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Since electromobility (e-mobility) is a large field of innovation, it is crucial to examine new developments with
potential users in mind. Therefore, we investigated the impact that new fast-charging technologies for electric
vehicles (EV) have on ordinary people's assessment about the future prospects of e-mobility—which is an impor-
tant prerequisite for increased attitudes towards e-mobility in general. First we let participants perform a typical
charging process, where theywere either introduced to the slower-operating, alternating current (AC) system or
the fast-operating direct current (DC) system. In a second experimentwe used the same procedure but instead of
letting participants actively perform the charging process, they were only given written information about these
charging technologies. Results show that participants' future estimation about EVs only rises when they actively
charge an EV in the fast DC condition but not in the AC condition. General attitudes towards EVs increase inde-
pendently of the AC or DC condition. None of these effects could be seen without active hands-on experience
(second experiment). These indications imply the value of investing in fast-charging systems to induce more fa-
vorable judgments regarding the future prospect of EVs. The importance of letting people actively take part in the
way e-mobilityworkswill be discussed regarding the potentially improvement of participants' attitudes towards
e-mobility.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction and theoretical background

Germany's transportation sectorwas set to be revolutionized recent-
ly, according to the German chancellor Angela Merkel, by having one
million electric vehicles (EVs) on Germany's roads by 2020. Given that
the number of electric cars is only 18,948 in Germany as of January
1st, 2015 (Kraftfahrt-Bundesamt, 2015), it is obviously an ambitious
aim of the German government; but considering the potential of these
vehicles to reduce carbon dioxide emissions, they do present a promis-
ing ecological-sustainable transportation system solution (Holdway
et al., 2010). A major reason for this low number of EVs is commonly
seen in the hitherto low number of EV models on sale. Considering the
prognosis in the market development roadmap proposed by experts
from the German National Platform for Electromobility, the strongly-
increasing number of EV sales required is expected to occur during
the market ramp-up phase of 2014–2017 with 15 new EV models
becoming available at the beginning of the phase through German auto-
mobile manufactures alone (Nationale Plattform Elektromobilität
(NPE), 2012). EVs only have a chance of succeeding in the mass market
artment of General Psychology
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if they meet customer expectations (Vilimek and Keinath, 2014); how-
ever a recent poll has revealed that public opinion on electromobility is
still quite skeptical in Germany (e-mobility; Schwedes et al., 2013;
Steinhilber et al., 2013). Most of the reservations about e-mobility
were caused by the limited range of EVs (Franke et al., 2012b), high
costs and (infrastructural) charging complications (Bayram et al.,
2013; Jin et al., 2013; Kampker et al., 2012). All these factors taken to-
gether bear the possibility of discouraging potential users from seeing
EVs as a positive future prospect and thus from interpreting EVs as a
valuable alternative to conventional mobility concepts, which seems
to be the ultimate psychological prerequisite for heating up the EVmar-
ket. Several studies attest to the everyday requirements of EVs (Bunce
et al., 2014; Vilimek et al., 2012), using a longer-term study design to
demonstrate an increase in the acceptance of EVs (Labeye et al., 2013;
Neumann et al., 2010). Therefore it seems rather difficult to assess po-
tentials of changing ordinary people's attitudes towards EVs in a short
period of time. The German National Platform for Electromobility advo-
cates four key areas for increasingpublic awareness and improving pub-
lic opinion (NPE, 2012): (1) communicate advantages and the everyday
suitability of e-mobility, (2) emphasize the positive ecological impact of
electric driving, (3) reduce operating costs and, finally, (4) improve the
charging processes. The latest development in charging technology of-
fers the possibility of charging EVs very quickly (see Table 1), which
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Table 1
Different chargingmodalities of EVs, the corresponding charging power in kW and typical
approximate charging duration from a nearly empty up to a fully loaded battery (depen-
dent on local electricity infrastructure and charging equipment).

Charging modality Charging power Duration

Standard AC charging (e.g. household socket) 3.7 kW 6–8 h
Wallbox AC charging 4.6 kW–7.4 kW 3–6 h
Fast DC charging Up to 50 kW 0.5–1 h
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may now permit the evaluation of proposed improvement caused by
fast-charging technologies—one of the four key areas announced by
the NPE (2012) to increase public awareness and improving public
opinion. It is based on DC (direct current) supply with a high current
strength of up to 50 kW, which enables the charging of an EV with a
nearly empty battery to a capacity of 80% in less than 30 min—much
faster than conventional AC charging technology which needs several
hours for the same gain of battery energy (Botsford and Szczepanek,
2009). Additionally, the Technology Acceptance Model (Davis, 1989)
as well as its extensions (Venkatesh and Davis, 2000) predict that the
perceived usefulness of a new technology is one of the most important
factors for technology acceptance (Legris et al., 2003). Therefore, we
were interested whether the present 50 kW DC fast-charging stations
are able to increase the perceived usefulness of e-mobility andmight af-
fect potential users' attitudes towards e-mobility and their assessment
on the prospect of EVs.

