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Figure 1: Interface and intervention concepts discussed with participants included (a) location-based charging notifications;
(b) an app to illustrate the impacts of aggressive driving on efficiency; (c) an augmented reality game designed to improve
familiarity with charging stations; (d) cost-savings notifications; (e) an app to convert money saved from charging to donations
of the user’s choice; (f) an ambient display charging reminder app; (g) a social leaderboard app that encourages streaks of
“good” trips with high proportion of electrified miles; (h) and an in-car indicator that signals electric (blue light) or gas-powered
(red light) driving (see Appendix Figure 3 for the expanded set).

ABSTRACT
Electrification is an important first step toward reducing the green-
house emissions of passenger vehicles. However, how drivers drive,
charge, and operate their electrified vehicles can have a large impact
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on their emissions, particularly for Plug-in Hybrid Electric vehicles
(PHEVs) that combine all-electric driving with an internal combus-
tion engine. In this paper, we investigate how and why drivers use
their PHEVs and uncover design opportunities for interfaces that
can support the efficient use of PHEVs. We used a mixed-method
approach combining quantitative, qualitative, and concept elicita-
tion methods with PHEV owners in the US. While past findings
indicate that PHEV drivers are not motivated to charge regularly,
our work contradicts this with evidence of (1) regular charging with
home infrastructure, (2) high cost sensitivity, and (3) preference
for driving in all-electric mode. Our results indicate that the most
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critical problem is inadequate user support for navigating poor
charging infrastructure.
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→ Law, social and behavioral sciences.
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1 INTRODUCTION
Driving accounts for a substantial portion of carbon emissions;
reducing driving-based emissions is critical to meet climate goals.
For current US-based drivers, switching from conventional gas ve-
hicles to battery electric vehicles (BEVs) provides a good solution
to reduce driving-related carbon emissions [29, 30]. However, the
wide-spread adoption of BEVs in the US has been hindered by fac-
tors that include high purchase prices due to high battery costs,
limited battery resources, gaps in charging infrastructure, and psy-
chological barriers related to range anxiety [8, 10, 13, 14, 35]. Other
carbon-emission friendly options have the potential to ameliorate
some of these concerns. Plug-in hybrid vehicles (PHEVs) have been
proposed as a viable alternative or complement to BEVs that can
both reduce driver carbon emissions and align more closely to cur-
rent US vehicle usage. PHEVs are powered by both a short-range
plug-in battery-electric motor and an internal combustion engine
(ICE) that powers the vehicle when the battery is depleted. Although
PHEVs have smaller batteries than BEVs, the short range they pro-
vide can cover the daily distance driven by most US-based vehicle
owners [12, 82]. As such, PHEVs have the potential to electrify a
high percentage of miles driven, but do so using smaller and cheaper
batteries that require fewer resources to produce [25, 31, 65, 82].
Additionally, because they also have an ICE, PHEVs can limit psy-
chological barriers related to range anxiety.

Despite their advantages, the emission-reducing potential of
PHEVs depends on driver behavior and hence interfaces and in-
terventions still have a role to play. With a short electric range,
drivers need to charge their PHEVs regularly to electrify a signifi-
cant proportion of miles driven [12]. When not charged regularly,
PHEVs act more like standard hybrid electric vehicles, emitting
less carbon than ICE-only vehicles but far more than they would
otherwise [31]. Optional charging has become a major point of crit-
icism: a number of influential reports on real-world PHEV usage
suggest that PHEV owners charge less frequently than regulators
originally assumed and hence drive fewer anticipated electrified

miles [34, 48, 53, 55, 76], leading some countries to limit or eliminate
government vehicle purchase incentives for PHEVs.

Although recent, many of these reports relied on samples of older
data with older model PHEVs. The variety of models of PHEVs and
their electric range, consumer knowledge and interest, and support-
ing charging infrastructure have all changed considerably since
many of these data sets were collected. These advancements pro-
vide an opportunity to understand better how today’s US-based
drivers use modern PHEVs and identify the factors that influence
PHEV driving. In this paper, we ask: What routines and habits have
people established for charging PHEVs? How do charging infras-
tructure, environmental issues, and cost concerns impact people’s
charging behavior? How do people drive PHEVs and to what extent
are they aware of how their driving behaviors might impact their
car’s efficiency? And how do people stay informed of their vehicle’s
electric vs gas usage?

While past findings indicate that PHEV drivers are not motivated
to charge regularly, our work contradicts this, instead suggesting
that the most critical problem is inadequate user interface support
for navigating a very poor charging infrastructure.

2 RELATEDWORK
PHEVs differ from other vehicles in their design, which has led to
some uncertainties surrounding their usage and emissions. While
past work addresses some of these concerns, we focus on human-
centered PHEV issues to promotemore sustainable driving behavior
and maximize their carbon-reducing potential.

2.1 PHEVs are Designed to Reduce Carbon
Emissions using Fewer Battery Resources

PHEVs are vehicles that are powered both by conventional fuel with
a combustion engine and by electricity from a battery that can be
plugged in to charge from the electrical grid. They are distinct from
hybrid electric vehicles as they have a larger, chargeable battery,
and are also distinct from BEVs because they carry an ICE for use
after the battery depletes. Most modern PHEVs operate “serially”,
first driving on battery power alone and switching to the gas engine
when there is no remaining electric charge.

PHEVs have been available for purchase since 2010 and repre-
sent a large number of vehicles on the road today. Between 2011
and 2022, over 810,000 PHEVs were purchased in the United States,
representing 34.7% of plugin electric vehicle (PEV) sales [23]. Ap-
proximately 35 of every 100 PEVs purchased in the United States is
a PHEV. During Q2 2022, PHEVs accounted for 3.1% of global light
duty vehicle sales (1.5% in the United States), a 3-fold increase from
the end of 2020 [19, 46].

Although PHEVs have shorter electric ranges than modern BEVs,
they can still greatly reduce vehicle carbon emissions. The Society
of Automotive Engineers (SAE) used a national survey of US-based
driving behavior to calculate a PHEV’s “utility factor” (UF), or the
proportion of miles PHEVs have the potential to electrify given
their electric range [12]. The SAE and other simulation-based re-
search methods find that, if fully charged on each driving day,
PHEVs can electrify a considerable percentage of driven miles (e.g.,
UF estimates of 55–70% for PHEVs with 30 miles of pure electric
range[12, 82]), with higher-range PHEVs having nearly the same
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potential to reduce carbon emissions as BEVs [25, 31, 38, 59]. Many
PHEVs (42%) and BEVs (45%) are part of multi-car households, of-
ten combined with a ICE vehicle. Tal et al. found that a two-car
household with a higher-range PHEV and ICE has nearly the same
emissions per mile (285gGHG/mi) as a two-car household with a
standard-range BEV and ICE (265gGHG/mi) [77].

In addition to their carbon-reducing potential, the smaller bat-
teries in PHEVs require fewer resources and are cheaper to produce
than the larger batteries required for BEVs [65]. Batteries remain
one of the most expensive parts of electrified vehicles, requiring
minerals and materials that are in short supply, expensive to source,
and may not meet the emerging demand required for a full switch to
BEVs [64, 65, 71, 74]. PHEVs offer a more affordable and accessible
alternative to electrify more vehicles that make more efficient use
of limited battery resources [25, 38, 65]. With all costs considered,
simulation-based methods find that long-range PHEVs offer nearly
the same carbon-reducing potential as BEVs, but at a considerably
lower initial purchase cost to consumers [25].

2.2 Uncertainty about PHEV Charging Behavior
and Carbon Emissions

Despite the positive simulation predictions, analyses of real-world
PHEV driver behavior have called into question PHEVs’ carbon-
saving benefits. A 2020 report by the International Council on
Clean Transportation (ICCT) analyzed real-world PHEV usage in
six countries to assess their carbon impact [55]. The report stated
real-world PHEVs emissions were 2–4 times higher than regulatory
and simulation-based estimates suggested. The identifying factor
was PHEV drivers who charged their vehicles less than the once
per driving day often assumed by simulation-based metrics. For
example, PHEV drivers in Germany charged only 3 out of every
4 driving days, decreasing the potential electrified miles by an es-
timated 13–23% [55, 56]. This and other reports have influenced
legislative discussions around PHEV incentives, with countries con-
sidering excluding PHEVs from future carbon-reducing incentives
(e.g., Swiss Valais canton [48]).

There are limits to the generalizability of the findings in the
ICCT’s report. The main PHEV drivers identified in the report as
non-chargers were European drivers of company cars who were
reimbursed for fuel but not electricity [55, 56]. Although problem-
atic, this type of behavior suggests a mismatch of financial incen-
tives rather than fundamental problems with PHEVs as a class of
emission-reducing vehicles. In contrast, the ICCT report’s analysis
of North American driver behavior, which consisted exclusively
of private vehicle owners, found that PHEV owners in the United
States charge nearly once per driving day, resulting in UF values
much closer to, and sometimes exceeding, levels expected by regu-
lators [3, 37, 55, 56, 56, 67, 75].

Other reports highlight that regular charging is not ubiquitous
among all US-based PHEV owners. Tal et al. found poor UF among
PHEVs due largely to lower-than-expected charging rates [76]. Sim-
ilarly, Nichols et al. found that many PHEV owners reported not
frequently charging, with increases in reported charging frequency
correlating with increases in range [53]. A 2020 survey report found
8% of Californian PHEV owners charged less than once a week [11]
and that 20% did not re-purchase a PHEV as their next vehicle [26].

The primary factor linked to low charging frequency and lower like-
lihood of re-purchasing a PHEV was dwelling type: people who did
not live in single detached homes were most likely to find charging
inconvenient, least likely to charge, and least likely to re-purchase
a PHEV. Additionally, the ways PHEVs are driven (e.g., acceleration
patterns) can substantially influence their UF [34, 55]. These results
therefore propose that although US-based PHEV usage is generally
close to that expected by simulations, there may still be opportuni-
ties to improve PHEV owners driving and charging behaviors to
reduce emissions.

