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Keywords Abstract

Technology Acceptance Model  In this study, the electric car technology perception and acceptance levels of potential electric
Perception Survey car users in Tiirkiye were examined based on the modified Technology Acceptance Model 3
Electric cars (TAM3). For this purpose, an initial research model suitable for the conditions of the study
Partial Least Squares (PLS), was designed and 12 hypotheses were created to test the relationships in the model. The
Structural Equation Model research was carried out through an online questionnaire with 321 people who have never
(SEM) used electric cars. Since the survey results do not conform to the normal distribution, Partial

Least Squares Structural Equation Modelling (PLS-SEM) method, which does not require
normal distribution was used as the analysis method via SmartPLS 3 software. The
compatibility of the proposed initial model was examined by evaluating the measurement
model, structural model, and mediation effect. According to the analysis results obtained,
gradual improvements were made on the model and a final model was reached. As a result of
the compatibility analysis via fit indices, an acceptable model was obtained by reducing the
initial 12 factors and 29 questions to 9 factors and 13 questions in the final model. According
to the analysis results, it was determined that the Expected Ease of Use in the final model was
the mediator.

TURKIYE'DEKi POTANSIYEL KULLANICILAR TARAFINDAN ELEKTRIKLi OTOMOBIL
ALGISI VE TEKNOLOJi KABULU

Anahtar Kelimeler 0z

Teknoloji Kabul Modeli Bu calismada, modifiye edilmis Teknoloji Kabul Modeli 3 (TAM3) temel alinarak Tiirkiye'deki
Algi Anketi, Elektrikli Araclar  potansiyel elektrikli otomobil kullanicilarinin elektrikli otomobil teknolojisi algist ve kabul
Kismi En Kiigiik Kareler diizeyleri incelenmigstir. Bu amagla ¢alismanin kosullarina uygun bir baslangi¢c arastirma
(KEKK) modeli tasarlanmis ve modeldeki iligkileri test etmek igcin 12 hipotez olusturulmustur.

Yapisal Esitlik Modeli (YEM) Arastirma, hig¢ elektrikli otomobil kullanmamis 321 kisi ile cevrimici bir anket yoluyla
gerceklestirilmistir. Anket sonuglarinin normal dagilima uymamasi nedeniyle SmartPLS 3
yazilimi lizerinden analiz yéntemi olarak normal dagilim gerektirmeyen Kismi En Kiiciik
Kareler Yapisal Esitlik Modellemesi (KEKK-YEM) yéntemi kullanilmistir. Onerilen baslangig
modelinin uyumlulugu, olgiim modeli, yapisal model ve aracilik etkisi degerlendirilerek
incelenmigtir. Elde edilen analiz sonuglarina gore model lizerinde kademeli iyilestirmeler
yapilmis ve nihai bir modele ulasilmistir. Uyum indeksleri ile yapilan uyumluluk analizi
sonucunda baslangigtaki 12 faktor ve 29 soru nihai modelde 9 faktér ve 13 soruya indirilerek
kabul edilebilir bir model elde edilmistir. Analiz sonuglarina gére nihai modelde Beklenen
Kullanim Kolayliginin araci oldugu belirlenmistir.
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1. Introduction

The Technology Acceptance Model (TAM) suggests
that when a new technology is offered to the users,
there are a number of factors related to how they
perceive and accept this technology, and it has been
used in some studies in the literature.

However, TAM, which was originally put forward,
has been updated and developed several times
over time as it was insufficient to explain
technology acceptance behaviors. As a matter of
fact, Technology Acceptance Model 3 (TAM3) was
proposed by Venkatesh and Bala in 2008.

The design, production, and factory installation
efforts of domestic electric car, which is relatively a
new technology in Tirkiye, have started and still
continuing as of 2022. The market is quite small
and limited for today; however, it is estimated and
planned that the market will grow very rapidly in
Tiirkiye together with the introduction of domestic
electric car brand as well as in countries such as
China, Japan, Norway, the USA and Germany.

In this study, the perception and acceptance of
electric cars as a new technology was measured
and evaluated among potential users, namely those
who are aware of these products but have not yet
used them.

Determining the perception and acceptance level of
electric car technology with this study, which was
carried out in 2021 when electric cars were not
widespread in Tiirkiye yet, will also give an
opportunity to reveal the change after the
technology becomes widespread.

For this purpose, the current study was based on
TAM3 (Venkatesh and Bala, 2008), which is the
most recently developed model in the literature,
and it will be possible to measure and evaluate the
differences by repeating a similar study a few years
later. As a matter of fact, the domestic automobile
brand called TOGG (Tirkiye's Automobile Joint
Venture Group Inc.), and some other foreign
electric vehicle brands will be on the market to a
certain extent and become widespread in the
coming years.

According to the literature survey, it was observed
that no similar study has been carried out in
Tiirkiye yet, and this situation increases the
importance of the current study even more.

An exemplary work in this field was carried out in
Germany regarding the acceptance of electric cars
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for use in commercial vehicle fleets (Globisch,
Diitschke and Schleich, 2018). In the study, the
questionnaire prepared on electric cars and
adapted from TAM3 was applied to people who
already use electric cars, unlike this study.

Similarly, other studies have been conducted in
China (Wu, Liao and Wang, 2020) and the
Scandinavian region (Kester, Rubens, Sovacool and
Noel, 2019) to measure the acceptance of electric
cars in the society.

In this study, potential electric car users from
among the public and a certain number of sector
representatives were targeted. Because none of
them were electric car users yet and it was thought
that this would not be very important at this stage.
Thus, before using the electric car, the level of
perception and acceptance towards this
technology was tried to be determined.

Statistical analyzes were made on the survey data
prepared on a 7-point Likert scale, which was
applied on 321 people from different segments of
the society, either face-to-face or via internet with
potential electric car users, based on TAM3. The
obtained data was first analyzed and then
SmartPLS 3 software tools. For this, statistical
methods such as Reliability Test, Normality Test
and Partial Least Squares Structural Equation
Modeling (PLS-SEM) were used.

The questionnaire consists of two parts, and in the
first part, 9 questions were asked to get to know the
participants. The second part consists of 29
questions prepared directly within the scope of
TAMS3.

As a result of statistical analyzes, it was observed
that the answers given by 321 people to the survey
questions arranged according to the Likert scale
were always skewed to the left, representing their
positive opinions, and therefore the data did not fit
the normal distribution.

At the stage of analysis and verification of the
established initial model according to the Partial
Least Squares Structural Equation Method (PLS-
SEM), which does not require normal distribution,
it is also essential to meet the compliance criteria
required by the method. For this, the model was
changed and improved by applying step-by-step
reduction processes from both the survey
questions and the factors, and thus the initial
model took its final form.
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2. Concept and Literature Survey

The Technology Acceptance Model (TAM) was first
presented as a model proposal to test and develop
user acceptance in computer-based information
systems, to explain the reasons why people are
resistant to the use of Information Technology (IT),
and to reveal how they can react to technological
changes (Davis, 1989). The aim of TAM was to
provide a valid explanation for individuals'
behaviors of accepting or not accepting
Information Technologies and to express the
factors that determine acceptance behavior in a
relational plane (Davis, Bagozzi and Warshaw,
1989). However, this model was not found
sufficient in time and was criticized and developed
over time, and new model suggestions were
presented by the researchers. Despite this, TAM
has managed to become one of the most widely
used models for explaining information
technologies and for potential users to adopt new
technologies (Venkatesh and Davis, 2000; King and
He, 2006).

Technology Acceptance Model 2 (TAM2) was
created by adding new factors to TAM (Venkatesh
and Davis, 2000). In TAM2, constructs such as
social effects and cognitive processes and
experience have been added to explain Perceived
Usefulness and Intention to Use.
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The most frequently used extended technology
acceptance model was the Unified Technology
Acceptance and Use Model (UTAUT). In a study
conducted by Venkatesh, Morris, Davis GB., Davis
FD. in 2003, eight models that try to explain
technology acceptance and use were discussed and
their strengths and weaknesses were compared
(Venkatesh etal., 2003). As a result of the study, the
UTAUT was created as a new model, which was a
synthesis of previous models (Zhou, Lu and Wang,
2010).

