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ABSTRACT

Range of electric vehicles (EVs) has long been considered a major barrier in acceptance of electric
mobility. We examined the nature of how range is experienced in an EV and whether variables from
other adaptation contexts, notably stress, have explanatory power for inter-individual differences in
what we term comfortable range. Forty EVs were leased to a sample of users for a 6-month field
study. Qualitative and quantitative analyses of range experiences were performed, including
regression analyses to examine the role of stress-buffering personality traits and coping skills in
comfortable range. Users appraised range as a resource to which they could successfully adapt and
that satisfied most of their daily mobility needs. However, indicators were found that suggested
suboptimal range utilization. Stress-buffering personality traits (control beliefs, ambiguity tolerance)
and coping skills (subjective range competence, daily range practice) were found to play a substantial
role in comfortable range. Hence, it may be possible to overcome perceived range barriers with the
assistance of psychological interventions such as information, training and interface design. Providing
drivers with a reliable usable range may be more important than enhancing maximal range in an

electric mobility system.
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INTRODUCTION

How far does it go? Most often, this is one of the first questions that come into people’s
minds when hearing of a new electric vehicle. For most novices in the field, the perception of limited
mobility resources is a barrier to purchase intentions (e.g., Bunch, Bradley, Golob, Kitamura, &
Occhiuzzo, 1993; Thomas, 2010). Also, from an expert point of view, EV batteries, which essentially
represent range, are often evaluated as most problematic for the success of electric mobility systems
(e.g., Kitamura & Hagiwara, 2010). However, relying on existing range data drawn from travel surveys
(Duke, Andrews, & Anderson, 2009; Greene, 1985) and feedback from expert EV users (Garling, 2001;
Krems, Franke, Neumann, & Cocron, 2010) EVs should easily be able to meet most travel needs.

Hence, is the experience of range as barrier mainly a psychological issue?

Although EV field trials have a long-standing tradition (e.g., Bish & Tietmeyer, 1983; Patil,
1990), there is very little published research about the nature of how real users experience EV range
and how they subsequently deal with it. Many field trials have focused on assessing technical
variables (Francfort, et al., 1998; Goldstein, Koretz, & Harats, 1996), and few have examined overt
user behavior or general user satisfaction with EVs (Eden, 1997; Francfort & Carroll, 2001).
Psychological processes underlying user experience have thus far only been covered by studies with
inexperienced potential users (Chéron & Zins, 1997; Kurani, Turrentine, & Sperling, 1996). In such
novices, personal safety buffers have been studied as relevant variables for an anticipated
interaction with range, and have been shown to increase perceived range needs (Kurani, Turrentine,
& Sperling, 1994). Moreover, there is some evidence that EV users tend to underutilize given range
resources (Botsford & Szczepanek, 2009; Golob & Gould, 1998). The phenomenon of range anxiety,
which has been heavily discussed in the literature and public media (e.g., Rahim, 2010; Tate,
Harpster, & Savagian, 2009), might contribute to this effect but only anecdotal evidence has been
reported on this topic, for example, by research with EV1 users (Tate, et al., 2009). In sum, scientific

knowledge of range experience in real users is scarce

The objective of the present research was to achieve a better understanding of range
experience in experienced EV drivers. This was done by applying a field trial approach with 40 EVs
leased to customers from the general public, for a 6-month period. On the basis of the existing
literature we formulated the concept of comfortable range and related it to theories of stress and
self-regulation. To meet the research objective we examined (1) the prominent conceptual
dimensions of range experience, (2) quantitative indicators of range experience in terms of range
satisfaction and concerns, as well as comfortable range, and (3) the role of stress-buffering

personality traits and coping skills in comfortable range. The practical aim of this research is to
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provide alternative ways of dealing with the generally perceived barrier imposed by the experience
of range, aside from exclusively improving battery performance. With knowledge of how users
experience and interact with range, user training and design of the human machine interface (HMI)

could be improved.

Psychological Range Levels in an EV

NOTICE: This author’s version can actually not be made fully available
on a website. For a request of a complete author’s version of this

document please refer to the corresponding author:

thomas.franke [at] psychologie.tu-chemnitz.de

CONCLUSIONS

The range of EVs has long been considered a major barrier to public acceptance of electric
mobility. However, for state-of-the-art electric mobility systems our evidence suggests that range is
primarily a psychological barrier. However, this does not imply that range in electric mobility systems
can be dismissed, especially if we take environmental utility and pricing issues into consideration.
The present study attempted to broaden as well as shift the focus of conventional research, from
increasing nominal battery capacity to focusing on enhancing usable range. Understanding individual
range experience dynamics and proposing ideas for supportive interventions were efforts in this

direction.

To support the feasibility of this approach, we introduced a relevant variable for range
experience — comfortable range — merging variables discussed in previous research, namely, range
buffers and range anxiety. This proposed variable was contextualized in four psychological range
levels. We present a first attempt to theoretically define the variable of comfortable range within the
broader theoretical framework of stress and general control theory. Viable strategies to improve
range experience may be devised from this outline, to ensure the successful development of future

electric mobility systems.
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