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ARTICLE INFO ABSTRACT

Energy consumption is a significant and critical social issue. Gamification and serious games offer a means of
influencing people regarding energy consumption. A systematic review of articles (written in English) was
conducted according to the specifications of the PRISMA checKklist, in order to examine the literature and assess
empirical support for the effectiveness of gamification and serious games in impacting domestic energy
consumption. The search strategy included a combination of terms relating to gamification and serious games,
and domestic energy consumption. Only primary studies reporting empirical data relating to the value of
gamification and serious games on energy consumption were included. More comprehensive selection criteria
were applied throughout the selection process (reported in full in the main text). Twenty-five primary studies
published in 26 research articles were included in the final review. The findings indicate that gamification and
serious games appear to be of value within the domain of energy consumption, conservation and efficiency, with
varying degrees of evidence of positive influence found for behaviour, cognitions, knowledge and learning and
the user experience. A common feature across many articles reviewed was the limited amount and quality of
empirical evidence, which suggests that more rigorous follow-up studies are required to address this gap. The
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article makes specific recommendations to help address this challenge.

1. Introduction

The conservation of energy constitutes a significant and pressing
social issue. Despite efforts to transition to a renewable energy
economy, the world is slow to give up its dependency on fossil fuels
as its primary energy source. At a time characterised by overpopulation
and overconsumption, emission-intensive energy production that
drives anthropogenic climate change is a serious global concern. The
additional threats of resource depletion and a rapidly emerging energy-
hungry middle class in developing economies compounds the serious-
ness of the issue. Scarcity and an urgent need for energy conservation
and reduction manifest at the level of the individual with ever-
increasing living costs. This represents another factor in the urgent
need to reduce domestic energy consumption, with large proportions of
even developed economies living near or even below the poverty line
[1,2].

Households represent an important target group, with total energy
consumption in the household sector and residential CO, emissions
rising since 1990 [3]. Human behaviour and its determinants play a
key role in energy usage, however, efforts to target behavioural change
have produced varying levels of success [4]. An emerging area of focus
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is the use of serious games and gamification as tools to motivate,
engage and educate people regarding energy consumption and related
concerns.

Serious games and the use of gamification share a common goal; to
shape human behaviour (or attitude and cognitions) through the
intrinsically motivating qualities used in well-designed digital games.
Serious games are defined as “any form of interactive computer-based
game software for one or multiple players to be used on any platform
and that has been developed with the intention to be more than
entertainment” [5]. While gamification is most simply defined as “...the
use of game elements in non-game contexts to improve user experi-
ence and user engagement” [6]. Thus, the distinction between the two
is that serious games are fully fledged games (e.g., a digital role-playing
game in which the player completes challenges or quests designed to
educate them about nutrition), while gamification refers to the
application of parts of games in a non-game setting (e.g., a mobile
phone app designed to track and encourage exercise that uses levels,
points and badges). In practice it is sometimes difficult to reliably
distinguish the two as the point where a highly gamified application or
tool crosses the line to becoming a game can be blurry and is highly
subjective. Regardless, both serious games and gamification capitalise
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on the popularity and engaging nature of recreational (non-serious)
digital games with a view to enabling change in the real world. Within
the current review the term “applied games” is used to refer to serious
games and gamification collectively [7].

As gamification is a relatively new concept, key theoretical under-
standings are still emerging. One relatively well received notion is that
of ‘meaningful gamification’ [8]. Nicholson distinguishes between
reward-based gamification (e.g., points, levels, leaderboards, achieve-
ments, or badges) and meaningful gamification, which draws on game
design elements such as play, exposition, choice, information, engage-
ment and reflection. Based on self-determination theory [9], and the
distinction between intrinsic motivation (the drive to do something
without external rewards and for its own sake) and extrinsic motivation
(performing an activity to attain some separable outcome), Nicholson
suggests that rewards-based gamification may be suitable for immedi-
ate and short-term changes, but that for long-term change meaningful
gamification may be required. This aligns with the point of view of
other prominent gamification theorists [10,11] who have likewise
proposed that gamification's effects may be primarily extrinsically (as
opposed to intrinsically) motivating and that any changes to motivation
may be short term.

Serious games have seen steady interest in industry and academia
over approximately the last decade [12] and gamification has become
increasingly popular since it emerged around 2010 [13]. However,
while both are being widely applied, the empirical evidence regarding
their effectiveness is still emerging. The most thorough review of
serious games to date was conducted by Connolly and colleagues
[12], and while it found support for the effectiveness of game based
learning, the authors noted that further research was needed. Similarly,
recent reviews of the evidence supporting the effectiveness of gamifica-
tion, while broadly positive [7,13], note that any positive effects are “...
greatly dependent on the context in which the gamification is being
implemented, as well as on the users using it” [14].

Regardless, existing reviews either approach applied games across
domains (precluding any evaluation of their effectiveness with respect
to energy consumption), focus on domains other than energy con-
sumption [15] or look at specific Information Communication
Technology mediums [16]. Despite the lack of a clear understanding
of the efficacy of applied games in the energy consumption domain,
these tools are being utilised to influence domestic energy consumption
across a range of academic, governmental and commercial settings.
Based on this increasing use of these techniques, the evidence for the
context- and audience-specificity of gamification effectiveness, as well
as the broader debate about gamification's overall effectiveness, the
current study sought to closely examine the empirical evidence for the
effectiveness of applied games in the domestic energy consumption
domain.

Our objective was to examine empirical evidence reported on the
value of applied games within the domain of domestic energy con-
sumption and conservation (both efficiency gains and actual reduc-
tion). In order to achieve this objective we reviewed empirical studies
that assessed the impact of applied games on a range of energy-related
variables in users. Variables were limited to those determined as
relevant to energy consumption occurring within a strictly domestic
context. The overarching question we aim to explore in the current
review is:

Does current research provide evidence that applied games are
effective in influencing users with respect to domestic energy con-
sumption?

