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Abstract. PLM adoption can be a source of competitivenesssaisthinability
for SMEs. In the other hand, the introduction ofvnkCT (Information and
communication technologies) technologies, such Pisva complex process
that involves challenging the existing organizatioot only in terms of infor-
mation flow but also the human resources manageaerehtOEM/Suppliers re-
lationship level. As seen in literature review,rthare a number of factors that
facilitate the adoption of ICT technology, but wealdentified a humber of
obstacles that will need to act as the adoptioaggi#face. The paper focused on
issues regarding the ICT adoption, especially PLMitems by SMEs. Based
on investigation, this paper proposes a mathentatiodel of PLM adoption.
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1 INTRODUCTION

The literature review has addressed the topic &fl fiom different angles. However,
the adoption aspect was only dealt by a few woddch 1] where author proposes
statistical tools to improve the organizational giit; of new PLM systems and high-
lights on the importance of survey early in the Pidttoduction process; [2] provides
a review of the main developments in the AHP (Atiea} Hierarchy Process) meth-
odology as a tool for decision makers to be ablddanore informed decisions re-
garding their investment in PLM; [3] on the adoptiof PLM IT solutions and dis-
cussed the relationship between “PLM adopter” difdcycle-oriented” companies
in order to achieve the adoption aspect we haveidered PLM as an innovate ICT
for SMEs. Thus we integrated works on ICT and iratmn adoptions.
ICT technology is one of the ways, at the dispagah company to increase its
productivity. ICT can reduce business costs, imprgvoductivity and strengthen
growth possibilities and the generation of compatitadvantages [1]. Despite the
work done and large companies evolution in termBld¥l, SMEs still have difficul-
ties to understand all the potential of such tetdgies [5]. Their adoption of ICT is
slow and late, primarily because they find that l&ioption is difficult [6] and SMEs
adoption is still lower than expected.

When implementing a PLM solution in a company, ithplementation difficulties
are directly dependent on the complexity of theaaigation, costs and the possible
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opacity of the real behaviours in the field. Indettgt implementation of PLM solu-
tion seems to scare SMEs in terms of resource aostsleployment.

The integration of the PLM solutions and its adoptby the SMEs has succeeded
the interest of several research works. Among tlesearch works we distinguish
those on adoption process improving through stegistools [1]. In the same way
authors in [7] conducted an investigation arou@Ql enterprises and analyse the
process adoption. This investigation shows theg sih enterprise, human capital of
the workforce and the geographic proximity withgkrfirms has an impact on ICT
adoption. In another hand, we find investigatiosdzhon empirical analysis which
highlights the role of management practices, esflgdhe manager, and quality con-
trol on the ICT adoption.

Another investigation was conducted on a thousanasfin manufacturing in Bra-
zil and India and examines the characteristicdrafsf adopting ICT and the conse-
quences of adoption for performance [8]. In additto previous results, they show
the impact of educational system and the positssoeiation between ICT adoption
and education. Several barriers to IT adoption Hmeen identified, including: lack of
knowledge about the potential of IT, a shortageesburces such financial and exper-
tise and lack of skills [6].

According to [9] the skill workers have an impact ICT adoption. Workers with
high (low) proportions of skill can have a compamtadvantage (disadvantage) in
minimizing the costs both of ICT adoption and ddrleing how to make best use of
ICTs.

An investigation of works done on ICT adoption dode on the importance to
analyse the impact on ICT system implementation ashabtion processes and how
they do so, and how implementation and adoptiorcge®es could be supported on
the organizational, group, and individual level®]f Based on previous works, we
will consider that PLM is an innovative ICT solutifor SMEs.

Next paragraph will introduce the problem statensmd context of study. Third
paragraph is on the proposed the model of PLM &olofitased on quantitative KPIs.
The fourth paragraph highlights the obtained resaiftd their discussion. Finally, we
conclude and discuss future work on how to imprawe deploy our model.

2 STUDY CONTEXT

The first initiative of this work was conducted ohg the INTERREG project called
“BENEFITS” where different adoption KPI's was idéigd [11].