Since the International Society of Automotive Engineers (SAE)
and the EuropeanAutomobileManufacturers Association (ACEA) deter-
mined the combined charging system (CCS) as a standard for fast-
charging facilities, an important impulse was set for the compatibility
of EVs with public charging systems. It offers, therefore, an interesting
opportunity to reply to typical concerns about the limited range and
long-standing recharge cycles of EVs. As the adoption of innovations
directly influences the productivity as well as the profit of countries
and companies (Mairesse and Mohnen, 2002) it seems important to
be able to predict those progressions for the future of e-mobility. With
the Repeated Evaluation Technique (RET) introduced by Carbon
and Leder (2005) – a method to capture the dynamic effects of innova-
tions –we are able to examine the dynamic effects fast-charging has on
the attitudes of potential users. Using the RETwe conducted two exper-
iments in which participants either actively experienced the charging
technologies or only passively received pure information about these
technologies. We predict that experiencing fast-chargingwill positively
impact the perception towards e-mobility.

2. Experiment 1

In the first experimentwewere interested in the impact that active-
ly using the new DC-system would have on people's attitudes towards
e-mobility and their assessment on the prospect of EVs becoming a
major mobility concept in the future.

For a valid ecological designwe simulated a typical charging process
and designed a specific method that enables us to track changes in user
attitude and assessments on e-mobility while interacting with the
vehicle. The method we used was inspired by the Repeated Evaluation
Technique (RET) by Carbon and Leder (2005)which enables the captur-
ing of dynamic effects concerning innovative aspects of e.g. e-mobility,
already employed by a series of experimental (Faerber et al., 2010) as
well as psycho-physiological procedures (Carbon et al., 2008). By selec-
tively familiarizing participants with either the conventional, slow-
charging AC-system or the advanced, fast-charging DC-system, we
were able to compare the different effects these two charging systems
have on people's attitudes towards, and assessments on, e-mobility. In
order to additionally have the ability to observe changes over time,
participants were asked to fulfill a questionnaire before (t1) and after
(t2) the charging process. Between these questionnaires, participants
were interviewed in the car while the charging was in progress to
a) let them experience the fast DC- or slow AC-charging process,
b) get information about the spare time activities theywould favor dur-
ing a charging process and c) ask them about usability and safety per-
ception with regard to the charging procedure.

2.1. Method

2.1.1. Participants
Forty-six men and sixteen women (total n = 62), ranging in age

from 18 to 75 years (M = 43.6 years SD = 14.8), agreed to participate
in our study. All participants were randomly chosen German visitors
from the “BMW Welt” (Engl.: “BMW World”—a multi-functional cus-
tomer experience and exhibition facility of the BMW Group, located in
Munich, Germany). After the experiment, participants received a gift
coupon valued at € 7.— in compensation to be redeemed at the nearby
BMWWelt.

2.1.2. Apparatus and stimuli
The charging station we used in this experiment was from the Asea

Brown Boveri (ABB) group laid out for the combined charging system
(CCS). The BMW Group provided a BMW ActiveE conversion electric
vehicle assembled with a 28 kWh battery and a range of approximately
160 km that was compatible with the CCS standard. To gain optimal ex-
perimental control we decided to use a simulation app on awhite SONY
Xperia Z Tablet that was mounted on the original charging station
screen. This app was able to simulate a time-synchronized typical
charging procedure for the AC as well as the DC condition. The tablet-
PC as well as the implemented appwas adjusted to the charging station
in such a way that it was hardly distinguishable from the original, un-
modified charging station in order to keep the scenario as realistic as
possible—in fact, none of the participants noticed the mock-up quality
of the employed setting.

2.1.3. Setting and procedure
The field experiment took place in front of the main gate of BMW

Welt in Munich, Germany over 2 weeks in summer 2013 (from the
end of July until the beginning of August) when a charging station
from ABB group equipped with the CCS standard was installed.