A challenge with most previous PHEV work is that it is gener-
ally based on early PHEV studies with older model PHEVs. The
majority of vehicles in the data sets analyzed by the ICCT report
included model years from 2016 or older, which offered less variety,
older powertrains, and lower electric ranges than models currently
offered in 2022. Newer PHEV powertrains have the ability to op-
erate serially, utilizing most of the battery before turning on the
ICE, whereas older PHEV powertrains tend to operate in parallel to
optimize gas efficiency with the help of the battery. Recent reports
have found that more recent models with higher electric ranges
have increased real-world UF [75]. Additionally, although lack of
home charging has been cited as a primary pain point for drivers of
older PHEV models, charging infrastructure in the US continues to
improve [5] and may present less of an inconvenience for current
PHEV owners. Our work investigates the current state of PHEV
driving and charging behaviors, taking into account changes in
charging infrastructure and newer PHEV models.

2.3 Interventions Aimed at Carbon-Friendly
Car Usage

In-cabin interfaces can have a strong impact on the efficiency of
BEVs and PHEVs, with some work suggesting that “an econom-
ical driver might. . . save 30% energy compared to an inefficient
driver” [54]. However, some feedback methods are more impact-
ful than others. Franke et al. found that BEV dashboard feedback
UIs, such as the battery input icon light in the Chevy Bolt,
may convey to users that regenerative braking is more efficient
than it actually is [21]. Rather, they suggest focusing on dashboard
UIs that help BEV drivers reduce aggressive driving and “avoid
strong acceleration and braking” where possible. Jung et al. found
that “ambiguous display[s] of [remaining electric] range” can ac-
tually ameliorate range anxiety for drivers of EVs [33]. Work on
driver emotional states suggest that interventions aimed at reduc-
ing anxiety, which is linked to aggressive driving, is most helpful at
intersections [18]. Other work suggests that emotional states have
been studied thus far mostly in isolation and future work should
evaluate driver emotions more holistically [4].

Many interventions for improving efficiency have focused on am-
bient and peripheral displays, to improve driving performance [40]
and help users transition control in L3 automated driving tasks [43].
Kunze et al. investigated in-cabin, light-based ambient displays
that used different approaches to display four different levels of
output and found that participants could discern “changes in light
position, pulse frequency, and hue” and that pulses are particularly
interruptive. In separate work, they compared a conventional dash-
board display against an in-cabin peripheral display that included
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a light strip and a vibro-tactile seat, finding that the peripheral
display reduced cognitive load and frustration while improving per-
formance on the main (driving) task [36]. Avolicino et al. proposed
EcoGO, a mobile app that combines eco-feedback with gamification
(earning points and social ranking) to promote more sustainable
driving [1]. Dahlinger et al. found that abstract eco-feedback (grow-
ing leaves on a tree) had a slight but significant effect on reducing
fuel consumption whereas a concrete design (fuel consumption
gauge in liters/100km) did not, because the abstract feedback in-
duced a higher level of interpretation in drivers which in turn helps
them focus on the benefits of pro-environmental behavior [15].
Finally, the success and uptake of the Volt Stats website [79], which
helped owners track real world usage and efficiency statistics of
their Chevrolet Volt (a now-discontinued PHEV), suggests a latent
interest in hypermiling, or the careful application of driving prac-
tices to maximize vehicle efficiency. Sites supporting hypermiling
often leverage gamification, which has been shown to be a use-
ful method to reward driving efficiency [80]. Building on these
prior interventions, we generated and evaluated design concepts
specifically for PHEVs to promote behaviors (e.g., plugging in and
driving using electricity) that are critical for achieving the intended
reductions in carbon emissions with a PHEV powertrain.

3 RESEARCH QUESTIONS
Based on the mixed evidence for regular charging behaviors and
carbon-savings from prior literature of older PHEV models, we
identify three research questions about the ownership, driving,
and charging behaviors of current PHEV owners. We employed
a mixed-methods approach—integrating quantitative, qualitative,
and concept elicitation—to understand the factors that influence
the PHEV usage of broad sample of current US-based PHEV owners.
Specifically, our goal is to understand:

RQ 1. What routines and habits have people established for charging
PHEVs?

RQ 2. How do charging infrastructure, environmental issues, and
cost concerns impact people’s charging behavior?

RQ 3. How do people drive their PHEVs? How do they perceive their
personal utility factor (UF), that is, the proportion of miles driven only
on battery power?

4 METHODS
To address these research questions, we recruited a broad, US-wide
sample of current PHEV owners to participate in a quantitative
survey. A subset of these owners additionally participated in a
qualitative diary study and semi-structured interviews with concept
evaluations of paper prototypes.

4.1 Participants
US-based PHEV owners 18 and older (𝑛 = 488) were recruited
to participate in our study via a panel survey conducted by Ipsos
Group, a global market research firm. The owners recruited covered
45 of the 50 US states, reported having a median 2 years of experi-
ence owning a PHEV, and 81% of owners drove a PHEV model from
model year 2016 or newer. (See Appendix § B for a full demographic
breakdown.) The sample includes a broad group of owners who are

primarily newer PHEV owners with newer models than the afore-
mentioned reports. Of these 488 participants, 40 were recruited
for a diary study in which they documented how they drove and
charged their PHEV. 34 participants completed all activities of the
diary study, and 15 of these owners were selected to participate in
a semi-structured interview and concept elicitation. The inclusion
criteria for diary study participants were as follows: currently owns
or leases a PHEV model year 2016 or newer, drives the PHEV at
least once every two months, lives in the United States, and 21 years
old or higher. The sample was selected to include a diverse range of
PHEV makes and models, geographic locations across the United
States, and self-reported charging frequency.

4.2 Quantitative study
All participants completed an online survey aimed at understanding
their usage and perceptions of their PHEVs. In this section we focus
primarily on the parts of the survey relevant for this article’s main
research questions but the full survey can be located in Appendix
§ A.1. The survey was composed of four main parts:

4.2.1 Charging access, frequency, perceived effort, and habit strength.
Owners were asked what access they had to charging at different
locations (“home”, “work”, and “away from home or work”) and
how often they charged (both in general and at each location with
answers ranging from “More than once a day” to “Never”). We
additionally asked participants to rate their perception of the effort
and convenience of charging using a 5 point likert scale ranging
from “Strongly Agree” to “Strongly Disagree”. To measure owner
charging habits, we adapted the Self Report Habit Index (SRHI)
questionnaire [78], which is commonly used to measure the au-
tomaticity of different behaviors (e.g., exercise, diet) and can be
adapted to most behaviors [39, 78]. Owners were given the prompt
“Charging my PHEV is something. . . ” before answering 12 7-point
likert scale questions ranging from “strongly agree” to “strongly
disagree” about their experience charging (e.g., “. . . I do automat-
ically”, “. . . that belongs to my daily routine”; See Appendix § A.1
for the full scale). Habit scores were measured as the average of all
12 questions, with scores ranging from 1 (lowest habit score) to 7
(highest habit score), and scores greater than 4 indicating a formed
habit [39]. SRHI responses in our survey showed high internal
consistency (Chronbach’s 𝛼 = 0.91).

4.2.2 PHEV usage and general driving habits. Owners answered
questions about their general driving habits, including how fre-
quently and how far they generally drove, and the types of driving
they engaged in (e.g., commuting, errands, off-roading, etc.). We
also included several questions about their motivations to focus
on fuel economy, including whether they paid attention to fuel
economy while driving and a slider to report the percentage of
miles they estimate driving on electric power alone.

4.2.3 PHEV purchase motivations and satisfaction. Owners used
a 5-point likert scale to rate the extent to which different factors
motivated their PHEV purchase, including cost savings, environ-
mental reasons, and purchase incentives (see Appendix § A.1) and
asked to rate how satisfied they were with the cost saving associ-
ated with their PHEV. Owners also used a 5-point likert scale to
rate how likely they were to replace their PHEV with (1) another



Understanding People’s Perception and Use of PHEVs CHI ’23, April 23–28, 2023, Hamburg, Germany

PHEV, (2) a BEV, (3) a non-plug-in hybrid electric vehicle, and (4)
a conventional gas vehicle. They made a similar rating to indicate
which type of vehicle they would choose if they could only choose
one vehicle.

4.2.4 Owner information and general demographics. Owners were
asked general questions about their PHEV and their living circum-
stances, including the make, model, and year of their PHEV, the
type of dwelling in which they resided, and general demographic
questions (e.g., age, gender, income, state, etc.; see Appendix § A.1).

4.3 Qualitative study
The qualitative data collection used a combination of a diary study
and semi-structured interviews. The diary study captures people’s
experiences as they used their PHEV in routine and novel settings.
The following semi-structured interviews probe into each partici-
pant’s situations and allow them to explain their responses to the
diary study.

4.3.1 Diary Study. The diary study was conducted over five days
from Wednesday February 2 to Sunday February 6, 2022. Partici-
pants completed five activities, including: taking a video of plugging
in their vehicle at home, visiting an away charging station, logging
the timing and destination of their trips, photo elicitation on an
useful/confusing information display, and photo elicitation on en-
joyable/annoying vehicle features. For each activity, participants
uploaded media and answered short-answer questions to elaborate
and explain their responses. A moderator reviewed each response
and posted a follow up question if the response needed further
clarification.

4.3.2 Semi-structured Interviews. Semi-structured interviews were
conducted over video-conference between the participant and one
moderator. The interview lasted one hour and was recorded with
the participant’s consent. The topics included why they chose to
purchase their PHEV, how they used their car, comparisons to
other cars in the household, benefits and drawbacks of the PHEV,
how they charge their car at home, work, or away, how they drive
their PHEV differently than their previous cars, and lessons learned
during their ownership experience. The moderator asked follow up
questions to dig deeper in the reasons for participant’s behaviors,
impressions, and feelings.

4.3.3 Qualitative Data Analysis. Inductive and deductive methods
were used to analyze the interview transcripts and diary study en-
tries. A coding manual was developed using a hierarchical coding
scheme, following best practices from Richards & Richards [62] to
preserve analytic depth, where excerpts coded with a subcode were
automatically coded with the higher level codes. To handle the un-
systematic interview data, the team used an ad hoc data unitization
method [7] that allowed researchers to parse and code segments of
variable lengths to reflected a meaningful unit of thought. Four re-
searchers first independently coded an identical subset of interview
transcripts to calibrate to the coding manual of deductive codes that
were derived from the research questions. Over successive rounds
of coding using the Dedoose tool [16] and discussion, the team iter-
ated on the coding manual to better reflect a shared understanding
of the data and also developed new inductive codes that emerged

from the data. Our decision to use a hierarchical codes and ad hoc
data unitization to best fit the interview data made a quantitative
value for inter-rater reliability difficult to calculate [44]. Instead,
the rigor of our analytic approach is reflected in updating of the
coding manual across four successive calibration rounds, by which
researchers came to consensus on the codes across segments that
may have differed slightly on their start/end points and level in
the code hierarchy. After coding, excerpts within each code were
grouped to find subsets of quotes that echoed the same theme. After
multiple rounds of critiques, researchers considered both the preva-
lence and intensity of the themes across participants to highlight
the key themes from the data.

