kT buildings

Review

Gamification Approaches and Assessment Methodologies for
Occupants’ Energy Behavior Change in Buildings:
A Systematic Review

Wenting Li 7*, Ornella Iuorio 2, Han Fang ! and Michele Win Tai Mak 1

Citation: Li, W.; Iuorio, O.; Fang, H.;
Mak, M.W.T. Gamification
Approaches and Assessment
Methodologies for Occupants’
Energy Behavior Change in
Buildings: A Systematic Review.
Buildings 2024, 14, 1497.
https://doi.org/10.3390/
buildings14061497

Academic Editor: Paulo Santos

Received: 27 March 2024
Revised: 14 May 2024
Accepted: 15 May 2024
Published: 22 May 2024

Copyright: © 2024 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution (CC  BY)
(https://creativecommons.org/license

s/by/4.0/).

license

1 School of Civil Engineering, Faculty of Engineering and Physical Sciences, University of Leeds,
Leeds LS2 9]JT, UK; h.fangl@leeds.ac.uk (H.F.); m.w.t.mak@leeds.ac.uk (M.W.T.M.)

2 Department of Architecture, Built Environment and Construction Engineering, Politecnico di Milano,

20133 Milan, Italy; ornella.iuorio@polimi.it

Correspondence: cnwli@leeds.ac.uk

Abstract: With the trend of achieving both energy efficiency in buildings and occupants’ comfort,
gamification strategies have started to be developed and applied as incentive mechanisms to in-
crease social interaction and facilitate human energy behavior transformation. In this article, 306
published papers are reviewed, and 21 studies are identified to determine the challenges and po-
tential for the development of gamification strategies to improve building energy efficiency. Specif-
ically, this work reviews the implementation techniques of gamification and methods to assess the
impact of gamification mechanisms on human energy behavior changes. This analysis demonstrates
that, firstly, the choice of an optimal gamification implementation method should be inherently at-
tuned to the distinct characteristics of the building type and its occupants. Secondly, it is imperative
to strike a judicious balance between extrinsic and intrinsic motivations, in which customization of
gamification design elements are based on users’ unique personality traits and preferences, to
properly tailor gamification mechanisms. Thirdly, integrating a fusion of quantification of energy
savings and qualitative interpretation of user behaviors to improve the energy efficiency in build-
ings is essential for a more holistic understanding of the impact of gamification on users’ energy-
related behavior change. The findings indicate that gamification techniques can enable the effective
reduction of energy consumption in buildings.

Keywords: incentive mechanism; performance assessment method; building energy efficiency;

energy consumption; user engagement; building information

1. Introduction

The cumulative energy consumption within the buildings sector has demonstrated
an average annual increase of 1% over the preceding decade. As of 2022, the energy de-
mand in the buildings sector constitutes approximately 30% of the global final energy
consumption, with residential buildings accounting for 22% of this total [1]. The residen-
tial sector, serving as the primary energy consumer, allocates approximately 60% of the
total final energy consumption for space heating, 25% for residential hot water and 11%
for electricity across Europe and the United Kingdom [1,2].

1.1. Building Energy Solution and Human Disruption

Efforts toward improving energy efficiency extend beyond technical interventions
aimed at minimizing energy requirements and optimizing buildings’ energy-related per-
formance. Buildings have the potential to act as smart systems that facilitate the transition
towards a more sustainable energy use paradigm, in terms of heating, cooling, appliances
and lighting. In the pursuit of sustainable-energy buildings, from an energy-efficient
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perspective, significant investments have already been made in the improvement of build-
ing envelope elements [3-5], automation and control [6-8], sensing infrastructures [9,10]
for relevant data provision and total or partial exchange of energy sources [11-14]. How-
ever, human involvement has emerged as a significant factor contributing to energy over-
consumption [15-17]. Overconsumption is often associated with unnecessary adjustments
to temperature settings, inefficient use of lighting, or other energy-consuming behaviors,
which underscore the development of sustainable building practices and are often ig-
nored or not taken properly into account by stakeholders when designing high-perfor-
mance energy efficient buildings.

Accordingly, human factors in buildings are considered the “dark side” of energy
use. Instead, occupant energy-conservation behavior can play a pivotal role in achieving
the required and foreseen building efficiency objectives. Therefore, it is imperative to re-
direct attention towards human-centric considerations. It is also essential to develop strat-
egies that can ensure energy information is not only available to occupants, but also pre-
sented in a manner that encourages informed and energy-conscious decision-making
among building users. At present, strategies designed to motivate occupants to actively
engage in building energy-saving activities encompass eco-feedback, social interaction
and gamification [18].

1.2. Gamification and Serious Games in Behavioral Transformation

In the domain of incentivizing occupants’ behavior, gamification emerges as a con-
siderable strategy. It involves the application of game-design elements into non-game en-
vironments to augment user engagement, motivation and behavioral transformation out-
comes [19]. As gamification is a relatively new concept, which has started gaining more
attention in the last decade for connecting, collaborating and interacting with consumers,
educators and medical partners in areas of business market development [20], online
learning [21,22] and medical treatment [23], but key theoretical understandings are still
emerging.

Game thinking has been an ongoing trend within society and has gained attention
from researchers developing “game-inspired design”, “serious games” and “games”.
Comello et al. [24], for example, conducted a game-inspired infographic test in two for-
mats (scorecard and progress bar), to demonstrate the effectiveness of game-inspired de-
sign to convey a behavioral goal against traditional displays (text-only and column bar).
However, the game-inspired design lacked a serious purpose and failed to incorporate
game elements that reward users and encourage sustained participation in the gamified
process. Similarly, within the traditional gaming sphere, while game elements are present,
the considerable absence of a serious purpose underscores a focus on entertainment, ra-
ther than meaningful objectives that facilitate the realization of the target outcomes.

Serious game instead leverages structured design mechanisms, including gamifying
elements and gamifying principles, which constitute a pivotal requisite in motivating and
engaging users towards achieving behavioral transformation. Marczewski [25] conceptu-
alized the serious game as a system that has been developed with the purpose of training
or conveying a message to a specific group of users; they are ideal for positive reinforce-
ment and just-in-time learning, within a full-game environment. Nevertheless, serious
games could be resource-intensive expensive, time-consuming and partially accessible to
certain users and can be complex since they necessitate a complete gaming environment,
which is not a prerequisite in the context of gamification.

As opposed to environments characterized by high demand and sophisticated sys-
tem configurations, gamification exhibits a significant ability to be implemented across
various platforms and devices, affording more flexibility in terms of different objectives,
audiences and the context of the applications. This is attributable to its provision of
streamlined and expeditious feedback mechanisms. The design of gamified systems, serv-
ing as catalysts for occupants’ energy-related behavioral changes and intelligent building
operation, represents a valuable potential addition to the building sector’s pursuit toward
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sustainable energy utilization. Gamification offers several benefits, including promoted
user engagement, facilitation of behavioral change, improved data communication, infor-
mation visualization and motivation for energy saving, particularly in the context of en-
ergy-related high-performance buildings [26,27]. A limited body of research indicates that
the integration of gamification into building automation equipped components, sup-
ported by accurate sensing and actuators, has the potential to reduce approximately 50%
of the multiple energy consumption in public buildings caused by automated control sys-
tem disruptions [28]. However, these efforts, grounded in theoretical constructs, deliver
varying levels of success.

1.3. Previous Literature Studies

Most of the existing studies have established gamification as a promising tool for in-
centivizing pro-environmental behaviors and enhancing energy efficiency, predomi-
nantly focusing on two key areas: firstly, assessing the effectiveness of applied gamifica-
tion strategies in influencing users’ energy conservation behaviors [22,29,30], and sec-
ondly, categorizing various intervention strategies, including gamification, for their im-
pact on users’ energy behavior [18,31].

Concurrently, a growing body of literature supporting the gamification framework
delves into the intricate dynamics between users and buildings, with the objective of pre-
dicting the energy behavior of users to facilitate optimized decision-making with the anal-
ysis of collected research data. Konstantakopoulos et al. [32] introduced a gamification
framework for smart infrastructure, with the objective of motivating occupants to consci-
entiously consider personal energy usage, thereby fostering positive impacts on their en-
vironment. Furthermore, Franco [33] attempted to add a gamification strategy to formu-
late a multi-objective control strategy within Information and Communication Technolo-
gies (ICT) systems and valuable insights were gained regarding the delicate equilibrium
between user comfort and energy efficiency in public buildings. Outside the development
of smart building technologies, gamification has also recently gained significant attention
as a method of producing attitude and behavior change. Within this context, Iria et al. [26]
attempted to implement a gamification platform in an office building environment, how-
ever, the automation integration was not fully achieved, since the building energy man-
agement system (BEMS) deployed in the building did not have any control over the build-
ing’s loads. Furthermore, Soares et al. [27] conducted a study that upgraded the BEMS to
automatically control loads, independent of office users’ actions. They introduced a feed-
back mechanism equipped with an ICT platform that seamlessly integrates building man-
agement and automation systems, resulting in a noteworthy 15.4% improvement in en-
ergy conservation contributions. Moreover, this platform efficiently optimizes energy gen-
eration and storage processes. These research studies show that the incorporation of gam-
ification principles plays a pivotal role in enhancing user awareness and engagement, fa-
cilitated through automated and behavioral change actions.

Nonetheless, existing research exhibits a dearth of comprehensive understanding
and analysis regarding methodologies for evaluating changes in human energy behaviors
induced by gamification, whether at the individual or group level, spanning real-time,
short-term and long-term scenarios. Furthermore, Wu et al. [34] acknowledged the pre-
vailing trends, categories and techniques pertaining to the application of serious games
within the context of energy consumption in building systems. This acknowledgment was
made within the confines of a constrained literature review framework, adhering to pre-
determined criteria centered around the educational level of serious games concerning
energy-related topics. Remarkably, no extant literature study or systematic review has
approached this subject from a gamification perspective [32,35,36]. Thus, it becomes im-
perative to elucidate its current status and future developmental trends regarding gami-
fication approaches and their impacts on the energy use and users’ energy-related behav-
iors in buildings.
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1.4. Scope, Research Questions and Novelty of This Systematic Review

Given the identified research gaps, this literature review endeavors to address two
critical dimensions that pertain to the multifaceted intersection of gamification, building
systems, and user energy-conservation behavior, thereby extending the scope of preced-
ing literature reviews to address the following questions: 1. What efficacious implemen-
tation methods exist for the seamless integration of gamification into building systems to
enhance operational efficiency and elevate user engagement? 2. What assessment meth-
odologies can be deployed to measure the impact of gamification on users’ energy behav-
ior change?