2. Methods
2.1. Protocol and registration

The review protocol was developed by the authors to comply with
the specifications of the PRISMA checklist [17], a rigorous and widely-
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used reporting guideline for systematic reviews. A recently published
systematic review of high quality and with a similar research question
[12] was used as a template for developing the protocol. All authors
were involved in approving the final review protocol.

In the present review, gamification is defined according to
Deterding and colleagues [6] as “...the use of game elements in non-
game contexts” and serious games are defined as “...game[s] in which
education is the primary goal, rather than entertainment” [18]. To
enhance clarity and acknowledge significant theoretical overlap, the
phrase ‘applied games’ will be used to broadly reference both concepts
throughout the review.

Energy in the context of the present review refers specifically to
electricity. However, for the purpose of this review we did not exclude
studies that deal with electricity as well as other sources of energy in
the home such as natural or propane gas. Within a domestic context,
energy consumption refers to electricity used for lighting, heating,
cooling, cooking, and to power household appliances. Whilst we use
‘energy consumption’ as the umbrella term for all studies relevant to
this review's focus, we distinguish energy conservation between energy
efficiency gains and energy reduction. Energy efficiency is the use of
less energy to provide the same service and receive the same output,
and energy reduction is a decrease in or avoidance of the use of and
demand on an energy service. While both mechanisms can contribute
to energy conservation, the Khazzoom-Brookes postulate demonstrates
a paradoxical relationship between energy efficiency gains and con-
sumption whereby a positive correlation occurs that in fact leads to an
increase in energy consumption [19].

2.2. Eligibility criteria

The following inclusion and exclusion criteria were applied to the
studies identified in the database search:
Inclusion criteria:

Peer-reviewed (including peer-reviewed conference papers)
Full-papers (including full conference papers)

Explicitly stated and described gamification mechanic/s or ele-
ments, game or game elements or activities

Clearly described outcomes relating to household energy consump-
tion/conservation behaviour, including those related to both energy
use and/or efficiency and/or reduction

Empirical research

Explained research methods / methodology / analysis
Exclusion criteria:
Gamification or game element/activity mentioned but not part of the
research being conducted
Energy consumption and/or conservation mentioned but not part of
the research being conducted
Research focusing on environments other than the domestic house-
hold (i.e. workplace, school)
Theoretical, conceptual papers without empirical data
Short papers reporting on research in progress
Extended abstracts and posters
Publications written in a language other than English

2.3. Information sources

Electronic databases were searched in the review, as well as a
manual search of the reference lists of key papers. Searches were
performed between 27th March and 16th April 2015. The databases
searched were those identified as relevant to information technology,
social science, interaction design, psychology and environmental
science: EBSCOhost (all databases) (n =1061), ProQuest (n =271),
ACM (Association for Computing Machinery) (n =151), IEEE Xplore (n
=179), Web of Science (n =10), Scopus (n =323) ScienceDirect (n
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Table 1
Number of articles from each information source.

Database No. papers No. meeting inclusion
identified criteria
ACM 154 3
BioMed Central 13 0
Cambridge Journals 95 0
Online
EBSCOhost (all 1142 3
databases)
ProQuest 306 1
IEEE Xplore 182 0
Science Direct 498 1
Scopus 402 11
Web of Science 21 1
Manual search 18 8
Total 2831 26

=492), BioMed Central (n =13), Cambridge Journals Online (n =92).
An additional 16 records were identified through a manual search of
the reference lists of key articles in an effort to include all available
studies (see Table 1).

2.4. Search

Search terms included terms for gamification and serious games in
conjunction with possible terms for energy-related outcomes. In order
to capture all relevant studies according to the gamification and games
criteria, search terms were selected to represent the variety of gaming
formats that might emerge within the scope of applied games as per
their definition in the present review. Terms relating to play were not
included due to interest in the explicit use of applied games of some
description. While it is recognised that this may exclude relevant
studies where such terms are not used (e.g. playful, persuasive and
pervasive applications), these were deemed to fall outside the scope of
the current review.

(gamif* OR gameful OR "serious game*" OR "digital game" OR
"electronic game*" OR "videogame" OR "video game").

In order to capture all relevant studies according to the energy-
related outcomes criteria, search terms were selected to represent the
variety of terms used to describe energy-related concepts.

AND ("energy consumption" OR "energy reduction” OR "energy
conservation" OR "energy monitor*" OR "electricity consumption"
OR "electricity reduction"” OR "electricity conservation" OR "elec-
tricity monitor*" OR "energy efficiency” OR "energy use" OR
"energy saving*" OR "energy-saving" OR "energy behavior*" OR
"energy meter*" OR "sustainable HCI" OR "sustainable interaction
design" OR "energy awareness" OR "energy engagement" OR
"personal emissions" OR "carbon saving" OR "ecological footprint"
OR "carbon emissions" OR "eco-visuali*" OR "eco-feedback tech-
nology" OR "climate change").

2.5. Study selection

Papers identified by search terms in the initial database search were
screened in two stages: first by title only, and second by both title and
abstract. This was performed by a single researcher, with a small
sample independently examined by a second researcher at each
screening stage. Papers that progressed through the two stages of
screening underwent a full-text assessment for eligibility. This was
performed by a single researcher. Two additional researchers examined
the results of the full-text eligibility assessment, to ensure compliance
with the selection criteria. Following the full-text eligibility assessment,
a total of n =26 papers representing 25 primary studies were found to
be eligible for review.
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2.6. Data collection process

Data was extracted from the 25 primary studies included in the
review using a data extraction form developed for use in the present
study (appendix). The data extraction form was developed as a
spreadsheet by a single researcher, and was loosely based on the
Cochrane Consumers and Communication Review Group's data extrac-
tion template [20]. The form was not piloted, and was populated by the
same single researcher by whom it was developed. No actions were
taken to seek additional information from paper authors, with all
relevant information identified within the published papers.