Participants were accompanied to the testing site where they first
read and signed their written consent. As shown in Fig. 1, participants
then filled in the t1 questionnaire. In this questionnaire, participants an-
swered questions concerning their socio-demographic details, attitudes
towards EVs, assessment of the future prospects of EVs, innovativeness,
environmental attitude and existing experience. All quantitative data
were measured on a seven-point rating scale from 1 to 7 (1 = do not
agree at all; 7 = do absolutely agree). The exact wording of the items
we report here is listed under Appendix A.

In the elaboration phase, participants were first introduced to
the set-up for charging the electric vehicle. Afterwards they were
given additional information about the charging station and the dura-
tion of the charging process depending on whether they were in the
slow (AC) or in the fast (DC) condition. In the AC condition participants
were told it would take up to 6–8 h to fully charge the car, while in the
DC condition peoplewere told it would only take approximately 20min
to charge the almost empty battery up to 80% (see Table 1). Subsequent-
ly, participants were asked to start the charging procedure without fur-
ther instruction from the experimenter. Participants connected the plug
with the vehicle and started the process on the display. As described be-
fore, participants were made to think that the charging was proceeding
for real. To make sure the scenario was trustworthy, participants were
informed after the experiment about the simulation in a debriefing ses-
sion and asked if they had noticed the modification at any time or had
had doubts about whether this was a real charging procedure. None of
the participants said they had noticed at any time that the procedure
was only a simulation instead of a real charging process.



Fig. 1. Procedure and time course for both charging simulations.
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The app was basically programmed the same way as the original
in the charging station. Depicted were a start/stop button and a bar
showing the actual battery status added by the percentage specification.
Calculations for the charging progress were based on the battery capac-
ity of the BMW ActiveE and the charging power of the standard AC and
fast DC charger respectively (see Table 1). After starting the charging
procedure, the participant and the interviewer entered the BMW
ActiveE where the interview was completed (Fig. 2). During the inter-
view, information concerning usability, safety and favored behavior
during a charging procedure was obtained. Subsequently, the partici-
pant and the interviewer left the car in order to terminate the charging
and unplug the car.

As a last step, participants completed the t2 questionnaire as part
of the method. Again we obtained information concerning attitudes to-
wards EVs and assessment on the future prospect of EVs. Finally, partic-
ipants were debriefed about the aims of the study.
2.2. Results

In Experiment 1we focused onwhether the advanced, fast-charging
DC-system has an impact on people's attitude towards EVs and theway
they see the future prospects of EVs compared to the conventional,
slow-charging AC-System in separate groups.

To measure the progression over time we calculated the difference
between the given data after (t2) and before (t1) the charging proce-
dure took place. For the first analysis we used a one-sample t-test to
test each difference value in each condition against 0. In the second
analyses we used an independent sample t-test to compare the differ-
ences between the slow AC condition and the fast DC condition. As we
proposed that the fast DC chargingwould improve people's attitudes to-
wards EVs, we tested p b .05 one sided. Participants' attitudes towards
EVs increased in the AC condition [t(31) = 2.03, p = .0255, d = .38]
as well as in the DC condition [t(29) = 2.07, p = .0235, d = .36] sig-
nificantly. This indicates that by merely experiencing e-mobility, the
concept of EVs and their charging system especially leads to better
rating in terms of their attitudes towards EVs. The difference between
the AC and DC condition concerning these judgments was not signifi-
cant [t(60) b 1, n.s.] (see Fig. 3).

Regarding assessment on the future prospect of EVs, only ratings in
the DC condition rose significantly [t(29) = 2.29, p = .0175, d = .46]
documented via a medium-large effect—we did not obtain any change
in the AC condition [t(31) b 1, n.s.]. Furthermore, the difference between
DC and AC condition regarding the assessment on the future prospect
of EVs showed a significant outcome with a medium-large effect
[t(60) = 1.94, p = .0285, d = .50] (see Fig. 3).
3. Experiment 2

In Experiment 2 we aimed to investigate the role of experiencing
fast-charging, i.e. whether it is necessary to let participants actively ex-
perience e-mobility in terms of the charging procedure, or whether the
same effects can be attained purely by giving themwritten information.

Therefore, we used the same design as in Experiment 1, but instead
of conducting the charging procedure and taking part in an interview on
the information about the BMW ActiveE, the charging technology and
questions concerning their favored behavior during a charging proce-
dure were presented in written forms and participants had to fill
in their answers – in exactly the same chronological order as in Experi-
ment 1 – with a pen.