The main objective of this study is to investigate the efficacious implementation of
gamification and its associated assessment methods, in the context of promoting energy
efficiency. This study focuses on various facets of gamification implementation, including
exploring the foundational design elements and principles that contribute to its efficacy.
It elucidates how tailored gamified strategies can address specific building types and ac-
commodate personal user traits, considering the distinct challenges and opportunities
presented in each context. Furthermore, this review systematically addresses the second
research question, delving into both experimental and non-experimental perspectives on
the assessment methodologies essential for quantitative and qualitative evaluation of
gamification’s impact on users’ energy behavior change. The following four sections con-
stitute the remaining part of the article: Section 2 gives an overview of gamification utili-
zation in achieving energy efficiency in buildings and outlines the systematic review
methodology; Section 3 presents the results and analysis of the review, along with the
research question responses; a discussion of the study findings is set out in Sections 4, and
finally, Section 5 furnishes an overview summary of this article as a conclusion and offers
insights into future research directions.

2. Materials and Methods

This study adopts a systematic review methodology, an approach for systematically
identifying and synthesizing extant literature pertaining to a defined research topic. This
method facilitates a rigorous analysis and evaluation of research findings by employing a
predetermined search strategy with explicitly stated objectives and minimized bias [37].
By following Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA), this review implemented a comprehensive and transparent search strategy,
which involved identifying databases, screening records and applying clearly defined cri-
teria for inclusion and exclusion. Each step was meticulously documented, especially bib-
liometric mapping and publication visualization, which were employed to identify weak-
nesses and trends in the literature and justify the need for stringent screening criteria to
focus on the specific objectives of this review.

2.1. Searching Strategy

This study adhered to the systematic methodology delineated in the PRISMA state-
ment [38]. A review protocol was devised, delineating criteria for article selection, search
strategy, metadata extraction and data analysis procedures. Figure 1 presents an overview
of the systematic literature review process followed in this study.
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Figure 1. Systematic review literature selection process, PRISMA flow diagram.

2.2. Data Collection

For the current study, the research articles were selected from the main databases,
Web of Science, Scopus, ScienceDirect, SpringerLink and IEEE. The following keywords:
“Gamification”, “Users”, “Energy Efficiency” and “Buildings” were used, and the follow-
ing Boolean sentence was applied in databases to conduct a search for mapping an over-
view of gamification application in the building energy efficiency field ((“gamification”
OR “gamified”) AND (“occupants” OR “users”) AND (“energy saving” OR “energy effi-
ciency”) AND (“buildings”)). A total of 1645 research articles were initially identified for
bibliometric visualization. These studies were further limited to journal articles and re-
view articles and further refined based on the inclusion of all keywords. Among the pool
of 1603 refined research studies, 306 studies were selected as specifically relevant for this
review’s objectives.

2.3. Data Analysis

The research studies selected for the review were obtained based on the inclusion
criteria, encompassing four facets: (1) studies containing gamification solutions to engage
users into specific energy saving activities; (2) studies utilizing gamification strategies to
support user experience or occupant comfort; (3) analyses addressing gamified systems
motivating users toward energy consumption-related behavior change; (4) studies em-
ploying a gamification approach to building systems or components to facilitate interac-
tions with users and collect user preference data. Excluded from this review analysis were
research works that: (1) do not use gamification in building’s context; (2) investigations
on gamification in building systems solely presenting results, without analyzing user en-
gagement; (3) studies that do not mention any effect of gamification strategy on energy
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consumption; (4) studies omitting the discussion of user energy consumption-related be-
havioral change processes; (5) studies that are not published in journals.

Prior to delving into the domain of gamification literature, bibliometric mapping was
employed to facilitate the identification of prevalent themes, research trajectories and re-
search gaps within the field of gamification, users and building systems, specifically from
the standpoint of energy conservation. Initially, 1645 selected studies were characterized
by commonalities in keyword co-occurrence and subsequently clustered into 4 thematic
subjects: student (yellow), reality (green), app (red) and relationship (blue), these clusters
enhanced the comprehension of the underlying research landscape. The 4 clusters dis-
played the density, pattern and connection of the network among the 826 detected key-
words from selected research articles, as presented in Figure 2. This figure provides in-
sights into the structure and dynamics of scholarly literature within gamification, building
energy efficiency and occupant behavior domains.
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Figure 2. Overview of gamification research network in building energy efficiency.

Figure 2 shows that gamification has exhibited noticeable achievements in design
methodologies, techniques and influence, with a limited emphasis on user typology or
practical applications. Specially, the impact of gamification remains constrained by its as-
sociation with a singular user group, primarily in the field of education, as evidenced by
the prominence of the keywords related to teachers and students within the yellow clus-
ter. The intersections between user and gamification design techniques require additional
refining, from a practical viewpoint.

The search also shows that gamification has attracted increasing attention for re-
search studies as an adaptive incentive mechanism to motivate users to participate in
building energy efficiency only recently, with the first research article published in 2012.
Figure 3 shows the growing trend since then, with almost 300 research studies focused on
gamification and user behavior change in 2023. Among the published literature, 5 are re-
view articles which focus on gamification applications and their impacts on human be-
haviors from 2016 to 2021 [18,22,29-31].



Buildings 2024, 14, 1497

7 of 27

350

299
281

w
o
o

269

N
(O]
o

212

N
o
o

175

150 P

100

Number of publications

50

44 56
B B
0 s I |

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

Figure 3. Publication volume over time on gamification and its effects on building energy efficiency.

This overall selection process yielded a final set of 21 principal articles. The chosen
studies, meeting all predefined inclusion and exclusion criteria, were found to address
various perspectives outlined within the criteria, which have been classified into four cat-
egories: (1) gamification integration with different building platforms [26,27,37-42]; (2)
gamified design elements [43—46]; (3) gamification solutions with different gamified
mechanisms [32,47-50] and (4) various gamification techniques [33,51-53].

3. Results

The selected articles were subjected to an extraction and analysis method that in-
cluded 14 distinct data aspects that were systematically organized into tables (Figure Al).
Particularly, data aspects related to building typology, gamification implementation
methods and gamification design elements were explicitly used to answer the first re-
search question. Meanwhile, data on the nature of the study (i.e., experimental, or non-
experimental), the duration of the experiment, number of participants involved in the ex-
periment, observed behavioral changes, and evaluation methodology used were em-
ployed to respond to the second research question.

3.1. Gamification Integration into Building Systems

The first research question seeks to identify effective methods for implementing gam-
ification within building systems, with a specific focus on the energy efficiency of system
operation and user satisfaction concerning their gamified experience and comfort aspects.
Examination of this research question entails investigations into the independent factors
of building features, gamified techniques, and implementation interfaces with suitable
gamifying elements. Concurrently, consideration is given to dependent variables, notably
gamification integration levels and pertinent human factors, inclusive of user identity and
personal traits. With the building system serving as the object of implementation, the dis-
course is compartmentalized into three distinct perspectives: (1) variability across build-
ing types; (2) nuances in implementation techniques and operational features, and (3) in-
sights into user engagement and experience design. This systematic approach aims to ho-
listically address the multifaceted dimensions of gamification within building systems.
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3.1.1. Gamification in Different Building Types

While gamification holds promise for promoting energy efficiency across various
building sectors, its application needs to be tailored to the specific characteristics and chal-
lenges of each building category. In the selected studies, each type of building’s shared
proportion is shown in Figure 4. It can be observed that residential and higher education
buildings show a substantial proportion of gamification utilization, whereas its adoption
in offices and other public buildings, including healthcare centers, remains comparatively
limited. Paone and Bacher [18] indicated that significant savings in energy usage have
been found in residential and office buildings where gamification is primarily employed,
accounting for 80% and 60% of savings, respectively. The variance in energy-saving ac-
tions between residential and office buildings may be attributed primarily to factors such
as utility costs [54]. Specifically, when end-users are financially responsible for their per-
sonal electricity usage in residential buildings [55], this factor assumes a crucial role in
incentivizing users to engage in more energy-efficient behaviors within gamified frame-
works. Due to the varying end-user responsibilities for utility costs across different build-
ing categories [55], gamification tends to be easier to adopt and execute in residential
buildings (33%) than in public buildings (19%) and office buildings (20%), according to
proportion of residential, public buildings and office buildings in Figure 4. In the context
of the implementation of gamification in higher education buildings, a discrepancy is ob-
served, with a prevalence 9% higher than in public buildings, despite the fact that the
majority of higher education buildings are classified as public buildings (refer to Figure
4). Beyond the physical construction, the importance of users of the buildings should not
be overlooked. Given that higher education institutions primarily serve students, this
group of users appears to be particularly predisposed to adopting gamified techniques
and practicing energy saving [50], due to the pedagogical innovation and technological
integration [56].

= Residential
Higher Education
Public Building

19% Office Building

Figure 4. Share of various building types in the selected research studies.

3.1.2. Gamification Techniques Utilization and Their Performance

The investigation was extended to the examination of various gamification methods
employed in different building types. The literature reveals seven implementation tech-
niques, namely Human-Machine Interface (HMI) [38], Apps [26], Internet of Things (IoT)
based [50], web-based gamified systems [43], software [44], ICT platforms [27,33] and
Graphical User Interface (GUI) [56], as identified by the principal studies selected for this
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review. The radar chart below (Figure 5) gathers data from the chosen relevant literature
on various gamification techniques, based on the building type. The numerical values as-
sociated with each technique denote the cumulative frequency of its application across the
selected studies, despite instances where multiple techniques were employed within an
individual study. In terms of total usage, Apps and HMI stand out in residential and
higher education buildings, occupying first and second position, respectively, while soft-
ware and GUI are barely utilized.