Unlike TAM, there are four exogenous variables in
UTAUT as Performance Expectancy, Effort
Expectancy, Social Impact and Facilitating
Conditions, which are thought to have a significant
impact on technology acceptance. In addition,
Gender, Age, Experience and Voluntariness were
seen as moderator variables influencing Behavioral
Intention and Use Behavior.

The most widely used model in the adoption and
use of Information Technologies is the Technology
Acceptance Model (TAM). However, due to the lack
of guidance for practitioners in TAM, as well as the
low level of adoption and major barriers to the use
of information technologies, the Technology
Acceptance Model 3 (TAM3) research was initiated
by Venkatesh and Bala as shown in Figure 1 below.
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Figure 1 Technology Acceptance Model 3 (TAM3)
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All factors in various Technology Acceptance
Models are given comparatively in Table 1.

Table 1

Comparison of factors among technology acceptance models

TAM

TAM2

UTAUT

TAM3

Perceived Ease of Use

Perceived Ease of Use

Performance Expectancy

Perceived Ease of Use

Perceived Usefulness

Perceived Usefulness

Effort Expectancy

Perceived Usefulness

External Variables

Experience

Social Influence

Experience

Attitude Towards Use

Subjective Norm

Facilitating Conditions

Subjective Norm

Intention to Use

Behavioral Intention

Behavioral Intention

Behavioral Intention

Actual Usage Voluntariness Voluntariness of Use Voluntariness
Image Gender Image
Output Quality Age Output Quality
Job Relevance Experience Perception of External Control

Usage Behavior

Use Behavior

Perceived Enjoyment

Result Demonstrability

Objective Usability

Job Relevance

Use Behavior

Result Demonstrability

Computer Self-efficacy

Computer Anxiety

Computer Playfulness

In a study conducted in Germany, the antecedents
of the acceptance of electric cars in commercial
vehicle fleets were investigated based on TAM3.

In order to test the model created, a survey was
conducted with 575 electric car users and the data
using a 6-point Likert scale were analyzed using
Structural Equation Modeling (SEM) through the
AMOS package program. The empirical analysis
took into account the preferences for electric car
acceptance at both organizational and individual
levels (Globisch et al., 2018).

According to the results obtained:

e More experienced electric car users charge
their cars less and travel longer than less
experienced users,

e The shortened range due to usage of heating
systems in winter is the biggest obstacle to the
use of electric cars,
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e Employees' approaches to the use of electric
cars are very important in supporting the
acquisition of electric cars in commercial
vehicle fleets,

e Environmental benefits and perceived ease of
use in relation to the perception of car features
are normally identified as precursors to electric
car adoption. However, contrary to the results
in the literature, the evaluation of the driving
range of the cars in this study had a very low
effect,

e Perceived Organizational Usefulness and
Individual Usefulness were found to be effective
in explaining support for electric car
acquisition, whereas Perceived Organizational
Usefulness was found to have a stronger effect.

In Figure 2, the Electric Vehicle (EV) fleet article
model is compared with TAM3 model.
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Figure 2 Comparison of EV Fleet and TAM3 Models

Factors with a red cross on represent factors
removed from the EV fleet article model. The

factors in the green boxes refer to the factors below.
common to both models. The orange-colored boxes
represent the new additions to the EV fleet model
and the factors in the blue boxes represent the

Table 2

Comparison of factors in TAM3 and EV fleet models

TAM3 MODEL

EV FLEET MODEL

Perceived Ease of Use

Perceived Ease of Use

Perceived Usefulness

Perceived Organizational Usefulness

Experience

Perceived Individual Usefulness

Subjective Norm

Subjective Norm

Behavioral Intention

Involvement in EV Acquisition

Voluntariness Support for EV Acquisitions
Image Organizational Image
Output Quality Output Quality w.r.t Organizational Tasks

Perception of External Control

Perception of External Control

Perceived Enjoyment

Perceived Enjoyment

Objective Usability

Objective Usability

Job Relevance

Use Behavior

Result Demonstrability

Computer Self-efficacy

Computer Anxiety

Computer Playfulness
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converted factors in the EV fleet model. The factors
included are shown comparatively in Table 2
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3. Material and Methods

3.1 Partial Least Squares Structural Equation
Modelling (PLS-SEM)

Structural equation models are a combination of
multiple regression and factor analysis (Gefen,
Straub and Boudreau, 2000) and are known as
second generation multivariate analyzes due to
their structure and computational technique. In
SEM methods, beyond the first generation analysis
techniques such as regression; principal
component analysis, factor analysis, discriminant
analysis or multivariate regression analysis are
available. With these calculations, it is possible to
reach versatile results and test the proposed
theory and models (Gefen et al.,, 2000).

On the other hand, Partial Least Squares Structural
Equation Modeling (PLS-SEM) is a statistical
approach used for modeling complex multivariate
relationships between observed and latent
variables (Yilmaz, Can and Aras, 2019). PLS-SEM is
seen as a soft modeling technique when compared
to other statistical analyses. That is, in cases where
itis difficult or impossible to meet the assumptions
about the normal distribution required in
multivariate statistics, it means that an easy model
can be created with PLS-SEM (Vinzi, Trinchera and
Amato, 2010). In addition, when the sample is large
enough, good results are obtained with PLS-SEM
despite lost or missing data (Hair, Hult, Ringle and
Sarstedt, 2017).

There is no universally accepted goodness of fit
index (GoF) in PLS-SEM. Therefore, model validity
and fit are generally evaluated using factor loads,
path coefficients, R?, Q2 statistics (Kline, 2011).

As a result of the examination of the Likert scale
questionnaire data of 321 people, it was observed
in this study that the data set obtained did not have
a normal distribution and it was also determined
that approximately 50% of the variables examined
were kurtosis. This undesirable situation in the
distribution limits the use of Structural Equation
Modeling and Confirmatory Factor Analysis, which
are statistical analysis methods in programs such
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as AMOS and LISREL. Therefore, PLS-SEM was used
for analysis via SmartPLS 3 software.

The PLS-SEM method does not assume normal
distribution and is accepted as a good approach for
predictive analyzes (Henseler, Ringle and
Sinkovics, 2009) and has gained popularity
especially recently (Ringle, Sarstedt and Straub,
2012). It is appropriate to use PLS-SEM in studies
where multivariate normality cannot be achieved
and there are complex models with a large number
of variables.

3.2 Sample Size

It is not possible to talk about a clear view in the
literature about the required sample size. The
reason for this is that the sample size required for
the research can vary according to the complexity
of the established model (Bowen and Guo, 2011).
According to Kline, less than 100 samples are
considered as insufficient, between 100 and 200
samples are considered as medium, and more than
200 samples are considered as sufficient (Kline,
2011). If a multivariate analysis is to be performed,
the sample size should be 10 times or more than
the number of factors (variables) in the study
(Kerlinger, 1978; Hair, Anderson, Tatham and
Black, 1998; Kline, 2011).

There are 12 factors in the initial model established
in this study. Instead of 120, which is 10 times
more, higher number of participants were
obtained, and the number of survey data was
collected as 321. In this case, it can be said that the
minimum 200 sample size requirement specified
by Kline is already exceeded.

