computer, human), as well as new or-
ganizational practices associated by decentralisation of decision making from manage-
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ment to employees, affect labor productivity in a positive way. On the other hand new
organizational practices associated with new forms of work design, such as teamwork, job
rotation and decrease of hierarchical levels, does not affect labor productivity. However,
significant differences have been identified. The knowledge capital is much higher in
Switzerland, and has an impact on labour productivity, while in Greece it has not. In the
Swiss firms the impact of human capital, ICT capital and organizational capital associated
with decentralisation is higher than the impact of *‘traditional” physical capital, while in
Greek firms these three ““new” production factors have on the contrary a lower impact on
labour productivity than the physical capital. Therefore Greek firms are weak, in compar-
ison to the Swiss ones, with respect to the ‘knowledge capital’, and to the exploitation of
the ‘new’ types of capital (human, ICT and organizational) for improving business per-
formance.

Finally, regarding investigation and evaluation of ICT productivity at system level, the
contribution of the present Dissertation is the development of a novel approach based
on‘value flow modelling’, according to which the quality of the resources and capabilities
of an IS results in user satisfaction, in high usage rates and, finally, in future usage inten-
tion (which can be translated into acceptance and success of the system). The empirical
application of this approach and estimation of a value flow model in an e-learning system
provided a good validation of the proposed approach, resulting in the identification of the
strenghts and weaknesses of the system, as well as particular improvement priorities.

APPENDICES

APPENDIX A: SURVEY INSTRUMENT

1. Yearly total sales revenue (without VAT): Euro

2. Yearly total expenses for buying materials and services (without VAT): Euro

3. Number of employees:

4. Value of assets at the end of the year (without VAT): Euro

5. Value of ICT equipment (hardware, software and networks) at the end of the year (without VAT) :
Euro
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Answer the following two groups of questions in a scale 1 — 5, where 1 = Not at all, 2 = To a
small extent, 3 = To a moderate extent, 4 = To a large extent, 5 = To a very large extent, by click-
ing the appropriate box in the right of each question:

6. To what extent have you performed the following business process reengineering (BPR) activities in the
last 5 years?

BPR ACTIVITIES 1 2 3 4 5

BPR_1: Creation of new horizontal (inter-departmental) processes (that cross
more than one departments)

BPR_2: Creation of new inter-departmental units/workgroups (e.g. customer or
product-focused)

BPR_3: Creation of new horizontal coordination roles (process coordinators)
for monitoring and coordinating the efficient and faster execution of process
crossing more than one department.

BPR_4: Simplification of processes

BPR_5: Improvement of processes

BPR_6: Abolition of processes

BPR_7: Redesign of processes so that they become customer-focused

BPR_8: Job enrichment - increase of decision making competences authoriza-
tion for employees involved in some processes

BPR_9: Decrease of supervision and number of supervisors in some processes

7. To what extent does your company perform the following quality management activities?

QUALITY MANAGEMENT ACTIVITIES 1 (2 |3 |4 |5

TQM_1: Use of statistical quality control methods

TQM_2: Permanent quality improvement teams

TQM_3: Systematic measurement-monitoring of customer satisfaction

TQM_4: Cooperation with suppliers for quality improvement

TQM_5: Work simplification for quality improvement

TQM_6: Systematic measurement-monitoring of employees satisfaction

TQM_7: Continuous quality improvement

8. To what extend does the strategy of your company emphasizes on the following:

Low prices 12345
High product/service quality 12345
Wide variety of specialized products/services 12345

9. To what extent does the business environment, in which your firm operates, have the following
characteristics?

High bargaining supplier power 12345
High bargaining customer power 12345
High price competition from firms offering similar products or

services 12345
High non-price competition from firms offering similar products or ser-

vices 12345
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High threat from new entrants in the market

12345

High threat from substitute products/services (which will gain market

share)