4.4 Concept elicitation interviews
As outlined in Section 2.2, evidence from past work suggested
that PHEV users are not charging their cars as frequently as they
could, lowering their efficiency and increasing their carbon out-
put. We speculate that the higher electric range of newer PHEVs
may partially ameliorate this problem. But since PHEVs operate
most efficiently when charged as much as possible, we also want
to understand the role that interventions can play in increasing
charging frequency. Interventions add a more active component
to our study, complimenting our qualitative and quantitative work
by giving participants a voice in shaping new tools. We designed
several concepts grounded in past literature and utilized them as
conversational props in interview sessions (e.g., “prototypes as con-
versation” [63]). This approach provides a forum for participants to
teach us “something that we didn’t know we needed to know” [50].

Our eight low-fidelity “paper” prototypes [22] focused on the
tool’s role and potential features rather than their look and feel
or implementation [28, 61, 69] (see Figure 1 and more details in
Appendix Figure 3). This was meant to help users not “focus only
on surface usability issues such as color and typography” but rather
serve as a “conversation with materials” where the prototypes
provide grounding for concepts [9]. The eight concepts included:

Location-based reminders for plugging in Location-based no-
tifications can be useful as “a cue for other contextual infor-
mation that can be hard for any system to detect” [70]. This
mobile app that helps remind people to charge their car at
locations they frequent. See Figure 1a.

Plant virtual trees at charging locations In the vein of Poké-
mon Go [51], this augmented reality game is designed to
improve familiarity with charging stations. See Figure 1c.

Financial advisor for driving Increasingly, electric driving is
cheaper than gas driving [58]. This mobile app provides
notifications that encourage people to charge so they can
drive with electric and save money. See Figure 1d.

Company donates to a charity when you plug in An “in-
creasingly. . . popular way to promote charitable giving. . . [is]
in-app purchases and earnings that may then be seamlessly
transferred to charitable causes” [41]. This mobile app
converts money saved from charging to donations of the
user’s choice. See Figure 1e.

Keeping the car charged and happy Ambient displays can
show “non-critical information on the periphery of a user’s
attention” without distracting from other tasks [45]. This
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ambient app helps people remember to charge, transitioning
from a “happy” to an “angry” state if the user fails to plug-in
their car over several days. See Figure 1f.

Trip streak leaderboard and personal record tracker This
mobile app leverages the streak and PR tracking behaviors
found in Strava [72] and other popular apps to encourage
streaks of “good” (high UF) trips. See Figure 1g.

Efficient driving coach In addition to interventions focused on
improving charging frequency, we also included two con-
cepts focused on driving behavior, another key component
of driving efficiency [21]. This app provides reminders about
the impacts of aggressive driving on efficiency. See Figure 1b.

In-car electric driving coach In-car peripheral displays have
been shown to improve driving performance [40]. This in-
car application signals good (blue light) or poor (red light)
UF. See Figure 1h.

We selected 15 participants from the qualitative study to discuss
the prototypes in a brief interview session (the session occurred
between 1 and 2 weeks after the conclusion of the qualitative study).
We encouraged “co-operative evaluation” employing think-aloud
protocols [81], in which we instructed participants to talk openly
and candidly about their impressions of each concept. We specifi-
cally asked participants to focus less on the design of the concept
and rather on whether it addressed a core need, and if not, how
they might redesign the app to better address their concerns.

5 RESULTS
5.1 RQ1: What routines and habits have people

established for charging PHEVs?
5.1.1 PHEV owners plugged in frequently. Owners in our quanti-
tative survey (𝑛 = 488) reported frequent charging behavior and
strong charging habit strength. Overall, 97% of our respondents
reported charging at least once a week, a 5% increase from previous
reports using similar self-report metrics [11], and 89% of owners
reported charging at least once for every driving day. Owners also
reported strong charging habits, with median SRHI charging scores
of 5.5 [95% CI: 5.3–5.6] corresponding to a strong habit [39, 78].
Thus, our quantitative analysis suggests that US-based charging
frequency of PHEVs has improved compared to previous reports
and that PHEV charging habits are strong.

The findings from the qualitative diary study and interviews
echo owners’ frequent charging behavior and strong charging habit,
especially for owners who had a consistent spot to park their vehicle
at home near a power outlet. Owners developed a regular habit of
plugging in their PHEV daily so that it would be fully charged for
their next trip. For 25 owners in our qualitative study, the event of
arriving home or work typically triggered the habitual behavior to
plug in the car.

“[I plug in] every time I pull into the garage. . . because
the electric range is pretty small. It’s in the 15 to 20
mile range and I generally get home with you know,
30% or less. And the charger is right there in the
garage. So it’s very little trouble to plug it in.” (P13)

“When I park on the driveway, I usually charge auto-
matically most of the time. . .The times I don’t charge

is when I know that I have to go out again, like, very
quickly in, like, 20 minutes or so, then I don’t bother
charging.” (P02)

We found that home charging develops into automatic habit. All
owners we interviewed were able to describe their regular routine
of plugging in either at home or at work. When asked about explicit
thoughts and feelings about plugging in their vehicle, 15 owners
had little to reflect on because plugging in had become such a
routine, automatic action that they rarely thought about it explicitly
anymore. The established habit lowered the perceived effort of
charging at home to the point that it only required a minimal
amount of thought or planning. Only 5 owners mentioned instances
of forgetting to plug in their cars, but all reported these cases were
now uncommon.

“I think at the beginning, there’s a sense of excitement
of, like, doing something new and different. And now,
it’s just kind of a mundane routine of just parking
your car, this is how it is, not in a negative way, just
is just part of life. Just like plugging in your phone at
night or you know, making sure you eat dinner.” (P07)
“In the beginning, it was almost something that you
had to remember, but now I just do it mindlessly. ”
(P03)
“And sometimes I’ll forget [to plug at 8pm when the
electricity rates go down] because I’m yeah. . . I think
most of the time it’s just in my routine, right? I just
like it’s an unconscious act at this point.” (P04)

Eight owners built their charging habit around their home solar
panel generation or the lower electricity rates from their utility
company during off-peak hours. They set an automatic charging
schedule using the scheduling feature in their car or mobile app or
simply developed a habit to delay plugging in their car until after
the peak to off-peak transition.

“It is scheduled through the [car make] app. And I
know it’s automatic the way I have it defaulted. It’s
automatic that charges between 8 pm and 6 am, I
think.” (P06)
“And sometimes I’ll forget [to plug at 8pm when the
electricity rates go down] because I’m yeah. . . I think
most of the time it’s just in my routine, right? I just
like it’s an unconscious act at this point.” (P04)

Despite prior work described in Section 2.2 but congruent with
the survey and interviews, prototypes focused on at-home charging
reminders did not test well. Most owners indicated that they felt
that they do not need reminders to charge at home.

“It [a charging reminder] doesn’t. . . really apply be-
cause I charge every night regardless.” (P06; regarding
concept Financial advisor for driving)
“[Charging reminders] would not interest me at all. I
don’t think I ever get to home or work and forget to
charge.” (P11; Location-based reminders for plugging
in)

Some participants’ reaction to at-home charging concepts was
viscerally negative. Regarding the display installed in a user’s
garage (see Figure 1h and Appendix Figure 3i), one participant
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commented that “. . . knowing that the car would be unhappy. I’m
sorry. I’m having flashbacks to Stephen King novels.” (P10; Keeping
the car charged and happy)

5.2 RQ2: How do charging infrastructure,
environmental issues, and cost concerns
impact people’s charging behavior?

In addition to identifying owner’s charging frequency and habits,
we also investigated the factors that facilitated or hindered their
charging behaviors, which included the availability of access to
charging infrastructure (at home and away from home), financial
costs, and environmental impacts.

5.2.1 Access to Home Charging Infrastructure. Owner charging
frequency and charging habit strengths was related to home-based
charging access. Overall, 96% of owners in our quantitative online
survey reported having access to some form of home-based charg-
ing and this had a strong influence on their charging frequency.
Owners responding to our survey with access to home charging
were more than 7x more likely to charge daily (logistic regression
predicting daily charging given access to home charging and con-
trolling for driving frequency: 𝛽home = 2.00, 𝑝 = 0.002). Conversely,
when included in the same logistic regression, daily charging was
not predicted by access to charging at work (𝛽work = 0.34, 𝑝 = 0.114)
or public charging (𝛽public = 0.11, 𝑝 = 0.325).

Access to home charging predicted higher SRHI charging scores
(linear regression predicting SRHI charging scores given access
to home charging and accounting for driving frequency: 𝛽home =
1.44, 𝑝 < 0.001). Moreover, when included in the same regression,
access to work charging also predicted stronger charging habits
(𝛽work = 0.35, 𝑝 < 0.001) but access to public charging did not
(𝛽public = 0.05, 𝑝 = 0.705). Owners also perceived charging as be-
ing less effortful and more convenient when done frequently at
home (linear regression predicting perceived effort of charging
based on frequency of charging at home and controlling for driving
frequency: 𝛽home = −0.13, 𝑝 = 0.004; similar regression predict-
ing perceived charging convenience: 𝛽home = 0.30, 𝑝 < 0.001).
However, owners who charged more frequently away from home
perceived charging as more effortful (𝛽public = 0.20, 𝑝 < 0.001;
𝛽work = 0.13, 𝑝 = 0.018). The quantitative survey results show that
having access to home charging (but not public charging) is associ-
ated with owners charging everyday, developing a stronger habit
of charging, and having a lower perceived effort of charging.

