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Abstract
Research suggests that vivid and personalized interventions influence 
proenvironmental attitudes and behaviors. Through the use of immersive 
virtual environment technology, people can experience vivid environmental 
scenarios that are personalized to the individual. An experiment was 
conducted to investigate the impact of vivid and/or personal messages on 
energy savings behavior related to hot water use. Participants experienced 
a virtual shower in which they received feedback (varying in vividness and/
or personalization) on the amount of energy used to heat and transport the 
virtual water. Participants’ hot water use during hand washing in the physical 
world was tracked before and after treatment. Participants exposed to vivid 
messages used cooler water compared with not vivid messages. There was 
no significant effect for personal messages and no interaction effect. The 
results suggest that technology that leverages vividness may be effective in 
promoting proenvironmental behaviors.
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Greenhouse gas (GHG) emissions have been increasing, raising global tem-
peratures and profoundly affecting ecosystems worldwide (Intergovernmental 
Panel on Climate Change, 2013; Le Quéré et al., 2013). Addressing climate 
change often seems like a daunting task, a challenge only appropriate for 
large organizations or institutions. However, individual consumption activi-
ties, such as home energy use and travel, have a greater impact on the envi-
ronment than most expect (Bin & Dowlatabadi, 2005; Gifford, 2011). In the 
United States, household energy use accounts for more than 20% of overall 
CO2 emissions (Dietz, Gardner, Gilligan, Stern, & Vandenbergh, 2009; U.S. 
Energy Information Administration, 2011).

Scientists estimate that energy and GHG-related behavior change can 
reduce residential, building, and transportation energy consumption by nearly 
20% (Attari, DeKay, Davidson, & de Bruin, 2010; Gardner & Stern, 2008; 
Parker, Hoak, Meier, & Brown, 2006). This is roughly 10% of the total U.S. 
energy consumption, equaling to more than the total yearly energy consump-
tion in Brazil or the United Kingdom (U.S. Energy Information Administration, 
2010). Interventions promoting energy and GHG-saving actions by individu-
als in the residential sector could make significant contributions to address-
ing the problems of climate change.

An area in the residential sector that has great potential for energy savings 
is in hot water use, specifically related to showering (Willis, Stewart, 
Panuwatwanich, Jones, & Kyriakides, 2010). The U.S. government has listed 
managing hot water usage as one of the top eight areas that citizens can regu-
late to reduce home energy expenditures (Matulka, 2013). Furthermore, the 
American Council for an Energy-Efficient Economy (2012) has informed the 
public that water heating is connected to a multitude of domestic activities 
and is the second largest user of energy in the home.

The gap between individual proenvironmental attitudes and actual behav-
iors needs to close for people to take action to protect the environment 
(Blühdorn, 2011; Jamieson, 2006; Kennedy, Beckley, McFarlane, & Nadeau, 
2009; Schultz, 2011; Whitmarsh, 2009). Many Americans believe that cli-
mate change is “real and bad,” yet engage in contradictory behaviors 
(Jamieson, 2006, p. 98; Weber & Stern, 2011). According to Jamieson (2006), 
this environmental paradox occurs because (a) climate change is an extremely 
complex issue to understand or (b) individuals who believe that climate 
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change is a real threat, believe that other issues such as national security are 
more salient. In addition, people often underestimate the actual amount of 
energy that they consume (Attari et al., 2010). Interventions need to encour-
age people to move beyond their day-to-day thoughts about the environment 
and engage in concrete actions.

We focused on two features illustrated in environmental behavior change 
research, personalization, and vividness, (Abrahamse, Steg, Vlek, & 
Rothengatter, 2005; Costanzo, Archer, Aronson, & Pettigrew, 1986; Gonzales, 
Aronson, & Costanzo, 1988; Lopes, Antunes, & Martins, 2012; McKenzie-
Mohr, 2011; Rhode & Ross, 2008; van Vugt, Griskevicius, & Schultz, 2014), 
and examined how to leverage them through immersive virtual reality envi-
ronment technology (IVET).