3.3 Determination of Factors

TAM3 and EV fleet models were used as a basis for
determining the factors for this study. As a result of
the examination of previous studies, 12 factors
were determined considering the content of the
current study and the definitions of these factors as
well as their definition sources are given in Table 3.
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Table 3
Definition and sources of determined factors
No Factor Abbreviation Definition Source
It is the degree to which an mdividual Fishbein and
oo N ~ percerves that people whe are mmportant to Ajzen 1975
1 | Subjective Norm SNORM him/her should or should not use the Venkatesh and
systam. Davs, 2000
Image B . .
. It 15 the degres to which 2 perzon percerves
r business = Moore and
2 FB}. i o IMAGE that the use of mnovation will mereass D_rE
ndividual . N Banbasat, 1991
activitiss) hiz'har social status,
Dutput Quality Crutput quahity (in relation to orgamizational | Venkatesh and
{By business ar or indridnal tasks) 1= 2 general balief zhout Danns, 2000
T FI 'I' =
© | tndivedual ovT QUALITY how well an mnovation wall perform certam | J.Globizch ot al.
Zetivities) tazks. 2018
TI].E.I:].EgL'EE to which the Ell'_“tl‘f-']'t‘!.' ofa Venkatash,
Fxpected particular system to be uzad 1= expectad fo 2000 :
4 . ¢ EENJOYMENT be anjovable m and of ttzelf as well as the ‘.-'eu]-:.atﬂh 1
Enjoymen performance consaquences resulting from a0
i Bala 2003
using the system.
. The degree to which an mdradual belisves .
5 Ei:ﬁ:‘f;;fml EXTCONTROL | arsenizstional and technical resources exist | TZ'EE]; -
to suppert the use of the system. N
ecte tis axpectahon of the extant fo v V1S,
Expected It 15 the icn of th vhich Davis, 1985
§ | Organizational EORGUSEFULNESS | the use of an mmorvation wall mmprove J.Globizch ot al.
TUzefulness orgamzational busimess performance. 2018
Expected It 15 an mdrvidual's expectation of the extent Danas, 1985
7 | Individual EINDUSEFULNESS to which the use of an mnovation will J.Globizch ot al.
TUzefulness mprove s or her job performance. 2018
e . Davis, 1980
g Expected Eaze of FEASFOFUSE It reflects an mdividuzal s_bdlef;fbnutﬁle T Clobisch et 2l
Tze effort requuired to uze an mmesvation. 2018
FA
To distmzunzh between mandatory and Hartwick and
. \ ) volmitary use snvironments, the extant to Barla 1994
9 | Voluntariness VOLUNTARINESS which potential adopters parcerve this MMoore and
adoption decision as uwnforced. Benbazat 1591
Involvement in , . . . T Globizch et al.
10 EV Acquisition EVACQINVOLVEMENT | Buying EV. 2018
Support for EV . . . . J.Globizch ot al.
11 Arquisitionz EVACQSUFPORT Supporting EV purchasing. 2018
Behavioral It 15 2 factor that drives people to uze Venkztesh and
12 | Intention BINTENTION technology. Bala 2003
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3.4 Research Model and Hypotheses

The initial model with 12 factors proposed for this
study targeting potential electric car users in
Tiirkiye is given in Figure 3.

Expected Organizational
Usefulness

Subjective Norm

—
Image w.r.t.
Organizational or
Individual Tasks
Expected
Output Quality > Individual
Usefulness

w.r.t. Organizational

Voluntariness
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Involvement in EV
Acquisition

\ Support for EV
l Acquisitions

i

Behavioral

or Individual Tasks

Intention

g

Expected Enjoyment

Expected Ease of Use 4

Perception of
External Control

Figure 3 Proposed Initial Model

Green colored factors are common factors with EV
fleet and TAM3 models. The orange-colored factors
are from the EV fleet model; the gray-colored
factors are from TAM3 model. The factors shown in
yellow are the factors obtained by converting from
TAM3 and EV fleet models specifically for this
study. Since the study targets potential users not
using the technology yet, the factors referred to as
"Perceived" in TAM3 model have been converted to
"Expected”. Image and Output Quality factors, on
the other hand, were comprehensively included in
the model as organizational or individual activities.

The survey results were first checked to see if all
variables were below the skewness and kurtosis
values suggested by Kline (2011), and it was
determined that the distribution of the data did not
follow the normal distribution, as in Figure 4, and
that the majority of them had a left skewed
distribution.
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Figure 4 Question Q3 Normality Curve Histogram
Graph

Since N>50 and the answers given in the test using
Kolmogorov-Smirnov significance values do not
have normal distribution, the hypothesis “HO: The
distribution is normal” was rejected. Therefore,
since programs such as AMOS and LISREL cannot
be used, PLS-SEM method, which does not require
normal distribution conditions, was used via
SmartPLS software.

By loading the survey data into SmartPLS program,
the first model designed was created as in Figure 5,
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and as a result of the analyzes, it was observed that
the established model did not meet the compliance
criteria for SmartPLS.

VOLUNTARMESS

EVACQIMYOLEM

EINDUSERULNI

EVACQSUPPORT

ato_. EEASEOR

an_.

Qiz... BINTENTION

Qiz_.

o) -

Qis_.
Figure 5 SmartPLS Representation of the Proposed Initial Model
For this reason, it was tried to obtain a model in 4, and while doing this, the principle that the model
which the necessary fit criteria were within fully meets the SmartPLS compliance criteria, was
reference ranges by making some changes considered.

sequentially. For this, the model was harmonized
by applying the improvement steps given in Table
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Table 4
Step-by-Step changes for model improvement

Journal of Industrial Engineering 33(2), 265-288, 2022

Step Improvements

1-11 | @14, Q15, Q22, Q29, Q19, Q24, Q10, Q5, Q7. Q11 and Q0 guestions were deleted respectively.

12 named as “Expected Usefulness”.

Individual Usefulness and Organizational Usefulness were combined and made a single factor

13 | The factor called Support for EV Acquisitions was removed.

14 | The Subjective Norm factor was deleted.

13 | A new relationship between Image and Output Quality factors was added.

16 | A new relationship between Expected Enjoyment and Expected Usefulness was added.

The PLS-SEM method does not require a normal
distribution condition, and it can produce results
even in very small sample sizes and can work even
when the factor in the model consists of a single
expression (Cakir, F. S, 2019). For this reason,
while making improvements on the model, the
questions were first removed from the model in
order to preserve the number of factors. The values
of the compliance criteria were followed according
to the required reference intervals and,

Ql6_.. Q8.

EUSEFULNESS

QUTPUTQUALITY

o

[x)

. "_._'_._'—._'_._'_

013_...

EEAREOQFUSE

L

EXTCONTROL Q20.. |Q21..

Figure 6 Intermediate Model in SmartPLS
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e .——’.

improvements were made by applying them one by
one and the results were rechecked each time.

Improvement decisions were made based on
values automatically marked in red, indicating non-
compliance by the SmartPLS program. Green
values mean it is within reference limits.

After all these improvement steps in a total of 16
stages, the model took an intermediate form as
shown in Figure 6 below.

Q23...

VOLUNTRARINESS

EVACQINVOLVEME
NT

Q28...

BINTENTION
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The model gives values within the reference ranges
of the required compliance criteria at this stage.
From now on, the measurement model and
structural model evaluations should be made on

Journal of Industrial Engineering 33(2), 265-288, 2022

statistical analyzes in the SmartPLS 3 software, it
was decided to accept or reject the hypotheses
given in Figure 7 according to the p values with the
95% confidence interval (a=0.05).

this intermediate model.

Image
{w.rt. Organizational
or Individual Tasks)

H2

Output Quality
{w.rt. Organizational
or Individual Tasks)

Expected
Enjoyment =

I

External Control

S

6 _—
Ferception of ___,,/

As a result of the

Voluntariness

™,
%,

",
*,
. H7
,
,
*,

Y
,

5,
™, .
Expected Usefulness |<—\\—\H£ IS:c:ven’!e_r;:t in
\ cquisition

*,

Behavioral

— /3| H9
——# Expected Ease of Use |— — .
o Intention

—= Connections protected acc. to TAM3
———= MNEW connections by TAM3
E Factors in common with EV fleets & TAM2
D Factors coming from the EV fleets model
D Factors coming from TEM32 model
: Fzctors converted from TAM3 and EV fleets models

Figure 7 Representation of Hypotheses on the Model
The hypotheses established for the Path Model are
as given in Table 5 below.

Table 5
Hypotheses for the path model

# Hypothesis

HO | It is the common hypothesis representing that there iz no relationship between any two factors.

H1 | There iz a relationship between Image and Expected Usefulness.

[

There i3 a relationship between Output Quality and Image.

&

There i3 a relationship between Output Quality and Expected Usefulness.

H4 | There iz a relationship between Expected Enjoyment and Expected Usefulness.

HS | There iz a relationship between Expected Enjoyment and Expected Eaze of Use.

H6 | There iz a relationship between Perception of External Control and Expected Ease of Use.

H7 | There iz a relationship between Voluntariness and Behavioral Intention.