Inadequate home charging infrastructure increases the effort of
charging. As more consumers adopt one or more plug-in vehicles
into their household, especially those who do not live in single-
family houses, inadequate home charging infrastructure will un-
doubtedly become a larger issue. In our qualitative study, we pur-
posely included owners (P11, P08, P04) who did not have a dedicated
garage, driveway, or parking space near a charger at home, so we
could investigate the additional effort it took to charge their car
at home. P11 lived in an urban townhouse that only had street
parking. When he was able to park in one of the two spots in front
of the house that the charging cord can reach (estimated to be about
twice a week), he would stretch a charging cable from a household
outdoor outlet to plug in and charge his car. “I have to deal with

putting up the charger and it’s outdoors and just got to hope that
nobody wants to steal that at some point.” (P11)

Similarly, P08 also lived in an urban house that had a garage that
was not shaped adequately for parking a car, so street parking was
the only option. Despite this, P08 invested in installing a L2 charger
in the garage, and when the street parking spot was available for
parking, he would stretch the charging cable over the sidewalk,
suspended on hooks attached to an overhanging tree (so as not
to create a trip hazard for pedestrians), across the hood of his car,
to reach the charging port of his car. P08 mentioned that it was
fortunate that it took only a couple of hours to recharge the battery
so this sidewalk hazard caused by the charging cord was temporary.
Both P08 and P11 could only charge at home if the parking space
in front of their house was not occupied by another car. P04 did
have a dedicated driveway to park her PHEV, but complained that
retrieving and putting away the charger in the closet inside the
house was a hassle and caused wear and tear on the charger. “like
clunkiness of [the charging cord] because I was so clumsy with it.
And then I’m like, oh, I might actually start a fire if I keep dropping
it. . . then I started be more aware of the charger.” (P04) Owners
(P03, P05, P14) who had more than one electrified cars in their
household had to share the charging infrastructure among them
and prioritized charging the BEV over the PHEV because the PHEV
could run on gas if there was out of charge.

5.2.2 Charging Away from Home. The perceived effort of charging
away from home seemed to dampen owners’ interest in PHEVs. In
our quantitative online survey, owners who relied more on public or
work charging were more willing to replace their PHEV with a con-
ventional gas vehicle (logistic regression predicting the likelihood of
being “likely” or “very likely” to replace a PHEVwith an ICEV based
on frequency of charging at different locations and controlling for
driving frequency: 𝛽public = 0.32, 𝑝 = 0.017; 𝛽work = 0.35, 𝑝 = 0.009;
𝛽home = 0.06, 𝑝 = 0.625).

Public charging infrastructure is perceived as lacking. Most own-
ers reported that there were few charging stations at the destina-
tions that they regularly visit and wanted more of them installed
so they could plug in. Of the 40 owners who participated in the
diary study, 35 completed the task of visiting and taking a photo of
a charging station, with 11 reporting that they had not previously
known about the station, and 20 reporting that they, in general,
have difficulty locating public charging stations in their area. Some
expected there would be more charger stations before they pur-
chased their PHEV and only realized that there were not as many
after looking for them during ownership. Only one study partici-
pant (P09) was able to find free charging stations in her community
and complete most of her charging using them, which sometimes
required a detour or waiting in the car for 30 minutes or more.
Aside from P09, the other 14 owners we interviewed (plus 2 others
from the diary study) explicitly mentioned how public charging
infrastructure was not adequate in their area to be worth the effort
of charging away from home. Compared to home charging, charg-
ing away from home at public charging stations was perceived
by owners as being more effortful, more costly, and difficult to
navigate.
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“There’s no charge option at Target. There’s no charge
option at my local grocery store. So the places I go
most, I would say, I don’t even have the option, so it
doesn’t feel like that frequent. But every time I go to
Trader Joe’s, yes, I probably [charge] there.” (P15)
“I thought there would be a lot more electric charging
stations around. . . ” (P02)
“I would plug in everywhere I go if it was available
and convenient. . . I would always rather go on electric
than on gas. . . It’s surprising that there aren’t more
charging stations around, pay or free. Just don’t seem
to be many.” (P06)

In the situations where charging stations are installed at desti-
nations, 13 owners reported instances when charging spots were
occupied by another vehicle (perhaps not even an EV) and thus
unavailable for the PHEV owner to charge while at the destination.

“[At] Trader Joe’s, [the charger] is at the first spot. So,
like, it gets me a good spot. If somebody’s in that spot,
I don’t wait for it. I just park somewhere else.“ (P15)
“I drive to work. I charge when I can. The problem is
that there aren’t that many outlets in the garage, so
I’m not always able to charge there.” (P11)

Inconveniences of public charging. If a charging station was avail-
able, owners still needed to navigate the inconveniences of locating
and using the charging station. Owners reported that it was often
difficult to find the precise location of the charger at the shopping
destination, as charging station apps may only have a street address.
In our study, 6 owners raised an important safety issue that the
charger may be located far away from the destination entrance or
be in an area that feels less safe (e.g., being dark or isolated from
others). The stations could also be located inside a paid parking
garage that added an unexpected fee.

“If it’s dark and if it’s not immediately in front of a
place with people coming and going all the time, I
don’t want to go there. I feel uncomfortable.” (P14)
“[The charger’s] proximity doesn’t have to be directly
at the door, but closer to the main [destination] I’m
trying to go to always helps. And finally, just the
general feeling that there is a secure area to charge.”
(P10)
“[I am willing to charge at a station] within walking
distance, I guess for my destination. . . five, ten min-
utes, max.” (P07)

Using the charging station itself can be a complicated task for
many owners. Not only might chargers be broken or incompatible
with their car, but 7 owners reported that the disparate charging
station networks added unwanted complexity by requiring them to
set up accounts or download specific apps to locate and activate the
charging station. Owners compared these extra steps to the relative
ease of pulling up to any gas station pump and simply using your
credit card.

“Setting up the account was cumbersome. I did it for
ChargePoint. I loaded my card. I put everything on
there to actually try to charge and it wouldn’t allow

me to, even, like, release the charger. After I’ve done
all that, and it took like 10 minutes to set up. ” (P04)
“There’s extra steps and it’s not seamless where you
have to set up an account and put a credit card in, and
it’s just not as convenient as just showing up at a gas
station and filling up.” (P03)
“[For apps to find and use charging stations,] I have
PlugShare, ChargePoint, EVGo, Volta, and Electrify
America. I have five different ones. The [car make]
has [an app], but it is terrible.” (P06)

When deciding whether or not to plug in, 13 owners in our study
considered whether the additional electric miles gained during
charging would be worth the effort of plugging in. When at home,
the effort to plug in is minimal and so owners plug in their PHEV
when arriving home, except if they expect to drive again very
quickly. When charging away from home, owners typically only
spend a short amount of time at a destination (e.g., 30 minutes at the
grocery store) and the effort of plugging in is considerably higher.
Owners often did not find the few additional electric range miles
gain during away charging to be worth the effort, unless they were
parking for a long period.

“The Whole Foods one. . . for the 20 minutes I was in
there, and I didn’t even see a mileage difference by
the time I got out. . . it’s not worth it to me.” (P06)
“It takes so long. We will charge it when we’re out, if
we are some place that has a charger, and we already
feel like hanging out there for a while.” (P14)
“[If I am run out of battery while away from home,] I
don’t see much benefit in waiting for the car to charge
up. That time is worth more to me to get back and
just run on the gas, you know, for me.” (P12)

In sum, the PHEV owners with access to home charging did so
regularly and had formed strong charging habits. However, our
results also indicate that reliance on public and work charging do
less to promote good charging behavior and may even deter owners
from purchasing another PHEV.

5.2.3 Financial Factors for Charging. One of the main motivations
that came up repeatedly for why owners charge their PHEV is to
save on running costs, because it is typically less expensive to drive
using electricity than using gas.

“Nowwith the gas is, you know, in California over $5 a
gallon, you know. Charging is a lot cheaper. Electricity
is cheaper. So I would say it’s a strong influencer, at
least for me.” (P12)
“I’d rather not be burning gas. I’d rather stay on the
battery. So most of the trips that we do shopping and
everything can be accomplished within, you know,
the battery[’s range]. But sometimes it’s like you have
an extra trip you didn’t account for and it starts eating
into the gas and then like I got to go to the gas station,
and gas is kind of expensive. . . It’s a motivator to make
sure that is charged for sure.” (P05)

Home charging perceived as inexpensive. Furthermore, charging
at home was perceived as being particularly inexpensive, with home
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electricity costs being both cheaper than public charging stations
as well as less visible because the costs are commingled with other
household electricity costs. In our study, 5 owners reported they
did not charge away from home because it was more expensive
than home charging. Home electricity costs are also perceived
as being more stable than gas prices, and charging and running
on electricity is a way of buffering against gas prices fluctuating
beyond the owner’s control. Refueling at the gas station results in
an immediate, highly visible, large magnitude hit to the owner’s
wallet.

“I can plug it in for free at home. I mean, I know it’s
not ‘free free’. But it, you know, it has such a nominal
impact on our electric bill, that I feel like I’m not going
to pay extra do it when I’m out.” (P15)
“Compared to the year prior, [my home electricity
bill] really hasn’t gone up that much. . . .I know there’s
a cost involved. I know I’m paying for the electricity,
but I just don’t have that same annoyance the way I
do with the gas prices.” (P03)
“I can save on gas. I don’t really care to deal with
thinking about going to the gas station as often and
paying for that. Feels like you’re paying more at once
as well than when it’s spread out across electricity, so
definitely that’s easier. I like that.” (P11)

Owners loved free charging. Some away charging stations offered
free charging sponsored by the shopping center, workplace, or
advertisement. In our study, 19 owners liked charging at these free
stations. When owners had home charging and/or free charging
stations around them, they were resistant to plugging in at pay
stations. Paying to charge and running on battery is likely to be less
expensive (and more environmentally-friendly) than running on
gas, yet owners seemed to be anchored on home or free charging.

“If it’s free and it fits, you know, closer to the [entrance
of the destination]. Then I’ll absolutely plug in.” (P06)
“[On a trip into downtown], parking at [the museum]
and the charging is free. So I found a nice little parking
spot and plugged in. It had a full charge when we got
back. So it was great. I wish more places would do
that.” (P12)

5.2.4 Environmental and convenience benefits are secondary to fi-
nancial costs. When asked about why owners chose to purchase
a PHEV or charge their car, 14 owners mentioned the lower emis-
sions and environmental benefits as a factor. However, even among
these pro-environmental owners, the lower running costs were
often a stronger, more immediate motivator for charging up the car.
Environmental reasons for minimizing carbon emissions as well as
convenience benefits such as fewer visits to the gas station were
both typically reported as being secondary to financial reasons.

