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Abstract: The main purpose of this research work is to edssdecision-making process which is relateegttihology
and knowledge factor within an organization. Theadas been gathered and analysed from a particwliinational
company that operates in the ceramic manufactumihgstry within Malaysia. Four respondents wereghbtio answer
the sense-and-respond questionnaire, includingaineon technology sharing. The priority among tedbgy types,
including basic, core, and spearhead was deciddédeognaximum coefficient of the variance. The wbas two main
contributions: 1. It proposes and validates a tootecisions and strategies related to technologys in firms, and 2.
expands the notion of technology types from foagisinly on product development to one that focuselath product
and process development. The results of the stiohy that the proposed model which was previouspliag in high
tech start-ups and local medium-size enterprisappficable in large industries involved in massdoiction.

1 Introduction real goal of any business endeavour is to attai\, SC
It is generally acknowledged that nothing is comsta instead of momentary business advantages. Oneagbpro
especially in the competitive business environmextept t0 gauge and attain SCA is via the Resource-Based V
for change. As such, change creates turbulence afiBV) approach. Through RBV, firms are treated eers
uncertainty, along with affecting the respectivaaiyics differently, even though they are competing wittin
and balances involved in any particular proces§imilar industry. This perspective is indeed vakidd
Complexity increases the danger of making wrongcceptable because, in the RBV, firms are vieweth fr
judgments in today's business world [1]. For instan their respective internal resources. There argnfteaMods
changes in Manoeuvring Characteristics Augmentatid® assess and analyse SCA in business environnseuts,
System (MCAS) software that was misaligned witts the Critical Factor Index (CFls), Sense-and-Resp
Boeing's 737 MAX sensor caused the entire fleeta#s (S&R) method, and manufacturing business strategy.
to be grounded internationally. These sparks global Ranta and Takala introduced CFls in 2007 for
turbulence in the aviation industry, especiallyeafivo of manufacturing managers to make decisions on aitarat
the aforementioned aircrafts crashed. Turbulenees thand/or reducing critical resources necessary tar the
leads to a shorter product life cycle (PLC), andsth respective business processes that were affecle@f2
emphasizes the importance of sustaining a comyetitiallows decision-makers to sense which businesbuats

advantagén the overall business environment. Indeed, thegquire their response and actions, and this isetkfrom
the experiences and expectations of the firm’s epgds,
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business associates, and customers. Methodolggitia#l profitability, it is often the case that internalcfors are
CFl later evolved and redeveloped into the BCFlsmdn.  extremely important [3]. Based on the resource-thasav
This article introduces the grounding theory ansg it(RBV), whatever a company needs to succeed in tefms
respective literature of SCA and related findingsoadthe its resources should exist within the firm. Therefahe
case study of a ceramic manufacturing firm. Subsetliyy main challenge of a company is how to use its érhit
the discussion and conclusion based on the ressarctesources and angle its process towards gaining

results will also be presented. competitive advantage [5].
2 Theory background 22 Technology as a source of competitive
2.1 Competitive advantage advantage

Competitive strategy means being different andrigvi Technology is one of the main drivers of compeitilt
a unique niche within the business environmentliEifly,  can change the structure of an industry, createbnsimess
“it means choosing a different set of activitiesdliver opportunities or eliminate businesses. Despite the
unique value” [3]. In today's’ business world, angany importance of technology, it should be emphasized t
can win over its competitors if it can create mékée technology is not important for its own sake. Tealbgy
differences and manage to preserve them. Basedles Mis important if it helps firms to reduce costs, atee
and Snow typology, there are four strategic pasition  differentiation, and improve the quality of theioducts.
which a company should consider taking: Prospectofechnology is embodied in every value activity and
Analyser, Defender, and Reactor [4]. Once a stimtegeverything a firm does, involves some sort of tetbgy
position of the company is set, all the activitiasd [6]. Therefore, technology can have a powerful affen
processes should be built upon and aligned with. thdoth cost and differentiation. If a firm can diseobetter
Specifically, the concept of sustainable compaiitivtechnology for performing a process better tharewth
advantage is based on 1. Finding a unique comyetiticompetitors, it can gain a competitive advantage [7
position for the company, 2. Tailoring activitiesida Abernathy and Utterback (1987) studied the conaépt
processes based on the strategy, 3. Making trddef technology in manufacturing and suggested thaethes
Fitting across activities, 5. Attaining operationatwo paths for technology in any organisation, namel
effectiveness. In terms of strategy and sustainabgoduct technology and process technology [8]. The
competitive advantages, there are occasions whelevelopment of technology starts with the develamnoé
managers just emulate what their competitors hawoducts (product technologyand when it succeeds in
successfully developed. As such, they might chasd e making differentiation or increasing quality, the
new technology without evaluating its suitabilitittntheir ~ development in the process (process technologyhbég
main strategy. Although both external and intefaators reduce the cost with economies of scale. Thidustiiated
affect company positions in the markets and it# Figure 1.
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Figure 1 Two paths of technology development: pe@nd product [9]
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Tuominen, Knuuttila, and Takala (2003) studied th&pear-head technology [10]. The relationship betwee

development of technology regarding the produetdifcle

these three types of technology and the produethtle

and proposed three types of technology: Basic, ,Colis demonstrated in Figure 2.
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Figure 2 Different technology through product lifgcle [10]

