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Executive Summary 

Background 

Rapid development of digital technologies, combined 
with advances in energy management, automation of 
devices and smart buildings, is presenting power utility 
companies with new opportunities for customer 
engagement. Primary literature on this topic is too vast 
to be covered in a single review. Thus, we focus on 
existing systematic reviews and meta-analyses. 

Objectives 

The main question guiding this rapid review was: 
“Drawing on secondary literature that employs 
systematic review and meta-analytic approaches, what 
do we know about digital services and communication 
platforms that allow for residential customer engagement 
and interaction with the energy system?” 

The secondary objective of this project was to assess 
the time and resources needed to perform a scoping / 
rapid meta-review on a topic related to the Built 
Environment. Thus, information relevant to the review 
team’s structure, review timeline and associated 
workloads are also included in this report. 

Data sources 

Data sources included Scopus, Web of Science and 
Google Scholar, followed by snowballing from the 
included full-text articles. 

Study eligibility criteria 

We included peer-reviewed systematic reviews and 
meta-analyses concerning the use of digital platforms 
and technologies to engage residential customers in the 
energy system (e.g., by providing feedback on energy 
consumption, allowing control of appliances, educating 
about energy conservation). 

Study appraisal and synthesis methods 

We qualitatively summarised studies that fulfilled our 
inclusion criteria. The quality and risk of bias of these 
studies using adapted version of the 16 questions from 
AMSTAR2 tool. 

Results 

We included six systematic reviews and one meta-
analysis. The focus of these studies ranged from 
providing feedback on energy consumption through to 
defining features of smart homes and uses for 
gamification. 

 

Limitations 

Only peer-reviewed academic literature written in 
English was included in this review. As the search was 
not fully comprehensive (e.g., specialist databases were 
not searched), some relevant studies might have been 
omitted. 

Conclusions and implications 

Overall, this rapid review suggests that digital services 
and communications platforms such as the Internet, 
mobile phone apps and special in-home devices have 
the potential to improve residential customer education 
and engagement in the energy system. Moreover, 
energy efficiency and conservation may be encouraged 
via in-home displays that provide customers with timely 
feedback on energy consumption, use of mobile devices 
in dynamic pricing programs, and the automation of 
home appliances and systems. However, the small 
number of large-scale well-designed studies comparing 
the impact of different interventions limits our ability to 
draw definitive conclusions about the most effective 
methods for customer engagement. It also highlights the 
need for further research in this space. 

Registration  

The protocol for this review has been preregistered 
using free Open Science Framework (OSF) registration 
service https://osf.io/cems9/. 

Amendments to the protocol 

Non peer-reviewed publications were excluded from the 
review due to the limited time available. The review 
could be expanded in the future to include the grey 
literature. The variables extracted from the papers 
included in this review were modified to better reflect the 
similarities and differences in the study contents. 
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Introduction 

Rationale 

 Globally, rapid development of digital technologies – 
combined with advances in energy management, 
automated devices and smart buildings – is 
presenting new opportunities for customer 
engagement and interaction with the energy system. 
This raises an interesting and important question: 
What are the implications for power utilities and what 
can they learn from the existing literature on this 
topic? Accumulating evidence on the use of digital 
and online platforms in the energy domain is highly 
heterogeneous and scattered across the academic 
and grey literatures. This can make it somewhat 
challenging to find scientifically robust results and 
draw confident conclusions about the impacts of 
digital services and communication platforms on 
residential energy customers. Given the vast number 
of potentially relevant primary sources, there is value 
in identifying reliable and unbiased secondary 
studies that have used systematic or meta-analytic 
methodologies to explore this particular topic. 

Objectives 

 The main question guiding this rapid review was: 
“Drawing on secondary literature that employs 
systematic review and meta-analytic approaches, 
what do we know about digital services and 
communication platforms that allow for residential 
customer engagement and interaction with the 
energy system?” 