“To be able to plug the vehicle in at night and have
50 miles of range and not have to go fill up with
gas, not have to really deal with those fluctuations,
makes more economic sense to me. Honestly, it saves
more time. . . I appreciate the environmental benefit.
We’re a non-attainment community for air quality. So

knowing I’m at least doing my small part to not con-
tribute to that.” (P10)
“My motivations are reducing my carbon footprint
and my dependency on, you know, gas. The ability to
be able to, kind of, fuel my car from home as opposed
to a gas station . . .The way gas is on the way up, I
may not be too price sensitive to the cost of fuel. But
I do like to give myself a little bit of pat on the back
for not having to stop at a gas station.” (P07)

Even P11, a self-proclaimed environmentalist who works in re-
newal energy, based his decision to plug more on the financial costs
rather then environmental benefits: “So gas is about $3.55 here, that
works out to about $0.065 a mile. [Away charging costs] $0.30 a
kWh, a bit over $0.08 per mile. So yeah, a little bit more than gas,
which I don’t like, and I’m not willing to pay that.“

5.2.5 Concepts revealed unmet needs with away-from-home charg-
ing. Several prototypes prompted participants to discuss their dif-
ficulties using the away-from-home charging infrastructure. In
particular, many participants indicated that chargers are difficult to
locate and that “ultra precise location of where” (P12; Location-based
reminders for plugging in) chargers are is critical.

“. . . Sometimes where those [chargers] are stashed is
kind of odd. . . the most useful thing [at] that point is
almost like being able to give you a street view, picture
or stuff like that. . . to exactly where it is and what it
kind of looks like, because. . . sometimes they don’t
look like much. Sometimes they’re like, you know,
back next to the surface mounted to, you know, utility
transformers and things like that. . . ” (P13; Location-
based reminders for plugging in)

Participants also mentioned that having access to “accurate
and up-to-date” (P11; Plant virtual trees at charging locations) in-
formation about charging stations is key. In particular, knowing
“how many charging stations are available” (P12; Location-based
reminders for plugging in) would be useful since they reported of-
ten arriving at stations but finding them full which “doesn’t really
do. . . any good” (P10; Location-based reminders for plugging in). The
charging infrastructure problem is so profound that some partici-
pants have thought through potential solutions that they discussed
in the interviews. One participant suggested an “AirBnB or some
kind of a charge share system where a bunch of us that have our
own charging. . . can let each other use it and get a much better rate”
(P08; Plant virtual trees at charging locations) which is in fact already
an available product [20]. Another participant described a concept
in which businesses could track charging-enabled cars in order
determine if there is a “demand for having charging at. . . [that]
location”, though the participant pointed out potential “privacy
issues” that may accompany such an app (P13; see supplementary
material for a complete quote).

Participants had mixed reactions to concepts that included charg-
ing notifications. Some participants were positive, with one men-
tioning that “push notifications on where to charge. . . bring a lot
of value” (P07; Location-based reminders for plugging in) while oth-
ers were less enthusiastic, with one reporting that they “would be
a no go” (P08; Location-based reminders for plugging in) because
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they are not necessary and may be annoying. Many participants
focused on cost concerns with many who already “try to figure
out what. . . the cost of charging my car at home is” (P08; Financial
advisor for driving). Another common critique of the concepts was
that they aggregated data into views that were too abstract. Rather,
participants wanted to see the details: “What was the cost of the
electric? Cost of the gas? I feel like that has more valuable info than
than just the colors” (P03; Efficient driving coach).

Finally, though less common than cost concerns, some partici-
pants did appreciate concepts that highlighted the environmental
impact of driving using electricity:

“[I am] so tired of giving so much money to the fossil
fuel industry” (P11)
“I appreciate the. . . environmental benefit. . .We’re a
non-attainment community for air quality. . . so [I feel
good] knowing I’m at least doing my small part to
not contribute to that” (P10)

5.3 RQ3: How do people drive their PHEVs?
How do they perceive their personal UF?

5.3.1 Owners enjoy all-electric driving. Owners purchased their
PHEVwith the intention of running it on electricity for a significant
proportion of their driving, mainly because driving with electricity
costs less than with gas. Otherwise, they would have opted for an
equivalent gas-only or non-plug-in hybrid instead. In our survey,
cost savings were the top rated reason owners in our online survey
purchased their PHEVs (82% indicating that cost savings motivated
their PHEV purchase). Additionally, 87% of owners reported being
“slightly” or “very” satisfied with the cost savings of their PHEVs.

Owners reported driving a median 69% of their miles on elec-
tricity (95% CI [65%–71%]). Fuel economy was also front of mind
for the owners surveyed, with 87% indicating that they at least
“often” maximize fuel economy when driving. Owners employed
a few strategies to maximize their electric miles, which included
matching the electric range to their routine local driving needs,
defaulting to using EV mode for all trips, and temporarily switching
to use another car in the household to match the electric range with
a planned trip. Moreover, owners maximized their electric range by
avoiding high speed or aggressive driving and often treated their
driving like a game of self-competition to achieve the most miles
from a single charge.

Matching electric range with local driving distances. PHEVs have
a smaller electric range than most BEVs, ranging from about 11 to
48 miles of all-electric driving from a fully charged battery. The
benefits of all-electric driving can only last as long as the battery
has charge. When considering the initial purchase of their PHEV,
15 owners reflected on the amount of daily driving they would need
to do for commuting to and from work, dropping off and picking
up children from school, and running local errands in between
charging opportunities which typically was done only at home
or work. Based on their expected local driving distances, owners
selected a PHEV that had a maximum electric range that would
cover all or most of their local trips.

“I’m a stay-at-home mom. And most of my driving is
to and from my kids schools and to, and from errands

like the grocery store, post office, and Target, you
know, the “mom loop” and almost everything is un-
der 20 or 30 miles where I go. . .We kind of did that
math. . .we were pretty sure I could do most of what I
do in running it in all-electric.” (P15, PHEV with 19
miles of electric range)
“I literally can get to and fromwork, just on the charge.
I never use gas. So it’s really awesome to come home
and I still have maybe 10 miles. And all of my errands
are pretty close, so I use the battery predominantly,
which is really convenient.” (P04)

However, winter weather and colder temperatures often reduced
the electric range, to the surprise of some owners, who could not
accomplish their local driving needs on the reduced range or avoid
the gas engine from turning on to heat the cabin.

“Like when it was warm out, I would start with like,
close to 30 miles of range. And in the winter, . . . there
are days that I start with like 15 [miles of range], it cuts
almost in half. So the disadvantage is that sometimes
I just don’t even have enough for my little errands.”
(P15)
“I want to use as little gas as possible. But I live in
the New York area and which is very cold in the win-
ter. . . Even though I want to use electric only, the car
automatically use[s] the gas to warm up the car I
guess.” (P02)

Convenience of easy refueling on longer trips. However, on longer
non-routine trips owners would typically run on gas when driving
beyond their all-electric range, rather than stopping to charge along
the way (as would be necessary for BEV). In our study, 21 owners
highlighted this as a main reason for their choice of a PHEV over
a BEV. In this way, the PHEV offered the benefits of all-electric
driving locally and the convenience of using conventional fuel for
longer trips.

“I like the range on [the PHEV] because I could get to
and from work on an electric. . . I like the idea of using
the electricity, but the gas as a backup, if I need to do
a more extended trip.” (P05)
“The kids didn’t like it when we took trips in the
Tesla, how long it took [to charge] between stops. So,
at this point, we sort of wanted a vehicle that had the
convenience of using battery locally, but if we had
to break out of our local radius, we had the ability to
just fill up [with gas] and go.” (P03)

Default use of EV Mode. In our study, 19 owners reported that
they switched driving modes (EV-only, hybrid, power/sport modes,
etc.) to maximize their electric driving, with occasional use of sport
mode when faster acceleration was needed. Owners regularly chose
to use the battery-only mode, especially for local trips within or not
far beyond the battery’s range; owner mode selection we observed
contradicts previous literature which found PHEV owners typically
do not set the mode [73]. Some models defaulted to hybrid mode
(combining the gas engine and battery power) and required owners
to deliberately select the EV mode to lock out (or at least severely
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reduce) the gas engine from turning on every time they started the
car. Many owners developed the habit to always deliberately select
the EV mode, to prevent the car from using gas, every time they
started the car.

“If my destination is local, I absolutely hit the electric
[button] . . . I’m very diligent when I [start my driving]
to make sure that the electric only is engaged so that I
just, you know, ride around town on electricity.” (P03)
“I would like to stick to the electric [mode], but you
have to push the button every time you drive. . . so you
forget, I still forget. It’s kinda annoying. ” (P02)

Gamified Battery Range using Real-time Feedback. The limited
electric range of PHEVs provided a sandbox in which owners had
an opportunity for fun experimentation with driving behaviors to
squeeze out the most miles from their battery. Unlike a fully electric
vehicle, running out of battery power in a PHEV would not leave
drivers stranded because the PHEV would automatically and seam-
lessly transition to using gas to complete their routine trips. Despite
not being a safety barrier, the limited electric range appeared to
induce an implicit psychological goal for owners to complete the
driving with only battery power. As a result, in our study 13 owners
described their experience as a form of self-competition gamewhere
they wanted to do all their local driving without using any gas or
getting the highest number of miles from a single charge. Own-
ers would deliberately alter their driving by avoiding high speeds
(which drains the battery more quickly) and consciously using the
regenerative braking to reclaim electricity when slowing down.

This aspect of self-competition seemed to help familiarize owners
with what their life would be like with a full BEV. Overall, 60% of
the owners in our full survey indicated that they would consider
replacing their PHEV with a BEV. Recent market research estimates
that approximately 30% of US-based vehicle owners are interested
in considering a BEV [8] but that those familiar with BEVs are
more receptive to making a switch [14]. Our results suggest PHEVs
usage may help familiarize owners with some of the aspects of BEV
ownership without requiring a full switch.