HS8 | There iz a relationship between Involvement in EV Acquisition and Expected Usefulness.

HY9 | There iz a relationship between Expected Ease of Use and Behavioral Intention.
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4. Results
4.1 Demographic Findings

Journal of Industrial Engineering 33(2), 265-288, 2022

The profile of the participants was analyzed with 9
questions in the first part of the questionnaire.
Descriptive statistics is summarized in Table 6.

Table 6
Descriptive statistics
X Min. | Max | Mean| Standard Vasiance
Value | Value | Value | Deviation

What iz your gender? 321 1 2 1,57 A998 246
What 1z your education level? 321 1 3 ER| 1,145 1.310
What range 1s your age? 32 1 5 2,72 1,293 1,673
What iz your professional group? 321 1 i 333 1,774 3,147
Where are you working? 321 1 4 2,32 1314 1,726
What settlement do you live in? 321 1 3 1,35 718 513
How is your financial situation? 321 1 3 347 637 431
In which region do you reside? 321 1 3 1,49 1.143 1.307
Do you know about electric cars? 321 1 5 2,81 1,072 1,150
N 321

Due to being in the pandemic period, social
distance and curfews have made it very difficult to
conduct face-to-face surveys. Therefore 3.1% of the
questionnaire was made face to face and 96.9% via
internet. However, since the survey was conducted
on the basis of potential users, this situation is not
considered to be a big problem. 55.8% of the 321
participants were men and 44.2% women. 34.9%
of the survey participants had ages 18 and above
and the ages between 26-35 provided the highest
participation. The 46-60 age group comprised the
other majority with 22.7%. On the other hand,
77.3% of survey participants were higher
education students.

The rate of those who had knowledge about electric
cars was 55.1%, which was below expectations.
Although the majority of the audience was young
and educated, the lack of comprehensive
knowledge about electric cars might be due to poor
promotion or lack of interest. However, positive
approach to electric cars refutes the second
possibility and makes the first one more likely, as
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evidenced by the left-skewed survey results in line
with the answers to the questions.

4.2 Evaluation of the Measurement Model

In order to perform Path Analysis, the proposed
model must first obtain values within the reference
ranges for the criteria specified in the following
steps. The required values and the obtained values
are listed below.

e First, Factor Analysis to test the construct
validity of the model is to be made. Factor
Loads should be >0.70 (Cakr, F. S., 2020). It
was observed that factor loadings were
between 0.7532-1,000, that is, all values were
>0.70.

Factor loadings express the weight of the
variables (i.e. questions) in each factor. These
values show the degree of relationship
between variables and factors. If a variable has
the strongest correlation to a factor, it means
that it is the element of that factor (Nakip,
2003). As the factor load increases, it means
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that the variable and the factor are closely
related (Altunisik, Coskun, Bayraktaroglu and
Yildirim, 2012). It can be said that if the factor
load of a factor with a single variable, namely a

Q6. Q1a..
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question, is 1.000, then this variable and this
factor are 100% correlated. Path coefficients
are given in Figure 8.

— 1.000—g23...

VOLUNTRRINESS

._‘LOOO_st“I
018z

EVACQINVOLYEME
MT

.3.346\*
EEMJOYMEMNT e-.1534 — 1.000— Qz8...

BINTENTION

Figure 8 Path Coefficients and R? Values on the Intermediate Model

The t-test was used to test whether the
relationships were statistically significant or not.
The t-values obtained after bootstrapping of all
path coefficients should be greater than 1.96 for
0.05 significance level (Cakir, 2020). It was seen
that t-values were between 36,612-100,000 and
path coefficients were between 0.887-1,000 i.e., all
values were acceptable.

e In addition to the criteria given in Table 7 for

reliability, the CR values should also be greater
than the AVE values (Cakir, 2020). It was seen
that all values were suitable for the reliability
criteria.

277



Endiistri Miihendisligi 33(2), 265-288, 2022

Journal of Industrial Engineering 33(2), 265-288, 2022

Table 7
Reliability values
Cronbach's Alpha Composite Reliability | AVE (=0,50)
(=0,50) rho_A (>0,70) (CR) (=0,70) (CR>AVE)
EEASEQFUSE 0,8022 08163 0,8073 0.6782
EENJOYMENT 1,0000 1,0000 1,0000 1,0000
OUTPUTQUALITY 1,0000 1,0000 1,0000 1,0000
EXTCONTEOL 08892 0.8954 0,8914 0.28044
BINTENTION 1,0000 10000 1.0000 10000
EVACQINVOLVEMENT 1,0000 1,0000 1,0000 1,0000
VOLUNTARINESS 1,0000 1,0000 1,0000 1,0000
IMAGE 0,8592 0.8614 0,2600 07343
EUSEFULNESS 0,7430 0.7439 0,7433 02916
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The R? value, which shows how much the
latent variables explain the change in each
other, should be above 0.26 (Cakir, 2020). The
R? values are written in the latent variables

that are explained in the model (i.e., the factors
that get arrows) in SmartPLS. R? values are
given in Table 8 and all values are suitable.

Table 8
R? values
R? (=0,26) Corrected R*
EEASEOFUSE 0,3267 0,3225
BINTENTION 04538 0.4504
IMAGE 04425 0,4408
EUSEFULNESS 0,6495 0,6451

Multicollinearity VIF values were in the range
of 1,000-2.7845 for all questions. This value
should normally be below 3 and any VIF value
>10 indicates a large multi-collinearity
problem in the model (Cakir, 2020).

The Fornell-Larcker criterion is a widely
interpreted criterion in PLS-SEM analysis and
controls the discriminant validity. While
interpreting this criterion, all values in rows
and columns are considered. If a factor is
compared with itself, the value obtained
should be greater than all values in the same
column and same row of the table (Fornell and
Larcker, 1981). This shows how far the factors
differ from each other and how they represent
the model, and it was confirmed in the relevant
matrix that this condition was also met for all
factors.

Another criterion, the HTMT value, should be
<0.90. HTMT values varied between 0.2173-
0.6949 for all factors and satisfies the relevant
criteria.

Cross Loadings give factor loads of all factors
and variables together. The values of all
variables under the factor column to which
they belong should be the largest value in that
column (Cakir, 2020). In this way, it is proved
that the factors are separated by their own
variables. The discriminant validity of the
model is also ensured. In other words, it is
interpreted that each question is related to its
own factor in the proposed model. Cross
Loading values are given in Table 9 as bold
under their respective factors.
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Table 9
Cross loading values
2 | EEASECFUSE | EENIOYMENT | OUTPUTQUALITY | EXTCONTROL | BINTENTION | EVACQINVOLVEMENT | VOLUNTARINESS | IMAGE | EUSEFULNESS
Q1| 0,348 0.3083 03707 0,943 03300 03279 01326 | 04219] 0.4629
QI3[ 0384 0.2060 03755 10,9530 03525 03278 02063 | 04361 04083
Ql6| 0437 03736 0.4383 D A3 05273 03212 02701 | 04877 08872
Q8| 04403 04520 0.4200 03073 0,5382 05471 02167 | 02630 10,8966
Q0| 00278 0429 03384 03772 10,5363 0,4607 02035 | 03888 05283
Q| 08987 0.3301 0.2906 03271 0,5013 03735 03568 | 03321 024227
Q13| 0335 0.2276 03302 0,205 03710 0,2030 L0000 | 03280| 02723
Q15| 04601 03376 04520 0,345 06790 1,0000 04030 | 04605 | 10,5993
Q8| 0,508 0.3508 0.4085 D,3632 1,0000 0,6790 03710 | 05002 05975
Q3| 03679 04310 0.5543 04418 04318 04124 03333 | 09322 04806
Q4| 03748 0.5476 0.6003 04065 04720 02489 02824 | 00402 05074
Q6 | 0.3461 04537 1.0000 0,3016 10,4083 04520 03522 | 06174| 04864
Q3| 044 1,0000 04337 D,3186 0,3308 03376 02276 | 0.5348] 0.4649

Among the fit indices, NFI should be > 0.90 and
SRMR should be <0.08 (Cakir, 2020). Model Fit
values are given in Table 10, and they seem to
be suitable.