 This question fits more within the definition of a 
scoping / mapping review rather than a rapid review. 
However, given the methodology used to find, screen 
and assess the studies, a “rapid review” label is also 
appropriate. Rapid reviews generally use simplified 
systematic review methodology to speed up the 
review process, while still trying to minimise the risk 
of bias (Tricco et al. 2015). The term “meta-review” is 
used to describe a review of other reviews and is 
also termed “overview” (of systematic reviews) in 
Cochrane, or “umbrella review” (in medical sciences 
more generally). A new term “scoping meta-review” 
was recently proposed for the reviews using high-
level evidence provided by systematic reviews in 
order to map new fields or broad topics (Sarrami-
Foroushani et al. 2015). 

 The secondary objective of this project was to 
assess the time and resources needed to perform a 
scoping / rapid meta-review on a topic related to the 
Built Environment. Thus, information relevant to the 
review team’s structure, review timeline and 
associated workloads are also included in this report. 

 

 



 

8 

 

Methods 

Eligibility criteria 

The following study characteristics were used as 
eligibility criteria for the review: 

1. Peer reviewed published articles. 
2. Studies published in English. 
3. Published on or after 1st January 2008. 
4. Secondary studies claiming to perform a 

systematic review, rapid review, scoping review, 
systematic map, or meta-analysis. 

5. Studies (or major aspects of studies) that focus on 
digital / online platforms and technology that 
engage residential customers in the energy 
system. 

6. Full text article available. 

Information sources 

1. Search engines of Scopus, Web of Science and 
Google Scholar. 

2. Snowballing from the included studies using 
Scopus search engine and database. 

Literature search and study records 

To construct search strings, we used combinations of 
keywords and phrases related to the type of study, 
energy/electricity, residential market and digital 
technology: 

Search string for SCOPUS (search date 20/04/2018): 

TITLE-ABS-KEY ( ( "meta-analysis"  OR  "meta 
analysis"  OR  "metaanalysis"  OR  "meta-review"  
OR  "systematic review"  OR  "systematic literature 
review"  OR  "evidence review"  OR  "systematic 
map"  OR  "evidence map"  OR  "scoping review"  
OR  "rapid review" ) AND  ( online*  OR  web*  OR  
Internet*  OR  digital*  OR  smart  OR  gam*  OR  
computer*  OR  mobile  OR  forum  OR  sms OR  
email  OR  prompt*  OR  feedback*  OR "social 
media"  OR  remote  OR  interact*  OR engage*  OR  
social*  OR  dynamic* )  AND  ("sustainable energy"  
OR  "energy sustainability"  OR  "green energy"  OR  
"renewable energy"  OR  "renewable electricity"  OR  
"household energy"  OR  "green power"  OR  "smart 
energy"  OR  "smart grid"  OR  "energy behaviour*"  
OR  "energy behavior*"  OR  "energy consumption"  
OR  "energy use"  OR  "energy initiativ*"  OR  
"energy intervent*"  OR  "energy engagement"  OR  
"demand response"  OR  "peak load"  OR  "energy 
conservation" )  AND  ( resident*  OR  house OR  
home*  OR  consumer*  OR  community OR  user*  
OR  occupant* ) )  [80 hits] 

 

Search string for Web of Science (search date 
20/04/2018): 

TS=( ( "meta-analysis" OR "meta analysis" OR 
"metaanalysis" OR "meta-review" OR "systematic 
review" OR "systematic literature review" OR 
"evidence review" OR "systematic map" OR 
"evidence map" OR "scoping review" OR "rapid 
review" ) AND ( online* OR web* OR Internet* OR 
digital* OR smart OR gam* OR computer* OR mobile 
OR forum OR sms OR email OR prompt* OR 
feedback* OR "social media" OR remote OR 
interact* OR engage* OR social* OR dynamic* ) 
AND ( "sustainable energy" OR "energy 
sustainability" OR "green energy" OR "renewable 
energy" OR "renewable electricity" OR "household 
energy" OR "green power" OR "smart energy" OR 
"smart grid" OR "energy behaviour*" OR "energy 
behavior*" OR "energy consumption" OR "energy 
use" OR "energy initiativ*" OR "energy intervent*" 
OR "energy engagement" OR "demand response" 
OR "peak load" OR "energy conservation" ) AND ( 
resident* OR house* OR home* OR consumer* OR 
community OR user* OR occupant* ) ) Indexes=SCI-
EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, 
BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC 
Timespan=All years   [81 hits] 

Records from Scopus and Web of Science electronic 
databases were exported to Mendeley reference 
management software. Two reviewers (ML, FS) 
independently screened de-duplicated records (titles, 
abstracts, keywords) using Rayyan platform (Ouzzani 
et al. 2016) to identify relevant studies using a pre-
defined decision-tree reflecting the eligibility criteria 
described in the previous section. 