On the basis of an analysis of the various studiged out with several compa-
nies, it is possible to collect different indicaom hese indicators have been classified
according to 4 axes identified through PLM defmiis analysis. The 4-axis structure
(Strategy, Organisation, Process and Tools) seefead and gave a good visibility to
the impact of the indicators on the different level enterprise [11].

For our work, Survey conducted followed differetéps from questionnaire de-
signing until data analysis [12]. One of problefimsed during questionnaire design is
the decision of what questions to ask, how to lestl them and how to arrange the



guestions to yield the information required. Fasth questions were conducted on the
basis of indicators, words were reviewed by expants finally we reorganised ques-
tions according to new 4 axes: Human Factors, Osgonal Factors, Technical
Factors and Economic Factors. This new decompasito®s not affect the indicators
but brings a fluidity and easier understandingtlfierinterviewees (SMES).

Fig.1.PLM axis structuration

Also, the objective of the investigation is to urgtend the needs of SMEs accord-
ing to the introduction of digital technology withihe automotive sector and to antic-
ipate the increase in competence needed to hede tBMEs face the change by set-
ting up the necessary services and training. Thheeguvas conducted on a panel of
33 companies (14 with study activities and 19 widinufacturing activities) of which
50% are small structures as shown in Fig.2.
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Fig.2.Panel of SMEs interviewed

3 PLM ADOPTION INDICATORS

The concept of adoption may be defined as a prommsposed of a certain number
of steps by which a potential adopter must passrbediccepting the new product,



new service or new idea [13]. Adoption can be saeran individual adoption and
organizational adoption. The individual one focusesuser behaviour according to
new technology and have an impact on the investimel technology [14]. In the
organisational adoption the organisation forms pinion of the new technology and
assesses it. Based on this, organisation makedettision to purchase and use this
new technology [14]. Based on work done in [1H developed the questionnaire
according to adoption factors (Table 1.).

Table 1.Adoption factors according to thé 4xes

Axes Questions according to adoption factors

Human factor | Ability to assess technological oppoittes (FH1)
Resistance to change (FH2)

The learning effects on previous use of ICT tecbgpl(FH3)
Relative advantage (FH4)

Risk aversion (FH5)

Emphasis on quality (FH6)

Organisational| Average size of effective of SME between 50 add @¢O1)
factor Age of SMEs (FO2)

Competitive environment (FO3)

Rank of SME (FO4)

Geographical proximity (FO5)

Number of adopters (FO6)

Interdependencies Collaboration (FO7)

Existing leading firms (OEM) in your economic eraiiment
(FO8)

Informal communication mode (FO9)

Existing Innovation process (FO10)

Knowledge Management (FO11)

Process synchronization (FO12)

Existing R&D activities (FO13)

Existing certified (QM) system (FO14)

Technological | The position of SME related to ICT technologies IF T
factor Interoperability (FT2)

Ergonomic (FT3)

Compatibility with similar technology (FT4)
Compatibility with needs and existing process (FT5)
How is evaluated before adopting technology (FT6)
Have you had the opportunity to test the technologfpre its
adoption (FT7)

Complexity (FT8)

The frequency of new technology integration (FT9)
Level of skill and knowledge (FT10)

Existing software (PDM, CAD/CAM,ERP) (FT11)

Economical Indirect costs (FE1)




factor Existing R&D process (FE2)
Expected profitability (FE3)
Merger-acquisition (M&A) Strategy (FE4)

4  QUESTIONNAIRE ANALYSIS

The previous step was the construction of the durasiire by methodological tool
with a set of questions that follow in a structuvealy (Fig. 3). It is presented in elec-
tronic form and was administered directly througbef to face and by phone.

Facteurs Humains (1/2)

FH1
Avez-vous un réseau d'expert capable d'appréhender et d'évaluer les opportunités technologiques ? (A combien évaluez-vous le potentiel de cette expertise sur une échelle de 14 5?)

" Aucune connaissance  Fable ¢ Encourageant C  Bon C  Elevé
| I
FH2

Comment ont été acceptées les é1 & intégrées au sein de votre sodété ?