Product development starts with

spear-headir force [11]. This model was also applied to deiee the

technology. This kind of technology helps a comptamy strategy and knowledge focus of the Finnish icekbgc

differentiate itself in the future and gain a cotitpe
advantage. In the particular ceramic tile manuféamgu

team [12]. Later on, the sand cone model was gipteal
to knowledge management strategy in a Malaysian

firm used for this case study, spear-head techmgologniversity library [13]. Coccia (2017) developed a

included automated kiln (baking processes) and epmy

framework of technology choices during its evolntio an

based automatic movement (including sensors). Dhe ¢ organization and sought to answer the questionhefwio

technology is the kind of technology that got appbin
product development and brought a competitive atdggn
to the firm in the current situation. Indeed, cehnology

apply radical development in technology and wheis it
suitable to use incremental innovation in technplidgl].
There are some researches which follow Barney and

is the previous spear-head technology which has alg/ernerfelt, considers the firms’ limited resourcas tries

developed the process in such a way it is suitédsli¢he
economy of scale and yet is cost-effective. In thise, the
core technology would be the press-moulding proeess
its moisture-sensitive controlling mechanism. Hinal
basic technology is related to mature technologychvh
might have less cost/benefit trade-off in improviegd
sometimes the firm outsources basic technologytod

to prioritize the technology and knowledge neetheffirm
based on the main strategies of the companiescin au
way that resource allocation for all the differawtivities
is balanced [15,16]. The main idea behind theseareh
works is to find that type of technology (basicreo
spearhead) which causes the highest amount
uncertainties in the firm and to invest in it tauee risk

of

on core and spear-head technology developmentidn tand sustain a competitive advantage. In the study b

manufacturing firm, basic technology includes rawTakala,

material control/selection mechanism, painting peses,
and packaging operation.

Zucchetti, Daneshpour, Kunttu, Valisalo,
Pirttimaki and Kiiski (2016), the concept of diféat types
of technology (spear-head, basic, and core) is wsith

Considering the Tuominen et al., (2003) work, we cathe sand cone model, with the authors using therman
draw a more comprehensive picture of the differemoefficient of variance to decide which types ahteology

technologies through the process and product téagyo
development [10], as depicted in Figure 3.

3 Literaturegap
A focus on technology and decision about teldgyo
investment is a fundamental problem that is facethb

causes the highest amount of uncertainty amongrdiit
departments [17]. This work built upon the previausks
and tried to apply both the RBV and sand cone nsodel
establishing technology requirements. The reseams
based on this particular assumption that the nairce of
risk and uncertainty was due to the differenc@éndttitude

management field. By making the right choices im thof decision-makers in dealing with the subject [18]

technology to invest in and following correct tectogy

Moreover, this research sought to expand the natfon

strategies, firms can gain and sustain competitijéchnology in both the product and process devebopm
advantage which guarantees their success in theemarphase. Finally, the proposed mothed is applied in a
Takala, Leskinen, Sivusuo, Hirveld, and Kekale §00 multinational conventional company for the firstmé

proposed a sand cone model to prioritize diffestrattegy
focus, including knowledge and technology, in thenish

while the previous works focus on technology-bastad-
ups and local industries.
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Figure 3 Different technology all over product amacess development

4 Method 1. Having filled this questionnaire, respondentaleate

This research applies the sense and respoHigir expectations and experiences regarding eadbze. _
guestionnaire, a method introduced Rgnta and Takala Also, they are able to compare themselves with

[2]. The sample of this questionnaire is preseinebable competitors and determine the development of each
criterion within a specific time frame.

Table 1 Format of sense and respond questionnaire.