The data extraction process identified some cross-over in the papers
eligible for review, with two papers found to report the same data from
the same primary study and another two found to report different data
collected from the same primary study. This was addressed in data
extraction by grouping articles reporting data from the same primary
study.

2.7. Data items

The variables for which data were sought included those related to
the publication of the article (discipline, author/s, year of publication,
journal), aim(s) of study, hypothesis, research question(s), the inter-
vention (game description, modality, elements, and category), study
design (setting, outcome/s, outcome measure/s, method/s of assess-
ment, and reliability and validity), sampling (inclusion and/or exclu-
sion criteria, sample size and characteristics (including age), recruit-
ment and selection), data collection (who, duration, instrument/s,
reliability and validity), data analysis (method/s and rationale), and
results (findings and statistical significance).

2.8. Game classification

The games or gamification elements described in each of the
primary studies were categorised based on their degree of digitisation
and integration with the real world. The categories 1-3) were devised
by researchers in the present study and are described below:

1. Fully digital games that have no real world integration but are aimed
at influencing the real world (e.g. learning to reduce energy
consumption within a virtual apartment)

. Games that may be digital but have some integration with the real
world (e.g. the digital game prompts an action in the real world or
pervasive or augmented reality games)

. Games with no digital elements that occur, and are thus fully
integrated, in the real world (e.g. monitoring your shower time by
showering for the length of a song)

2.9. Quality assessment

The studies included in the review were assessed for quality based
on the protocol developed and applied by Connolly and colleagues [12]
in a systematic review of a similar nature. Papers were assessed for
quality across five dimensions and scored between 1 and 3, with 3
denoting high, 2 denoting medium and 1 denoting low for each
criterion. The final scores for quality were calculated between 5 and
15, with 15 indicating the highest possible level of quality according to
the assessment tool. All eligible studies were independently coded by
two reviewers.

The five dimensions as described by Connolly and colleagues [12]
were adapted for the present review and are outlined below:

1. How appropriate is the research design for addressing the question
identified in this review. Papers were coded as:

e High =3, e.g. use of randomised control trials
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Medium =2, e.g. quasi-experimental controlled study
Low =1, e.g. case study, single subject-experimental design, pre-
test/post-test design

How appropriate are the methods and analysis?

. How generalisable are the findings of this study to the target
population with respect to the size and representativeness of the
sample. To what extent would the findings be relevant across age
groups, gender, ethnicity, etc.?

How relevant is the particular focus of the study (including
conceptual focus, context, sample and measures) for addressing
the question or sub-questions of this review?

. To what extent can the study findings be trusted in answering the
study question(s)?

Quality assessment of the 25 primary studies eligible for review was
undertaken independently by two researchers. A coding matrix was
also developed to streamline and increase the accuracy and reliability
of the quality assessment process. While this does not address
subjectivity in the coding of the papers, it does assist in the establish-
ment of inter-rater reliability. To resolve differences in scoring, an
iterative process of quality assessment was adopted. This approach was
endorsed by Sirriyeh and colleagues [21] in their development of a 16-
item quality assessment tool (QATSDD) for methodologically diverse
research articles. QATSDD was used to assist in the development of the
coding matrix used in the present study.

Inter-rater reliability regarding the quality coding of the papers was
determined by calculating Cohen's kappa using IBM SPSS Statistics 22.
The inter-rater reliability (p) for the total scores was .818, showing a
good level of agreement between the two coders with respect to the
quality of the papers.

2.10. Synthesis of results

No meta-analysis was conducted as the primary studies included in
the review did not report sufficient statistical information to calculate
the necessary effect sizes. Synthesis of the results focusses on a
discussion of the empirical trends in the data.

3. Results
3.1. Study selection

2831 papers fit the initial inquiry (see Fig. 1), which decreased to
2518 after duplicates were removed (n =313). A total of 2518 papers
were screened by title, resulting in the removal of 2255 papers for a
range of exclusionary factors, including incorrect publication type (n
=152), published in a language other than English (n =17), and
irrelevant overall based on title (n =2086). A total of 263 papers
progressed to the second stage of screening, which involved application
of the selection criteria to the title and abstract. A total of 191 papers
were excluded as a result of the second stage of screening. The
exclusionary factors for removal at this stage of screening were more
detailed, with the breakdown as follows: incorrect publication type (n
=18), theoretical / conceptual only (n =27), irrelevant outcome (n
=23), examining applied games outside the energy consumption
domain (n =47), examining energy consumption and/or efficiency
but without incorporating applied games in the research (n =38), and
irrelevant overall (n =38).

A total of 72 papers remained to be assessed for eligibility based on
their full-text. The eligibility assessment process resulted in the
exclusion of 46 full-text papers for various exclusionary factors,
including papers of a descriptive nature only (n =17), no specification
of energy consumption and/or efficiency (n =11), no specification of
gamification and/or games (n =5), examining energy consumption
and/or efficiency within a context other than the household (n =5),
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mentioning gamification and/or games but not part of research (n =3),
theoretical papers (n =3), reporting pre-testing data only (n =1), and
repeat publications (n =1). A total of 26 papers representing 25
primary studies were deemed eligible for review and progressed to
quality assessment (see Table 2 for details on all papers included in the
full review).

The results of one intervention was published across two separate
research papers [22] and [23], and therefore considered to represent
one primary study. Another two studies reported data from the same
intervention, however, were considered to represent separate primary
studies due to methodological differences [24,25].