CAucun  Refusgénéral (" Refuspartiel (" Intégration partiele ¢~ Intégration tranversale

FH3
Avez-vous mis en place des lors de linté des derniéres. éy au sein de votre sodété ? Comment évaluez-vous leurs effets ?
(o) 51 2 C 3 C 4 Chs

Fig. 3. PLM-Eval-Tool: questionnaire

The questions were asked by a PLM consultant wiithctbrs, engineers & techni-
cians for increasing responses validity. The qoastiwere design based on Likert
scale and for five levels; in addition, a commeyntfaame has been added to question
evaluation (from 1 to 5) which can be filled by tiieect exchanges during the inter-
view.

Once responses evaluated we need to describe apicadmodel in mathematical
way. Based on results we can write the dependergjeation which makes the link
between the PLM LevelPLM;) and adoption factor®( H, T andE).

PLML = aHi + bOL + CTl’ + dEl + & (1)

For:i = 1,...,n, the hypothesis related to the model (eq.1) idth&ibution of the
error ¢ is independent and the error is centred with corst
anceg;~N(0,02); 02 = var(s;)

In order to conclude that there is a significanatienship between PLM level and
Adoption factors, the Regression (eq.1) is usedhdugstimation and to improve the
quality of the estimates. The first step is to ghklte the adoption factors according to:
1
H; = n_ Hj; ,ny = number of questions related to the humain factorH
H £
j=1

no

1

0; = n_z 0;j,ng, number of questions related to the Organisation factor O

0%
Jj=1



nr
1
T; = —Z T;; ,nr = number of questions related to the technogical factor T
nr =
ng

E; Z E;j ,ng = number of questions related to the economical factor E
=1

Once the fourth factors calculated, the matrix fafrour model becomes:

1
=

PLM; Hy; 0yp Ty Ep a &1

&
PLM ) [ o Oz T Ba )by [ ®2) piy=y=xB+E (2)
PLM,, Hpy Ony Tny Eny/ N\ &n

For resolving our equation (Eg.2) we need to cateuthe estimated matrB With
estimated called:

B= (XtX)"'xty (3)

Through all these equations (observation) we cae thie general regression equation
of PLM.

PLM = aH + bO + cT +dE + ¢ (4)

The methodology adopted started by determiningnfesing) a, b, ¢, d parameters of
the multiple-regression function. The result ofireation is defined bya, b, ¢,d. For
this, we choose the method of “mean square erm@cutated through Matlab. In the
second step, we calculate the dependency betwedh IBel (result of multiple-
regression) and the adoption factdrds ©, T and E) by the regression coefficient (R),
especially the Determination Coefficient (D).

Where:

SSR

D=R?= S SSR = Some square Regression; SST = Total Some Square;

SSE = Some square Error . SST = SSR + SSE =
If |R| - 1, We have a strong dependence and good regression

4.1 Numerical Results

After the investigation the PLM-Eval-Tool generatedata table (Fig. 4) of evaluated
responses that will be used to build our adoptioaeh

Date de création Secteur d'activités Effectif %
"""" 1011305 | lingénieri des métiersdelautomobie | 100 | s | 3 [ 3 | 4 |3 | 3
01/01/1995 Fabrication de cartes électroniques assemblées 17 % 5 1 4 3 1 5 3
01/01/1984  |I'automobile, I'aéronautique et la défense 15 f///} 4 4 3 4 1 4 3

Fig.4. Brief view of collected data



Once the data collected, we applied our approachbtaining the estimated parame-
tersd, b, ¢,d through (Eq.3).

a 0.0697

b\ _[06053

¢ ]~ 101958 ®)
d 0.1137

With R? = 0.9841 which is considered as a very good regression, \atfidate the
proposed equation (Eq.1).

The numerical result equation is:

PLMpyaiation = 0.0697H; + 0.60530; + 0.1958T; + 0.1137E; (6)

4.2 Result discussion

Concerning the “Error” we will consider the higheste which is equal t%)Z gt =

0'432317 = 0.0128. This means that all values of PLM_Evaluation Wi considered

with £ 0.0128. We can also determine confidencerirdl for the parameteesb, ¢
andd using the student law, ,, wherea is the Confidence threshold, or the Toler-
ance error rate, the choice of the valu@ our case ist = 0.05 andk = 4 is the
degree of freedom (the number of paramei@[$3 the standard deviation (the square
root of the variance). In our casg, = ty 054 = 2.132 (Fig.5).