Personalization and Vividness

Personalization can be defined as “incorporating recognizable aspects of a 
person in the content information” (Dijkstra, 2008, p. 768). One approach 
would be to use a person’s name or a set of features that when organized in a 
specific manner would be the equivalent to referring to that person by name. 
Simply customizing and personalizing information in an intervention 
improves its effectiveness (Abrahamse et al., 2005; Fogg, 2003; Hargreaves, 
Nye, & Burgess, 2010; Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra, 
2008; Jensen, King, Carcioppolo, & Davis, 2012; Kalyanaraman & Sundar, 
2006). For example, a meta-analysis of print health interventions determined 
that tailored or personalized information encouraged greater behavior change 
when compared with comparison or control groups (Noar, Benac, & Harris, 
2007).

People arguably find personalized information more persuasive than non-
personalized information because they perceive it to hold greater relevance 
(Jensen et al., 2012), which in turn elicits greater attention (King & Tester, 
1999). By garnering greater attention, personal interventions encourage indi-
viduals to cognitively elaborate on the content of the message (Griffin, 2009). 
Jensen et al. (2012) created an intervention to increase breast cancer screen-
ings among women. The researchers created personalized pamphlets in 
which the content reflected specific attributes of the participants (e.g., age, 
race). Those that read the personalized pamphlets expressed greater behav-
ioral intent for breast cancer screening compared with those that read the 
pamphlets with stock information. Furthermore, the effect of personalized 
visual content was mediated by perceived self-relevance.

Personalized information not only garners greater attention but also can 
influence a person’s decision-making process about the environment. For 
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example, people tend to use direct personal experience to form many of their 
opinions, decisions, and behaviors related to climate change (Weber, 2006; 
Weber & Stern, 2011). Results from a national random sample survey showed 
a statistically significant correlation between personal involvement and 
energy conservation behavior (Göckeritz, et al., 2010). Furthermore, Maiteny 
(2002) argues that for people to engage in sustainable behaviors, they need to 
have direct experiences that personally connect them with the issue.

In addition to personalized messages, interventions employing vividness 
can enhance the persuasiveness of a message (Guadagno, Rhoads, & Sagarin, 
2011) and generate changes in behaviors (Allcott, 2011; Costanzo et al., 
1986; Dillard & Main, 2013; Gonzales et al., 1988). Nisbett and Ross (1980) 
describe vivid content as emotionally interesting, and concrete that provokes 
imagery in a sensory, temporal or spatial way. For example, home energy 
auditors signed up homeowners for retrofits more often when they vividly 
described the cumulative air leaks in a house as being the “size of a football” 
or described a lack of insulation as like having a “naked attic” (Gonzales et 
al., 1988). Another study on home energy conservation demonstrated elec-
tricity efficiency gains by using an interactive video game that provided vivid 
visual feedback on the amount of household energy used (Reeves, Cummings, 
Scarborough, & Yeykelis, 2013).

Vivid appeals make abstract representations concrete, and may influence 
people’s ability or motivation to carefully review the message information, 
allowing for greater cognitive elaboration. Sheppard (2005) suggests that an 
interaction between cognitive, affective, and behavioral responses may 
explain why vivid visual information is effective in initiating behavior. An 
embodied cognition approach proposes that cognition is rooted in the body 
and that the brain integrates perceptual, motor, and introspective states during 
an experience (Barsalou, 2008; Wilson, 2002). Vivid messages that utilize 
strong imagery related to the senses may enable the brain to assimilate and 
process information more effectively than not vivid messages.

Virtual Reality: A Persuasive Technology for 
Proenvironmental Behaviors

IVET can act as a persuasive technology to encourage proenvironmental 
behaviors by leveraging vividness and personalization (Bainbridge, 2007). 
IVET provides the user with a first-person point of view in a three-dimen-
sional virtual environment and provides real-time multisensory feedback via 
visual, haptic, auditory, and/or olfactory cues. The technology allows the user 
to do or see things that could not occur in the real world—for example, by 
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speeding up time, creating infeasible physical spaces (e.g., geographically 
remote or fictitious), or allowing for novel, impossible, or undesirable behav-
iors (e.g., behaviors that would be harmful to the self, others, or the 
environment).