3.2. Study designs

A range of study designs were represented across the 25 studies,
with the majority employing analytic designs to quantify the relation-
ship between the intervention and specified outcome/s. Descriptive
studies comprised a small proportion of the studies, as is expected in a
review of empirical evidence.

A mixed methods approach was adopted by the majority of the
studies (n =17), however, exclusively quantitative (n =5) and qualita-
tive (n =2) studies were also featured. The majority of studies were
based on a survey study design (n =11), followed by quasi-experimental
study designs (n =5). Other study designs included case studies (n =2),
pilot studies (n =2), and qualitative study designs (n =2). Only one
longitudinal field study and one randomised control trial (RCT) were
identified.

3.3. Study sample

The included studies involved a total of 4026 participants, however,
many studies failed to report or did not clearly articulate participant
numbers. For example, some studies referred to families or households
and did not clarify the exact number of participants. Sample sizes
ranged from 5 (in a rapid usability assessment) to 2580 (in a survey to
broadly characterise the target population), however, participant
numbers were generally less than 200.

Little information was provided relating to the recruitment and
selection of participants. The recruitment of participants was generally
conducted by convenience sampling, namely via identification of
participants through researchers’ personal networks (email listings,
acquaintances and family members). Some studies reported having
conducted random probability sampling, however, the true representa-
tiveness of these samples is unclear due to selection of participants
from research subject pools or via other methods, and generally
insufficient information has been provided with which to confirm that
true randomisation had been carried out. In a few cases, authors
constructed purposive samples in order to target a specific subset of the
population.

The selection of participants for inclusion in the studies in the
majority of cases did not appear to be based on any particular set of
characteristics, apart from in the small number of studies identifying
their sampling strategy as purposive. In these studies, certain partici-
pant traits were especially selected. Many studies provided limited or
no information regarding the study sample. Thus it was difficult to
assess the adequacy of the study sample in terms of size and
representativeness.

The age of participants ranged from 6 years to 55 years. Participant
characteristics were broad. The most widely represented group were
young adults, with participants generally clustered between the ages of
18 and 30. This information is based on only half of the studies
included in this review, as 13 of the studies failed to provide any
information pertaining to the age of the participants in the study
sample.

The setting for the studies varied, despite the focus of the
systematic review on energy-related concepts within a domestic
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Fig. 1. Flow diagram for study selection.

domain. The settings included household (n =7), laboratory (n =6),
classroom (n =3), university dormitory (n =4), university campus (n
=1), workplace (n =1) and in the participants’ private space (unchar-
acterised) (n =1). No information was provided regarding the setting
for three of the studies.

3.4. Data collection and analysis

Data was predominately a mixture of quantitative and qualitative,

with a number of studies triangulating data to strengthen their results
and conclusions. The most frequently employed method of data
collection was the questionnaire, which was used to collect quantitative
and/or qualitative data in 22 studies. The format and mode of delivery
of the questionnaires varied, however, online and paper-based tools
administered by the researcher and consisting entirely of quantitative
items predominated. In some cases, multiple questionnaires were
employed to measure a range of variables at various time-points. For
the collection of qualitative data, interviews were the most common
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Table 2 (continued)

Participants Quality

Sample size

Results

Outcome/s

Game element/s

Data

Study design; data
collection

Game, modality Aims/Objectives

Author, Year

(Effect +/-)

analysis

factors indirectly

influencing the effectiveness
of knowledge acquisition
Significantly promoted
learning motivation

Low

Graduate students

(15 Male, 8

23

Feedback, Tips, Cognitive

To examine how the Mixed methods, Statistical

ECOPET, non-

(Yang et al. 2012)

(awareness,

Levels, Avatars,

Challenges

ECOPET system affects Qualitative design,

users' self-awareness,

mobile (computer

game)

willingness to conserve

motivation) (+)

Survey; Questionnaire,

energy and self-awareness

and

learning motivation and  Observations, Video-

willingness to conserve

energy.

recordings

Female)

knowledge of energy
conservation

Knowledge (+)

User Experience (+)

Renewable and Sustainable Energy Reviews 73 (2017) 249-264

technique (n =13), followed by observations (n =4) and video record-
ings (n =2). Quantitative data was collected from energy meters or
monitors (n =7), game server logs (n =7) and self-reported activity logs
(n =2). Other methods included audio recordings, focus groups, user
photographs (taken during an intervention), and various tools em-
ployed in the context of a usability testing protocol (including think-
aloud verbal protocol, document analysis and task series).

Reporting of the duration of data collection by each of the primary
studies was poor. Based on the information provided, data collection
ranged from 3 weeks to over a year, with the majority extending for a
period of between 1 and 4 months. Data analysis was poorly reported
by many of the eligible studies, with the majority failing to identify key
aspects of the process and results (e.g., method of data analysis
including techniques used to determine statistical significance was
often not identified). Quantitative data analysis employed predomi-
nantly statistical methods (including significance testing (t-test), uni-
variate (ANOVA) and multivariate (MANOVA) testing, correlational
analysis, Mann-Kendall testing, and descriptive statistics), while the-
matic analysis was the primary method of analysis for qualitative data.

3.5. Quality assessment

The quality of the studies ranged from 5 to 12. The mean rating for
the 25 primary studies was 7.5, and the modal rating was 6. Papers
rated 7.5 or over (above average) were considered to provide metho-
dologically stronger evidence in the context of the review question. The
basis for determining this cut-off point was similar to the strategy
employed by Connolly and colleagues [12], which used the mode and
mean. Due to the relatively low quality of the studies in the current
review, the mean was used on its own to determine the quality cut-off
point.