Full-text papers were retrieved for studies deemed 
potentially relevant. Two reviewers (FS, GS) 
independently performed screening of full papers using 
same criteria for the titles and abstracts, with a third 
reviewer (ML) resolving any disagreements and 
checking the final list of included studies and their 
coding (i.e. data extraction). Studies deemed suitable 
for inclusion were then used to perform additional 
snowballing searches (i.e. forward and backward 
reference screening, as described above). 

In addition, a Google Scholar search was conducted 
using subsets of keywords from the search string used 
for the first two databases (due to the search string 
length limitations in Google Scholar):  

consumer|customer|resident 
intitle:engagement|feedback|involvement|communicati
on intitle:"meta-analysis"|"meta analysis"|"meta-
review"|"systematic review"|"systematic literature 
review" "demand response"|"peak shifting"|"load 
shifting"|"smart home".  

The results of this search were screened by a single 
reviewer (ML, 14/05/2018). Finally, ML performed 
snowballing (i.e. forward and backward reference 
searches) for the already included systematic reviews 
and meta-analyses (Table S1; 14/05/2018, Scopus 
database, 651 non-unique references screened). The 
overview of the search and screening process is 
visually presented in Figure 1. 
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Figure 1. PRISMA diagram of the search and screening process: 

 

 

 

Data items 

For each included study, we extracted the following 
characteristics: first author and year of publication, study 
title, main topic, communication direction and nature of 
engagement with residential customers, communication 
platform, sources of funding and declared conflicts of 
interests. Table 1 presents the main extracted variables 
and their values / codes (as used in Table 2 

 

 

 

in the Results section). Data extraction was performed 
by one reviewer (GS, with initial help from FS) and 
checked by a second reviewer (ML). For each study, we 
have also provided quality assessment scores, risk of 
bias and overall comments (for details, see the “Risk of 
bias of individual studies” section below). 

 

Table 1. List of the main study variables extracted and coded for the included studies, with relevant values. 

Study variable List of values Description 

First Author_year N/A 
key  (ID) of the article is created by concatenating the last 
name of the first author and the study publication year  

Title N/A title of the article 

Main topic N/A main topic addressed in the article 

Communication direction to customer 
communication is only towards the customer in the form of 
general information, energy usage data, etc. 
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from customer 
communication is only from customer in the form of feedback, 
energy usage data, etc.  

to and from 
customer 

communication is bi-directional, such that customer receives 
information / data and provides data / information to the other 
end of the communication (e.g. utilities, grid) 

Engagement nature 

education 
digital activities or sharing information that raises awareness 
on energy conservation or energy-related sustainability 

monitoring 
measuring household energy usage / patterns, no active 
involvement  

control 
actively controlling energy use in the forms of remote 
switching, home automation, customer behaviour change, etc. 

Communication platform 

Internet 
communication occurs via web-based platforms and customer 
can use general browsing devices 

mobile specifically designed for use with mobile devices 

special device  specially designed hardware unit is needed 

Study funding, CoI N/A 
funding bodies and declared conflicts of interests (CoI) in the 
article 

 

Outcomes and prioritisation 

Not applicable, due to the scoping nature of this review 
and focus on secondary studies only. 

Risk of bias in individual studies 

A quality assessment of the secondary studies included 
in this review was performed using the AMSTAR2 
checklist (Shea et al. 2017). Table S3 presents the 16 
questions used for this assessment process, with codes 
and explanations. The assessment was performed by 
one reviewer (GS) and checked by a second reviewer 
(ML). 