Persuasive technologies are media or computing systems that catalyze 
attitude and behavior change (Fogg, 2003; King & Tester, 1999). They satu-
rate many of today’s computing behaviors, often appearing in subtle ways. 
For example, Amazon.com acts as an online store and warehouse that pro-
cesses orders for a wide spectrum of goods; however, it also contains digital 
components that promote products and programs based on the preferences of 
the user (data collected from previous site visits; Fogg, 2003). A persuasive 
technology can act as a tool, social actor or medium (Fogg, 1999, 2003; Ham 
& Midden, 2014). A persuasive tool makes a target behavior easier to achieve 
by creating a personalized experience based on a person’s preferences or 
attributes. When the technology acts as a social actor, it persuades people by 
modeling a target behavior and/or utilizing the social presence of others to 
influence behaviors. The power of modeling enables people to learn through 
vicarious reinforcement (i.e., watching the rewards and punishments that oth-
ers receive for their behaviors; Bandura, 2004; Hornik & Yanovitzky, 2003); 
this can occur through interacting with an artificial agent such as a virtual 
character (Blascovich et al., 2002) or a robot (Ham & Midden, 2014). Finally, 
a persuasive medium provides an experience for people to explore interac-
tively cause-and-effect relationships.

IVET can act as a persuasive technology by acting as (a) a tool for 
researchers, educators, and policy makers to make environmental issues 
more salient to the public; (b) a social actor by illustrating the consequences 
of human behavior through modeling; and (c) a persuasive medium that 
allows users to experience complex and abstract processes such as energy use 
or climate change. In one such use, Zaalberg and Midden (2010) utilized 
IVET to raise awareness about the effects of global warming by illustrating 
the impact of flooding in a virtual environment. Participants either walked 
through a virtual environment with three-dimensional images and spatialized 
sound or watched a slideshow with two-dimensional images and without 
audio. In this experiment, participants who used the virtual environment 
reported a greater willingness to evacuate their virtual residence and to buy 
flood insurance in real life than those that watched the sideshow. In addition, 
participants in the virtual environment condition read more online informa-
tion related to personal flood protection compared with those in the slide-
show condition. This virtual flood study illustrates the impact that personal, 
and vivid experiences can have on motivation and attention, and that IVET 
can act as a persuasive technology for proenvironmental behaviors.
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Sheppard (2005) presents a framework for utilizing visual communication 
technology such as virtual reality, to alter attitudes and behaviors about the 
environment. The author argues that to motivate behavior change, the tech-
nology needs to visually illustrate the effects of human actions in a way that 
is emotionally engaging. Sheppard outlines the following techniques to be 
important when using visualization technology: (a) use photorealism to make 
abstract concepts concrete; (b) depict personally relevant environments; (c) 
illustrate near-term effects or make long-term effects appear nearer; (d) use 
images that contain people, animals, or other symbols that have strong affec-
tive content; and (e) illustrate the future consequences of people’s actions (or 
inactions).

Our study used IVET to explore how vivid and/or personal messages 
impacted proenvironmental behaviors according to Sheppard’s (2005) visu-
alization framework. We predicted that an increase in vivid and personal ele-
ments in the messages would positively impact energy savings behavior 
related to hot water use. Participants’ actual hot water usage was measured 
before and after experiencing a virtual shower that provided visual feedback 
on the amount of energy being consumed to heat and transport water for the 
virtual shower. Additional data were collected as a manipulation check, in 
which a separate sample of participants experienced the same virtual shower, 
and reported the perceived level of vividness and personalization of the 
feedback.

To make the feedback more concrete, energy use was represented as coal 
consumption. Due to its negative associations, coal consumption may act as 
an appropriate representation to illustrate the harmful effects of energy use. 
Public opinion research has revealed that Americans view coal use as a less 
desirable energy resource compared with other energy resources because of 
its link to climate change (Greenberg, 2009). Furthermore, the survey respon-
dents formed their opinion about coal as an energy source based on how 
harmful they believed it was to the environment, as opposed to its financial 
costs, which was a major factor for forming opinions about other types of 
energy use (Greenberg, 2009).