—0— Residential
—0— Higher Education

Office

ICT loT

—o— Public

Software Web-based

Figure 5. The distribution of gamification techniques in various building types.

Given the findings on the various gamification implementation techniques across
multiple building types, providing a controllable data visualization monitoring function
interface for users to interact with was found to be critical for implementing gamification
in residential buildings [6,42,57,58]. In relation to Figure 5, individuals who occupy office
spaces for prolonged periods, particularly in a shared workplace, require the utilization
of ICT and IoT intelligent approaches. These approaches facilitate real-time data collection
and exchange, thereby optimizing smart automation systems and enabling users to exer-
cise real-time control [26,28,52,59]. Conversely, for higher education buildings and other
public buildings, Apps are necessary for gamification to allow the users to engage without
a specific fixed location. This interface accommodates users [60], primarily students and
commuters, who frequently transition between locations, necessitating a flexible and ac-
cessible tool for interaction with the gamified system. To further improve the understand-
ing of the subsequent integration of various gamification technologies with the targeted
platform inside buildings, an in-depth analysis of their performance was also conducted,
as described.

A decision matrix was used to show the characteristics of pros and cons among seven
implementation techniques, in terms of human-centric [45,48], data-driven [57], and con-
vergence perspectives [37,42] (see Table 1), based on the selected studies. Specifically,
among the seven evaluated aspects, ‘User-friendliness” and ‘Customization” emerged as
recurring themes in the literature, mainly emphasizing the improvement of user engage-
ment and behavior change [32,43-50]. Hence, these aspects were assigned to the ‘human-
centric’ perspective for the discussion of different gamification techniques in Table 1. Sim-
ilarly, the data-driven perspective often includes automated control systems in studies on
gamification and flatform [26,28,48,50,52,61], focusing on technology-based methods for
energy consumption management, such as smart sensors, meters, monitoring and device
usage. ‘Data collection’, ‘data analysis” and ‘real-time control” are prominent components
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in discussions of automation systems. In addition, “User accessibility” and ‘System inte-
gration” were categorized under the ‘convergence’ perspective, as these aspects are often
discussed in the context of the full implementation of gamification [27,37,40-42]. The as-
signment of weight to each criterion in the table reflects its relative significance in the de-
cision-making process (where 1 denotes low, 2 signifies medium and 3 conveys high im-
portance). Each technique was evaluated on the basis of its relevant characteristics, as dis-
cussed in the selected literature.

Notably, the weighted decision matrix is utilized to show quantifying differences,
however, it is pertinent to note that the scoring mechanism is indicative, thereby bearing
the inherent risk of biases, which requires verification through future research beyond the
scope of this review study.

Table 1. Decision matrix for seven gamification implementation techniques based on indicative scor-
ing mechanism.

A HMI Web-Based ICT GUI

[32,31;?48] (3845531 OTIAS0L "y ool lazaesar Ooftwareldl o,
User-friendliness 3 3 1 2 1 2 2
Customization 3 3 2 3 2 3 3
Data collection 3 2 3 2 3 2 2
Data analysis 2 2 3 3 2 2 1
Real-time control 2 3 3 2 3 3 2
User accessibility 3 2 2 1 3 1 2
System integration 3 3 2 3 2 2 3
Total score 19 18 16 16 16 15 15

As can be seen in Table 1, among the seven different gamification implementation
techniques, the App achieved the greatest score, while the GUI and software had the low-
est and most limited utilization in the existing research. For a diverse user base, Apps
provide mobility and portability, as they are easily accessible on mobile devices such as
smart phones, tablets and smartwatches, facilitating engagement through various gamifi-
cation components [32,48]. Significantly, Apps can be developed across diverse construc-
tion contexts. In environments including both public and mixed-use structures (e.g., com-
mercial and residential), HMI provides real-time control and is favorable for monitoring
and operating machines and systems [38]. GUI enhances user-friendliness and accessibil-
ity, thereby supporting user engagement through the interface design, particularly suited
for deployment in offices, higher education and public buildings [32]. IoT contributes to
automation and energy management by supplying data for gamified systems. ICT facili-
tates data sharing and collaboration, supporting the integration of gamification features.
Both IoT and ICT are applicable to various building types, especially smart buildings.
However, the utilization of software is primarily constrained by the considerable time and
cost requirements associated with development and maintenance. Web-based gamified
systems, while offering cross-device compatibility, garner comparatively less attention
than Apps or other intelligent screens or touchable interfaces [43].

3.1.3. Gamification Interface Integration and Design of Gamifying Elements

In addition to assessing the performance attributes of various gamification tech-
niques, the integration of gamifying elements within building systems necessitates careful
consideration of the target platform. The selection of relevant gamification elements holds
paramount importance in meeting project objectives and satisfying end-users. Reward
serves as a fundamental element in gamification initiation, irrespective of the utilized im-
plementation method. Typical rewards include points, badges, coupons and discounts, as
they offer tangible benefits to users [25]. In terms of popularity, these elements are fol-
lowed by feedback [34,42,46], dashboard [26,27] and social message [61-64]. Table 2
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presents the characteristics and evaluations of different integration platforms shown in
the selected literature among the seven gamification techniques. The platforms used to
integrate with gamified systems within building contexts are classified into three direc-
tions. These directions include groups related to energy acquisition and dissipation, such
as thermostats [38], photovoltaics (PV) [51], heating, ventilation and air conditioning
(HVAC) systems [45]; the energy monitoring group [46], including smart meters, sensors
and plugs [47]; and notably, the least prevalent application platform identified in this syn-
thesis is the computer [44]. Furthermore, the effectiveness of different gamification design
elements in optimizing resource utilization and energy consumption was also investi-
gated across various implementation techniques, with the results detailed in Table 2.

Table 2. Characteristics and evaluation of each platform of gamified system within buildings.

Techniques Target Interface Gamification Elements Resource Utilization  Energy Consumption Savings
HMI Thermostat, PV, HVAC L oints, feedback, competi-— 10 itoring 15% [38,40]
tion, dashboard, statistics
Thermostat, PV, smart me- Feedback, points, challenges, Get user engage in re-
App ters, smart plugs, sensors, dashboard, statistics, leader- source interaction 20% [26]
HVAC board
Enable real-time automa-
IoT Smart meters, plugs, sensors Competition, points tion and data-driven deci- 40% [50]
sions
Points, competition, feed- Media and social network
Web-based Computer back, leaderboard, coopera-  to support user engage- 10% [43]
tion ment
Software Computer Points Cgstomlza‘aon W.lt,h OPH_ 8% [44]
mize resource utilization
ICT Lighting, HVAC, meters, Points, dashl.)(')ard, fe?dback, Datia exchange, comm}mi— 15-30% [46]
plugs competition, social cation and collaboration
GUI Sensors, meters Points, dashboard Visualization, easy to un- 40% [32]
derstand

In accordance with the illustrated details in Table 2, points represent a crucial element
of gamification, serving as a direct motivational tool to engage users and stimulate their
involvement in energy-related behaviors. Within the platforms of thermostats, HVAC sys-
tems and PV, the incorporation of gamification design elements assumes paramount sig-
nificance, enabling users to dynamically manipulate and monitor energy dynamics in
real-time. Gamification elements such as energy data feedback, competitive mechanisms,
and dashboards are employed to incentivize users to actively engage in planning and reg-
ulating energy consumption in response to varying indoor environmental conditions and
weather fluctuations. Méndez et al. [38,45] designed a gamified thermostat interface
which depends on the users’ personality traits. In this study, fuzzy logic was employed to
engage the users with the thermostat to teach, engage, and motivate end users to become
energy aware. The gamified thermostat interface allowed around a 15% energy saving,
compared with the original thermostat system without gamification. Specifically, in this
project, the gamifying elements of feedback and dashboard were directed towards en-
hancing the functionality of automated control and system monitoring within thermostats
associated with energy consumption. Instead, Konstantakopoulos et al. [32] utilized the
gamifying elements of reward and dashboard in GUI techniques as a key element to sup-
port the visualization of energy-related information for enhanced end-user understand-
ing, obtaining an energy use reduction of about 40%. Therefore, it is important to
acknowledge that the visual representation of energy information on dashboard elements
directly influences the awareness of users for energy-saving practices.

Similarly, a 40% reduction of energy consumption has been achieved with the inte-
gration of smart meters, plugs and sensors within gamification strategy in the IoT gami-
fied technique [39,50,65]. These strategies allow collection of data in real-time and transfer
to the back-end component of the game application, to aggregate energy and sensor data.
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Smart meters, plugs and sensors are more focused on real-time data collection and analy-
sis to put them into the functionality of an automation system, where the gamifying ele-
ment of competition for community engagement and personalized social challenges can
be provided. Paris et al. [48] applied a simulation gamifying element in a social setting of
a building’s automation system, where the sensor’s server platform is responsible for stor-
ing data in the database and changing the settings of the environment to enable the system
to run on its own, without supervised control.

As for HVAC systems, ICT demonstrates enhanced energy savings, specifically at a
rate of 30% [33,46]. This improvement is attributed to the incorporation of a social element,
which serves to augment participant empathy during gamification interactions, a feeling
of belonging can be provided to the end-users during the behavior and awareness shifting
periods. The social element also sustains ongoing participant interest and facilitates the
gathering and exchange of information regarding user preferences within the interactive
user interface. Compared with the social element, the game element of cooperation can
also give users a sense of belonging, especially when they are making some changes based
on old habits to get out of their comfort zone. Web-based techniques can build a social
community for the users to share their experiences and achievements. A card game was
developed by Albertarelli et al. [43] to engage people when using a gamified website plat-
form which offered a wide set of activities, aimed at triggering water saving actions. In
that work, the portal allowed users to team up to work on the same energy-saving task
and implemented an awards system that combined points and badges to reward water-
saving behaviors.