Twelve of 25 primary studies (48%) were assessed to be of higher
quality (quality score of 7.5 or greater). The remaining 13 studies were
given a quality score of less than 7.5 and therefore were considered to
provide less methodologically strong evidence in the context of the
review question.

3.6. Applied game type

The applied games reviewed in the present study were delivered in
various modalities, using a range of platforms including online web
applications, computer games, motion-detectors, and mobile applica-
tions. For simplicity, the applied games were classified into two broad
categories; dedicated mobile applications (games and gamified tools
delivered via a mobile application) and non-mobile applications (games
and gamified tools delivered via personal computer (as opposed to
mobile devices). Within the review, 7 studies focussed on dedicated
mobile applications, 15 on non-mobile applications and 2 studies
involved delivery as both a mobile application and via alternative
platforms incorporated within the non-mobile classification. Among
the 15 non-mobile applications, interventions included online applica-
tions (n =9), computer games (n =5) and other platforms (n =1).

The interventions were further classified in terms of whether they
more closely resemble a serious game or a gamified application/tool.
Exactly half of the interventions described by the studies included in
the review (n =12) were serious games [24—36]. The other half (n =12)
presented gamified applications/tools [22,23,37-47].

The games and gamified tools were categorised based on their level
of digitisation and integration with the real world, as per the
classification developed for use in the present study (described in
methods). The majority of the games and gamified tools/applications
(n =13) demonstrated a certain level of integration with the real world
(category 2), followed closely by fully digital games with no real world
integration (category 1) (n =12). No games or tools/applications were
classified into category three (games with no digital elements).
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Table 3
Frequency of use of applied game elements.
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Table 4
Positive, mixed and neutral effects of applied games across outcome categories.

Applied Game Element Count
Avatars 4
Challenges 15
Feedback 17
Leaderboards 9
Levels 5
Rewards 10
Social Sharing 11
Points 8
Tips 6
Rankings 4
Badges 2
User-generated content 2

3.7. Game elements

The 25 primary studies eligible for review represent a range of game
elements embedded in a variety of ways. The specific number of time
each element was employed in the studies reviewed is shown in Table 3
(below). In order of frequency, these included feedback, challenges,
social sharing, rewards, leaderboards, points, tips, levels, rankings,
avatars, badges and user-generated content.

It was common for a number of game elements to be incorporated
into each intervention, with only five embedding one game element
only. Two to three game elements were embedded in seven interven-
tions, four to five were embedded in eight interventions, and greater
than 5 were embedded in five of the interventions reviewed.

3.8. Studied outcomes

The outcomes assessed by the 25 primary studies included in the
review are grouped into four categories as per the high level classifica-
tion proposed by Connolly and colleagues [12]. These are: behavioural
outcomes, cognitive outcomes, and learning and knowledge acquisition
outcomes. The additional outcome category of user experience has
been added as a fourth category to adequately classify all identified
outcomes.

Behavioural outcomes included both actual and intended behaviour
outside the game or application (referred to as real world behaviours),
and energy-related behaviours taken by participants within the applied
game (referred to as in-game behaviours). The kinds of behaviours
measured varied significantly between studies, reflecting the breadth of
the domain of energy consumption and efficiency. Real world beha-
vioural outcomes included energy consumption (reported and actual,
short, medium and long term), energy saving activities/actions (self-
reported) and intention to engage in energy-saving behaviour.
Behavioural outcomes within the applied game included the identifica-
tion and selection of energy-saving actions (in the context of the
applied game) and user purpose in terms of energy-related goals.

Cognitive outcomes were related to affective and motivational
factors, and included energy-related attitudes, motivation to engage
in eco-friendly behaviour, self-awareness of energy conservation, and
willingness to conserve energy. There is evidence of a strong relation-
ship between certain cognitive outcomes, such as attitudes, and energy
saving [4,48].

Learning and knowledge acquisition outcomes included learning
effectiveness, identification of specific energy saving actions, knowledge
gains, change in awareness of environmental and energy-related issues,
gain of explicit knowledge of electrical appliances, conceptual learning
performance and progression, and the gain of knowledge of energy
consumption.

User experience refers to the participant's attitudes towards and
engagement with the applied game and includes outcomes relating to
both user satisfaction and usability [49]. In the present review, the
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Outcome Positive Mixed Negative Number of times
assessed

User Experience 20 0 0 20

Cognitive 12 3 0 15

Behavioural (real 9 1 0 10

world)
Knowledge 6 2 1 9
Behavioural (in-game) 3 0 0 3

scope of user experience was broad and thus incorporated variables
ranging from subjective responses to the intervention, such as ease of
navigation and enjoyment, as well as more objective measures relating
to amount of use of the applied.

The most popular outcome category was user experience (n =20),
followed by cognitive (n =15), behavioural (n =13), and knowledge (n
=9). Within the behavioural category, the majority of studies (n=10)
looked at real-world behaviour and a minority at in-game behaviour
(n=3). It was common for multiple outcomes to be measured, with the
majority of the studies eligible for review (n =17) measuring more than
one outcome. Few studies reported data relating to the role of specific
game elements in the results of the intervention and the level of
influence of its particular features in relation to the target population/s.
However, as shown in Table 4, it is possible to gain a sense of the trend
in terms of the common effects (positive, negative or mixed) associated
with each outcome category. As can be seen, the impact of applied
games on the user experience was consistently positive, the impact on
in-game behaviours was consistently positive and the impact on real-
word behaviours was almost always (90% of the time) positive and
otherwise mixed/neutral. For cognitive and knowledge related out-
comes the evidence is more mixed (though predominantly positive).
For cognitive outcomes the majority (80%) of effects were positive with
some (20%) evidence of mixed/neutral results. Finally, for knowledge
related outcomes, although the majority (67%) of effects were positive,
there was also evidence of a negative effect and some (22%) mixed/
neutral effects (11%).