" k| 025 020 015 010 005 0025 0010 0005 0.0025 0.0010 0.0005
1 | 1000 1376 1963 3.078 6.314 1271 3182 6366 127.3 3183 636.6
2 (0816 1061 1386 1.886 2920 4303 6965 9.925 14.09 2233 31.60
3 |0765 0978 1250 1638 2.353 3182 4541 5841 7453 1021 12.92
4 |0741 0941 1190 1533 2776 3747 4604 5598 T7.173  8.610

Fig.5. Student table

Figure (5), shows Student's law with “k” degreedatitude and different values of
a = 0.0005; ...; 0.25. The student test can be applied to a, b, ¢ aoddétermine the

parameters influencing the PLM. By testing the myibothesid, : a = 0 against the

alternative hypothesif; : a # 0.

Using data from a sample, the probability that abserved values are the chance
result of sampling, assuming the null hypothegig)(is true, is calculated. If this
probability turns out to be smaller than the siigaifice level of the test, the null hy-
pothesis is rejected.

{Ho:a=0 )

H :a#0

For this we will calculatel = ';i'

a



Then we will compare it to the value of o5, , = 2,13
If T< tg0s,4 = 2,13, we accepH,: a = 0, the H parameter does not influence the

realization of PLM and we will then recreate anotbquation of regression without
H. The same analysis was done for b, c, d.

5

DISCUSSION

Once the model developed another aspect of the/sigakas explored, that of the
recommendations. Effectively, the PLM-Eval-Tooleaffalso a view (fig.6.) the re-
sults according to such factors as change manadesteuctured sharing, extended
enterprise, evaluation capacity and willingnesstegrate. These factors are seen as
a numerical focus, and first returns on SMEs afisiye:

30% of companies consider themselves to be undepeed regarding to infor-
mation technology.

Companies recognize that information technologyeésy much involved in the
development process, but for the majority of theigaaizational aspects and in-
formal exchanges are decisive.

They believe that they have the in-house skillautticipate and evaluate techno-
logical opportunities and are very "open" to theegmation of new technologies.
SMEs are pragmatic and are waiting for the oppdtstwof a project or a new client
to introduce software and associated training:gieer simulation tool, ENX link,
digital models ...

Companies often note a gain when introducing a tesknology but highlight
compatibility issues with existing technologiescliuding ERP. (Systematic eval-
uation on demonstrator before implementation)

Change
management
5
4
3
Integration Structured
commitment sharing
Average
Evaluation Extended
capacity enterprise

Fig.6. Radar showing the average of the results obtaigetidocompanies that re-
sponded to the questionnaire. Scaling from 0: enyto 5: Very good



* The adoption of digital technology by their partners and suppliers is not a
concer n today.

e A concern to better structure their data and defir@r workflow in particular
around knowledge management and collaborative imthav.

< A request for training on tools, existing gatewéysdata transfer, standards and
standards to be used throughout the product lifecyc

« A request for information on the potential of Sas®@utions and shared ser-
vices.(Design, simulation, exchange platform)

According to obtained results, here is a list oftfactions that we propose to imple-
ment:

* To make the players in the sector aware of theutieol of this increasingly digital
environment.

» Diagnose the existing digital chaining in compari@gromote the benefits of the
PLM approach. (Processes, tools, skills, etc.)

« To propose levers of competitiveness by the ideatibn of "Mutualized Ser-
vices" and "Software as a Service" solutions.

« To propose devices to gain skills and accompanglia@ge management of manu-
facturers, equipment manufacturers, to the SMERearregion.

6 CONCLUSION

The statistical analysis allowed us to develop @heraatical model to evaluate the
adoption of an SME in terms of PLM. Thus, SMEs wi#l able to carry out a first
self-evaluation without calling on honest consukatdowever, this model will have
to improve with more SMEs results and taking intoaunt the different activity sec-
tors aspect.

As future work, we envisage to work on several sasteidies (deployment on
France) in order to improve the mathematical moAkdo, another work will be car-
ried out in order to generate recommendations aafically. The aim of this ap-
proach is to offer SMEs a tool for analysis andislen-making for the upstream
stage in the introduction or adoption of PLM tools.
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