Method

Participants

Participants’ ages ranged from 18 to 22 years old, with a mean age of 18.4 
years, and were 47.1% female and 52.9% male. The sample (N = 70) was 
ethnically diverse in which 1.4% identified as Mexican/Chicano/Mexican 
American (n = 1), 41.4% identified as White/Caucasian (n = 29), 7.1% 
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identified as Black/African/African American (n = 5), 2.9% identified as 
Native American/Alaska Native (n = 2), 5.7% identified as Asian Indian (n = 
4), 11.4% identified as Chinese/Chinese American (n = 8), 1.4% identified as 
Japanese/Japanese American (n = 1), 1.4% identified as Other Asian/Asian 
American (n = 1), 1.4% identified as Other race (n = 1), 22.9% identified as 
multiple races (n = 16), and 2.9% did not identify a race or ethnicity (n = 2). 
Students were recruited from the university’s Communication classes and an 
Introduction to the Humanities class in exchange for course credit. Participants 
were provided informed consent, and the study was approved by the 
Institutional Review Board.

Apparatus

Participants viewed the study treatment through a head-mounted display, a 
fully immersive virtual reality helmet that allows for three-dimensional ste-
reoscopic views (Figure 1). They wore an nVisor SX111 head-mounted dis-
play (NVIS, Reston, Virginia) with a resolution of 2,056 × 1,024 and a refresh 
rate of 60 frames per second (in each eye). An orientation sensor operating at 
180 Hz with a 4-ms latency rate (Intersense3 Cube) was used to track partici-
pants’ physical head orientation (pitch, roll, and yaw) and to update the ren-
dered viewpoint appropriately. Participants had a first-person perspective of 
the virtual world but could not see their virtual bodies. The virtual environ-
ment was generated and programmed using Worldviz’s Vizard VR toolkit.

To further increase immersion in the virtual shower, participants experi-
enced spatialized sound in which audio emanated in the physical space 
according to where it was located in the virtual space. A 24 channel Ambisonic 
Auralizer Sound System was used to create this audio effect. In addition, 
haptic feedback (in the form of low frequency floor vibrations) was generated 
in conjunction with the virtual sound through the use of 16 tactile floor 
subwoofers.

Procedure

A 2 × 2 between-subjects design was implemented to investigate the effects 
of vivid and personal messages on energy savings behavior related to hot 
water use. Each participant was randomly assigned to one of four energy 
feedback conditions, and then placed in a virtual shower using IVET. In every 
condition, energy use was represented by individual pieces of coal, where 
one piece of coal was equal to 15 s of shower time and 100 watts of electric-
ity. Vivid treatments consisted of a multisensory experience in which realistic 
three-dimensional images of coal moved from one pile to another. Personal 
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treatments placed the participant into the verbal or visual content (i.e., seeing 
an image of themselves, or language directed toward them). All calculations 
measuring the amount of coal used to generate electricity during the experi-
ment were done using common home scenarios and based on statistics from 
U.S. energy agencies.

Participants were randomly assigned to one of four conditions: the avatar-
coal (vivid, personal, n = 16), the coal-only (vivid, not personal, n = 17), the 

Figure 1.  Immersive virtual reality headset worn by participants.

 at Stanford University Libraries on April 20, 2015eab.sagepub.comDownloaded from 

http://eab.sagepub.com/


578	 Environment and Behavior 47(5) 

personal sign (not vivid, personal, n = 19), or the impersonal sign (not vivid, 
not personal, n = 18). Figure 2 illustrates the experimental design and the 
viewpoint of the participant in each condition. The top left cell is the avatar-
coal condition in which the treatment is both vivid and personal. Each partici-
pant in this condition saw an avatar (three-dimensional digital representation 
of him- or herself), standing outside of the shower window. Every 15 s a 
piece of coal would move from a larger pile of coal on one table to another 
table in front of the avatar. The avatar would then eat that piece of coal. 
During this condition, the floor slightly vibrated in conjunction with the 