“I’m a little competitive. I don’t know who I’m com-
peting with, but it is like kind of like a game. . .my
husband will ask me all the time, “Did you use gas
today?” So it is kind of like a running thing that we’re
trying. It’s not that we can’t afford the gas. But it’s
like a cool factor game.” (P15)
“It’s like a game to me. . .When I do have to go to the
gas station, you know, one time I had over 1,000 miles
on my tank of gas, you know, and then I can snap the
picture and send it to my friends and be like, I got 130
miles per gallon.” (P01)
“I try to get as much as I can out of the regenerative
braking. . . Like driving down the mountain. I’m not
on my brake the whole time, but really coasting and
regenerative braking. I really try to make the best use
of it. So yeah, I do drive differently.” (P08)

Owners used the real-time feedback to guide their driving style to
be more efficient and maximize their all-electric range. All PHEVs
had real-time indicators in the dashboard for efficient driving.

“The dashboard, it’ll say what my efficiency is. So I
like to see that number is as high as I can. So I try to
not accelerate too quickly. I can see on the left side of
the dashboard when it is recharging when I’m hitting
the brakes. And so that’s nice to see.” (P11)
“Once you go highway speeds, you eat up your EV
miles much faster, so I would put it in hybrid mode.
And then when I get off the highway, I would switch
it back to EV. . . it’s going to be like a lot of stops, small
roads, local roads, but I would rather drive in EV.”
(P09)

Switching Cars within a Household. Owners with multiple cars
in their household tended to be the primary driver of one car. For
example, one individual would by default primarily drive one car
(“my car”) and the individual’s spouse would drive a different car
(“his/her car”). In our study, 8 owners reported they would swap
cars with their spouse occasionally for utilitarian reasons but also
to either take advantage of short range all-electric driving. The
non-primary driver may temporarily drive the PHEV for short trips
within the electric range because the PHEV is now considered the
short-range car rather than being assigned to any one driver.

“Yeah, [my PHEV] is, like, the errand car. Like I
use it to drive my kids to school. If my husband
drives the kids somewhere, he usually will switch and
take my car because it’s within [the electric] range.
And so, you know, if it has juice, then we take my
car. . . because if [my car] has a full charge, then why
would he waste the gas [by driving] his car? ” (P15)
“If I’m running low on charge miles [in my PHEV],
if I ran errands earlier in the morning, then maybe I
will take my husband’s [gas-only-powered] car just
so I don’t go over my electric range.” (P06)

5.3.2 Concepts suggested a focus on gamification for some par-
ticipants. Many participants report that they already try to drive
efficiently: “I can drive conservatively on my battery and not use
gas. . .with inflation. . . the cost of groceries and everything is go-
ing up. This [cost] is the one thing that I can keep low. . . ” (P01)
Interventions focused on driving behavior (e.g., Figure 1g) did not
test particularly well, with participants indicating that they felt “a
little bit like shaming” (P15; Efficient driving coach). One mentioned
that they “don’t see a need for” feedback about driving efficiency
since their “car already gives. . . a trip summary notification” (P07;
Efficient driving coach).

Participants were mixed on gamification-based concepts. Many
felt that they are not “very useful” (P12, Trip streak leaderboard and
personal record tracker), while others liked the idea of competing
with other PHEV users on UF. One participant mused that he might
use an app that would allow you to place a “little side side bet
with your friends” (a design approach the participant described as
“gamblification”) (P07; Trip streak leaderboard and personal record
tracker). Another participant noted the potential similarities to
other health- and exercise-related apps.

“I would be interested in this. . . [it] plays into my
competitive nature. . . it would just be fun to see, you
know, like, the Apple watch, you know, I can see
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when my friends are working out and when they’re
closing their rings. . . ” (P06; Trip streak leaderboard
and personal record tracker)

6 DISCUSSION
Our goal was to understand better how today’s US-based drivers
use modern PHEVs and identify the factors that influence PHEV
charging and driving. To accomplish this, we conducted an online
quantitative survey, qualitative diary study and interviews with
PHEV owners regarding their daily habits, the charging infrastruc-
ture around them, and how they drive. An overview of our findings
can be seen in Table 1. Prior studies [11, 48, 53, 55, 76] suggested
that not all PHEV owners charge daily. To address this, we designed
several prototypes and intervention concepts focused on overcom-
ing this barrier. Surprisingly, we found that many owners did not
have an issue with remembering to charge at home. In fact, consis-
tent with reports of charging frequency in the United States from
the ICCT [55], most owners who responded to our online survey
reported that they habitually plugged in their vehicle every day
they drove. Further, our study results indicate that PHEV owners
indeed intend to (and actually prefer to) drive on only electricity
for local trips because it is less expensive and more convenient than
driving using gas. These charging and driving behaviors suggest
that modern PHEVs are doing the job of electrifying locally driven
miles with a smaller, less resource-intensive battery than a full BEV.
Despite the limited range, owners are able to become more familiar
with electric driving and its benefits and build the confidence to
adopt a fully electric BEV in the future.

In contrast, the minority of owners who lacked access to a pri-
vate parking spot at home with a power outlet did not have a
regular charging habit and had a lower proportion of electrified
miles driven. These owners had to rely either on sporadic and cum-
bersome charging at home or difficult-to-find and expensive public
charging stations. All owners who drive beyond their car’s electric
range can further reduce carbon emissions with more frequent
away-from-home charging.

Our work corroborates and extends prior work [52, 76] that own-
ers still find cost to be an important factor for charging behavior,
including new evidence that the cost-related interventions resonate
better with owners than pro-environmental framings. Further, in
contrast to prior work showing drivers rarely switched driving
modes [73] and required complex visualizations for efficient driv-
ing [40], our work found that PHEV owners often drove their cars
in a way that maximized their electric range, deliberately using
EV driving modes and simple range information to gamify their
experience. Prior work estimated that multi-car households with
a PHEV and ICE achieve nearly the same emissions as a household
with a BEV and ICE [77], and we identified household behaviors,
such as selecting the PHEV for short-range errands, that help ex-
plain the PHEV’s contribution to household utility factor. These
findings point the research community away from (unnecessary)
home charging reminders to still unmet human-centric needs to
further reduce the carbon footprint of PHEV usage: (1) helping own-
ers become more familiar and comfortable with ever-improving
public charging infrastructure and (2) supporting green driving by

leveraging more immediate motivators such as costs, fun, and con-
venience. We discuss these design opportunities in the next sections.

6.1 Supporting Away-from-Home Charging
Prototypes that addressed familiarity also elicited away-from-home
charging issues. In many cases, owners expressed confusion about
where exactly a particular charger is located. Likely this is due
to the comparatively lightweight infrastructure it takes to install
chargers in a parking lot as compared to a gas pump and filling
station. While Internet-based solutions can address generally “yes
there’s a charger nearby” it can still be a hunt. Many mapping
solutions from Apple, Google, and the like have started offering
micro-navigation routes (typically indoors at airports or outdoors
on campuses); one could assume navigation to a charging point
could also be offered, with a caveat. Chargers break, have various
adapter plugs, are all in use, or even have a car parked in the spot
that is not charging; so the infrastructure to navigate exactly to
point is only part of the issue to solve.

To begin addressing some of these user concerns, designers can
provide tools that unify multiple disparate charging networks into
one seamless interface so that owners can have the security of
pulling up to a charger in any network. Further, charging infras-
tructure companies are already monitoring the operational status
and availability of charging equipment and bubbling this informa-
tion up to the end user and integrating it into route planning can
greatly reduce the frustrations of arriving and not being able to
plug in. Another human-centric concern we identified was that
owners, particularly new owners and likely potential owners, were
not familiar with public charging infrastructure around them. There
is an opportunity to proactively point out to new owners (or even
those contemplating purchasing a PHEV or BEV) when they arrive
in a location (e.g., a shopping mall) with charging capabilities and
the amount of additional range they might gain from plugging in
during their stay at the location (e.g., while shopping or dining).
The power source that a charging station draws from also impacts
overall carbon emissions. Applications could notify drivers when a
charging station is drawing from e.g. dirty coal power versus clean
solar [42]. In contrast to simply counting the number of chargers
on a map (as many might do now), building familiarity in situ over
time can not only be more experiential way of gaining familiar-
ity of charging infrastructure, but can also adapt to rapid changes
charging infrastructure as it is built out in the years to come.

6.2 Leveraging Financial and Convenience
Factors to Promote Green Driving

Cost savings were a strong motivator for owners to drive on elec-
tricity, with environmental/climate benefits acting as a more distant
secondary factor. This finding suggests that interventions to pro-
mote charging or efficient driving may be more effective if they
emphasize immediate cost savings or added convenience to the
user in addition to (or instead of) carbon reduction. Some owners
already engage in off-peak charging, which could be combined
with vehicle-to-grid technology to lower costs [6]. Similarly, hy-
permiling behaviors can maximize electric range (and reducing
their carbon emissions as a side effect); interventions can enhance
these desirable behaviors by illustrating financial rewards or by
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Prior literature Our findings
Charging
Owners were found to charge every driving day in some cases [55]
(US) but not others [11, 48, 53, 76] [55] (Europe).

Owners in the U.S. reported that they charged every driving day,
especially those who could charge at home.

Owners perceive public charging to be difficult to use, leading
some to abandon PHEVs [26].

Even with infrastructure improvements, owners still perceive pub-
lic charging to be costly and difficult to use.

Cost
Cost concerns can reduce charging frequency [52, 76]. Owners purchase PHEVs to save on operating costs (rather than

mainly for pro-environmental reasons).
Owners prioritize the financial costs over the pro-environmental
benefits when deciding when and where to charge.

Driving
Owners rarely use driving modes [73]. Owners made efforts to drive in a way that maximized electric

miles and regularly switched on the EV-Only driving mode to
maximize efficiency.

In-car displays can improve driving efficiency [40]. Owners leverage real-time electric consumption data to gamify
electric-only driving and maximize efficiency without the need for
any additional interventions.

Multi-vehicle households
42% of PHEVs belong to two-car households. A two-car household
with longer range PHEV and ICE achieves nearly the same emis-
sions per mile as a two-car household with a standard-range BEV
and ICE [77].

Members of multi-vehicle households with PHEVs will opt to drive
PHEVs for local errands within the electric range to maximize
overall household efficiency.