12345

APPENDIX B: CONCEPTUALIZATION RESOURCES OF THE BPR AND TOM

INSTRUMENTS

BPR TQM

Hammer and Champy, 1993; Gun- Dewhurst et al., 2003; Powell,
BPR_1 asekaran and Nath, 1997 TQM_1 1995
BPR 2 €?Iunla(;glgaran and Nath, 1997; Autor et TOM_2 | Lawler et al., 1992
BPR_3 | Al Mashari and Zairi, 2000 TQM_3 ':;”dleg;‘i” et al., 1994; Flyn et
BPR_4 | Hammer and Champy, 1993 TQM_4 | Flynn et al 1994; Powell, 1995
BPR_5 | Hammer and Champy, 1993 TQM_ 5 | Lawler et al; 1992
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BPR_6 | Hammer and Champy, 1993 TQM_6 | Anderson et al; 1994
Dean and Bowen, 1994,
BPR_7 | Champy, 2002 TQM_7 Deloitte, 1994
BPR 8 Brynjolfsson and Mendelson, 1993;
— | Lawleretal., 2001
BPR 9 Gurbaxani and Whang, 1991; Gun-

asekaran and Nath, 1997

APPENDIX C: THE SURVEY INSTRUMENT FOR SYSTEM-LEVEL IS EVAL-

UATION
VALUE ITEMS QUESTIONS
MEASURES
Content EdCont* The educational content of the e-course you par-

ticipate in was very good.
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Instructor’s
Support

InSup*

The overall electronic support provided by the
instructor (e.g. electronic answers to questions,
the use of the forum tool among students and the
instructor to share common interest, etc.) was
very good.

Learning Com-
munity

ComDev*

In your opinion, was the development of a com-
munity feeling possible thanks to the “Forum
functionality” and the exchange of information
between students and instructors?

ComBel

If you answered positively to the previous ques-
tion, to which extent did you feel you belonged to
a remote community of on-line learners sharing
the common goal of learning a specific topic?

ComlImpro

If you answered positively to the same question,
was the community feeling helpful to improve the
learning process of eERMIONE functionalities?

Technical
Quality

RespTime

To which degree are you satisfied with the eR-
MIONE response time to the users’ input?

SysErrors

Did you experience system errors while using
eRMIONE?

ErRel*

To which degree are you satisfied with the relia-
bility of the eRMIONE service as far as errors are
concerned?

CrashExp

Did you experience unexpected crashes of the
eRMIONE system?

CrashRes

In case of a crash, was the restart easy?

Customization

Capabilities

ProCus*

eRMIONE offers the opportunity to customize
the learning process according to your wishes and
learning needs.

Perceived Ease
of Use (PEOU)

LearnDif*

Was it difficult to learn how to use the basic func-
tionalities of eERMIONE?

GUISat

Are you satisfied with the user interface (screens,
menus, toolbars, buttons, etc.)?

GuideUse

Did you often use the “Help service”?

GuideSat

Are you satisfied with the supporting level of the
provided system guides to use the software?

OperSeq

To which degree the sequences of operations to
perform the basic tasks of eRMIONE are easy to
remember and repeat?

USE

Use*

I have profusely used the eRMIONE e-learning
system and services while participating in the e-
course.

Educational
Effectiveness

ACEO*

The eRMIONE service offered me the opportuni-
ty to improve knowledge on a specific topic
through the e-course | took part in (e.g. the
acknowledgement of new concepts, terms, meth-
ods, technologies, etc.).
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Intention to Use | FutAtt* | would attend another e-course on a similar sub-
ject provided by eRMIONE.
Recom* | would recommend eRMIONE to other students.

Note: With an (*) are denoted the items (questions) that have been also used in the initial
analysis.