Figure 2.  Each cell shows the participant’s view of the virtual shower.
Note. Participants were randomly assigned to one of four experimental conditions: (1) avatar-
coal condition, (2) coal-only condition. (3) personal-sign condition (“You have used 1 piece of 
coal”), and (4) impersonal-sign condition (“1 piece of coal has been used”).
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crunching sound of the avatar eating coal and coughing in response to eating 
the coal. This additional haptic feedback was used to generate a more vivid 
sensory experience. Two digital photographs of the participant were used to 
create the avatar. The vivid but not personal condition (shown in the top right 
cell) was the coal-only condition, in which the visual feedback was individ-
ual pieces of coal piling up, moving from a larger pile on one table to another 
table every 15 s. The pieces of coal moved across the participants’ field of 
view to allow them to easily keep track of how many pieces of coal were 
being consumed. The appearance and movement of the coal itself was identi-
cal in the avatar-coal and coal-only conditions. The main difference was that 
at the very end of the coal sequence in the avatar-coal condition, the avatar 
picked up the piece of coal from the plate and ate it.

The two not vivid conditions provided feedback through a counting ticker 
on a billboard sign. The lower left cell, the not vivid but personal treatment, 
was the personal-sign condition. The billboard sign used personal language 
when counting the number of coal pieces consumed stating, “You have used 
1 piece of coal.” Finally, the lower right cell was the not personal and not 
vivid treatment, the impersonal-sign condition. Participants saw a billboard 
sign that used impersonal language via the passive voice to count the number 
of pieces of coal consumed stating, “1 piece of coal has been used.”

To ensure that the experimenter remained blind to condition, every partici-
pant had his or her photograph taken prior to treatment. A separate researcher 
created the necessary avatars for the personal and vivid condition using soft-
ware that produced a three-dimensional model of the participant’s head based 
on the photographs. This technique produces highly accurate digital repre-
sentations (Bailenson, Beall, Blascovich, & Rex, 2004).

At the start of the experiment, all participants read along and listened to a 
435-word narrative describing (a) the amount of coal needed to transport and 
heat water for a shower (e.g., “one piece of coal is equal to 15 s of showering 
time and 100 watts of electricity,” and “a 10-min shower uses about 3.7 
pounds of coal.”) and (b) the negative impact that mining and burning coal 
has on the environment. After the narrative, participants saw and touched 3.7 
pounds (1.68 kg) of physical coal. Then, they were told that the room with the 
virtual reality equipment needed to remain clean for sanitation reasons and 
that they were required to wash their hands before entering the room. The 
participants used a specially installed sink to wash their hands. The pretreat-
ment hand washing requirement allowed us to collect baseline hot water use 
to control for individual differences in participants’ hand washing behaviors 
during data analysis.

Participants then entered the second experimental room for the virtual 
reality intervention. They were provided a few seconds to orient themselves 
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within the virtual shower. Audio instructions with specific washing motions 
were played during the treatment (e.g., “Please wash your right arm”). 
Spatialized sound created the echo of running water, and the virtual shower 
lasted approximately 6 min. Participants were unable to change the length or 
flow of the virtual shower. After the virtual reality treatment, participants 
completed an online questionnaire in an adjoining survey room. After com-
pleting the questionnaire, they were told that they would be completing a 
communication task in the room with the virtual reality equipment. Again, all 
participants were asked to wash their hands before entering the room to keep 
the area with the technology sanitized.

During both times that participants washed their hands, they controlled the 
temperature and flow of the water. The sink had two handles, one for hot 
water and one for cold water. Before each hand washing time point, the han-
dles were placed in the off position. The hot water took 2 to 5 s to heat up, and 
participants washed their hands for about 10 to 20 s.

To further explore the impact of vividness and personalization on water 
use, additional data was collected with a separate sample to measure how the 
virtual feedback appeared to participants. The same procedure was followed 
except participants were not required to wash their hands before or after the 
virtual reality treatment. The second sample consisted of a group of students 
from the same population as the first sample; the demographic breakdown of 
participants in the manipulation check was similar to the main study. There 
were 12 participants in the avatar-coal condition (vivid, personal) consisting 
of 8 women and 4 men; 13 in the coal-only condition (vivid, not personal) 
with 9 women, 3 men, and 1 participant who did not identify a sex; 12 in the 
personal-sign condition (not vivid, personal) with 7 women and 5 men; and 
13 in the impersonal-sign condition (not vivid, not personal) with 11 women 
and 2 men. This portion of the study acted only as manipulation check, and 
no water measurements were collected. The specially installed sink in the lab 
required a large amount of space and effort to maintain, and was therefore 
removed shortly after initial data collection.