Performance Scale: 1=low, 10=high Compared with Direction of development
attribute competitors
Expectation Experience | worse | same| bette worse  same better
(1-1) (1-10)
Performance
Performance

In order to integrate sense and respond questi@nt@ai on the RAL model, prioritizing among quality, cosme
Miles and Snow topology (which is one of the magiydar and flexibility is directly related to responsivaeseagility,
business strategy classifications), each attrilaleve is and leanness [2]. This relationship is demonstrated
assigned to the component of the RAL model [19kHas Figure 4.
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Quality

Table 2 presents attributes which are used irsthidy.
It also presents their assignment to the RAL model

Leanness

(L)

Responsiveness

components.
®) P

Flexibility
F)

Time Agility Costs
(&)
Figure. 4. RAL model [20]

Table2. Detail attributes of the sense and respppmstionnaire

ATTRIBUTES
Knowledge & Technology Managem:
1 | Training and development of ticompany's persont «— Flexibility
2 | Innovativeness and performance of research andafewen «— Cos
3 | Communication betwet different departments and hierarchy le «— Time
4 | Adaptation to knowledge and technology «— Flexibility
5 | Knowledge antechnology diffusio «— Cos
6 | Design and planning of the processes and prc «— Time
Processes & Workflov
7 | Short and prompt le-times in the ordefulfilment proces «— Flexibility
8 | Reduction of unprofitable time in proces «— Cos
9 | On-time deliveries to customer «— Quality
10 | Control and optimization of all types of inven&si «— Quality
11 | The adaptiveness of changes in demands and in loed&ioc «— Flexibility
Organizational syster
12 | Leadership and management systems of the con «— Cos
13 | Quality control of products, processes and opete «— Quality
14 | Well defined responsibilities and tasks for eaclrator «— Flexibility
15 | Utilizing different types oorganizing systen «— Flexibility
16 | Code of conduct and security of data and infornm «— Cos
Information systen
17 | Information systems support the business proc «— Time
18 | Visibility of information in information systems «— Time
19 | Availability of information in information syster «— Time
20 | Quality & reliability of the information in informtéon system «— Quality
21 | Usability and functionality of information systems «— Quality

Additionally, respondents are requested to evaluatariability coefficient regarding each technologg i

each of the attributes above in terms of the péagershare calculated as follow:
of technology. They should also determine the slvére
basic, core, spear-head technology in detail soath#e
attributes combine into a sum totalling 100%. THeai

__ Standard Deviationpggsic

Coef.Varggsic =

Averagepgsic

__ Standard Deviationcore

behind this corresponds to Porter’s point of vietich is Coef.Vargyye =

that everything a firm does shall incorporate saow of

Averagecore
Standard Deviationspear Head

technology [7]. Coef .Varspear neaa =

Once the questionnaire is filled, the next step ind

which technology type causes the biggest amount of In order to evaluate the risk level associated witbh
disagreement among respondents for each attrifiste. type of technology regarding RAL model components,

find the source of disagreement and uncertaintiemrmula 4 is used:

Averagespear Head
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¢;: Quality ,c,: Time, c5: Cost, c,: Flexibility

. 212
Total TK risk (RMS) = \/Eci.CZ.cs.Q [(ZbllcllshCoef.Vari)]
C1,C2,C3,Cq
TK risk Basic (RMS 3 2 stdi 2 i
61.1;2:963.64 asic ( ) €1,€2,C3,Cy b mean
() >
. . td;
Partial TK risk Core (RMS) = [Se,c,cpe,|Seore (ont) |
std; 212
TKQZFCI:,C‘;Sh (RMS) Ecl €2,C3,Cy [Zsh mean) ]
In the formula above, th€oef.Varfor different types In formula 5, SCA stands for the sustainable

of technology is calculated by formula 1-3. Inerdo competitive advantage of a firm without considerthg
evaluate how the strategy related to knowledge anechnology and knowledge.
technology is sustainable, the following formules ased:
) 5 Results
Total Risk(Geom) = [(1 — SCA)TKrisk]z (5) The results of the study show that the resourcief
ceramic manufacturing firm is correspondingly adite
Total SCA risk level = 1 — Total Risk(Geom) (6) among different tasks. Resource allocation basethen
Balanced Critical Factor Index (BCFI) is preseritethe
following bar chart.

(BCFI)
0,08
0,07
0,06

0,05

0,0
0,0
0,0
0,0
0,00
1 2 3 4 5 6 7

9 10 11 12 13 14 15 16 17 18 19 20 21

H

w

N

[y

Figure 5 Resource allocation of tkempanybased on the BCFI

As Figure 5 illustrates, only the attribute “Redantof  position, the manufacturing firm is an analyseetywhich
unprofitable time in processes” is under-resouedithe is based on Miles and Snow typology [21]. The
“Adaptiveness of changes in demands and in orderanufacture strategy indices are presented in Tahled
backlog” is an over-resourced attribute. In terfrsti@tegy  Figure 6.

Table 3 The manufacturing firm’s business straiegdices
PROSPECTOR | ANALYSER | DEFENDER | REACTOR

0.89 1.00 0.90 0.89
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Defender
Figure 6Company business strategy based on Miles and Smpology

The percentage share of different technology fiferdint attributes are presented in Figure 7.