Data Synthesis 

No quantitative assessment was performed due to the 
heterogeneity and the small number of included studies. 
A qualitative summary is provided in the form of tables 
and a narrative description of the patterns and gaps 
observed in the secondary literature that was reviewed. 

Meta-bias(es) 

Not applicable, due to the scoping nature of this review 
and focus on secondary studies only. 

 

 

Results 

The final study list included seven studies that fulfilled 
our inclusion criteria (see Table 2). 
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Table 2. List and the main characteristics of the included studies. 

First Author 

_year 

Title Main topic Review type, 
N studies 

included 

Communication 
direction 

Engagement 
nature 

Communication 
platform 

Study funding, conflict of 
interests 

Barrios-

O'Neill_2016 

Online engagement for 

sustainable energy projects: A 
systematic review and 
framework for integration 

Challenges and solutions for 

online customer engagement 
in projects aimed to influence 
energy consumption 

systematic 

review, N=73 

to and from 

customer 

education, 

monitoring, 
control 

special devices, 

Internet, mobile 
applications 

B9 Energy Offshore 

 

Davis_2013 Setting a standard for 
electricity pilot studies 

Impacts of interventions using 
automated devices, in-home 

displays, and dynamic pricing 

meta-analysis, 
N=32 

to and from 
customer 

education, 
control 

special devices, 
Internet 

Carnegie Electricity 
Industry Center and the 

Center for Climate and 
Energy Decision Making 
(SES-0949710), 

Department of Energy 
under Award Numbers 
DE-OE0000300 and DE-

OE0000204 

Khosrowpour_
2018 

A review of occupant energy 
feedback research: 
Opportunities for 

methodological fusion at the 
intersection of 
experimentation, analytics, 

surveys and simulation 

Overview of research on 
energy consumption feedback 

systematic 
review (claims 
to be meta-

analysis), 
N=89 

to and from 
customer 

education, 
monitoring 

Internet Department of Energy, 
Building Technologies 
Program and the National 

Science Foundation – 
United States under 
Grants No. 1142379, 

1461549 and 1639266 

Wilson_2015 Smart homes and their users: 

a systematic analysis and key 
challenges 

Energy consumption feedback 

in smart homes  

systematic 

review, N=150 

to customer education, 

monitoring 

special devices Engineering and Physical 

Sciences Research 
Council (EPSRC) (Grant 
Reference EP/K002457/1) 

Murugesan_2
015 

Design criteria for visualization 
of energy consumption: A 
systematic literature review 

Use of visualisations for 
energy consumption feedback 

systematic 
review, N=22 

to customer education special devices, 
Internet, mobile 
applications 

The University of Auckland 
Doctoral Scholarship 

Nishida_2015 Systematic review of literature: 

Educational games about 
electric energy consumption 

Educational games related to 

electricity consumption 

systematic 

review, N=7 

to and from 

customer 

education Internet, mobile 

applications 

Not provided 

Johnson_2017 Gamification and serious 
games within the domain of 

domestic energy consumption: 
A systematic review 

Use of gamification and 
serious games for influencing 

energy consumption 

systematic 
review, N=25 

to and from 
customer 

education mobile 
applications, 

Internet 

Australian Department of 
Industry, Innovation and 

Science (Grant no. 
RM2013000562), 
CitySmart leading the 
project consortium 
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Overview of the included studies  

Four of the seven studies are related to the use of 
feedback to influence residential energy consumption, 
albeit from different angles. Barrios-O'Neill_2016 
(Barrios-O’Neill and Schuitema 2016) focuses broadly 
on using interactive online media to engage customers 
with sustainable energy projects. Davis_2013 (Davis et 
al. 2013) considers the effectiveness of various feedback 
delivery methods, such as in-home displays and 
automated devices. Khosrowpour_2018 (Khosrowpour 
et al. 2018) examines methodological and 
multidisciplinary aspects of various feedback programs. 
Smart homes and their users are investigated in 
Wilson_2015 (Wilson, Hargreaves, and Hauxwell-
baldwin 2015). Murugesan_2015 (Murugesan, Hoda, 
and Salcic 2015) focuses on the best ways to visualise 
energy consumption feedback. Finally, Nishida_2015 
(Nishida and Braga 2015) and Johnson_2017 (Johnson 
et al. 2017) both examine the use of digital gaming 

technology to influence patterns of energy consumption. 
Table 3 provides a short description of the contents and 
conclusions for each study. 