APPENDIX D: COMPACT MODEL: AVERAGE LABOR PRODUCTIVITY-
SWITZERLAND

Explanatory variables 1) (2) (3) (4)
Original Standa Original Standa Original Standa Original Standa
coeffi- rdized coeffi- rdized coeffi- rdized coeffi- rdized
cient coeffi- cient coeffi- cient coeffi- cient coeffi-

cient cient cient cient

logCL 0.032** 0.119 0.033*** 0.123 0.033** (0.125 0.033*** 0.123
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*

(0.009) (0.009) (0.009) (0.009)
logRDL 0.014* 0.103 0.014** 0.101 0.015*** 0.108 0.013*** 0.096
*
(0.004) (0.004) (0.004) (0.004)
HUMAN 0.362** 1.179 0.037** 0.122 0.038*** 0.123 0.037** 0.120
*
(0.083) (0.008) (0.008) (0.008)
RES1 - 0.982 /I I I
0.327**
*
(0.083)
ICT 0.050** 0.179 0.215*** 0.762 0.050*** 0.177 0.049** 0.174
*
(0.009) (0.045) (0.008) (0.009)
RES2 I - -0.504 /I I
0.167***
0.046
ORG1 -0.003 -0.001 -0.000 -0.000 - -0.802 -0.001 -0.002
0.214***
(0.006) (0.006) (0.081) (0.006)
RES3 1 I 0.214** 0.778 [/
(0.080)
ORG2 0.004* 0.039 0.004* 0.039 0.005** 0.047 0.070*** 0.655
(0.002) (0.002) (0.002) (0.018)
RES4 I I I - -0.594
0.066***
(0.018)
Middle-sized firms -0.039** -0.077 -0.024 -0.049 0.057*** 0.115 0.003 0.006
(0.019) (0.017) (0.021) (0.013)
Large firms -0.036* 0.088 0.030 -0.073 0.087*** 0.212 -0.003 -0.006
(0.020) (0.020) (0.025) (0.015)
High-tech -0.154* -0.135 -0.139** -0.122 0.249*** 0.218 -0.084 -0.073
manufacturing
(0.063) (0.067) (0.091) (0.056)
Low-tech 0.150** 0.135 0.032 0.029 0.236** 0.211 0.030 0.027
manufacturing *
(0.046) (0.040) (0.073) (0.041)
Modern services -0.166* -0.112 -0.238* -0.162 0.378*** 0.256 0.034 0.023
(0.100) (0.131) (0.090) (0.070)
Traditional services 0.038 0.033 -0.087* -0.074 0.112** 0.095 -0.122** -0.102
(0.042) (0.051) (0.054) (0.058)
Constant 10.63** 11.52%** 11.09%** 11.45%**
*
(0.187) (0.099) (0.111) (0.089)
N 1710 1710 1710 1710
DF 13 13 13 13
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SER 0.447 0.448 0.449 0.448
F 28,5+ 28.8%* 29.6%* 28.2%%
R%adj] 0.202 0.199 0.195 0.199

PUBLICATIONS

Journal papers
e Pazalos, K., Loukis, E., Georgiou, S. (2009). Evaluating e-courses based on value

flow models estimation, International Journal of Applied Systemic Studies,
XX(XXXX).
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Loukis, E., Pazalos, K. (2009). An Empirical Investigation of the Moderating
Effects of BPR and TQM on ICT Business Value, Journal of Enterprise
Information Management, 22(5).

Conference Papers

Konstantinos Pazalos, Euripidis Loukis, “An extended Methodology for e-
Learning Evaluation Based on the Accomplishment of Educational Objectives”,
EDEN 2006 Conference, Vienna

Euripidis Loukis, Konstantinos Pazalos, Fotini Michailidou, ““ Electronic Col-
laboration Networks in the cultural heritage domain: the e-RMIONE pro-
ject”, EGOV 2006 Conference, Krakov.

Konstantinos Pazalos, Vassilis Nikolopoulos, Euripidis Loukis, Athena Thanou,
Martin Ulmann, “e-RMIONE-An e-Learning Resource Management Service for
Constructing Interoperable Networks in the European Cultural Heritage Domain”,
EDEN 2006 Conference, Vienna

Euripidis Loukis, Konstantinos Pazalos, “ A Methodology for the Evaluation of
an e-Learning Service in the Cultural Heritage Domain”, ETPE 2006 Conference,
Thessaloniki.

Euripidis Loukis, Stelios Georgiou, Konstantinos Pazalos, “A Value Flow
Model for the Evaluation of an e-Learning Service, ECIS 2007 Conference, 7-9
June, St. Gallen, Switzerland.
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