Technology and Knowledge Ranking

100%
80%
60%
40%
20%

0%

9 10 11 12 13 14 15 16 17 18 19 20 21
M Basic mCore M Spearhead

Figure 7 Percentage partition technology sharedifferent attributes

As Figure 7 demonstrates, one technology is not tlhechnology management” and “organizational system”,
most dominant one for all the attributes. For examp respectively.
spear-head technology is the dominant technology fo The coefficient of variance and risk related toreype
activities related to information systems while ibas of technology is calculated based on formulas & &nd
technology and core technology correspond witthe results are presented in Figure 8.
dominance in activities related to “knowledge and

4,23

Total of Var
TK Risk = Vari of SH
& Var of Core

Var of Basic

0 1 2 3 4 5

Figure 8 The uncertainties related to differentteclogy and overall variance perspective
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As depicted in Figure 8, basic technology is thénma
source of risk and uncertainties in the cerami
manufacturing firm. Considering the development ¢ 1>
technology in terms of process and product, donmgat 0,97
basic technology shows that the firm should investe in
process development rather than product developrirent %8
strategic move and initiative, the firm should isvenore 0,6
in  developing manufacturing processes, includin ¢4
automation, and at the same time, look towardsaiadu
the overall operational cost.

Figure 9 presents the impact of technology an
knowledge policy in gaining a sustainable compatiti
advantage for the manufacturing firm. As is presénh  Figure 9 The effect of technology and knowledge factdhen

SCA levels

0,2
0

Without TK With TK

figure 9, and taking into consideration the knowednd level of SCA

technology perspectives, the firm resource allocaéind

policy is significantly less sustainable comparedtiie Specifically, the comparison of the total SCA
situation in which technology and knowledge factoe considering knowledge, technology, and sustairtgbili
excluded. regarding each type of technology is presented in

Figure 10. The figure also shows that the decision
regarding basic technology is less sustainablempared
to other types of technology.

SCA levels

0,76 0,75 0,75

0,74

0,72 0,71

0,70

0,68

0,66 0,65

0,64

0,62

0,60

Total Basic Core Spear head
Figure 10 The SCA level with technology and knogéddctor, total and partial
6 Discussion Previous works made a connection only between
This research contributes to the field in two maifechnology types and product development. Howekés,

subjects: work expanded the concept further and related tdolg

1. Developing a tool for technology and knowledgdypes to both product and process development.cBarse
decision-making activities. In this regard, thisris built ~ the current literature, innovation and developniarthe
upon previous works that propose a method to pideri firms begin with the producifasmin and Woods (2007)
technology investment and validate it in high-tetart-ups advocate that product innovation is strongly reldtethe
[22]. What is new here is that the proposed madepplied effective management of a firm's knowledge, process
to a multinational large-size firm in a more conemal technology, and its niche market [23]. Once a firm
industry and the obtained results proved that thelahis ~Produces a product that can differentiate itselfrfiothers,
applicable both in general and in a conventiondhe next stage would be to develop the relevantgsses
manufacturing industry. in such a way that producing the new product catdd be

2. The work contributes to current literature relatedhade economical. The initial phase of product
to process and product development phases in time fi development, which is called the launching phase, i
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closely incorporated with spearhead technologythdd on firms' overall strategy and resource allocatibhe
stage, the cost of producing a product is extrerhal, method which is proposed here is based on the cama
with the firm generally having an internal planaply it concept and uses the maximum coefficient of vaaasfc

in the future and reduce its cost. In the phaggafth, the each technology type to prioritize different teclugies.
ability of new products in making differentiatioisproven The data has been gathered from a big multinational
and the process is optimized in such a way thatymiog company in the industry of ceramic tile manufactgriand
the new product on a large scale is economicals Thihe results of this study show that this methodgctwivas
condition where both product and process developaren previously tested in high tech start-ups, could die

at the optimal level is related to the core tecbggl The implemented in other industries as well. From afical
growth stage of product development is followed &y point of view, the paper tries to present and \adédca tool
maturing phase in which neither the product nor thinat could constitute technology in company busnes
process has the capacity to develop further and therategy. This tool could fulfil the communicatiagap
company should reduce the cost of producing itslyets between the operational manager who has main kdlgele
as much as possible, with a focus on newly inventeadgarding the technology requirement, and the legsin
product and through innovated technology in order tmanager who is the main person responsible foingett
sustain its position in the market. The last phaseery firm business strategy. However, the author suggémst
much related to the existing basic technology. Thisnplication of proposed tools in other industrieslahe
research corresponds to the different types ofni@ldgy inclusion of a bigger number of respondents as.well
which is embedded in the initial process and produénother direction of future work would be to contac
development phase. The domination of basic tecigyoio case study and implement the proposed tool amarigvitn
the studied firm in this research suggests thatfilne different samples of a business: top managers and
should focus on the development of this currentg@ss operational managers, in order to see how much plogit
rather than developing new products to sustaipdsition of view differs.

and competitiveness in the market. This resultesponds
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