Measures

Water temperature.  The temperature of the water that participants used dur-
ing hand washing was measured in degrees Celsius. The used water drained 
from the sink into a hidden glass beaker with a glass thermometer. Tem-
perature measurements were taken before and after treatment, approxi-
mately 30 to 45 s after the completion of each hand washing. After each 
measurement, the beaker was emptied and dried with a towel to remove 
excess water.
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Water amount.  The total volume of water that participants used during hand 
washing was measured in milliliters. Measurements were recorded by the 
same method and in the same glass beaker used to measure water 
temperature.

Vividness scale.  The vividness scale, a four-item scale, measured how vivid 
the shower feedback appeared to participants (see the online appendix for 
exact question wording). Each question response was scored from one to 
five, with lower scores indicating greater levels of vividness (α = .82, M = 
2.92, and SD = 0.87). These questions were based on previous work that 
measured how “real” virtual environments felt to users (Ahn & Bailenson, 
2011; Bailenson & Yee, 2007; Nowak & Biocca, 2003).

Personalization scale.  The personalization scale, a five-item scale, measured 
how personal the shower feedback appeared to participants (see the online 
appendix for exact question wording). Each question response was scored 
from one to five, with lower scores indicating greater levels of personaliza-
tion (α = .85, M = 3.24, and SD = 0.78).

Results

Energy Savings Behaviors

The means and standard deviations of all the outcome variables according to 
condition are presented in Table 1. To determine the effect of vivid and/or 
personal messages on energy savings behaviors, two-way analyses of covari-
ance (ANCOVA) tests were conducted to analyze the impact that condition 
had on water use (water temperature and amount). An ANCOVA was used to 
control for the variance due to any individual differences in hand washing 
that may have influenced the amount or temperature of the water used after 
treatment. The independent variables, vividness, and personalization, each 
included two levels: vivid/not vivid and personal/not personal. The covari-
ates were either the amount or temperature of the water measured at baseline. 
The water temperatures and amounts of the entire sample were first examined 
across the four conditions. Three outlier participants (one each from the ava-
tar-coal, personal-sign, and impersonal-sign conditions) were removed from 
the water temperature analysis for being three or more standard deviations 
from the mean of water temperature taken posttreatment.

The results showed a significant effect of virtual reality treatment on water 
temperature. Participants exposed to vivid messages used cooler water post-
treatment compared with those exposed to not vivid messages: F(1, 61) = 
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6.55, p = .01, η2
partial = .10. As shown in Table 1, approximately two degrees 

separated the mean temperatures of the vivid and not vivid conditions at 
22.59 (SD = 1.89) and 24.26 (SD = 2.99), respectively (estimated marginal 
means were at 23.01 [SE = 0.27] and 23.96 [SE = 0.26]). No significant effect 
(p > .05) of personal messages on water temperature was found, F(1, 61) = 
2.08, η2

partial = .03, nor was there an interaction effect, F(1, 61) = 0.09, η2
partial 

= .00.
The main effect of vividness remained significant when including the out-

liers in the analysis: vivid, F(1, 62) = 7.14, p = .01, η2
partial = .10; personal, 

F(1, 62) = 1.75, p = .19, η2
partial = .03; vivid and personal interaction, F(1, 62) 

= 0.26, p = .61, η2
partial = .00. In addition, analysis of the posttreatment water 

temperature without pretreatment water as a covariate revealed the same 
effect of vividness with a marginal significant effect: vivid, F(1, 63) = 3.69, 
p = .06, η2

partial = .06.
With regard to the amount of water that participants used after treatment 

exposure, results showed no significant effect (p > .05) of either vivid, F(1, 
61) = 0.09, η2

partial = .00; personal, F(1, 61) = 0.00, η2
partial = .00; or vivid and 

personal, F(1, 61) = 0.00, η2
partial = .00. The amount of water participants used 

after being exposed to the virtual reality messages did not differ between 
groups. The result of the water amount analysis remained the same with all 
outliers included in the data: vivid, F(1, 65) = 0.02, p = .88, η2

partial = .00; 
personal, F(1, 65) = 0.00, p = .98, η2

partial = .00; and vivid and personal: F(1, 
65) = 0.00, p = .98, η2

partial = .00.