 

 

 

Table 3. Summary of scope and conclusions for the included studies 

First Author 

_year 
Summary of scope and conclusions 

Barrios-
O'Neill_2016 

addresses the question “how can sustainable energy projects increase engagement from customers 
using interactive media communications?” with the aid of a systematic literature review. The main 
aim is to identify the existing challenges and solutions in engaging customers in sustainable energy 
projects through interactive media (e.g., websites, online social networks). This review indicates that 
new communication media techniques have the potential to encourage consumers towards more 
sustainable energy use, but there is a lack of control over effective engagement of customers in 
online one-directional communication. Moreover, the potential for exploiting interactive 
communication platforms to increase consumer engagement is often not fully utilised. Online 
customer engagement can provide unique opportunities to address both ongoing and emerging 
challenges faced by energy utilities. These may include:  
(1) gathering and processing customer data more productively and efficiently;  
(2) reducing risks related to mistrust by enabling greater responsiveness to customer concerns;  
(3) making information on energy products and services more accessible and transparent;  
(4) reaching a greater number of consumers via diversity in presentation format and tone;  
(5) encouraging proactive consumer behaviour via interactive dissemination of information. 

Davis_2013 presents a meta-analysis to assess the impact of intervention methods that aim to reduce overall 
residential electricity use and peak-hour use. The three types of intervention include:  
(1) in-home displays providing feedback on electricity consumption rates and costs;  
(2) dynamic pricing programs, where the cost of electricity varies over time, and  
(3) automation, where programmable thermostats and other smart technologies can control 
electricity consumption following pre-set parameters.  
Meta-analysis of data from 32 studies suggests that in-home displays performed best to reduce 
overall energy consumption (3% after adjusting for risk-of-bias; 4% using reported data), whereas 
dynamic pricing allowed to curb peak demand (6% adjusted; 11% reported), and was even more 
effective when coupled with home automation (14% adjusted, 25% reported). The paper also 
identifies many methodological and reporting issues in the original studies and presents some 
suggestions for how to address these issues in future studies. 

Khosrowpour_
2018 

reviews and analyses methodologies for research on energy feedback programs, including recent 
technologically-advanced ways of delivering feedback (e.g., web-based, mobile phone-based, in-
home displays). The authors consider four main methodological approaches utilised to study energy 
feedback: experimental, analytical, survey-based and simulation-based. Their systematic review 
reveals five areas that need improvement:  
(1) integrating analytics and surveys,  
(2) fusing experiments and analytics,  
(3) linking experiments, analytics and surveys,  
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(4) strengthening linkages between simulations and experiments, and  
(5) coordinating analytics and simulation research.  
The review suggests that a better grasp of how to maximise the efficacy of feedback programs can 
be achieved via combining and integrating some of the above approaches. For example, insights 
derived from the analysis of energy consumption (e.g., load patterns) could be more effectively 
combined with survey data (e.g., customer attitudes, motives, demographics, self-reported 
behaviour) to help design more targeted and tailored feedback programs. The review does not 
collate the results of included studies, nor does it draw conclusions on which digital platforms or 
types of communication are most effective for engaging residential energy customers or influencing 
their behaviour. 

Wilson_2015 performs a systematic review of the dominant research topics in the existing research on smart 
homes (which embed information and communication technologies throughout a dwelling, e.g., 
remote control and automation of lighting, space heating/cooling, appliances, electronic devices 
etc.) and their users. The paper covers three main topics:  
(1) overview of aspects and definitions of the smart home, 
(2) types of smart home users and their interactions with the smart home 
(3) challenges related to implementing and popularising smart homes.  
The article emphasises the value of using a comprehensive framework for understanding and 
developing research on smart homes. It is a descriptive (configurative) review and it does not 
compare the utility of different types of digital engagement or technologies. 