Table 10

Model fit values
SEME (<0,08) 00209
d ULS 0,0308
d G 00326
Chi-Square 34,5462
NFI (=0,90) 0975

For testing model validity, the GoF index value
is calculated by the mean of the R?'s and the
geometric mean of the mean of the AVE’s. A
GoF value > 0.36 is an indication of good fit
(Yilmaz and Kinas, 2020). Since the program
does not give this value directly, it was
calculated separately.

The GoF index takes values between 0 and 1.
The degree of fit of the GoF index is low if
GoF<0.1, moderate if GoF<0.25, and very good
GoF>0.36 (Wetzels, Schroder and Oppen,
2009).

The GoF index is obtained by taking the square
root of the product of the mean of the AVE and
R? values obtained for the factors. Its equation
is given in Eqn. 4.1 below.

GoF = ,/0rt(R?) x Ort(AVE) (4.1)

Ort(R%)=1,4306/3=0,4769 =0,48
Ort(AVE)=7,8275/9=0,8697 =0,87

GoF = ./(0,48) x (0,87) = 0,644

Since GoF=0.644>0,36 the model has a very
good fit.

If the VAF value (mediation effect dimension)
is below 20%, there is zero effect, if it is
between 20%-80%, partial effect, and if it is
above 80%, full effect is mentioned there
(Cakir, 2020). The VAF calculation was made in
the "Evaluation of the Mediation Effect"
section.

Another value that should be given when
performing path analysis is the Q2 value. If the
Q? value is >0 for any endogenous (dependent)
variable, it is inferred that the pathway model
has an estimated significance level for that
construct. SmartPLS calculates the 7-states Q?
value. This value is not calculated for
exogenous (independent) variables (Cakir,
2020). According to the current model, all Q2
values of the dependent variables determined
automatically by the program are given in
Table 11 below.
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Table 11
02 values
Dependent Variable | l.5tate | 2.5tate | 3. State | 4. State | 5. State | 6. State | 7. State
EEASEQFUSE 0.2281 02044 01460 02261 02620 02922 0,0403
BINTENTION 0.0333 03818 04068 0,3803 03800 03128 03192
EUSEFULNESS 0.3332 [,3283 02917 0.2990 04440 04527 0,3491
the model, and whether this subtracted

If the Q? value is in the range of 0.02-0.14, it
means that there is a small predictor among
the factors, a medium predictor in the range of
0.15-0.34, and a large predictor if it is more
than 0.35. It is seen from the table that most of
the factors have medium and high predictive
values.

e F? (Effect Size), in addition to evaluating the
R? values of all endogenous (dependent) latent
variables, determines whether an exogenous
(independent) latent variable, is removed from

variable has a significant effect on the
endogenous latent variables and it is used for
evaluation purposes (Yilmaz and Kinas, 2020).
The effect size of a latent variable F? is weak if
0.02<F?<0.14, moderate if 0.15<F?<0.34 and
high if F?>0.34 at the structural level (Cohen,
1988). The F? values obtained as a result of the
analysis are given in Table 12 below.

Table 12
F? values
EEASEQFUSE | EENJOYMENT | QUTPUTQUALITY | EXTCONTROL | BINTENTION | EVACQINVOLY. | VOLUNT. | IMAGE | EUSEFULNESS

EEASEQFUSE 0,0000 0.0000 00000 00000 0,4080 0,0000 0,0000 | 00000 0.0000
EENTOYMENT 0,1450 0,0000 0,0000 0,0000 0,0000 0,0000 00000 | 00000 0,0431
OUTPUTQUALITY 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 | 0,6161 0,0128
EXTCONTROL 0,0929 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 | 00000 0.0000
BINTENTION 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 | 0,0000]  0,0000
EVACQINVCOLY. 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 | 00000 0,2314
VOLUNTARINESS 0,0000 0,0000 0,0000 0,0000 0,0473 0,0000 0,0000 | 00000 0.0000
DMAGE 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 |0,0000] 00324
EUSEFULNESS 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 | 0,0000| 00000

There are only incoming arrows to latent variables
of Behavioral Intention and Expected Usefulness,
but no outgoing arrows according to the model.

On the other hand, Expected Ease of Use and Image
factors appear as possible mediator variables
according to the model.

Removing the Expected Ease of Use factor from the
model has a high effect on the Behavioral Intention
factor with a value of 0.4080. If the latent variable
Expected Enjoyment is excluded from the model, it
has an approximately moderate effect on Expected
Ease of Use at 0.1450. If the Output Quality factor is
removed, it has a high effect on the Image with
0.6161. If the External Control factor is removed
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from the model, the Expected Ease of Use factor has
a weak effect with 0.0929. Subtraction of the
Involvement in EV Acquisition factor has a
moderate effect with 0.2314 on the Expected
Usefulness  factor, while subtracting the
Voluntariness factor has a weak effect on the
Behavioral Intention factor with 0.0473. It is seen
in Table 12 that the image factor has a weak effect
with 0.0324 on the Expected Usefulness factor.

If all these criteria are within the reference limits,
path analysis can be started.



Endiistri Miihendisligi 33(2), 265-288, 2022

4.3 Evaluation of Structural Model (Path
Analysis)

The HO hypothesis was rejected when the p values
were <0.05 in the established hypotheses and it
indicates a significant difference between the
factors. Acceptance of the alternative hypotheses
H1, H2, H3, H4, H5, H6, H7, H8, H9, which reveal
that the factors have a significant and positive

Journal of Industrial Engineering 33(2), 265-288, 2022

effect on each other, will confirm the arrows
between the factors seen in the model. Therefore, if
HO is accepted, the connecting arrow
corresponding to the relevant hypothesis should
be deleted from the model.

The p values of the hypotheses and the decisions
taken as a result are given in Table 13 below.

Table 13
Results of hypotheses
Alternative
i . Path . .
Hyp. Relationship tValue | PValue | Hypothesis
Coeff. .
Decision
H1 | IMAGE == EUSEFULNESS 01820 1,4634 0,0139 Accepted
H2 | OUTPUTQUALITY== IMAGE 06174 11,7053 0,0000 Accepted
H3 | OUTPUTQUALITY == EUSEFULNESS 01086 1,4573 0,1453 Eejected
H4 | EENJOYMENT == EUSEFULNESS 01815 1.9394 0,0034 Accepted
H3 | EENJOYMENT == EEASEQFUSE 03461 50482 0,0000 Accepted
Hé | EXTEENALCONTROL == EEASECQFUSE 0.2770 4,7880 0,0000 Accepted
H7 | VOLUNTARINESS == BINTENTION 01820 3,0537 0,0023 Accepted
HE | EVACQINVOLVEMENT == EUSEFULNESS | 04051 62151 0,0000 Accepted
H9 | EEASEQFUSE == BINTENTION 05344 10,0783 0,0000 Accepted

As aresult, only H3 out of 9 alternative hypotheses
was rejected; because the p value is 0.1453 which
is >0.05. In other words, it means that there is no
relationship between Output Quality and Expected
Usefulness. In this case, the linking arrow between
Output Quality and Expected Usefulness must be
deleted from the model.

4.4 Evaluation of the Mediation Effect

The mediation effect (VAF) is checked when there
are relationship arrows going in and out of any
factor at the same time. From this point of view, the
mediation effect is seen only in the Expected Ease
of Use and Image factors. In this case, these effects
will be tested with new additional hypotheses.

The hypotheses with which the mediation effect
was tested are as follows:

HO: It is the common hypothesis representing
that there is no mediator effect in the
relationship between the factors.

H10: Expected Ease of Use has a mediator effect
on the relationship between Expected
Enjoyment and Behavioral Intention.

H11: Expected Ease of Use has a mediator effect
on the relationship between Perception of
External Control and Behavioral Intention.