3.1. Method

3.1.1. Participants
Fifty-onewomen and elevenmen (totaln=62), ranging in age from

17 to 29years (M=20.2 years; SD=2.04) participated in this study. All
participants were students from the University of Bamberg and were
given € 7.—in compensation.

3.1.2. Apparatus and stimuli
Instead of using the real ABB charging station and the BMWActiveE,

we illustrated the new DC fast-charging technology by presenting pho-
tographs of the whole setting which we had used in Experiment 1 (e.g.
Fig. 2) to get a typical impression of the scenario and the linked technol-
ogy usually presented in press material. Since there was no app that
simulated a time-synchronized typical charging procedure, we used
written information about the relationship between time and battery
status during a charging procedure adjusted to the AC or DC condition.

3.1.3. Setting and procedure
The experiment took place in the facilities of the University of

Bamberg in January 2014.
As mentioned previously, the process of Experiment 2 was exactly

the same as in Experiment 1 except that participants did not actively
take part in the charging procedure, but were given the identical
information and questionnaires in written form. Questions about the
usability of the charging station were removed because they were
meaningless in the given context.

3.2. Results

In order to test each different value in each condition against null we
again used a one-sample t-test; and in order to compare the differences



Fig. 2. Showing a typical test scenario in the study.
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in the slow AC condition with the fast DC condition an indepen-
dent sample t-test was used. Participants' attitudes towards EVs in
Experiment 2 did not significantly increase in either the AC condition
[t(31) b 1, n.s.] or the DC condition [t(29) b 1, n.s.] (see Fig. 4). Addition-
ally, the difference between the AC and DC condition showed no signif-
icant effect [t(60) b 1, n.s.]. No effects in the assessment of the future
prospect of EVs could be seen, whether in the AC condition [t(31) b 1,
n.s.], the DC condition [t(29) = 1.07, p= .293, n.s.] or in the difference
between the AC and DC condition [t(60) b 1, n.s.] (see Fig. 4).

4. Conclusions and discussion

Due to the development of fast DC-charging in public, a new oppor-
tunity is presented to make EVs seemmore attractive. Results in Exper-
iment 1 have shown that people's opinion about the future prospect of
EVs increased significantly in the DC condition compared to the AC con-
dition. Interestingly, attitudes towards EVs increased in the AC and in
the DC condition. However, none of these effects could be revealed in
Experiment 2 where participants were only handed out the same infor-
mation in written form instead of being allowed to actively experience
the different charging technologies. In the following sectionwewill out-
line possible explanations for our findings.

Although EVs are still a controversial topic of discussion among
some researchers (Doring and Aigner, 2011; Mohseni and Stevie,
2010), previous studies have shown that hands-on experience with
Fig. 3. Change of agreement for slow AC and fast DC charging condition concerning
attitudes towards EV and assessment of the future prospect of EVs. ⁎p b .05 (one sided).
EVs in everyday driving scenarios is crucial for the acceptance of this
new transport technology in general (NPE, 2012; Turrentine et al.,
2011; Vilimek and Keinath, 2014) and in order to reduce psychological
barriers concerning EV's limited range (Franke et al., 2012b). The exper-
iments reported here give hints for increasing EV acceptance by posi-
tively affecting people's perception of e-mobility when experiencing
DC fast-charging. In Experiment 1, we obtained an important effect for
people's assessment of EVs being the future which only rose when the
participants used an active fast-charging procedure taking about
30 min. Attitudes towards EVs were positively affected by the slow AC
and fast DC condition in Experiment 1, which might indicate that
the AC system will also be regarded as a useful option for recharging
by the majority of potential customers but in a different context―e.g.
at home, overnight or during work (Robinson et al., 2013). A different
explanation is that mere exposure to a product increases the fluency
of processing and is known to increase the appreciation for it as
documented in the visual (Zajonc, 1968) as well as the haptic do-
main (Jakesch and Carbon, 2012). Mere exposure can also encourage
a consumer to have a more favorable attitude towards a brand
(Janiszewski, 1993). Possibly, the assessment of EV's future prospect
feels less related to the self, whereas the attitude towards EV ismore re-
lated to the self, and somere exposure influenced participants' attitudes
but not their possible assessment of EV's future prospect.