Murugesan_ 

2015 

reviews 22 selected high-quality studies on energy consumption visualisation, including methods 
that leverage digital technologies (e.g., real-time visualisations of energy data made available on 
computers, mobile phones, Internet-based applications, in-home displays, etc.). The synthesis 
describes various aspects of designing visualisations of energy usage patterns, including functional 
criteria (e.g., what is displayed in the visualisation, types of visualisation, and specific visualisation 
methods) and non-functional criteria (e.g., integrality, extensibility and portability of hardware and 
software). The review explores research trends and patterns in the visualisation of residential 
energy consumption and lists specific and practical recommendations for designing effective 
visualisations. These recommendations include making visualisations simple and easy to 
understand (e.g., using traditional 2D visualisations), interesting (e.g., via customisation), and 
portable (e.g., accessible across multiple devices and platforms, such as computers, mobiles, 
tables, in-home displays, etc.). For end-users themselves, it is recommended that the size of fixed 
visualisation displays (e.g. screen mounted to end-users wall) should be customised to the 
dimensions of the room where the display is located. In addition to basic display information (such 
as kWh consumption, CO2 emissions), some significant motivating factors in visualisations include: 
(a) allowing for social interaction (e.g., using social media for sharing energy-related posts), (b) 
setting and following personal milestones, and (c) creating communities (e.g., via competitions on 
social media). The paper highlights the need “for designing a prototype for visualization to balance 
between aesthetic appeal and practical usefulness, to balance between accuracy and clarity, and to 
balance between comfort and cost effectiveness” (p. 12) and that, at present, there is little rigorous 
empirical research that systematically compares the effectiveness of visual design elements. 

Nishida_2015 presents a systematic review of educational games themed around electricity consumption 
(including computer games and digital game-based learning systems), in terms of existing games 
and the way they are used. The review discusses how different types of games have the potential to 
make players think about energy use and may inspire them to engage in different energy-related 
actions. Seven papers were included in the review. Descriptions of the games and experiments are 
provided, but little information is given on the findings of particular papers. The review emphasises 
that there are very few papers published on this topic and that the published studies usually lack 
follow-ups to investigate the long-term impacts of such games on the players’ real-life energy 
consumption. Thus, future work in this area should involve assessment of actual benefits of using 
gamification to influence energy consumer behaviour. 

Johnson_ 

2017 

performs a comprehensive review of the impact of gamification and serious games on energy use. 
The review considers games delivered via a range of modalities and platforms (e.g., mobile and 
online applications, stand-alone computer games and games using motion detectors), with all 
having some degree of digitisation. The article reveals that games can influence energy consumers’ 
awareness, motivation and energy-saving behaviours (e.g., reflected via reductions in energy 
consumption). The article calls for more quantitative research comparing the effectiveness of 
gamification against traditional intervention techniques, as well as against no interventions. Limited 
research on the effectiveness of gamification for different user groups is also noted, as well as the 
lack of analyses examining the effectiveness of applied games over longer timeframes. 
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Table 4. Quality Scores (QS) and Risk of Bias (RoB) summaries for the included studies. 

QS values: A – minimal flaws, B – some flaws, C – major flaws in many aspects of the review (most likely due to poor 
reporting or the review not being a full systematic review of evidence). Risk of Bias (RoB) values: low, medium, high – 
refer to the risk of bias of the conclusions of the review. 

 

First Author 

_year 

Title QS RoB Comments 

Barrios-
O'Neill_2016 

Online engagement for 
sustainable energy projects: 
A systematic review and 
framework for integration 

B medium Protocol not mentioned. No information on 
number of reviewers performing screening and 
data extraction. Potential study selection and 
coding bias. 

Davis_2013 Setting a standard for 
electricity pilot studies 

B medium Protocol not mentioned. Search and study 
selection criteria are not explained well. Limited 
literature search scope (one database). Potential 
study selection and coding bias. However, bias 
adjustment in quantitative synthesis is well 
explained. 

Khosrowpour_
2018 

A review of occupant energy 
feedback research: 
Opportunities for 
methodological fusion at the 
intersection of 
experimentation, analytics, 
surveys and simulation 

B high Protocol not mentioned. No information on 
number of reviewers performing screening and 
data extraction. Potential study selection and 
coding bias. Risk of bias of individual studies not 
considered. 