H12: Image has a mediator effect on the
relationship between Output Quality and
Expected Usefulness.

p values of the hypotheses established, and the
decisions made are given in Table 14.
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Table 14
Mediation effect evaluation
Hyp. Relationship Direct Total | Indirect P Value | Decision
Effect | Effect Effect
EEASEQFUSE == BINTENTION 05344 05344
EENJOTMENT =» EEASEOFUSE 03451 0,3461
EENTOYTMENT == EUSEFULNESS 01815 0,1815
QUTFUTQUALITY == EUSEFULNESS 0.1086 02210
EXTERWALCONTROL == EEASEQFUSE 0.2770 02770
EVACQINVOLVEMENT == EUSEFULNESS 04051 0.4051
VOLUNTARINESS =» BINTENTION 0.1820 0,1820
IMAGE == EUSEFULINESS 0.1820 0,1820
OUTFUTQUALITY == IMAGE 0.6174 06174
HI10 | EENJOYMENT == BINTENTION 0,1850 0,0000 | Accepted
HIl | EXTERMALCONTROL == BINTENTION 01481 0,0001 | Accepted
HI2 | QUTPUTQUALITY => EUSEFULNESS 0,1124 0,1551 Rejected

H10 and H11 hypotheses were accepted since
p<0.05. That is, Expected Ease of Use has a
mediator effect between Expected Enjoyment and
Behavioral Intention. Likewise, Expected Ease of
Use has a mediator effect between Perception of
External Control and Behavioral Intention.

However, since p=0.1551>0.05 for the H12
hypothesis, the HO hypothesis was accepted. In
other words, Image does not have a mediator effect

on the relationship between Output Quality and
Expected Usefulness.

The mediator effect dimension of the "Expected
Ease of Use" factor is calculated with the VAF value
and VAF values are given in Table 15.

Table 15
VAF value calculation and decision table
Total
Path Path Total VAF
Indirect P
Hyp. Relationship Coeff. | Coeff. Effect (b*c)/ | Decision
: Effect Value
(b) () (b*cta) | (b¥ct+a)
(b*c)
EENTOYMENT == Full
H10 EEASEQFUSE == 03461 | 0,5344 | 0,840 | 00000 | 01850 | 0999 o
BINTENTION =HE
EXTERINALCONTROL = Full
Hil EEASEQFUSE 02770 | 05344 | 0,480 | 00001 | 01481 | 0999 &
== BINTENTION effect

“b” is the path coefficient between the first and the
second factor and “c” is the path coefficient
between the second and the third factor. When
these two coefficients are multiplied, the total
indirect effect values are obtained. When

calculating the VAF value;
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VAF =bx*c/(b*c+a) (4.2)

equation was used (Nitzl and Hirsch, 2016). The
“a=0,0001" value is the direct effect value
between the two factors. In this case;
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H10 VAF value: 0,1849/0,1850=0,999

H11 VAF value: 0,1480/0,1481=0,999 are
calculated.

The VAF value is used to calculate the ratio of
the indirect effect and the total effect (Cakur,
2020). If VAF values are < 20%, it means zero
mediator effect; if between 20-80%, it means
partial mediator effect and if > 80%, it means
full mediator effect (Hair, Ringle and Sarstedyt,
2013).

Image

{we.r.t. Organizaticnal
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As aresult, it was confirmed that Expected Ease
of Use had a full mediator effect, i.e.,, Expected
Enjoyment affects Expected Ease of Use, and
Expected Ease of Use affects Behavioral
Intention. Likewise, it was confirmed that
Perception of External Control affects Expected
Ease of Use and Expected Ease of Use affects
Behavioral Intention.

The final electric car Technology Acceptance
Model obtained for potential users in Tiirkiye is
given in Figure 9 below.

or Individua! Tasks)

Output Quality
{we.r.t. Organizational
or Individua! Tasks)

Involvement in
EV Acquisition

Expected
Enjoyment

{ Expected Usefulness

Voluntariness

Expected Ease of Use
{Mediator)

wlr

Behavioral

Intention

Perceptionof | -
External Control

——= Connections protected acc. to TAM3

=2 MNEW connections by TAM3

D Factors in common with EV fleets & TAM2
Ele‘:t"c Car TEChnDIOg'{ Acceptance : Factars coming from the EV fleets maodel

Model for Potential Users in Turkey [ Factors coming from T¥M2 model
: Factors converted from TAM32 and EV fleets models

Figure 9 Electric Car Technology Acceptance Model for Potential Users in Tiirkiye

SmartPLS diagram of the final model is given in
Figure 10 below.
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Figure 10 SmartPLS Model for Potential Users in Tiirkiye

5. Discussion and Conclusions

According to the Likert scale used in this study, the
left skewed distribution means that there are
positive responses to the questionnaire, which
disrupts the normal distribution. For this reason,
analyzes were continued with the PLS-SEM method
via SmartPLS package program, which does not
require normality condition.

Problems such as the requirement of at least two
observable variables encountered in the AMOS
program, and the extremely high chi-square value
due to not having a normal distribution are not in
question in the SmartPLS program.

On the other hand, if there is only one question
under the factors, that is, there are univariate
factors, some tabs in the AMOS program may be
blocked.

In addition, although a maximum of 3 stages of
modification is allowed during model
improvement in the AMOS program, such a
limitation was not encountered in the literature for
SmartPLS. As a matter of fact, due to such
advantages, the use of SmartPLS for any data which
is not normally distributed, is increasing in the
literature.
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e A larger and more complex initial model,
consisting of a total of 12 factors and 29
questions at the beginning, was reduced to
a simpler model consisting of a total of 9
factors and 13 questions as a result of the
PLS-SEM analysis. This situation resulted
from the model's need to meet the fit
criteria.

e Cronbach's alpha values were calculated in
the range 0f 0.7430-1,000. It is interpreted
that the models in the scale with a high
Cronbach alpha coefficient consist of items
that are measuring the same feature.
Cronbach's alpha coefficient is frequently
used in Likert-type scales (Yildiz and
Uzunsakal, 2018), but when the literature
is examined, there is criticism in case when
the Cronbach coefficient is above 0.90. It
has been suggested that the low coefficient
calculated may be due to the low number
of questions, whereas when the number of
questions is high, the coefficient may be
high, but when it is above 0.90, there may
be unnecessary questions in the scale, and
in this case, it has been suggested that
some questions should be removed
(Cortina, 1993; Tavakol and Dennick,
2011). For this reason, the fact that the
coefficient gives a result above 0.90 does
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not necessarily mean that it is reliable.
Instead of making a decision with this
coefficient alone, it should be interpreted
with other reliability coefficients (Cakir,
2020).

In this study, it was seen that majority of
the Cronbach's alpha values were >0.90, as
given in Table 7. For this reason, final
decision on reliability was made by
looking also at the other reliability
coefficients such as rho_A, CR and AVE
values. The rho_A coefficients were
calculated in the range of 0.7439-1,000.
The Rho_A coefficient is a better measure
of reliability than Cronbach's alpha in
Structural Equation Modeling. Although it
is a coefficient that provides a better
estimation of data consistency, the results
obtained show whether the factor items
are reliable or not and it is very important
for SEM (Dijkstra and Henseler, 2015). A
high coefficient of this confirmed the study
in terms of reliability of the factors and
data consistency.

The HTMT criterion is important in terms
of separating factors from each other. If a
question gives an approximate value of 1
under another factor other than its own
factor, it means that the factors are not
differentiated, that is, they are perceived
as the same factor. For example, if a
question about the Image factor gives a
value close to 1 and above 0.90 under the
Output quality factor, it can be said that
Image and Output Quality are perceived as
the same factor. In this study, the HTMT
criterion played an important role in the
improvements made on the first proposed
model. Improvements were made on
removing the questions included under
another factor from the model.

There is no general fit index in PLM-SEM,
and the GoF has been suggested as a
measure of GoF (Tenenhaus, Vinzi,
Chatelin and Lauro, 2004). In this study,
the GoF index was calculated as 0.644, and
GoF>0.36 indicates a very good fit. The
GoF index was developed to determine the
performance of both the measurement
model and the structural model and to
provide a standard measure for the
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predictive performance of the whole
model. By calculating this value, it was
concluded that the model had a very good
fit.

According to the VAF (mediation effect
dimension) analyzes made for the
Expected Ease of Use and Image factors to
check the mediator position, it was
understood that the Image was not a
mediator, i.e., there is neither a direct nor
an indirect relationship between Output
Quality and  Expected Usefulness.
Nevertheless, Expected Ease of Use was
identified as a mediating factor, as shown
in the final model.