Experienced Levels of Vividness and Personalization

The data collected for the manipulation check (after the main study was con-
ducted) was analyzed to determine how vivid and/or personal the virtual 
shower feedback appeared to participants. Table 1 presents the means and 
standard deviations of the vividness and personalization scales according to 
condition. A general linear model was used to examine participants’ self-
reported experience of the virtual reality treatment. Participants in the vivid 
condition rated the feedback in the virtual shower as more vivid compared 
with those in the not vivid condition, F(1, 50) = 4.01, p = .05, η2

partial = .08 (a 
marginally significant effect). There was no significant effect (p > .05) of 
personal conditions on the vividness scale, F(1, 50) = 0.10, p = .76, η2

partial = 
.00, nor was there an interaction effect, F(1, 50) = 0.17, p = .68, η2

partial = .00.
Examination of the personalization scale, revealed no significant main 

effects of the vivid or personal conditions, F(1, 50) = 0.00, p = .97, η2
partial = 

.00, and F(1, 50) = 1.36, p = .25, η2
partial = .00, respectively. In addition, there 

was no interaction effect of vividness and personalization, F(1, 50) = 0.46,  
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p = .50, η2
partial = .00. In summary, there were no significant differences in 

how personal the virtual shower appeared to participants across conditions.

Discussion

The results from this study suggest that vivid messages experienced in an 
immersive virtual environment can elicit proenvironmental behaviors. Even 
with the use of computer graphics far less advanced than many consumer 
video games on the market, the virtual feedback impacted participants’ actual 
energy usage. Participants exposed to vivid messages used less energy related 
to hot water use (cooler water temperature) compared with those exposed to 
the not vivid messages. The vivid conditions used images of coal, which may 
have made coal consumption more salient than the not vivid conditions that 
only used text. The results of a study by Ham and Midden (2010) demon-
strated that textual feedback utilized greater cognitive resources compared 
with visual feedback because text was more challenging to mentally process. 
Perhaps the images of coal in the vivid conditions required a lower cognitive 
load than the text conditions, allowing participants to better process the 
impact of hot water use on coal consumption.

Unexpectedly, there were no observed differences in the amount of water 
used across the conditions. Participants may have responded to the virtual 
treatment based on the specific information they learned which emphasized 
the use of coal to heat water. The intervention may have directed their atten-
tion to the temperature of the water as opposed to the amount of water. 
Participants may have simply used more cold water and less hot water to 
consume less energy.

A manipulation check was conducted in a separate sample to measure par-
ticipants’ perception of the virtual shower feedback. Participants reported 
that the feedback with images of coal were more vivid than the feedback that 
used text resulting in a marginally significant effect. However, they did not 
report any differences in the level of personalization in any of the conditions. 
In other words, the virtual reality treatment likely failed to create substantial 
subjective differences in perceived personalization. This is fairly surprising 
given that one of the personal conditions displayed factual text and numbers 
regarding energy consumption, compared with the other in which one’s pho-
tographically and behaviorally realistic avatar consumed coal. Differences 
between experiencing a first-person perspective of oneself compared with a 
third-person perspective may partially explain the lack of differences between 
the avatar-coal condition and the other conditions. Through the use of neural 
imaging techniques and digital avatars, research has shown that the brain 
processes information differently when watching a task being completed 
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from the first person versus the third person (Vogeley et al., 2004), and peo-
ple tend to feel a greater connection to their avatar when it is embodied from 
the first person as opposed to the third person (Steptoe, Steed, & Slater, 
2013). Finally, each participant personally experienced the ramifications of 
hot water use during his or her virtual shower, and therefore the virtual feed-
back may have felt similarly personally relevant in all conditions. A stronger 
and more varied manipulation of personalization could be tested in a follow-
up experiment.