In conclusion, the aspects of gamification implementation techniques and operating
platform characteristics discussed in the previous Sections 3.1.2 and 3.1.3 underscore the
importance of the dynamic tracking of user activities and progress as another crucial as-
pect of the interaction platform. This necessitates the inclusion of a dashboard and statis-
tical features. Within the gamified framework, the game design element of competition in
IoT and ICT can leverage real-time data to exchange for greater information. In other
words, the gamifying element of competition within various users’ environments may not
only enhance user engagement, but also contribute to the optimization of energy distri-
bution in building automation systems. Web-based techniques require feedback mecha-
nisms and social interaction to foster community networking, thereby promoting sus-
tained user engagement. Given the comparison between characteristics of different gami-
fication elements and their energy saving efficiency among different techniques, it is evi-
dent that less commonly utilized elements, such as simulation and dashboard visualiza-
tion, offer significant energy savings. In contrast, extensively used elements like points
and feedback show comparatively lower effectiveness. This suggests that the strategic in-
tegration of gamification elements, specifically simulation, dashboard visualization,
points and feedback, is crucial for optimizing user engagement and maintaining long-
term user interest.

3.1.4. Gamification Mechanism and User Engagement

Effective motivations target inactive individuals, according to their varied personali-
ties and preferences, enabling the selection of pertinent gamifying elements to construct
incentive mechanisms. This strategy stimulates consumers to participate in programs that
they would otherwise be hesitant to engage with. Motivation can possibly be divided into
two parts: intrinsic and extrinsic mechanisms, namely psychological autonomy and ma-
terial benefits, respectively. A good gamification principle can provide a game’s theoreti-
cal basis for mapping relevant mechanisms for short-term behavior change to behavior
transformation.

The Octalysis framework for gamification and behavior design, created by Chou [66],
is centered around human motivations, a framework that emphasized “human-focused
design” instead of “function-focused design”. Eight drivers of human motivation were
identified in the framework (Figure 6), namely, epic meaning, accomplishment,
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empowerment, ownership, social influence, scarcity, unpredictability and avoidance. In
Figure 6, the left red tangle deals with extrinsic motivations and the right green tangle
fosters intrinsic motivations. The gamification mechanisms described in current relevant
literature utilize the first seven core human motivation drivers.
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Figure 6. Eight core drivers of human motivation in the Octalysis Framework, adapted from Chou
[66].

The first core driver of human motivation, shown in Figure 6, is “Epic Meaning”,
which can be achieved by creating a story or narrative with a clearly defined end goal. The
epic meaning can maximize the user’s engagement by immersing them in a world where
the meaning is infused into users’ actions. In the project of the EnerGAware energy game,
Gangolells et al. [46] applied the main character and narrative context to create the back-
ground, information, and game rules for players to prioritize different energy-saving in-
vestments, promoting the player’s awareness of energy efficiency in social housing com-
munities by putting them into immersive realities to make decisions on balancing the cost,
energy saving and indoor comfort.

Analogous to the concept of “epic meaning”, the psychological motivator of “accom-
plishment” engenders a sense of pride and confidence through the realization of personal
achievements. The development of skills, surmounting challenges, and making discerni-
ble progress are essential components in preventing any given task from feeling devoid
of purpose. In gamification contexts, the introductions of points, badges and leaderboards
serve as tangible, albeit transient, metrics of developmental milestones and accomplish-
ments [26,27,40,45,47,49].

The concept of “empowerment,” characterized by the facilitation of creativity and
feedback, is critical to instilling a sense of responsibility in individuals’ lives. In the study
by Mendez et al. [51], modifications to the classroom’s air conditioning setpoint are con-
tingent upon majority agreement from students. These students possess the requisite cre-
dentials to monitor real-time changes and offer input, while rankings and energy usage
are displayed through an interface. The collaborative and competitive dynamics within
and between classes motivate students and teachers alike to fulfil their responsibilities and
enjoy corresponding incentives.

“Ownership” confers upon users a perception of control, wherein the act of “own-
ing” something instigates an inherent inclination to safeguard, enhance, or augment that
entity [66]. In a comparable vein, Soares et al. [27] introduced account creation into the
gamified system, wherein users’ activities, rewards and achievements are systematically
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recorded within a personalized system. This approach offers users a tailored experience,
allowing them to monitor and manage their energy consumption patterns.

“Social influence” represents extensively researched aspects of behavioral science
[67]. The expansion of user engagement is challenging without a social context, as the
establishment of the preceding three core drivers (1, 2 and 3) relies heavily on relational
elements. Gangolells et al. and Morton et al. [41,46] implemented gamified platforms for
sharing achievements, fostering competition and providing energy advice. The study by
Franco [33] witnessed the formation of a gamified social community among building oc-
cupants. Interactions within this community contribute various occupant preferences to
the control system, facilitating the implementation of strategies aimed at regulating in-
door air quality, reducing energy consumption and enhancing occupant satisfaction. Lev-
eraging technology facilitates the integration of this core driver into gamification ap-
proaches, evidenced by the utilization of leaderboards, competition boards and social
gamifying elements, although the efficacy of many of these designs remains suboptimal.

Regarding “scarcity” as an extrinsic mechanism of gamification, it is associated with
motivations driven by the desire to possess something due to its limited availability [68].
For instance, the establishment of a rewards system where users surpass a finite number
of rewards serves as an effective approach. Konstantakopoulos et al. [32] implemented a
lottery mechanism, featuring one gift card distributed as an incentive for building occu-
pants. The likelihood of winning the lottery is positively correlated with the accumulation
of points by occupants, thereby instigating a competitive driver and enhancing engage-
ment in various activities.

The concept of “unpredictability” has been subjected to examination in multiple
studies, wherein different rewarding mechanisms have been incorporated into gamified
systems [27,45,47,48,51]. Within these studies, users are kept unaware in advance of the
rewards they are to receive, rendering the rewards unpredictable and presenting them as
surprises. The introduction of unforeseen rewards is more likely to engender heightened
user engagement, as individuals, anticipating future rewards, are motivated to uphold
positive energy-saving behaviors and subsequently generate desired outcomes.

3.2. Assessment Methodologies of Gamification Performance for Driving Users’ Energy
Behavior Change

What assessment methodologies can be deployed to measure the impact of gamifica-
tion on users’ energy behavior change? Understanding what methodologies can be de-
ployed to assess the gamification performance in influencing the user behavior, engage-
ment, and outcomes was the intent of the second lens of study for this review paper. Table
3 indicates the 21 selected studies and the assessment methods used in their works. There
are 12 studies [26,32,37,39,40,42,44,46,47,49,50,52] based on experiments and nine research
studies [27,33,38,41,43,45,48,51,53] based on theoretical frameworks. Due to the absence
of information about the experiment duration and participant numbers in the selected
nine non-experimental studies and the partial omission of the assessment method, the
corresponding fields within Table 3 remain unpopulated. Nine of the studies have been
verified by experimental testing that lasted more than a year, with the longest one lasting
three years [47] and the shortest lasting two months [39]. The number of participants in
each of the selected 12 experiment-based studies was less than 100. Only one study [47]
had about 2000 participants and was based on a questionnaire survey.
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Table 3. Selected studies and assessment methods.
. of Partici- Behavi h A
Reference Gamification Principles Experimental Duration N. of Partici € av10.r Change ssessment
pants Driver Method
Soares et al., .
2021a [27] Goals, rewards No - - Accomplishment -
Franco 2020 [33] . C?oals, . No - - Social influence -
social interaction
Méndez et al., L. . .
2021 [38] Personalization No - - Unpredictability -
Morton et al., Challenges and
- - E t
2020Db [41] competition No mpowermen Surveys
Albertarelli et al., . 1.
2017 [43] Goals, data analytics No - - Social influence User acceptance
Mezrtl)c;gz[:;]al., Personalization No - - Unpredictability User analytics
Paris et al., 2019 - C
ans e[ 42] Goals, personalization No - - Unpredictability -
Mendez et al.,
2021 [51] Feedback, rewards No - - Empowerment -
Sintov et al., 2015
oV [e53z; Choice and autonomy No - - Empowerment -
Iria et al.,, 2020 Challenges and Social influence and
.\ Yes 2 years 24 . Energy usage
[26] competition accomplishment
Konstantakopou-
los et al., 2019 Goals Yes 7 months 72 Scarcity Goal achievement
[32]
Lu 2018 [37] Data and analytics Yes 1 year 22 Social influence Energy saving
Ferreira et al., .
e;;ellga[gg]a Goals Yes 2 months 80 Social influence Surveys
Avila TZS]I » 2021 Goals Yes 6 months 30 Accomplishment Energy saving
Kim et al., 2022 hall d E t and ac-
im et al., 20 Cha enges an Yes 2 years 13 mpowerment and ac Energy saving
[42] competition complishment
Patlakas and Rewards Yes 2 years 89 Ownershi Surveys
Raslan 2017 [44] y wnersiip vey
Gangolells et al., . . .
Goals, feedback Yes 1 year 137 Epic meaning Energy saving
2021 [46]
Fraternali et al., . .
Rewards, achievement Yes 2 years 2000 Accomplishment Surveys
2018 [47]
Fraternali et al. Goals
/ g Ye 12 A lish:
2017 [49] social interaction es 3 years 0 ccomplishment Surveys
Papaioannou et . . e .
al,, 2018 [50] Data and analytics Yes 1 year 200 Unpredictability Energy saving
Gandhi and
andu an Choice and autonomy Yes 2 years 30 Empowerment Energy saving

Brager 2016 [52]

In the non-experimental research studies, the gamification principles of behavior
shifts involve material triggers of extrinsic incentives and punishments [27,33,38,41,45,51],
which encourage participants to reach expected outcomes swiftly in the short term. Sur-
veys and comparisons of energy use before and after gamification application are applied
to assess participants’ behavioral changes. Two studies divided participants into five
groups, based on different personality traits (openness, conscientiousness, extraversion,
agreeableness and neuroticism), and selected appropriate gamification design principles
for each group, to encourage them to engage in energy-saving behaviors [38,45]. Person-
alization was used as a strategy in these two non-experimental studies, tailoring the
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Building Type

Typology:
Residential, Office,
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oo e .
Multi-domain environmental factors Eﬁg System adaption to dynamic end-users }
L]

User Profile: Typology: Personality User Specific
Resident, traits, Gamified user, Requirements: Needs,
Employee, Preferences, Behaviors

gamification experience to each user’s preferences and behaviors. Personalization en-
hances the experience by making it more meaningful and enjoyable, resulting in autono-
mous behavioral changes rather than extrinsic material stimuli. In comparison to the
short-term changes, a greater understanding of participants” personality traits can be
gained, resulting in a long-term behavior reform process. User analytics and question-
naires were employed in both studies to examine behavioral changes. Both studies em-
ployed user analytics and questionnaires to examine behavioral shifts. The appropriate-
ness of gamification design mechanisms and elements for different users can be discerned
by tracking and analyzing participant engagement frequency and the extent of behavior
change, supplemented by end-user surveys and feedback.