Table 1: An overview of the findings from our survey and semi-structured interviews alongside other PHEV-related literature
which may support or not-support some portion of the findings.

leveraging gamification-based designs such as social leaderboards
or PHEV “fitness” tracking.

For example, instead of merely showing the cost of electricity
after each charging session, illustrating the cost savings of driv-
ing the recharged range on electricity versus gas can repeatedly
reinforce the financial benefit of charging and running on electric-
ity. Similarly, quantifying the costs savings over running on gas
over weeks, months, or a year, along with providing actionable
suggestions for improving charging behavior (e.g., “if you plugged
in one more day a week at work, you would save X amount of gas
money and Y visits to the gas station over the past year”) can lead
to carbon reductions. Many owners enjoyed the convenience of
fewer visits to gas stations, so using gamification techniques such
as streaks (“Looks like it’s been 58 days since you visited the gas
station, keep charging to full every night and you’ll be on track to
reach 75 days!”) can leverage the value of convenience to promote
green charging and driving behavior. Another relatable metric is
the number of miles driven on one tank of gas between fill ups,
which most owners of ICE vehicles (median=403 miles) [17] are
already familiar with. A PHEV, provided that is charged frequently
and driven mostly in electric-only mode, can achieve an impres-
sively large number of miles (e.g., > 1000 miles) on single tank of
gas between fill ups.

Many cars have eco-driving scores that provide feedback to
owners about how efficiently they are driving. These scores are
often difficult to compare with others drivers because of differences
in routes, traffic, and climate. However, drivers within the same
household often drive the same routes under similar conditions
(e.g., dropping kids off at school), so there is an opportunity to
promote fair (and friendly) competition among drivers in the same

(a) (b) (c) (d)

Figure 2: Screenshots from a research application that im-
plements concept features discussed in the interviews. This
app tracks trips and fuel use and (a & b) estimate costs using
real-time vehicle data. The app can also generate notifica-
tions when the user is (c) near certain locations that are (d)
near available charging stations.

household for regularly charging and maximizing the amount of
electric miles driven, which saves money for the household while
reducing the carbon. There are limits to the generalizability of our
results as our methods rely solely on self-report. While a good
measure of PHEV owner perceptions, these methods only provide
a proxy for behavioral metrics such as charging frequency and UF.
Likewise, our analysis of motivations for different owner behaviors
also relies on self-report, which provides a measure of owners’
stated motivations, but may not match the real factors that drive
these motivations [2, 32].

7 FUTUREWORK AND CONCLUSIONS
Participants who engaged with our concept prototypes showed
overwhelming interest in apps that support navigating the
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away-from-home charging infrastructure. They also expressed a
need for specific, detailed information, especially about costs but
their responses varied to other aspects of the designs, such as no-
tifications and social leaderboards. While some commercial ap-
plications simulate electric driving efficiency based on real trip
data [47, 60] and some past work has analyzed real-trip data of
PHEV vehicles outside of the context of a user-facing applica-
tion [66], there are no apps that log PHEV efficiency and prices for
real trips in real-time. We are in the process of addressing this gap.
Rather than estimating, our app leverages the SmartCar API [68]
to track real-time information about the car’s use, including fuel
consumed, electricity used, and miles driven (Figure 2). This data is
used to monitor and rate the UF and costs of people’s actual trips.
We are utilizing other APIs (such as those provided by HERE [27] or
PlugShare [57]) to integrate information about real-time charging
availability. However, while this is a useful start, more work needs
to be done to integrate electricity sourcing and pricing. In partic-
ular, during a charging session the app should connect to power
providers to determine the carbon footprint of the power draw as
well as real-time costs. We are also exploring how people interpret
carbon footprint information to inform how the app, and others
like it, should communicate emissions information [49].

Much PHEV research [11, 18, 24, 37], including this report, relies
on self-reported data. Future research could focus on merging such
self-reported data with real-world driver behavior of newer PHEVs
(e.g., using on-board diagnostic systems [75]) to assess both how
charging and UF trends have changed with the evolution of PHEV
models, and how these behaviors comparewith owners’ perceptions
of their behavior and motivations. Indeed, identifying mismatches
between actual and perceived driver behavior could provide fruitful
targets for future research aimed at designing interfaces and inter-
ventions to promote more efficient vehicle use. Also, while PHEVs
have unique characteristics, blending a plug-in electric motor and
a combustion engine, some of the findings surfaced in this report
(e.g., drivers’ difficulty navigating the charging infrastructure and
their interest in driving while using only battery power) could be
applied to BEV usage. Altogether, this work can be leveraged to
design and build interfaces and interventions to minimize carbon
emissions from driving PHEVs and other electrified vehicles.
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A RESEARCH METHODS
A.1 Survey Questions

(1) How many vehicles does your household have in total, in-
cluding your Plug-In Hybrid Vehicle?
• Dropdown options: 1, 2, 3, 4, 5 or more

(2) How many of your current household vehicles are:
• Conventional gas and/or diesel vehicles: [dropdown op-
tions: 0, 1, . . . , 4, 5+]

• Conventional hybrid vehicles: [dropdown options: 0, 1, . . . ,
4, 5+]

• Plug-in hybrid vehicles: [dropdown options: 0, 1, . . . , 4, 5+]
• Battery electric vehicles: [dropdown options: 0, 1, . . . , 4,
5+]

(3) How do you usually travel to work?
• I do not work
• I work from home
• I use public transport
• I drive
• I use ride sharing (e.g., Uber or Lyft)
• I walk or bike
• Other

(4) Where do you usually park your Plug-In Hybrid Vehicle
when you are at home?
• Private garage
• Shared garage
• Carport
• Driveway
• Parking garage
• Outdoor parking lot
• Street parking

(5) Where do you usually park your Plug-In Hybrid Vehicle
when you are at home?
• Private garage
• Shared garage
• Carport
• Driveway
• Parking garage
• Outdoor parking lot
• Street parking

(6) How often do you charge your Plug-In Hybrid Vehicle?
• More than once per day
• Once per day
• A few times a week
• Once per week
• Between 1–3 times a month
• A few times a year
• Never

(7) Progressive Matrix:How often do you charge your Plug-In
Hybrid at the following locations?
• Locations include:
– Home
– Work
– Charging services away from home or work

• Responses for each location include:
– More than once per day
– Once per day
– A few times a week
– Once per week
– Between 1–3 times a month
– A few times a year
– Never

(8) Progressive Matrix: What charger type do you typically
use to charge your Plug-In Hybrid at the following locations?
• Locations include:
– Home
– Work
– Charging services away from home or work

• Responses for each location include:
– L1
– L2
– L3 (DC fast charging)
– No access to charging at this location

(9) Progressive Matrix: Self reported Habit Index adapted to
charging behavior. Participants answer how much they agree
with each statements using a 7 point likert scale ranging from
“Strongly Agree” to “Strongly Disagree”.
• Charging my Plug-In Hybrid is something. . .
– . . . I do frequently.
– . . . I do automatically.
– . . . I do without having to consciously remember.
– . . . that makes me feel weird if I do not do it.
– . . . I do without thinking.
– . . .would require effort not to do.
– . . . that belongs to my daily routine.
– . . . I start doing before I realize I’m doing it.
– . . . I would find hard not to do.
– . . . I have no need to think about doing.
– . . . that’s typically ‘me’.
– . . . I have been doing for a long time.

(10) Progressive Matrix: Participants answer how much they
agree with each statements using a 5 point likert scale ranging
from “Strongly Agree” to “Strongly Disagree”.
• Charging requires effort.
• I find charging convenient.
• Charging requires less effort than fueling at a gas station.
• How much do you agree or disagree with the following
statements about charging your Plug-In Hybrid?

(11) Progressive Matrix: Participants answer how much they
agree with each statements using a 5 point likert scale ranging
from “Strongly Agree” to “Strongly Disagree”.
• It takes a lot of effort to charge a Plug-In Hybrid. . .
– . . . at home.
– . . . at work.
– . . . using charging services away from home or work.

(12) Progressive Matrix: Participants answer how much they
agree with each statements using a 5 point likert scale ranging
from “Strongly Agree” to “Strongly Disagree”.
• It is convenient to charge a Plug-In Hybrid. . .
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– . . . at home.
– . . . at work.
– . . . using charging services away from home or work.

(13) Progressive Matrix: Participants answer how much they
agree with each statements using a 5 point likert scale ranging
from “Unimportant” to “Very Important”. The fifth item was
used as an attention check.
• How important are the following factors for your decisions
to charge your Plug-In Hybrid?
– Fuel cost savings
– Maintenance cost savings
– Performance and driving experience
– Please select Slightly Unimportant

(14) Are there trips you take with other vehicles that you feel
you cannot take with your Plug-In Hybrid Vehicle (PHEV)?
Select all that apply.
• No, I can use my PHEV for any of the trips I make with
my other vehicles.

• Yes, when driving with multiple passengers I often prefer
other vehicles.

• Yes, when driving long distances I often prefer other vehi-
cles.

• Yes, when driving in cold weather I often prefer other
vehicles.

• Yes, when transporting bulky or heavy items I often prefer
other vehicles.

• Yes, other (please specify) [participant entered a text re-
sponse]

(15) Progressive Matrix: Participants answer how much they
agree with each statements using a 5 point likert scale ranging
from “Very Unlikely” to “Very Likely”.
• If you had to replace your current Plug-In Hybrid today,
how likely would you choose a. . .
– . . . plug-in hybrid vehicle
– . . . battery electric vehicle
– . . . conventional hybrid vehicle
– . . . conventional gas or diesel vehicle

(16) Progressive Matrix: Participants answer how much they
agree with each statements using a 5 point likert scale ranging
from “Very Unlikely” to “Very Likely”.
• If you could only own one vehicle today, how likely would
you choose a. . .
– . . . plug-in hybrid vehicle
– . . . battery electric vehicle
– . . . conventional hybrid vehicle
– . . . conventional gas or diesel vehicle

(17) Progressive Matrix: Question only asked to participants who
indicated that they also owned at least one conventional gas
vehicle on question 2. Participants answer howmuch they agree
with each statements using a 5 point likert scale ranging from
“Very Unlikely” to “Very Likely”.
• If you had to replace your current conventional gas or
diesel vehicle, how likely would you replace it with a. . .