3.9. Discipline

The studies represented a range of disciplines (identified based on
publication venue), including education, computer and information
science, business and economics, and science and communication. The
most widely represented discipline was computer and information
science (n =12), which included publications from a number of
specialised interest areas including persuasive technology, informatics,
gaming and human-computer interaction (HCI). The second most
popular discipline was education, with seven studies examining the
evidence from an educational perspective. Publications included those
from education broadly, as well as from the more specialised areas of
learning science, innovative learning, e-learning and distance educa-
tion. Other disciplines represented included business and economics,
energy efficiency, industrial design and engineering, behavioural
sciences, communication studies, and community and regional plan-
ning, with one study published in each aforementioned area.

3.10. Reported effects

The effect of applied games on energy-related outcomes was largely
positive, with exclusively positive effects demonstrated in 19 of the 25
studies. No studies reported a solely negative effect, however, both
positive and negative effects were observed in 6 studies.
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4. Discussion

The popularity of applied games as a novel approach to encouraging
real-world change is supported by the large number of articles captured
in the initial search. The limited number of empirical articles remain-
ing after application of the selection criteria suggests applied games
within the domain of domestic energy consumption is yet to be
comprehensively examined. The majority of papers included in the
review (n =21) were published in 2010 or later, with 11 published in
the last three years.

The final 26 papers and 25 primary studies eligible for review
represent great diversity in terms of research methodology, interven-
tional design and framework, and disciplinary focus. The range of
disciplines undertaking research which examines a games-based
approach to domestic energy consumption confirms the area is of
broad interest and applicability. This suggests a shift away from the
mono-disciplinary focus of interventions to influence energy-related
behaviours previously identified [4].

The review has demonstrated that there is a small body of evidence
which suggests applied games can have a positive effect on energy-
related domains and can potentially influence behaviour or behavioural
antecedents. The reliability of these results is partially undermined by
shortcomings identified in the methodologies of the reviewed studies,
including small sample sizes, poorly described methodologies, limited
use of validated measures to quantify outcomes, absence of controls,
presentation of descriptive statistics only, and narrow data collection
timeframes. Some of these limitations are inherent to particular fields,
such as purposefully small sample sizes in exploratory design research
intended to produce rich qualitative insights, or narrow data collection
timeframes that are commonplace in case study research conducted by
higher degree research students. The present review does not critique
or object to the peer review assessments that the selected papers
underwent. The papers are categorised as low quality only with respect
to the aim of the present review (assessing the empirical evidence they
provide regarding the effectiveness of applied games in this domain),
and indeed, these papers may be considered high quality based on
other aims and criteria.

4.1. Game elements

A variety of game elements were employed in the studies, with the
most common inclusions being feedback, challenges, social sharing,
rewards, leaderboards and points. As described below, there is
evidence for these having various positive influences across impact
types. Unfortunately, few studies compare the impact of differing game
elements, which precludes many conclusions regarding the relative
impactfulness of specific game elements. Of the five papers that did
compare game elements only two were rated as high quality.
Gustafsson [28] and Senbel [47] both found evidence for the value of
competition and social sharing as a means of encouraging participants.
Additionally, Senbel [47] found that points and prizes worked as an
initial incentive but other game elements (e.g., challenges) were more
useful throughout the period of participation.

Looking across the full range of papers (regardless of whether the
impact of specific game elements was isolated), the present review
aligns with that of Abrahamse and colleagues [4] in finding that
feedback is often applied as a tool to promote energy conservation
and appears to be an effective strategy. Similarly, the current study
aligns with Abrahamse et al. in providing support for the utility of
rewards as a means to encourage energy savings. In addition to
providing further support for these existing connections, the present
review provides evidence of the common use of challenges as a means
to engage people in energy conservation and initial support for an
associated positive impact.
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4.2. User experience

Empirical evidence was identified for a wide range of outcomes
within the four classifications, with positive effects reported in all 25
studies and negative effects in just 6. The most frequently measured
variables were classified as user experience (n =20). This was also the
most successful classification, with positive effects observed in all 20 of
the eligible studies investigating user experience. Of these, only 7 were
high quality (as per our own ratings). A positive attitude towards the
game or experience playing the game was the most commonly reported
user experience outcome amongst the high quality studies
[28,29,34,35,38,47]. This suggests that users generally respond posi-
tively to applied games, however, in the context of the review, user
experience is not regarded as an outcome that adds weight to the
evidence that applied games are effective in influencing domestic
energy consumption. Additionally, it is unfortunately not possible to
effectively explore whether any relationship exists between key demo-
graphics (e.g., age) and the user experience of applied games as no
studies test for this and many studies do not report the required
demographic information.

4.3. Cognitive outcomes

Cognitive outcomes were measured in 15 studies, all of which
reported positive effects. Two studies reported both positive and
negative effects. These were further classified into attitudes (n =4),
motivation (n =10), and awareness (n =4). A total of 4 studies
measuring cognitive outcomes were classified as high quality (as per
our own ratings), with quality assessment scores of 7.5 or greater.
Despite clear interest in the impact of applied games on cognition in
the context of domestic energy consumption, there was limited
evidence to demonstrate the actual effect of the intervention in terms
of the cognitive outcome measured. The high quality studies reported
positive changes in attitudes towards energy saving behaviour [24,28]
and increases in awareness of domestic energy consumption [34].
Negative effects relating to cognitive outcomes were reported by two
studies, one of which was assessed as high quality. Gustafsson [28]
found that while players indicated a more positive attitude towards
energy saving as a result of engagement with Power Explorer, they
displayed a more negative attitude towards the environment in general.
The authors attribute this finding to the “...occurrence of cognitive
dissonance induced by the esthetic message of the game”. Overall, the
results of these studies provide a basis for understanding the impor-
tance of cognitive outcomes in the context of the review, however a
much greater body of evidence is required to determine the true effect.