From the 21 selected main studies, approximately 40% of selected experiment-based
research involved a comparative analysis of baseline energy consumption data preceding
the implementation of gamification [26,37,40,42,46,50,52]. This evaluation assesses the ef-
ficacy of gamification design mechanisms and the effectiveness of participant behavioral
changes. Additionally, surveys have been employed in 20% of non-experiment-based
studies to further gauge the efficiency of gamification interventions on participant behav-
iors [39,41,47,49]. The remaining nine studies did not assess alterations in energy con-
sumption or changes in user behaviors associated with energy conservation following the
implementation of gamification mechanisms [27,32,33,38,43-45,48,51,53].

4. Discussion
4.1. Relationships and Challenges in Gamification Implementation

To derive an effective implementation strategy for gamification mechanisms applied
in buildings, three distinct perspectives are considered: building type, end-user type and
gamified characteristics, as shown as Figure 7, based on the review of existing studies in
the previous sections. These perspectives serve as the frameworks for mapping out gam-
ification mechanisms, including gamifying elements and gamifying principles, to inform
the design of a suitable gamification technical platform. Central to this approach is the
incorporation of human motivational core drivers, aimed at achieving a balance between
intrinsic and extrinsic incentive mechanisms within the gamified system design.
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Figure 7. The relationships and challenges between gamification, building energy-related systems
and users.

Referring to Figure 7, among the three stated perspectives, to apply gamification tech-
niques concerns the building typology, with a focus on residential structures. Higher ed-
ucation and residential buildings have taken center stage in the adoption of gamification
strategies. However, it is noteworthy that existing research has not adequately accounted
for the inherent distinctions of residential building settings. Specifically, in rental scenar-
ios, a portion of utility costs is often subsumed within the overall rental fee, which tenants
remit on a monthly or fixed-term contractual basis [69]. This circumstance poses a unique
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challenge to the effective implementation of gamification strategies among occupants in
this category. The rationale behind this challenge is rooted in the fact that renters, under
such arrangements, may exhibit a diminished incentive to regulate energy consumption.
Irrespective of the actual energy usage, these individuals are obligated to remit a prede-
termined sum for their accommodation. As a result, gamification initiatives targeting en-
ergy conservation may not resonate with this subset of occupants. An analogous scenario
can be observed in other building typologies, such as hotels, student accommodation and
offices.

4.2. Gamification Strategies Tailored Building Types and User Profiles

Drawing from the attributes delineating diverse building types and dynamic occu-
pancies with varied user profiles, this review suggests that a nuanced approach recom-
mends a hybrid amalgamation of disparate gamified implementation techniques. Given
these variations, the implementation of gamification techniques should be tailored to suit
the specific characteristics of each building type and user profile. For instance, gamified
solutions in residential buildings may need to focus on promoting energy-saving behav-
iors related to household appliances, lighting and thermostat settings, while those in com-
mercial buildings may need to address energy consumption associated with HVAC sys-
tems, office equipment and lighting.

Furthermore, the dynamic nature of occupancies within buildings presents addi-
tional challenges and considerations for gamification. Occupancy patterns can fluctuate
throughout the day and week, affecting energy usage and the effectiveness of gamified
interventions. For example, peak occupancy periods in commercial buildings may require
different gamification strategies compared to off-peak periods. Moreover, user profiles
within buildings can vary widely, leading to differences in energy-related behaviors and
motivations.

Gamification methodologies necessitate sensitivity to these diversities and should
consider factors such as age, occupation, cultural background and individual preferences.
However, it is important to note that this study did not incorporate detailed user infor-
mation, such as age, occupation and cultural background, due to privacy concerns. Future
research endeavors should explore methodologies for responsibly handling and incorpo-
rating such sensitive data into gamification strategies, while ensuring compliance with
ethical and legal considerations.

In addressing these challenges, gamification techniques can capitalize on the inherent
characteristics of diverse building types and occupancies to promote energy efficiency and
behavior change. By integrating user-centric design principles, data-driven insights and
adaptive strategies, gamified interventions can be optimized to engage users effectively,
foster sustainable behaviors, and ultimately contribute to the overarching goal of energy
conservation. However, the efficacy of gamification deployment critically relies on the me-
ticulous design of gamification mechanisms.

4.3. Integrating Extrinsic and Intrinsic Motivators in Gamification

The effective utilization of gamification mechanisms to induce changes in users’ en-
ergy behavior necessitates the harmonious integration of gamification elements and prin-
ciples, considering variables such as building type, implementation interface, and the
characteristics of the target users. Fundamentally, rewards constitute a foundational ele-
ment, while feedback, dashboard features, and competitive elements prominently feature
within the human—computer interaction interface. These elements predominantly appeal
to extrinsic incentives, facilitating transient accomplishments without profoundly influ-
encing users’ intrinsic motivations. For the cultivation of enduring behavior change, an
approach involving the amalgamation of both extrinsic and intrinsic mechanisms be-
comes imperative. Gamification strategies that incorporate intrinsic elements, including
social interaction, simulation, achievement and statistical feedback, empower users to de-
lineate precise goals based on personalized information. Concurrently, these approaches
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stimulate community collaboration, fostering a sense of belonging and collective advance-
ment. This intrinsic impetus assumes a pivotal role in molding users’ subconscious com-
mitment to energy conservation in the long term. Crucially, the gamification mechanism
should not be construed as a static entity; instead, it should dynamically adapt to the
evolving characteristics of users. This adaptation involves the selective refinement of gam-
ification mechanisms, with a focus on data information displays, user engagement strate-
gies and overall user experience. Striking a balance between extrinsic and intrinsic mech-
anisms is emerging as a requisite for perpetually influencing users’ energy behavior
change, thereby facilitating sustained, long-term behavioral transformation.

4.4. Gamification in Building Components

In the context of the operational convenience, afforded by intelligent controls, partic-
ularly through the utilization of Apps, HMI and an IoT sensor system, gamification pre-
dominantly concentrates its efficacy on key building components, such as HVAC systems,
thermostats and lighting. These components are primarily supported by an array of sen-
sors, smart meters and plugs. However, a notable scarcity exists in instances where gam-
ification has been applied to building products, prompting a comprehensive exploration
within this review. Specifically, this review seeks to identify antecedent cases wherein
gamification strategies have been deployed in conjunction with building fagades, given
that the facade stands as a pivotal element significantly influencing the overall energy
consumption of the building. It is noteworthy that, within the extant literature, only a
singular study has endeavored to integrate gamification principles with building lifts. In-
triguingly, the current body of research lacks any documented instances of gamification
integration specifically within the domain of building facade applications. This observa-
tion underscores a notable gap in the literature, prompting further inquiry into the unex-
plored potential effects of gamification strategies on users’ energy behavior, within the
realm of building facades.

4.5. Quantitative and Qualitative Assessment Approaches

On the other hand, concerning the effective assessment approach for gauging the im-
pacts of gamification on user energy behavior change, a comprehensive approach is war-
ranted to sustain engagement towards long-term behavioral transformation. This entails
the fundamental necessity of incorporating experiment-based quantitative studies along-
side qualitative investigations into users’ ongoing involvement and their experiences with
gamification. Such a multifaceted approach is indispensable for shaping and refining
gamification mechanisms, aligning them with user preferences and patterns to optimize
responses and operations within building facade systems.

Both experimental and non-experimental studies predominantly employ quantita-
tive assessments to gauge the impact of gamification on user energy behavior and engage-
ment. Since the ultimate objective is energy conservation, it is crucial to note that the direct
results of energy savings do not necessarily reflect the behavioral shifts in users. Compar-
ing pre-intervention and post-intervention energy consumption, though a common
method, may inadequately capture the nuances of behavior change. To address this limi-
tation, some studies [41,43,47,49] have incorporated questionnaires to assess user behavior
changes and energy usage. However, surveys introduce the potential for response bias, as
relying solely on baseline data may overlook the external factors influencing energy use.
Notably, there is a dearth of studies [26,40,42] that combine quantitative and qualitative
assessment approaches, such as merging surveys with energy consumption measure-
ments to comprehensively evaluate users’ energy behavior transformations.



Buildings 2024, 14, 1497

19 of 27

5. Conclusions and Future Recommendations

This study addresses the pertinent gaps identified in prior literature reviews, with a
specific focus on the effective implementation of gamification techniques in building sys-
tems to improve energy efficiency and assess their impact on users’ energy behavior
changes. A rigorous systematic review methodology was employed, including the selec-
tion of relevant studies, data retrieval, rigorous analysis and data visualization. This work
highlights the importance of tailored gamification elements based on users’ personality
traits and preferences, particularly in higher education and residential buildings. Notably,
building components, particularly fagades, receive limited attention. The integration of
quantitative and qualitative evaluation techniques is essential for a holistic understanding
of the influence of gamification on user behavior and energy savings.

The evidence synthesized in the current review elucidates the efficacy of implemen-
tation strategies that utilize gamification to incentivize individuals towards heightened
energy awareness and translate this mindset into the action for energy savings. This pos-
itive influence mechanism of gamified systems provides fundamental insights for mitigat-
ing potential issues stemming from human factors that are commonly disregarded within
building systems. Consequently, these findings contribute to the advancement of long-
term energy efficiency goals for buildings.