One limitation of this study is that the behaviors were measured only once 
immediately after treatment. A longitudinal study could reveal the effective-
ness of vivid messages on energy use over an extended period of time. In 
addition, the sample selected was within a limited age range (18-25 years of 
age). However, a survey study by Semenza et al. (2008) revealed that indi-
viduals with some college or higher and/or those generally younger in age are 
the most likely to change their behaviors to improve the environment. The 
results of Semenza and colleague’s survey research show the importance of 
engaging young people in learning about proenvironmental behaviors and 
may explain why our results were effective immediately after treatment.

An area for future research could examine the separate psychological 
mechanisms underlying vividness and personalization. It is possible that coal 
has additional meaning outside of energy use (e.g., the holiday anecdote 
about receiving coal in one’s stocking for being “bad”). In addition, some 
areas of the world may depend on other types of energy resources and using 
coal consumption as an energy use example may not be as applicable. 
Although the data set from this study was unable to isolate vividness and 
personalization as separate mechanisms, the results fall in line with behavior 
change research in other domains. A study by Dillard and Main (2013) 
manipulated health messages to motivate colon cancer screening, and exam-
ined the degree to which participants identified or personally connected with 
the character in the message (a manipulation similar to personalization) and 
the level of vividness. The study revealed that though identification and viv-
idness were both positively associated with knowledge and behavioral inten-
tions, only vividness was significantly associated with knowledge about 
colon cancer screening and behavioral intentions in the final analysis. It 
appears that vividness may be an integral part of initiating behavior change.

Our virtual shower study manipulated vividness and personalization to illus-
trate the negative effects of energy use to facilitate behavior change (i.e., coal 
consumption). The choice to use negative appeals was modeled after previous 
proenvironmental behavior change interventions (i.e., experiencing the nega-
tive impact of a virtual flood or describing the cracks in one’s home as being 
equal to a football size hole; Gonzales et al., 1988; Zaalberg & Midden, 2010). 
A study on energy use by Midden and Ham (2014) found that participants used 
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less energy after receiving negative feedback compared with positive feedback. 
As opposed to negative appeals, other research suggests that interventions that 
illustrate the positive consequences of an individual’s behavior may also cata-
lyze proenvironmental behavior (Ahn, Fox, Dale, & Avant, 2014). An alterna-
tive intervention could show the positive effects of certain showering behaviors. 
The visual feedback could illustrate a tree growing or one’s avatar gaining 
strength when participants use less hot water. Or other sensory modalities in a 
virtual environment, such as sound, could be leveraged to influence proenvi-
ronmental behaviors. Experimental research by Golan and Fenko (2013) dem-
onstrated that altering the perceptual sound of how fast or slow water flowed 
from a faucet influenced how much water participants indicated was needed to 
fill a water bottle. The next generation of interventions could combine both 
negative and positive strategies. The intervention could show the initial nega-
tive impact of human behaviors but then illustrate specific behaviors that 
improve the environment. With this approach users could practice proenviron-
mental behaviors in a virtual environment, which may increase self-efficacy 
about the target behaviors and thus increase the likelihood that those same 
behaviors will be enacted in the real world (Fogg, 2003).

The techniques utilized in this study could be applied to numerous proen-
vironmental behaviors that could add up to significant amounts of energy 
savings. Virtual reality hardware and software are becoming more accessible 
to the general public. The treatment in this study could easily be translated to 
commercial technology. Video game platforms, such as Microsoft’s Kinect 
and the Oculus Rift, which are in tens of millions of homes in the United 
States (Rigby, 2012), could support outreach for IVET interventions. In addi-
tion, Facebook recently spent two billion dollars to buy an IVET company, 
signaling that the technology will soon be widespread (Solomon, 2014).

Educators could incorporate virtual reality into classroom science lessons, 
and government committees could experience the ramifications of their poli-
cies on domestic and international scales. Using compelling vivid simula-
tions to warn about environmental consequences could transform the ways 
people teach about the environment. Interventions could be developed to 
change individual transportation habits, or encourage people to buy energy-
efficient appliances. With the rapid development of interactive and vivid 
media, it is critical to understand how these technological tools can close the 
gap between proenvironmental attitudes and real world behaviors across a 
multitude of environmental domains.
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