4.4. Behaviour (real world)

Popular opinion that applied games lead to real-world behaviour
change was found to be largely supported. It should be noted though,
only some of the supporting papers were assessed as providing high
quality evidence. Specifically, a positive effect for real-world behaviour-
al outcomes was observed in nine of the ten eligible studies examining
this outcome, five of which were assessed to be of high quality
[28,29,32,46,47]. The effects reported by the high quality studies were
all positive, with the exception of the absence of a long-term effect in
terms of reduction of energy consumption observed by Gustafsson and
colleagues [29]. Kimura and Nakajima [22] reported a lack of effect,
with no energy consumption behaviour change observed whatsoever,
however, this study was assessed as poor in quality.

Behaviour change was examined in various contexts, predomi-
nantly the consumption of energy in self-reported and actual terms.
Intentions to mitigate energy consumption or modify a related
behaviour were also measured. Two studies measured behaviour
change using self-reported measures only [40,42], while six studies
measured actual behaviour change with energy use data
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[28,29,32,39,46,47]. Only one study measured behaviour change using
both actual and self-reported measures [22,23]. Interestingly, no
significant correlation was found between self-reported and actual
measures, in that, most participants reported they were more conscious
of the environment, but this was not reflected in their actual energy
consumption. However, as the authors note, this may reflect the short
period in which energy consumption was measured as well as the fact
the study was conducted during a holiday period in which differing
patterns of energy consumption might be expected. The study con-
ducted by Odom and colleagues [44] described actual behaviour change
data in terms of a reduction in energy consumption, however, did not
describe the method of data collection. Interestingly, despite the
popularity of applied games within the field of marketing, purchase
behaviour was measured by one study only [45].

There was also large variation in the periods of data collection, with
baseline data collected for between 1 and 5 weeks pre-intervention.
Behavioural data collected during the intervention occurred within a
range of immediately post-gameplay to 4 weeks, and the timeframe for
data collection post-intervention varied from 4 to 18 weeks. Large
variations between the studies in how behavioural outcomes were
conceptualised and quantified weakens the ability to make clear cut
conclusions regarding the required or ideal timeframes for an effect to
occur.

Of the studies measuring behaviour using energy consumption
data, two limited the observation of behaviour change to during the
intervention [22,23,46]. The remaining five examined behaviour
change both during and post-intervention [28,29,32,39,47]. Only one
study observed no change in energy consumption as a result of their
intervention [22,23]. The remaining six studies reported a reduction in
energy consumption during the intervention, however, the extent and
nature of the behaviour change differed greatly. Although five of the
studies reporting positive effects were assessed to provide higher
quality evidence in the context of the review, this is still a relatively
small number of studies upon which to base any broad level conclu-
sions. Certainty around such conclusions is also limited by the differing
measures used across studies. Overall, however, these studies provide
encouraging initial evidence of the utility of applied games for short-
term changes in energy consumption behaviour.

The efficacy of applied games in terms of mid to long-term
behaviour change was less well-substantiated, with only one high
quality study reporting a statistically significant decline in energy
consumption post-intervention [47]. The other three high quality
studies measuring post-intervention behaviour change reported either
too small or not statistically significant changes [28,32], or no
sustained effect whatsoever [29]. Geelen also reported post-interven-
tion behaviour change, however, this study did not meet the criteria for
high quality. Self-reported behavioural data also provided some
evidence to support the efficacy of applied games in influencing
behaviour [40,42], however, these studies were not assessed as high
quality. Overall, it appears that when a follow-up was included in the
study design, positive behaviour changes as a result of the intervention
were not maintained. However, it is possible that the lack of mid to
long-term behaviour change is related to a focus, in the reviewed
studies, on what Nicholson [8] refers to as reward based gamification
(e.g., points, levels, leaderboards, achievements, or badges). None of
the studies reviewed focused specifically on meaningful gamification
(e.g., play, exposition, choice, information, engagement and reflection),
which has been theorised to be more likely to lead to longer term
changes. Overall, the results suggest that applied games (and particu-
larly gamification) are likely to be effective for short term behaviour
change, but further research, incorporating greater diversity of types of
applied games, is needed to properly assess the implications for longer
term change.

The reliability and accuracy of the reported real-world behaviour
outcomes and subsequent generalisations are compromised by meth-
odological issues in a large proportion of the reviewed studies, even in
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those assessed as higher quality. Explicit issues with data collection was
reported in a number of studies, including incomplete data retrieval
[39], and data corruption [46]. In studies collecting energy usage data
to quantify actual behaviour, there were inconsistencies in the kinds
and quantities of appliances measured and the comprehensiveness of
electrical usage data collected. Not all studies measuring behaviour had
control groups, with only 5 of the 10 studies measuring behaviour
change actually reporting the incorporation of a control group in the
study design [28,29,32,46,47]. There were also large differences in
control group characteristics and the extent to which confounding
variables were controlled for, with Reeves and colleagues [32] con-
ducting the only study which controlled for household differences. As
households who participate in studies of this nature may differ on key
variables such as motivation level, income, and education, general-
isation of results can be difficult and undesirable.

4.5. Behaviour (in game)

Behavioural outcomes within the game were observed in 3 studies
[26,34,38], all of which were assessed as high quality. There was
minimal overlap in terms of the outcomes measured, with each study
investigating in-game behaviour from a different perspective. Stone
and colleagues [34] examined the identification of energy-saving
actions and the level of participant movement and exploration within
a virtual apartment, and reported that participants confident in their
ability to identify actions interacted with the game to a greater extent.
The nature of participant interaction was also investigated by Banerjee
and Horn [26], though the focus was on how game activity was
structured and whether it evoked cultural forms (e.g., the game hide-
and-seek). Observational data indicated gameplay was dominantly
structured around physical assistance and conceptual elaboration,
however, no evidence supported the expression of cultural forms.
Participant behaviour in terms of purpose was examined by
Gamberini and colleagues [38], with findings indicating that specific
goal orientated access, such as checking the consumption of a
particular appliance, predominated over more generic goals such as
browsing the platform.