Nonetheless, a limitation of this review may exist in the assessment of the seven char-
acteristics of gamification techniques, presented in Table 1, which may be subject to po-
tential bias due to the utilization of a decision matrix scoring method for quantifying dif-
ferences. This method involved weighting various features of gamification techniques
based on selected literature, which inherently carries an indicative nature. To mitigate po-
tential bias and validate the findings in Table 1, broader surveys involving users are nec-
essary in future research.

Future research could investigate the integration of gamification with building fa-
cades, with a particular emphasis on the symbiosis between gamification and building
fagades automation systems. This could enhance users’ energy intervention behavior and
promote heightened energy efficiency and user comfort. Additionally, it is essential to in-
vestigate the adaptability of gamified solutions tailored to diverse building typologies, to
address the unique challenges and strengths inherent to each environment in a systematic
manner. One prospective avenue for exploration entails the examination of gamification
mechanisms’ influence on the energy behaviors of participants within buildings featuring
diverse energy cost structures. This investigation could elucidate the nuances of gamifica-
tion’s impact within contexts where energy expenses differ significantly.

Future advancements in gamification mechanisms could aim to deliver personalized
experiences tailored to individual user preferences, demographics and behavior patterns,
facilitated by advanced data analytics and machine learning algorithms. This adaptive
approach could sustain long-term engagement by incorporating narrative-driven experi-
ences, social dynamics and rewards systems. To effectively measure the impacts of gami-
fication on building energy conservation, comprehensive evaluation metrics and method-
ologies are crucial, necessitating the identification of key Performance Indicators (KPIs)
and outcome measures. Bridging the gap between gamification research and practice re-
quires closer collaboration between researchers and practitioners to develop empirically
grounded, user-centered methods. Moreover, cultural and global perspectives should be
integrated into gamification design, to ensure inclusivity and cultural sensitivity. As gam-
ification proliferates, ethical considerations regarding privacy, consent and manipulation
will become increasingly important, necessitating a focus on user well-being, autonomy,
and transparency in gamified system design and deployment.

Finally, mixed-method assessment approaches hold the potential to enrich our un-
derstanding of how gamification impacts users’ energy behavior. Collaborative interdis-
ciplinary research ventures, with experts in behavioral psychology, hold promise in
providing deeper insights into the cognitive processes underlying the behavioral changes
facilitated by gamification. This could potentially further advance comprehension of
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human motivations and behavior which, in turn, could inform the development of more
effective gamification strategies for the purpose of energy efficiency in buildings.
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Appendix A

Figure Al. The selected studies are examined in terms of gamification design princi-
ples, gamification design elements, building type, gamification implementation tech-
nique, target component, experiment-based, experiment duration, number of partici-
pants, behavior change, assessment and facade. These data were collected and analyzed
based on the scoping questions of this review article.
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Number TITLE YEAR PRINCIPLE ELEMENT BUILDING IMPLEMENTATION TARGET EXPERIMENTAL DURATION PARTICIPATION BEHAVIOUR ASSESSMENT FACADE
TYPE COMPONENT CHANGE
s1 A smooth and 2021 Feedback, rewards; Campus HMI, APP Thermostat; Empowerme No
accepted rewards Challenges; lighting; PV nt
transition to levels; systems
the future of Dashboard;
cities based on Statistics;
the standard Degree of
1SO 37120, Control;
artificial leaderboard
intelligence,
and
gamification
constructors
s2 a social- 2018 Rewards, achievements, Residential, HMI, APP Meters, smart Yes 2 years around 2000 Accomplish Surveys No
technical achieveme rewards campus, plugs, and sensor ment
system based nt public
on gamification building
towards
energy savings
Ss3 iot-based 2018 Data and information Residential loT Cyber Physical yes 1year 22 Social Energy Saving No
adaptive analytics visualization System Influence
context-aware
and playful
cyber-physical
system for
everyday
energy savings
sS4 Commercial 2016 Choice and competition, Office Web-based Plug Yes 2 years 30 Empowerme Energy Saving No
office plug load autonomy points, and buildings nt
energy cooperation
consumption
trends and the
role of
occupant
S5 using 2019 Goals, achievement; Campus loT, App, Web-based Lighting; sockets, Unpredictabi No
gamification to personaliza challenges; air conditioner lity
motivate tion rewards;
occupants to feedback;
energy social forum;
efficiency ina levels;
social setting leaderboards;
of a building competition
automation
system
S6 personalized 2015 Choice and personalized Residential HMI and mobile phone Smart meter Empowerme No
energy autonomy feedback, platform nt
reduction competition
cyber-physical
system
(PPERCS): a
gamified end-
user platform
for energy
efficiency and
demand
response
s7 DROP and 2017 Goals, feedback ial Web-based Water system Social User No
Funergy: Two data tips; Influence acceptance
Gamified analytics leaderboard
learning
projects for
water and
energy
conservation
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A computer
game to help
people
understand the
energy
performance of
buildings

2017

Rewards

point-based

Campus

Software

Yes 2 years

89 Ownership Surveys

No

S9

enCOMPASS-an
integrative
approach to
behavioural
change for
energy saving

2017

Goals, social
interaction

rewards

Residential,
campus,
and office

APP

Smart meters, Yes 3years

sensors, HVAC,

plugs

120 Accomplishment  Surveys

No

S10

A Rapid HMI
Prototyping
Based on
Personality
Traits and Al for
Social
Connected
Thermostats

2021

personalization

Rewards

Residential

HMI

Thermostat

Unpredictability

No

S11

S4 Product
Design
Framework: A
Gamification
Strategy Based
on Type 1and 2
Fuzzy Logic

2020

personalization

challenges; competition; social
comparison; dashboard;

monitoring; feedback; progress

bar; leaderboard, and rewards

Residential

HMI

Thermostat,
HVAC

Unpredictability User
analytics

No

$12

FEEdBACk: An
ICT-Based
Platform to
Increase Energy
Efficiency
through
Buildings’
Consumer
Engagement

2021

Goals, rewards

competition; Login and Account
Creation; Dashboard;
Leaderboards; Badges; Comfort
Measures and Graphics; Energy
Measures and Graphics;
Notifications; Prizes

Public
buildings,
campus

ICT, APP

Meters,
sensors

Accomplishment

No

$13

An energy
management
platform for

public buildings

2018

Goals

Rewards

Campus

loT

Lights Yes 2
months

80 Social Influence Surveys

No

s14

Energy
management

system based on

a gamified
application for
households

2021

Goals

Rewards, levels, dashboard,
challenges, statistics, degree of
control, leaderboard

Residential

APP, HMI

HVAC Yes 6
months

30 Accomplishment Energy

Saving

No
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§15

An loT-Based
Gamified Approach
for Reducing
Occupants’ Energy
Wastage in Public

2018

Data and
analytics

Rewards Public
buildings

APP, loT

Heating, HVAC,
lifts, lighting, IT
infrastructure

Yes

12
months

200

Unpredictability

Energy
Saving

No

§16

Exploring the
Potential of a
Gamified Approach
to Reduce Energy
Use and Carbon
Emissions in the
Household Sector

2021

Goals, feedback

Educational objective; main character Residential
and narrative context, feedback, and
social sharing

Meters

Yes

1year

137

Epic Meaning

Energy
Saving

No

§17

Empowering and
engaging European
building users for
energy efficiency

2020

chall

competition

C it social networks Residential,
office,
school,
health care
centres

Thermostat, air
conditioning,
heating, plugs,
computer, lights

Empowerment

Surveys

No

518

Balancing user
comfort and energy
efficiency

in public buildings
through social
interaction by ICT
systems

2020

Goals, social
interaction

Rewards Public
buildings

HVAC system,
lighting system,
fire alarm,
Miscellaneous
Electric Loads

Social Influence

No

s19

S20

A gamification
platform to foster
energy efficiency in
office buildings

A deep learning and
gamification
approach to
improve human-
building interaction
and energy
efficiency in smart
infrastructure

2020

2019

challenges,
competition

Goals

Leaderboard, free meal challenge, Office
soccer game, message. buildings

Rewards Campus

ICT, APP

UGl

Lighting

Lighting, HVAC

Yes

Yes

2 years

7
months

72

Social Influence,
Accomplishment

Scarcity

Energy
usage

Goal
achievement

No

No

s21

MySmartE — An eco-
feedback and
gaming platform to
promote energy
conserving
thermostat-
adjustment
behaviours in multi-
unit residential

2022

challenges,
competition

competition Residential

APP

Thermostat

Yes

2 years

Accomplishment,
Empowerment

Energy
Saving

No

Figure Al. Selected studies and fetched relevant data in aspects of gamification, building energy and human behaviors.



Buildings 2024, 14, 1497 24 of 27

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

IEA. World Energy Outlook 2023; IEA: Paris, France, 2023.Available online: https://www.iea.org/reports/world-energy-outlook-
2023 (accessed on 24 October 2023.

Office for National Statistics (ONS). Energy Efficiency of Housing in England and Wales: 2023; Office for National Statistics (ONS):
Newport, UK, 2023.

Parsaee, M.; Demers, C.M.; Hébert, M.; Lalonde, J.F.; Potvin, A. Biophilic, photobiological and energy-efficient design frame-
work of adaptive building fagades for Northern Canada. Indoor Built Environ. 2021, 30, 665-691.
https://doi.org/10.1177/1420326X20903082.

Ascione, F.; Bianco, N.; Iovane, T.; Mastellone, M.; Mauro, G.M. The evolution of building energy retrofit via double-skin and
responsive fagades: A review. Sol. Energy 2021, 224, 703-717. https://doi.org/10.1016/j.solener.2021.06.035.

Loonen, R.C.G.M.; Favoino, F.; Hensen, ].L.M.; Overend, M. Review of current status, requirements and opportunities for build-
ing  performance simulation of adaptive facadest. . Build.  Perform.  Simul. 2017, 4, 205-223.
https://doi.org/10.1080/19401493.2016.1152303.

Khan, M.; Seo, J.; Kim, D. Towards energy efficient home automation: A deep learning approach. Sensors 2020, 20, 7187.
https://doi.org/10.3390/s20247187.