Nevertheless, none of these effects could be achieved in Experiment
2 by just handing out the same information, so letting experience
Fig. 4. Change of agreement for slow AC- and fast DC-charging condition regarding
attitudes towards EVs and assessment of the future prospect of EVs in the passive
elaboration (Experiment 2).
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e-mobility quite passively instead of getting familiar with DC fast-
charging technology through an active charging procedure. Therefore,
another approach is that letting people actively take part in e-mobility
issues might generally increase the attitude towards this technology
by typical familiarization effects often found in the literature (e.g., via
increased fluency, see Albrecht and Carbon, 2014; Reber et al., 1998)
when innovative products are to be evaluated (Carbon et al.,
2008)—in other words: you need to be familiar with something innova-
tive to be able to appreciate it, and the likelihood of such familiariza-
tion seems to be better guaranteed by active than by passive
elaboration. Obviously, to qualify the future of e-mobility people must
experience it rather than read about it. Really convincing and also fit
for the future only seems to be a technology which is charging
sufficiently fast—but such an insight could not be documented
when people only read about the facts on fast-charging; they man-
datorily had to experience it. Like the Aesthetic-Aha! effect revealed
by Muth and Carbon (2013), participants may need such an Aha effect
when familiarizing with e-mobility charging technologies. When
they experienced fast charging not only in theory but in practice when
doing so on their own, this might have induced the evaluation that
the car is now really ready for a longer trip just after some minutes of
charging—this evaluation was effectively supported by showing a
quickly advancing progress bar on the screen. Therefore, we assume
that participants perceived an increase in the usefulness of e-mobility
initiated by the experience of the fast-charging system, which is in
line with former findings regarding the Technology Acceptance Model
(e.g., Legris et al., 2003; Venkatesh and Davis, 2000). This idea was
reflected by typical comments of participants taking part in the active
DC fast-charging condition of Experiment 1 by pointing out that they
“didn't expect the charging to be so fast” or “always thought to have
to wait for six hours before continuing the journey.” These findings fit
to previous research about e-mobility where it has been shown that
actively exploring the range of EVs was linked to a more successful
adaptation (Franke et al., 2012a, 2012b). However, we explicitly do
not conclude that the passive engagement with EVs has no influence
on the favorability of EVs at all, since we used a different sampling pop-
ulation and conducted Experiment 2 in a different setting. Thus, another
possible reason might be that undergraduates (in Experiment 2) are
simply generally less inclined to care about EVs than adults who were
self-selected into visiting the BMW exhibition facility. Additionally, we
cannot judge whether only interacting with the car instead of charging
it would have greater or lesser effects on people's acceptance of e-
mobility. Thus, we can only assume that the likelihood for raising atti-
tudes towards EVs increases when people actively take part in the
way e-mobility works.

In facing the challenges for an ecologically valid transportation
system, it is important to improve the perception towards EVs with
regard to public authorities and especially public opinion as a whole
(Spickermann et al., 2014). Therefore, fast charging opportunities
seem to be another step in the right direction of fulfilling potential con-
sumer expectations.

Additionally these experiments demonstrated possible implications
of how e-mobility could be brought closer to a wide range of people.
Merely by letting people engage with the concept of e-mobility and
giving them the chance to actively explore the facilities of EVs, especial-
ly the method of charging, their attitudes towards EVs improved
significantly. Although other studies have shown pre-post effects be-
fore, it was mostly during a long trial period (Cocron et al., 2011;
Jensen et al., 2013). The possible insights derived from our studies can
now help to transfer this adaptation process to the active exploration
of fast-charging systems leading to an increase of the assessment of
the future prospect of EVs. Taken together, e-mobility may become
more attractive when potential customers have the chance to actively
take part in the way e-mobility works, bearing in mind that fast DC
charging is capable of improving assessments of the future prospect of
EVs.
Appendix A

Table 2
Wording of the items used in Experiment 1 and Experiment 2 concerning the variable at-
titudes (Cronbach's a = .86) and assessment of the future prospect of EV's.

Attitudes
In my opinion, electric vehicles would make a good impression on other people.
[German: Meines Erachtens machen Elektrofahrzeuge bei anderen einen guten
Eindruck.]
Electric vehicles please me. [German: Elektrofahrzeuge gefallen mir.]
I would like to use electric vehicles. [German: Ich wtirde Elektrofahrzeuge geme
fahren.]
Electric vehicles would give me pleasure. [German: Elektrofahrzeuge wiirden mir
Freude machen.]

Assessment of the future prospect of EVs
Electric vehicles are the means of transportation of the future. [German:
Elektrofahrzeuge sind das Verkehrsmittel der Zukunft.]
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