When the Electric Car Technology
Acceptance Model given in Figure 4.2 for
Potential Users in Tiirkiye is examined;

o Although the electric car technology
enables the business or individual to
perform certain tasks (Output Quality),
it does not affect the performance of
the organization or individual
(Expected Usefulness).

o Performing certain tasks for the
organization or individual (Output
Quality) by the use of electric car
technology is related to the expectation
that it will increase the social status of
the person (Image). In other words, if
the electric car performs certain tasks
for the organization or individual, it can
be interpreted that it will increase the
reputation of the organization or
individual as well.

o An individual who thinks driving an
electric car will be enjoyable (Expected
Enjoyment) anticipates it will be easy
to use (Expected Ease of Use) and
therefore intends to own an electric car
(Behavioral Intent). Likewise, an
organization or individual who thinks
that the service and technical
infrastructure required to drive an
electric car exists (Perception of
External Control) for continuous
support, predicts that electric car use
will be easy (Expected Ease of Use). For
this reason, the individual intends to
own an electric car (Behavioral Intent).
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o The idea that using an electric car will
increase its positive image (Image)
affects the expectation that it will
increase  the job  performance
(Expected Usefulness). In other words,
if the electric car adds prestige to the
person, performance can be positively
affected by this.

o An organization or individual thinking
that driving an electric car will be
enjoyable (Expected Enjoyment) also
expects it to increase the job
performance (Expected Usefulness). In
other words, it can be deduced that the
performance of a person who enjoys
driving an electric car will increase in
daily work.

o Purchasing an electric car or
supporting its acquisition in
organizations (Involvement in EV
Acquisition) affects the expectation
that business performance will also
improve (Expected Usefulness). In
other words, individuals or
organizations to buy electric cars will
make this acquisition, hoping that their
performance will increase in their daily
work.

o The decision to accept an electric car
without any obligation (Voluntariness)
affects one's intention to drive an
electric car (Behavioral Intention). In
other words, if someone is not
necessarily interested in and accepts
use of electric cars, it can be said that
this person also intends to buy an
electric car, which is related to the use
of technology.

After mass production start of Tiirkiye’s domestic
electric car brand (TOGG) by the end of 2022 as
planned, and with also new market entrances of
other electric vehicle brands, this study should be
repeated again. This will then enable us to measure
the electric car perception and technology
acceptance level of all direct users in Tirkiye.

In this way, it will be possible to compare between
how electric car technology was perceived when it
was not widespread and in case after it is widely
used in Tirkiye. However, in the second
comparison study, which will be held probably a
few years later, the participants will need to be
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selected from a wider range of only direct electric
car users. In this case, some changes can naturally
be expected in the relationships and also the final
model, depending on the new survey data as the
user composition changes.

As the last word it can easily be said that the
methodology followed in this study can potentially
be used in all kinds of Perception and Technology
Acceptance Modeling studies in other fields whose
data do not comply with the normal distribution.
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with in this study.

Contribution of Researchers

In this research, Uzeyir PALA contributed in
determining the research topic, analyzing,
controlling, and revealing the program outputs,
examining the results, writing the article, and
Muazzez MOLA contributed to the issues of
literature research, creating the mathematical
model in the computer environment, researching
the methods to be used in the solution and applying
it to the problem to obtain the results.

Conflict of Interest

No conflict of interest has been declared by the
authors.

References

Altunisik, R, Coskun, R. Bayraktaroglu, S. &
Yildirim, E. (2012). Sosyal Bilimlerde Arastirma
Yontemleri  (SPSS  Uygulamali). Sakarya
Yayincilik, Sakarya.

Bowen, N.K. & Guo, S. (2011). Structural Equation
Modelling; Pocket Guide to Social Work
Reserach Methods. Oxford University Press,
Newyork. Doi:
https://doi.org/10.1093/acprof:0s0/9780195
367621.001.0001

Cohen, J. (1988). Statistical Power Analysis for the
Behavioral Sciences. 2 nd ed. Lawrence Erlbaum
Associates, America. Retrieved from:
http://www.utstat.toronto.edu/~brunner/old
class/378f16 /readings/CohenPower.pdf




Endiistri Miihendisligi 33(2), 265-288, 2022

Cortina, J.M. (1993). What is coefficient alpha? An
examination of theory and applications. Journal
of Applied Psychology, 78(1), 98-104. Doi :
https://doi.org/10.1037/0021-9010.78.1.98

Cakr, F. S. (2019). Kismi En Kiiciik Kareler Yapisal
Esitlik Modellemesi (PLS-SEM) ve Bir
Uygulama. Sosyal Arastirmalar ve Davranis
Bilimleri Dergisi, 5(9), 111-128. Retrieved
from :
http://sadab.org/FileUpload/bs701867/File/k
ismi en kucuk kareler yapisal esitlik modelle

mesi.pdf

Cakir, F. S. (2020). Kismi En Kigiik Kareler Yapisal
Esitlik Modellemesi (PLS-SEM): SmartPLS 3.2.
Uygulamalari. Gazi Kitabevi, Ankara.

Davis, FD. (1989). Perceived usefulness, perceived
ease of use and User Acceptance of Information
Technology. MIS Quarterly, 13(3), 319-340. Doi
: https://doi.org/10.2307/249008

Davis, F.D., Bagozzi R.P. & Warshaw, P.R. (1989).
User acceptance of computer technology: A
comparison of two theoretical models.
Management  Science, 35(8), 982-1003.
Retrieved from:
http://eli.johogo.com/Class/p6.pdf

Dijkstra, T,K. & Henseler, J. (2015). Computational
statistics and data analysis. Science Direct, 81,
10-23. Doi:
https://doi.org/10.1016/j.csda.2014.07.008

Fornell, C. & Larcker, D.F. (1981). Evaluating
structural equation models with unobservable
variables and measurement error. Journal of
Marketing Research, 18(1), 39-50. Doi:
https://doi.org/10.2307/3151312

Gefen, D., Straub, W.D. & Boudreau, M.C. (2000).
Structural Equation Modelling and Regression:
Guidlines for research practice,
Communications of the Association for
Information Systems, 4(7), 1-80. Retrieved from:
http://citeseerx.ist.psu.edu/viewdoc/downloa
d?do0i=10.1.1.25.781&rep=rep1&type=pdf

Globisch, ]., Diitschke, E. & Schleich, ]. (2018).
Acceptance of electric passenger cars in
commercial fleets. Transportation Research
Part A, 116, 122-129. Doi:
https://doi.org/10.1016/j.tra.2018.06.004

Hair, J.F., Anderson, RE., Tatham, RL., Black, WC.
(1998). Multivariate Data Analysis. 5th ed.

Journal of Industrial Engineering 33(2), 265-288, 2022

Prentice-Hall Inc., New Jersey. ISBN :978-
0138948580 Retrieved from:
https://www.abebooks.com/978013894858
0/Multivariate-Data-Analysis-5th-Edition-
0138948585/plp

Hair, J.F., Ringle, C.M. & Sarstedt, M. (2013). Partial
Least Squares Structural Equation Modeling:
Rigorous Applications, better results, and
higher acceptance. Long Range Planning, 46, 1-
12. Doi : https://doi.org/10.1007/978-3-319-
05542-8 15-1

Hair, J.F., Hult, G.T.M., Ringle, C.M. & Sarstedt, M.
(2017). A Primer on Partial Least Squares
Structural Equation Modeling (PLS-SEM). 2nd
Ed. SAGE Publications, Los Angeles. ISBN: 978-1-
4522-1744-4.307 pp

Henseler, ]., Ringle, C.M. & Sinkovics, R.R. (2009).
The use of partial least squares path modeling
in international marketing. Advances in
International Marketing, 20, 277-319. Retrieved
from:
https://www.research.manchester.ac.uk/porta
1/files /33613852 /FULL TEXT.PDF

Kerlinger, F.N. (1978). Foundations of Behavioral
Research. McGraw Hill, Newyork. Retrieved
from:
https://ia801603.us.archive.org/28/items/in.
ernet.dli.2015.111808/2015.111808.Foundati
ons-0Of-Behavioral-Research-Edition-

Second.pdf

Kester, J.,, Rubens, G.Z., Sovacool, B.K. & Noel, L.
(2019). Public perceptions of electric vehicles
and vehicle to grid (V2G):Insights from a Nordic
focus group study. Transportation Research
Part D, 74, 277-293. Doi:
https://doi.org/10.1016/j.trd.2019.08.006

King, W.R. & He, ]. (2006). A meta-analysis of the
technology acceptance model. Science Direct,
43, 740-755. Doi: https://doi.org/10.1016/
1.im.2006.05.003

Kline, R.B. (2011). Principles and Practice of
Structural Equation Modeling. 3 rd ed. The

Guiltford Press, Newyork.Retrieved from:
http://repositorii.urindo.ac.id/repository?2 /file

s/original/b82f02562dfda5b0847b54046b851
28bd7a5836a.pdf

Nakip, M. (2003). Pazarlama Arastirmalar::
Teknikler ve (SPSS Destekli) Uygulamalar.