Tabadkani, A.; Roetzel, A.; Li, H.X; Tsangrassoulis, A. A review of automatic control strategies based on simulations for adap-
tive facades. Build. Environ. 2020, 175, 106801. https://doi.org/10.1016/j.buildenv.2020.106801.

Bakker, L.G.; Hoes-van Oeffelen, E.C.M.; Loonen, R.C.G.M.; Hensen, J.L.M. User satisfaction and interaction with automated
dynamic facades: A pilot study. Build. Environ. 2014, 78, 44-52. https://doi.org/10.1016/j.buildenv.2014.04.007.

Dong, B.; Prakash, V.; Feng, F.; O'Neill, Z. A review of smart building sensing system for better indoor environment control.
Energy Build. 2019, 199, 29-46. https://doi.org/10.1016/j.enbuild.2019.06.025.

Attia, S. Challenges and Future Directions of Smart Sensing and Control Technology for Adaptive Facades Monitoring. In Pro-
ceedings of the COST Action TU1403—-Adaptive Facades Network Final Conference, Lucerne University of Applied Sciences
and Arts, Lucerne, Switzerland, 26 November 2018.

Heidari Matin, N.; Eydgahi, A. A data-driven optimized daylight pattern for responsive facades design. Intell. Build. Int. 2021,
14, 363-374. https://doi.org/10.1080/17508975.2021.1872478.

Abuimara, T.; Hobson, B.W.; Gunay, B.; O’Brien, W. A data-driven workflow to improve energy efficient operation of commer-
cial buildings: A review with real-world examples. Build. Serv. Eng. Res. Technol. 2022, 43, 014362442110696.
https://doi.org/10.1177/01436244211069655.

Mokhtar, S.; Leung, C.; Chronis, A. Geometry-material coordination for passive adaptive solar morphing envelopes. Simul. Ser.
2017, 49, 172-179. https://doi.org/10.22360/simaud.2017.simaud.023.

Kuru, A.; Oldfield, P.; Bonser, S.; Fiorito, F. Performance prediction of biomimetic adaptive building skins : Integrating multi-
functionality through a novel simulation framework. Sol. Energy 2021, 224, 253-270.
https://doi.org/10.1016/j.solener.2021.06.012.

Obaleye, O.].; Opaluwa, E.; Ajayi, O.O.; Babamboni, A.S. Understanding the Relationship Between Users’ and Experts’ Percep-
tion of University Senate Building Facade Elements in Southwest Nigeria. Caleb Int. ]. Dev. Stud. 2021, 4, 181-197.
https://doi.org/10.26772/cijds-2021-04-01-011.

De LaBarra, P.; Luna-Navarro, A.; Prieto, A.; Vasquez, C.; Knaack, U. Influence of Automated Fagades on Occupants: A Review.
J. Facade Des. Eng. 2022, 10, 19-38. https://doi.org/10.47982/jfde.2022.powerskin.2.

Delzendeh, E.; Wu, S;; Lee, A.; Zhou, Y. The impact of occupants’ behaviours on building energy analysis: A research review.
Renew. Sustain. Energy Rev. 2017, 80, 1061-1071. https://doi.org/10.1016/j.rser.2017.05.264.

Paone, A.; Bacher, ].P. The impact of building occupant behavior on energy efficiency and methods to influence it: A review of
the state of the art. Energies 2018, 11, 953. https://doi.org/10.3390/en11040953.

Deterding, S.; Dixon, D.; Khaled, R.; Nacke, L. From game design elements to gamefulness: Defining “gamification.” In Pro-
ceedings of the 15th International Academic MindTrek Conference: Envisioning Future Media Environments, MindTrek, Tam-
pere, Finland, 28-30 September 2011; pp. 9-15. https://doi.org/10.1145/2181037.2181040.

Wiinderlich, N.V.; Gustafsson, A.; Hamari, J.; Parvinen, P.; Haff, A. The great game of business: Advancing knowledge on
gamification in business contexts. J. Bus. Res. 2020, 106, 273-276. https://doi.org/10.1016/j.jbusres.2019.10.062.

Saleem, A.N.; Noori, N.M.; Ozdamli, F. Gamification Applications in E-learning: A Literature Review. Technol. Knowl. Learn.
2022, 27, 139-159. https://doi.org/10.1007/s10758-020-09487-x.

Antonaci, A.; Klemke, R.; Specht, M. The effects of gamification in online learning environments: A systematic literature review.
Informatics 2019, 6, 32. https://doi.org/10.3390/informatics6030032.

Sardi, L.; Idri, A.; Fernandez-Aleman, J.L. A systematic review of gamification in e-Health. J. Biomed. Inform. 2017, 1, 31-48.
https://doi.org/10.1016/j.jbi.2017.05.011.

Comello, M.L.G.; Qian, X.; Deal, A.M,; Ribisl, KM.; Linnan, L.A.; Tate, D.F. Impact of game-inspired infographics on user en-
gagement and information processing in an ehealth program. ]. Med. Internet Res. 2016, 18, e237.
https://doi.org/10.2196/jmir.5976.



Buildings 2024, 14, 1497 25 of 27

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Marczewski, A.  Gamification: A Simple Introduction. N.p.: Andrzej Marczewski 2013. Available online:
https://www.google.co.uk/books/edition/Gamification_A_Simple_Introduction/IOu9kPjIndYC?hl=en__(accessed on 14 May
2024).

Iria, J.; Fonseca, N.; Cassola, F.; Barbosa, A.; Soares, F.; Coelho, A.; Ozdemir, A. A gamification platform to foster energy effi-
ciency in office buildings. Energy Build. 2020, 222, 110101. https://doi.org/10.1016/j.enbuild.2020.110101.

Soares, F.; Madureira, A.; Pages, A.; Barbosa, A.; Coelho, A.; Cassola, F.; Ribeiro, F.; Viana, J.; Andrade, J.; Dorokhova, M.; et al.
Feedback: An ict-based platform to increase energy efficiency through buildings’ consumer engagement. Energies 2021, 14, 1524.
https://doi.org/10.3390/en14061524.

Vandenbogaerde, L.; Verbeke, S.; Audenaert, A. Optimizing building energy consumption in office buildings: A review of build-
ing automation and control systems and factors influencing energy savings. J. Build. Eng. 2023, 76, 107233.
https://doi.org/10.1016/j,jobe.2023.107233.

Johnson, D.; Horton, E.; Mulcahy, R.; Foth, M. Gamification and serious games within the domain of domestic energy consump-
tion: A systematic review. Renew. Sustain. Energy Rev. 2017, 73, 249-264. https://doi.org/10.1016/j.rser.2017.01.134.

Darejeh, A ; Salim, S.S. Gamification Solutions to Enhance Software User Engagement— A Systematic Review. Int. |. Hum.-Com-
put. Interact. 2016, 32, 613—-642. https://doi.org/10.1080/10447318.2016.1183330.

Khakpour, A.; Colomo-Palacios, R. Convergence of Gamification and Machine Learning: A Systematic Literature Review. Tech-
nol. Knowl. Learn. 2021, 26, 597-636. https://doi.org/10.1007/s10758-020-09456-4.

Konstantakopoulos, I.C.; Barkan, A.R.; He, S.; Veeravalli, T.; Liu, H.; Spanos, C. A deep learning and gamification approach to
improving human-building interaction and energy efficiency in smart infrastructure. Appl. Energy 2019, 237, 810-821.
https://doi.org/10.1016/j.apenergy.2018.12.065.

Franco, A. Balancing user comfort and energy efficiency in public buildings through social interaction by ICT systems. Systems
2020, 8, 29. https://doi.org/10.3390/systems8030029.

Wu, X,; Liu, S.; Shukla, A. Serious games as an engaging medium on building energy consumption: A review of trends, catego-
ries and approaches. Sustainability 2020, 12, 8508. https://doi.org/10.3390/su12208508.

Konstantakopoulos, I. Statistical Learning Towards Gamification in Human-Centric Cyber-Physical Systems. University of Cal-
ifornia, Berkeley; 2018. Available online: http://www?2.eecs.berkeley.edu/Pubs/TechRpts/2018/EECS-2018-139.html (accessed on
14 May 2024).

Méndez, ].I; Ponce, P.; Meier, A.; Peffer, T.; Mata, O.; Molina, A. Empower saving energy into smart communities using social
products with a gamification structure for tailored Human—Machine Interfaces within smart homes. Int. J. Interact. Des. Manuf.
2023, 17, 1363-1387. https://doi.org/10.1007/s12008-022-01141-3.

Lu, C.H. IoT-enabled adaptive context-aware and playful cyber-physical system for everyday energy savings. IEEE Trans. Hum.
-Mach. Syst. 2018, 48, 380-391. https://doi.org/10.1109/THMS.2018.2844119.

Méndez, J.I; Ponce, P.; Pecina, M.; Schroeder, G.; Castellanos, S.; Peffer, T.; Meier, A.; Molina, A. A Rapid HMI Prototyping
Based on Personality Traits and Al for Social Connected Thermostats. In Lecture Notes in Computer Science (Including Subseries
Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics); Springer Science and Business Media Deutschland
GmbH: Berlin/Heidelberg, Germany, 2021; Volume13068 LNAIL pp. 216-227. https://doi.org/10.1007/978-3-030-89820-5_18.
Ferreira, J.C.; Afonso, J.A.; Monteiro, V.; Afonso, J.L. An energy management platform for public buildings. Electronics 2018, 7,
294. https://doi.org/10.3390/electronics7110294.

Avila, M.; Méndez, ].I; Ponce, P.; Peffer, T.; Meier, A.; Molina, A. Energy management system based on a gamified application
for households. Energies 2021, 14, 3445. https://doi.org/10.3390/en14123445.

Morton, A.; Reeves, A.; Bull, R;; Preston, S. Empowering and Engaging European building users for energy efficiency. Energy
Res. Soc. Sci. 2020, 70, 101772. https://doi.org/10.1016/j.erss.2020.101772.