4.6. Knowledge and learning

Positive effects were observed in 7 of the 8 eligible studies
examining knowledge and learning related outcomes, however, only 3
were assessed as higher quality [26,28,29]. As two of these studies also
reported negative effects, the strength of the evidence in support of
applied games to improve knowledge and learning related to energy
consumption is mixed. The overall findings are further complicated by
variation in the conceptualisations of knowledge and learning and
subsequently how they have been measured. It appears that there is
stronger evidence for the efficacy of applied games in influencing a
user's understanding of household energy consumption and conserva-
tion within a broader context, with all three of the high quality studies
reporting increases. Less success was reported for the communication
of more specific information, with Banerjee and Horn [26] reporting a
poor understanding of the concept and relevance of kilowatt hours
(kWh) and Gustafsson and colleagues [28] reporting marginal in-
creases in knowledge of appliance power rating but a decrease in the
ability to determine task-specific energy usage. Gustafsson and collea-
gues postulate that the decline in knowledge may be due to participants
learning only about devices relevant to them, but also note that they
found contradictions between quantitative and qualitative data leading
them to question the accuracy of the results. Inconclusive results in
relation to knowledge acquisition was reported by Tsai and colleagues
[35], and thus the empirical effectiveness of the intervention was
deemed unclear. Knowledge and learning related outcomes examined
by studies assessed as lower quality generally reported an increased
ability of users to recall key themes from the game [27,30,31,36].
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5. Limitations

A number of limitations of the current review should be acknowl-
edged. The review was limited (by definition) by the search terms
chosen, the databases used and the selection criteria (e.g., only english
language publications). More broadly, our assessment of the primary
research question was limited by the relatively low number of studies
that met the selection criteria and by the fact that within those selected
many studies were found to be relatively low quality. Many of the
problems relate to poorly described interventions, issues related to data
collection and analysis and related weakening of the accuracy and
reliability of conclusions drawn. Overall few rigorous, empirical
assessments of the tangible impact of applied games on energy
efficiency behaviours have been published. Relatedly, it may be that
publication bias has meant that an overly positive picture of applied
games is emerging. It may be that studies that find no impact of applied
games are less commonly submitted or accepted for publication.
Unfortunately, it is not possible to formally assess the potential impact
of publication bias based on the data available in the currently reviewed
studies.

On the other hand, within the studies reviewed, large within-group
variation was found with respect to energy use. Coupled with small
sample sizes, there is likely to be reduced statistical power in many
studies and an associated decrease in likelihood of significant differ-
ences being found. This means the true picture of the impact of applied
games in this domain is somewhat obfuscated. Additionally, many
studies included in the review did not conduct statistical significance
testing or failed to describe their analysis altogether. Similarly, many
studies relied on self-reported behaviour which leaves open the
possibility that some results reflect a social desirability bias. Previous
research has found significant differences between self-reported and
observed behaviour related to energy efficiency [4,50]. Finally, there is
a dearth of research assessing the long-term effects of applied games.
The majority of studies did not measure long-term effects focussing on
short data-collection periods and follow-ups. As a result it is possible
that positive changes observed may not be sustained over time or that
new positive behaviours or habits may have emerged post-data
collection completion.

6. Conclusions

The current review aimed to explore what evidence exists that
applied games (gamification and serious games) are effective in
influencing users with respect to domestic energy consumption. This
goal was identified in response to the urgent need to consider new
approaches to motivating individuals to become more energy aware
and to translate this knowledge into action. It has been identified that it
is essential to consider macro- and micro-level variables that may
influence household consumption patterns [51]. The evidence sum-
marised in the current review provides encouraging initial evidence
that applied games can have a positive influence in the domestic energy
conservation domain, but overall this review provides a good founda-
tion for further work as opposed to conclusive evidence.

Several key areas of focus for future work emerge from the current
review. Firstly, there is a need for more quantitative empirical research.
Understandably, given the relative youth of the area of focus, much of
the existing research is exploratory in nature. More specifically, there is
a clear need for studies that isolate the impact of applied games (e.g.,
RCTs, quasi-experimental studies) in comparison to no intervention
and more traditional interventions. Similarly, there is a need for
qualitative research that more clearly identifies people's thoughts and
motivations in relation to potential energy conservation interventions.
Secondly, a number of more specific questions remain unanswered. It
is not yet known how the impact of applied games varies across
different user groups, nor is it possible to know which game elements
are most effective. Thirdly, it is important that research explores the
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effectiveness of applied games over a longer timeframe. Finally, while
user experience is a key element of applied games, research that goes
beyond this outcome to include cognitive, learning and behavioural
measures will greatly strengthen understanding of the field.

It can be concluded that applied games generally provide a positive
user experience with all studies reporting positive impacts on this
outcome. With respect to cognitive outcomes, there is consistent
evidence of improved attitudes towards and awareness of energy
conservation issues. In almost all studies, applied games appear to
lead to improvements in self-reported and actual energy conservation
behaviour but it is not yet clear whether these changes persist long-
term. With respect to knowledge and learning, applied games appear to
be effective means of improving general knowledge of energy con-
sumption and conservation, but it is less clear that they are effective for
communicating more specific knowledge. Overall, there is emerging
evidence of the value of applied games as a means of reducing domestic
energy consumption with further research needed to answer key
outstanding questions.
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