287


https://psycnet.apa.org/doi/10.1037/0021-9010.78.1.98
http://sadab.org/FileUpload/bs701867/File/kismi_en_kucuk_kareler_yapisal_esitlik_modellemesi.pdf
http://sadab.org/FileUpload/bs701867/File/kismi_en_kucuk_kareler_yapisal_esitlik_modellemesi.pdf
http://sadab.org/FileUpload/bs701867/File/kismi_en_kucuk_kareler_yapisal_esitlik_modellemesi.pdf
https://doi.org/10.2307/249008
https://doi.org/10.1016/j.csda.2014.07.008
https://psycnet.apa.org/doi/10.2307/3151312
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.25.781&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.25.781&rep=rep1&type=pdf
http://dx.doi.org/10.1007/978-3-319-05542-8_15-1
http://dx.doi.org/10.1007/978-3-319-05542-8_15-1
https://www.research.manchester.ac.uk/portal/files/33613852/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33613852/FULL_TEXT.PDF
https://ia801603.us.archive.org/28/items/in.ernet.dli.2015.111808/2015.111808.Foundations-Of-Behavioral-Research-Edition-Second.pdf
https://ia801603.us.archive.org/28/items/in.ernet.dli.2015.111808/2015.111808.Foundations-Of-Behavioral-Research-Edition-Second.pdf
https://ia801603.us.archive.org/28/items/in.ernet.dli.2015.111808/2015.111808.Foundations-Of-Behavioral-Research-Edition-Second.pdf
https://ia801603.us.archive.org/28/items/in.ernet.dli.2015.111808/2015.111808.Foundations-Of-Behavioral-Research-Edition-Second.pdf
https://doi.org/10.1016/j.trd.2019.08.006
http://dx.doi.org/10.1016/j.im.2006.05.003
http://dx.doi.org/10.1016/j.im.2006.05.003
http://repositorii.urindo.ac.id/repository2/files/original/b82f02562dfda5b0847b54046b85128bd7a5836a.pdf
http://repositorii.urindo.ac.id/repository2/files/original/b82f02562dfda5b0847b54046b85128bd7a5836a.pdf
http://repositorii.urindo.ac.id/repository2/files/original/b82f02562dfda5b0847b54046b85128bd7a5836a.pdf

Endiistri Miihendisligi 33(2), 265-288, 2022

Seckin Yayincilik, Ankara. ISBN
9789750203107

Nitzl, C. & Hirsch, B. (2016). The drivers of a
Superior’s Trust Formation in his Subordinate:
The manager- Management accountant
example. Journal of Accounting & Organizational
Change, 58, 1-40. Doi:
https://doi.org/10.1108/]A0OC-07-2015-0058

Ringle, C.M., Sarstedt, M. & Straub, D.W. (2012). A
Critical Look at the use of PLS-SEM in MIS
Quarterly. MIS Quartely, 36(1), 1II-XIV. Doi :
https://doi.org/10.2307 /41410402

Tavakol, M. & Dennick, R. (2011). Making sense of
Cronbach’s alpha. International Journal of
Medical Education, 2, 53-55.
Doi: https://doi.org/10.5116/ijme.4dfb.8dfd

Tenenhaus, M., Vinzi, V.E., Chatelin, Y.M. & Lauro, C.
(2004). PLS path modeling. Computational
Statistics & Data Analysis, 48, 159-205. Doi:
https://doi.org/10.1016/j.csda.2004.03.005

Venkatesh, V. & Bala, H. (2008). Technology
Acceptance Model 3 and a research agenda on
interventions. Desicion Sciences, 39(2), 273-
315. Doi : https://doi.org/ 10.1111/j.1540-
5915.2008.00192.x

Venkatesh, V. & Davis, F.D. (2000). A Theoretical
Extension of the Technology Acceptance Model:
Four longitudinal field studies. Management
Science, 46(2), 186-204.
Doi: https://doi.org/10.1287 /mnsc.46.2.186.1
1926

Venkatesh, V., Morris, M.G., Davis, G.B. & Davis, F.D.
(2003). User Acceptance of Information
Technology: Toward a Unified View. MIS
Quarterly, 27(3), 425-478.
Doi: https://doi.org/10.2307/30036540

Vinzi, V.E., Trinchera, L. & Amato, S. (2010). PLS
Path Modeling : From foundations to recent
developments and open issues for model
assessment and improvement. Springer
Handbooks of Computational Statistics, 3, 47-79.
Doi :https://doi.org/ 10.1007/978-3-540-
32827-8 3

Wetzels, M., Schroder, G.0. & Oppen, C.V. (2009).
Using PLS Path Modeling for Assessing
Hierarchical Construct Models: Guidelines and
empirical illustration. MIS Quarterly, 33(1),

288

Journal of Industrial Engineering 33(2), 265-288, 2022

177-195. Retrieved from:
https://www.jstor.org/stable/20650284

Wuy, ], Liao, H. & Wang, ]J. (2020). Analysis of
consumer attitudes towards autonomous,
connected, and electric vehicles: A survey in
China. Research in Transportation Economics,
80(100828), 1-9. Doi : https://doi.or
10.1016/j.retrec.2020.100828

Yildiz, D. & Uzunsakal, E. (2018). Alan
Arastirmalarinda  Gilivenilirlik  Testlerinin
Karsilagtirllmas1 ve Tarimsal Veriler Uzerine
Bir Uygulama. Uygulamali Sosyal Bilimler
Dergisi, 1, 14-28. Retrieved from:
https://dergipark.org.tr/tr/download/article-
file/507218

Yilmaz, V., Can, Y. & Aras, N. (2019). Kismi En Kii¢iik
Kareler Yapisal Esitlik Modellemesiyle (PLS-
SEM) Niikleer ve Yenilenebilir Enerjiye iliskin
Tutumlarin Arastirilmasi. Alphanumeric
Journal, 7(1), 87-102. Retrieved from:
https://dergipark.org.tr/tr/download/article-
file/761986

Yilmaz, V. & Kinas, Y. (2020). Kismi En Kiigiik
Kareler Yapisal Esitlik Modellemesiyle bir
elektrik dagitim sirketinin hizmet kalitesinin
arastirilmasi. Eskisehir Osmangazi Universitesi
[IBF  Dergisi, 15(2), 437-456. Doi
https://doi.org/10.17153 /oguiibf.534641

Zhou, T, Lu, Y. & Wang, B. (2010). Integrating TTF
and UTAUT to Explain Mobile Banking User
Adoption. Computers in Human Behavior, 26,
760-767. Doi:
http://dx.doi.org/10.1016/j.chb.2010.01.013



https://doi.org/10.2307/41410402
http://dx.doi.org/10.5116/ijme.4dfb.8dfd
https://doi.org/10.1016/j.csda.2004.03.005
http://dx.doi.org/10.1111/j.1540-5915.2008.00192.x
http://dx.doi.org/10.1111/j.1540-5915.2008.00192.x
http://dx.doi.org/10.1287/mnsc.46.2.186.11926
http://dx.doi.org/10.1287/mnsc.46.2.186.11926
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.1007/978-3-540-32827-8_3
http://dx.doi.org/10.1007/978-3-540-32827-8_3
https://www.jstor.org/stable/20650284
https://doi.org/10.17153/oguiibf.534641