Kim, H.; Ham, S.; Promann, M.; Devarapalli, H.; Bihani, G.; Ringenberg, T.; Kwarteng, V.; Bilionis, I.; Braun, J.E.; Rayz, ].T.; et
al. MySmartE—An eco-feedback and gaming platform to promote energy conserving thermostat-adjustment behaviors in
multi-unit residential buildings. Build. Environ. 2022, 221, 109252. https://doi.org/10.1016/j.buildenv.2022.109252.

Albertarelli, S.; Fraternali, P.; Novak, J.; Rizzoli, A.-E.; Rottondi, C. DROP and FUNERGY: Two Gamified Learning Projects for
Water and Energy Conservation. In Proceedings of the 11th European Conference on Games Based Learning, ECGBL 2017,
Graz, Austria, 5-6 October 2017; Academic Conferences and Publishing International Limited: Manchester, UK, 2017; pp. 935—
938.

Patlakas, P.; Raslan, R. A computer game to help people understand the energy performance of buildings. Proceedings of the
Institution of Civil Engineers: Engineering Sustainability 2017, 170, 308-321. https://doi.org/10.1680/jensu.16.00024.

Méndez, J.I; Ponce, P.; Meier, A.; Peffer, T.; Mata, O.; Molina, A. S4 Product Design Framework: A Gamification Strategy Based
on Type 1 and 2 Fuzzy Logic. In Lecture Notes in Computer Science (including Subseries Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics); Springer: Berlin/Heidelberg, Germany, 2020; Volume 12015 LNCS, pp. 509-524.
https://doi.org/10.1007/978-3-030-54407-2_43.

Gangolells, M.; Casals, M.; Macarulla, M.; Forcada, N. Exploring the potential of a gamified approach to reduce energy use and
carbon emissions in the household sector. Sustainability 2021, 13, 3380. https://doi.org/10.3390/su13063380.

Fraternali, P.; Cellina, F.; Herrera, S.; Krinidis, S.; Pasini, C.; Rizzoli, A.E.; Rottondi, C.; Tzovaras, D. A Socio-Technical System
Based on Gamification Towards Energy Savings. In Proceedings of the 2018 IEEE International Conference on Pervasive



Buildings 2024, 14, 1497 26 of 27

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

Computing and Communications Workshops (PerCom Workshops), Athens, Greece, 19-23 March 2018; pp. 59-64.
https://doi.org/10.1109/PERCOMW.2018.8480405.

Paris, J.; Cambeiro, J.; Amaral, V.; Rodrigues, A. Using gamification to motivate occupants to energy efficiency in a social setting
of a building automation system. In Proceedings of the International Computer Software and Applications Conference, Mil-
waukee, WI, USA, 15-19 July 2019; Volume 1, pp. 638-643. https://doi.org/10.1109/COMPSAC.2019.00097.

Fraternali, P.; Herrera, S.; Novak, J.; Melenhorst, M.; Tzovaras, D.; Krinidis, S.; Rizzoli, A.E.; Rottondi, C.; Cellina, F. enCOM-
PASS— An integrative approach to behavioural change for energy saving. In Proceedings of the 2017 Global Internet of Things
Summit (GIoTS), Geneva, Switzerland, 6-9 June 2017; pp. 1-6. https://doi.org/10.1109/GIOTS.2017.8016256.

Papaioannou, T.G.; Dimitriou, N.; Vasilakis, K.; Schoofs, A.; Nikiforakis, M.; Pursche, F.; Deliyski, N.; Taha, A.; Kotsopoulos, D.;
Bardaki, C.; et al. An IoT-based gamified approach for reducing occupants’ energy wastage in public buildings. Sensors 2018,
18, 537. https://doi.org/10.3390/s18020537.

Mendez, J.I; Ponce, P.; Medina, A.; Peffer, T.; Meier, A.; Molina, A. A smooth and accepted transition to the future of cities
based on the standard ISO 37120, artificial intelligence, and gamification constructors. In Proceedings of the 2021 IEEE European
Technology and Engineering Management Summit, E-TEMS 2021 —Conference Proceedings, Dortmund, Germany, 18-20
March 2021; pp. 65-71. https://doi.org/10.1109/E-TEMS51171.2021.9524900.

Gandhi, P.; Brager, G.S. Commercial office plug load energy consumption trends and the role of occupant behavior. Energy
Build. 2016, 125, 1-8. https://doi.org/10.1016/j.enbuild.2016.04.057.

Sintov, N.D.; Orosz, M.D.; Wesley Schultz, P. Personalized energy reduction cyber-physical system (PERCS): A gamified end-
user platform for energy efficiency and demand response. In Lecture Notes in Computer Science (Including Subseries Lecture Notes
in Artificial Intelligence and Lecture Notes in Bioinformatics); Springer: Berlin/Heidelberg, Germany, 2015; Volume 9189, pp. 602-
613. https://doi.org/10.1007/978-3-319-20804-6_55.

Friedrich, K.; Eldridge, M.; York, D.; Witte, P.; Kushler, M. Saving Energy Cost-Effectively: A National Review of the Cost of
Energy Saved through Utility-Sector Energy Efficiency Programs; 2009; Volume 600. Available online:
https://www.aceee.org/sites/default/files/publications/researchreports/U092.pdf (accessed on 14 May 2024).

Waide, P.; Buchner, B. Utility energy efficiency schemes: Savings obligations and trading. Energy Effic. 2008, 1, 297-311.
https://doi.org/10.1007/s12053-008-9024-8.

Das, H.P.; Konstantakopoulos, I.C.; Manasawala, A.B.; Veeravalli, T.; Liu, H.; Spanos, C.J. A Novel Graphical Lasso based ap-
proach towards Segmentation Analysis in Energy Game-Theoretic Frameworks. In Proceedings of the 2019 18th IEEE Interna-
tional Conference On Machine Learning And Applications (ICMLA), Boca Raton, FL, USA, 16-19 December 2019.
https://doi.org/10.1109/ICMLA.2019.00277.

Gao, B.; Chen, C.; Qin, Y,; Liu, X.; Zhu, Z. Evolutionary Game-theoretic Analysis for Residential Users Considering Integrated
Demand Response. |. Mod. Power Syst. Clean Energy 2021, 9, 1500-1509. https://doi.org/10.35833/MPCE.2019.000030.

Gibbens, M.; Gniady, C.; Zhang, B. Towards eco-friendly home networking. Sustainable Computing: Informatics and Systems.
Sustain. Comput. Inform. Syst. 2016, 11, 16-25. https://doi.org/10.1016/j.suscom.2015.11.003.

Yu, L; Xu, Z.; Zhang, T.; Guan, X.; Yue, D. Energy-efficient personalized thermal comfort control in office buildings based on
multi-agent deep reinforcement learning. Build. Environ. 2022, 223, 109458. https://doi.org/10.1016/j.buildenv.2022.109458.
Marisa, F.; Sakinah Syed Ahmad, S.; Izzah Mohd Yusoh, Z.; Maukar, A.L.; David Marcus, R.; Aris Widodo, A. Evaluation of
Student Core Drives on E-Learning during the COVID-19 with Octalysis Gamification Framework. Int. ]. Adv. Comput. Sci. Appl.
2020, 11, 104-116.

Ratliff, L.J.; Jin, M.; Konstantakopoulos, I.C.; Spanos, C.J.; Sastry, S. Social Game for Building Energy Efficiency: Incentive Design;
UC Berkeley: Center for Research in Energy Systems Transformation (CREST): Berkeley, CA, USA, 2014.

Jain, R.K.; Gulbinas, R.; Taylor, J.E.; Culligan, P.J. Can social influence drive energy savings? Detecting the impact of social
influence on the energy consumption behavior of networked users exposed to normative eco-feedback. Energy Build. 2013, 66,
119-127. https://doi.org/10.1016/j.enbuild.2013.06.029.

Peeters, M.; Megens, C.; van den Hoven, E.; Hummels, C.; Brombacher, A. Social Stairs: Taking the Piano Staircase towards
Long-Term Behavioral Change. In Proceedings of the Persuasive Technology: 8th International Conference, PERSUASIVE 2013,
Sydney, NSW, Australia, 3-5 April 2013; Volume 7822, pp. 174-179. https://doi.org/10.1007/978-3-642-37157-8_21.

Spangher, L.; Gokul, A.; Khattar, M.; Palakapilly, J.; Tawade, A.; Bouyamourn, A.; Devonport, A.; Spanos, C. Prospective Exper-
iment for Reinforcement Learning on Demand Response in a Social Game Framework. In Proceedings of the e-Energy 2020—
Proceedings of the 11th ACM International Conference on Future Energy Systems, Virtual, 22-26 June 2020; pp. 438—444.
https://doi.org/10.1145/3396851.3402365.

Papaioannou, T.G.; Hatzi, V.; Koutsopoulos, I. Optimal design of serious games for consumer engagement in the smart grid.
IEEE Trans. Smart Grid 2018, 9, 1241-1249. https://doi.org/10.1109/TSG.2016.2582298.

Chou, Y. Actionable Gamification: Beyond Points, Badges, and Leaderboards; Packt Publishing Ltd.: Birmingham, UK, 2019.

Costa, C.J.; Aparicio, M.; Aparicio, S.; Aparicio, J.T. Gamification usage ecology. In Proceedings of the SIGDOC 2017 —35th
ACM International Conference on the Design of Communication, Halifax, NS, Canada, 11-13 August 2017.
https://doi.org/10.1145/3121113.3121205.



Buildings 2024, 14, 1497 27 of 27

68. Gallego-Duran, F.J.; Villagra-Arnedo, C.J.; Satorre-Cuerda, R.; Compafi-Rosique, P.; Molina-Carmona, R.; Llorens-Largo, F. A
guide for game-design-based gamification. Informatics 2019, 6, 49. https://doi.org/10.3390/informatics6040049.

69. Verbrugge, R.]J. Do the consumer Price index’s utilities adjustments for Owners’ Equivalent Rent distort inflation measurement?
J. Bus. Econ. Stat. 2012, 30, 143-148. https://doi.org/10.1198/jbes.2011.08016.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