– . . . plug-in hybrid vehicle
– . . . battery electric vehicle
– . . . conventional hybrid vehicle
– . . . conventional gas or diesel vehicle

(18) Did you purchase or lease your current Plug-In Hybrid Vehi-
cle (PHEV) to replace a previous vehicle?
• Yes, it replaced a previous conventional gas or diesel vehi-
cle

• Yes, it replaced a previous conventional hybrid vehicle
• Yes, it replaced a previous battery electric vehicle
• Yes, it replaced a previous PHEV
• No, I did not have a vehicle before
• No, I kept my previous vehicle(s) after purchasing my
PHEV

(19) Progressive Matrix: Participants answer how much they
agree with each statements using a 5 point likert scale ranging
from “Strongly Agree” to “Strongly Disagree”.
• I purchased my Plug-In Hybrid Vehicle. . .
– . . . for environmental reasons
– . . . to save money on gas and/or maintenance
– . . . because of tax incentives or refunds
– . . . to gain access to HOV lanes
– . . . to gain access to more convenient parking
– . . . because it has a better driving performance
– . . . because battery electric vehicles have limited range
– . . . because battery electric vehicles are too expensive

(20) What percentage of your Plug-In Hybrid driving is done
using the electric motor only?
• Slider between 0–100% [slider handle appeared when par-
ticipants first clicked on the slider]

• I don’t know

(21) For how long have you owned or leased a Plug-In Hybrid
(including previous models)?
• Less than 1 year
• 1 year
• 2 years
• 3 years
• 4 years
• 5 years
• 6 or more years

(22) What is your average fuel economy when you drive your
Plug-In Hybrid?
• Slider between 0–200 MPG [slider handle appeared when
participants first clicked on the slider]

• Over 200 mpg
• I don’t know

(23) When I drive, I try to maximize my fuel economy:
• Always
• Very Often
• Often
• Sometimes
• Rarely
• Never
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(24) Progressive Matrix: Across all of your vehicles, how fre-
quently do you use your Plug-In Hybrid Vehicle to drive
round-trips of the following distances?
• Activity types:
– Trips under 20 miles
– Work
– Charging services away from home or work

• Activity frequency:
– Almost everyday
– A few times a week
– A few times a month
– A few times a year
– About once a year
– Never

(25) Progressive Matrix: How often do you use your Plug-In
Hybrid Vehicle to do the following activities?
• Activity types:
– Commuting
– Driving friends/family
– Running errands (e.g., groceries)
– Long distance trips
– Towing/Hauling
– Recreation/motorsport
– Ridesharing (e.g., driving for Lyft or Uber)
– Off-roading

• Activity frequency:
– Almost everyday
– A few times a week
– A few times a month
– A few times a year
– About once a year
– Never

(26) Progressive Matrix: Question only asked to participants who
indicated that they also owned at least one conventional gas ve-
hicle on question 2. How often do you use your conventional
gas or diesel vehicle(s) to do the following activities?
• Activity types:
– Commuting
– Driving friends/family
– Running errands (e.g., groceries)
– Long distance trips
– Towing/Hauling
– Recreation/motorsport
– Ridesharing (e.g., driving for Lyft or Uber)
– Off-roading

• Activity frequency:
– Almost everyday
– A few times a week
– A few times a month
– A few times a year
– About once a year
– Never

(27) How satisfied are you with the cost savings associated with
charging your Plug-In Hybrid rather than only fueling with
gas?
• Very Dissatisfied

• Slightly Dissatisfied
• Indifferent
• Slightly Satisfied
• Very Satisfied

(28) Progressive Matrix: In most areas, charging a Plug-In Hy-
brid Vehicle (PHEV) from the grid is more cost effective than
using gasoline. What energy source would you prioritize to
run your PHEV under the following scenarios?
• Scenarios:
– Electricity is 3 times cheaper per mile than gas
– Electricity is 2.5 times cheaper per mile than gas
– Electricity is 2 times cheaper per mile than gas
– Electricity is 1.5 times cheaper per mile than gas
– Electricity and gas are the same price per mile
– Gas is 1.5 times cheaper per mile than electricity
– Gas is 2 times cheaper per mile than electricity
– Gas is 2.5 times cheaper per mile than electricity
– Gas is 3 times cheaper per mile than electricity

• Responses:
– I would use mainly gas (not charge frequently)
– I would use mainly electricity (charge as frequently as
possible)

(29) How much more would you be willing to pay for electricity
from carbon-neutral sources (e.g., solar, wind) over electricity
from fossil fuels (e.g., natural gas, coal)?
• I would not pay more for carbon-neutral sources
• I would pay 1.5 times more for carbon-neutral sources
• I would pay 2.0 times more for carbon-neutral sources
• I would pay 2.5 times more for carbon-neutral sources
• I would pay 3.0 times more for carbon-neutral sources

(30) Do you live in an urban, suburban, or rural area?
• Urban
• Suburban
• Rural
• Prefer not to answer

(31) What is the highest level of education you have completed?
• No schooling
• Some High School
• High School or equivalent (e.g., GED)
• Some college but no degree
• Associate’s degree
• Bachelor’s degree
• Master’s degree in the Arts and Sciences (MA, MS)
• Professional Master’s degree (e.g., MBA, MPA, MSW, MSE,
MSN, MFA)

• Ph.D.
• Other Doctoral degree (e.g., EdD, DDiv, DrPH, DBA)
• Professional degree (e.g., JD, LLM, SJD, MD, DO, DDS,
DVM)

• Trade School
• Other degree (please specify)
• Prefer not to answer

(32) What is your yearly household income?
• $10,000 or less
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• $10,001 to $40,000
• $40,001 to $80,000
• $80,001 to $160,000
• More than $160,000
• Prefer not to answer

(33) How many people live in your household, including your-
self?
• Dropdown options: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more

(34) How many children live in your household?
• Dropdown options: 1, 2, 3, 4, 5 or more

(35) In what type of building do you reside?
• Single detached house
• Semi-detached home/duplex
• Townhome
• Apartment
• Other

(36) Do you rent or own your home?
• Rent
• Own

B DEMOGRAPHIC BREAKDOWN
B.1 Table: PHEV owner Gender Identity

Gender Identity Number of Owners Percentage of Sample

Woman 228 46.7%
Man 254 52.0%
Genderqueer or
non-binary

4 0.8%

Agender 1 0.2%
Prefer not to an-
swer

1 0.2%

B.2 Table: PHEV Owner Age Ranges

Age Range Number of Owners Percentage of Sample

18–25 58 11.9%
26–35 138 28.3%
36–45 133 27.3%
46–55 73 15.0%
56–65 44 9.0%
66–75 36 7.4%
76–85 6 1.2%
86 or older 0 0.0%

B.3 Table: PHEV Owner Income Ranges

Income Range Number of Owners Percentage of Sample

$10,000 or less 11 2.3%
$10,001–$40,000 51 10.5%
$40,001–$80,000 137 28.1%
$80,001–$160,000 186 38.1%
More than
$160,000

90 18.4%

Prefer not to an-
swer

13 2.7%

B.4 Table: PHEV Owner Dwelling Type

Dwelling Type Number of Owners Percentage of Sample

Single detached
home

355 72.7%

Apartment 69 14.1%
Townhome 44 9.0%
Semi-
detached/duplex

16 3.3%

Other 4 0.8%

B.5 Table: PHEV Owner Dwelling Ownership

Dwelling Owner-
ship Type

Number of Owners Percentage of Sample

Own 397 81.4%
Rent 91 18.6%

B.6 Table: PHEV Owner Urban and Rural
Classification

Classification Number of Owners Percentage of Sample

Urban 219 44.9%
Suburban 224 45.9%
Rural 43 8.8%
Prefer not to an-
swer

2 0.4%

B.7 Table: PHEV Parking

Parking Type Number of Owners Percentage of Sample

Private garage 313 64.1%
Driveway 68 13.9%
Parking garage 30 6.4%
Shared garage 27 5.5%
Carport 26 5.3%
Outdoor parking
lot

17 3.4%

Street parking 7 1.4%

B.8 Table: PHEV Owner Charging Access

Location Number of Owners
with Charging Ac-
cess

Percentage of Sample

Home 470 96.3%
Work 310 63.5%
Public charging 388 79.5%
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B.9 Table: PHEV Owner Home State
State Number of Owners Percentage of Sample

AL 6 1.2%
AR 2 0.4%
AZ 13 2.7%
CA 83 17.0%
CO 11 2.3%
CT 7 1.4%
DC 2 0.4%
DE 2 0.4%
FL 30 6.1%
GA 25 5.1%
HI 3 0.6%
IA 3 0.6%
IL 17 3.5%
IN 2 0.4%
KS 2 0.4%
KY 2 0.4%
LA 5 1.0%
MA 12 2.5%
MD 11 2.3%
ME 3 0.6%
MI 11 2.3%
MO 6 0.6%
MS 5 1.0%
MT 1 0.2%
NC 15 3.1%
ND 1 0.2%
NH 1 0.2%
NJ 20 4.1%
NM 3 0.6%
NV 7 1.4%
NY 55 1.1%
OH 10 2.0%
OK 7 1.4%
OR 10 2.0%
PA 13 2.7%
RI 2 0.4%
SC 6 1.2%
TN 6 1.2%
TX 23 4.7%
UT 5 1.0%
VA 12 2.5%
VT 1 0.2%
WA 13 2.7%
WI 7 1.4%
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Figure 3: Concepts discussed with participants during the think-loud sessions included a variety of mobile apps, including
(a) Location-based reminders for plugging in; (b) Efficient driving coach: reminders about the impacts of aggressive driving
on efficiency; (c) Plant virtual trees at charging locations: an augmented reality game designed to improve familiarity with
charging stations; (d) Company donates to a charity when you plug in: a way to convert money saved from charging to donations
of the user’s choice; (e) Trip streak leaderboard and personal record tracker: a social leaderboard app that encourages streaks
of “good” (high UF) trips; (f) a low-fidelity rating of the UF of each trip; (g) and Financial advisor for driving: cost-savings
recommendations. We also discussed (h) In-car electric driving coach: an in-car application that signals good (blue light) or poor
(red light) UF and (i) Keeping the car charged and happy: a peripheral display charging reminder application to be installed in
the users’ garage that transitions from a happy to an angry state over time if the user fails to plug-in their car over several days.
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