Wilson_2015 Smart homes and their 
users: a systematic analysis 
and key challenges 

C high Protocol not mentioned. Limited literature search 
scope (one database). No information on 
number of reviewers performing screening and 
data extraction. No list or descriptions of 
individual studies that were included. Potential 
study selection and coding bias. Risk of bias of 
individual studies not considered. 

Murugesan_ 

2015 

Design criteria for 
visualization of energy 
consumption: A systematic 
literature review 

B medium Protocol mentioned. No information on number 
of reviewers performing screening and data 
extraction. No list or descriptions of individual 
studies that were included. Potential study 
selection and coding bias. Risk of bias of 
individual studies not considered. 

Nishida_2015 Systematic review of 
literature: Educational games 
about electric energy 
consumption 

B medium Protocol mentioned. No information on number 
of reviewers performing screening and data 
extraction. Potential study selection and coding 
bias. Conflicts of interests and funding not 
disclosed. 

Johnson_ 

2017 

Gamification and serious 
games within the domain of 
domestic energy 
consumption: A systematic 
review 

B low Protocol mentioned. Comprehensive search 
performed. Most search details provided. Some 
minor bias might be present. 
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Overview of the excluded studies 

Table S2 lists the studies excluded from this review after 
full-text screening, alongside the reasons for exclusion. 
Most of these studies were excluded because they were 
not systematic reviews or meta-analyses of the 
literature, or because digital services and communication 
platforms for customer engagement and interaction in 
the energy system were only a minor aspect of the 
review. Some studies were excluded due to the narrow 
technical topic, e.g., communication security, automated 
energy management not directly related to customer 
behaviour. Despite being excluded, some of these 
papers may still provide useful insights that are relevant 
to the use of digital technologies for influencing energy 
consumption among residential customers. 

Quality, risk of bias and confidence in 
cumulative evidence 

Table 4 summarises the quality and risk of bias 
assessment of included systematic reviews and meta-
analyses, with more details provided in Table S4 
(detailed coding with comments are available in a 
separate Excel file). Overall, the included reviews were 
of medium quality, with most failing to provide sufficient 
details on literature search and data extraction, and not 
considering the quality and risk of bias of included 
studies. Only three reviews (Murugesan, Hoda, and 
Salcic 2015; Nishida and Braga 2015; Johnson et al. 
2017) mentioned pre-defined protocols, provided 
evidence of performing comprehensive literature 
searches, and outlined basic characteristics of the 
individual included studies. Overall risk of bias was 
assessed to be medium in four studies, with two studies 
scoring high (Bartlett I. 2017; Wilson, Hargreaves, and 
Hauxwell-Baldwin 2015) and one scoring low (Johnson 
et al. 2017). This suggests there is scope for improving 
how the methodologies and outcomes of systematic 
reviews are reported. 

Review Limitations 

Our literature search was not fully comprehensive and 
some relevant papers might have been missed. We 
included only peer-reviewed studies that were claimed to 
be systematic reviews or meta-analyses of literature. 
Thus, we did not include studies from the grey literature 
(e.g., theses, reports, reviews of technology or case 
studies) or comprehensive but non-systematic reviews 
that could potentially yield additional insights. We also 
only included studies published in English. 

Summary and conclusions 

The purpose of this rapid review was to draw on 
secondary literature that employs systematic review and 
meta-analytic approaches in order to determine what is 
known about digital services and communication 
platforms that allow for residential customer engagement 
and interaction with the energy system. Based on a 
search of peer-reviewed articles published since January 

2008, we found seven papers that fulfilled our inclusion 
criteria. Four studies focused on the impact of feedback 
on residential energy consumption, one focused on the 
best ways to visualise energy consumption feedback, 
and two examined the use of digital gaming technology 
to influence patterns of energy use. 

Together, the seven reviews present several different 
examples of how digital technology and communication 
platforms can be useful enabling systems for improving 
customer engagement and increasing the likelihood of 
energy efficiency and conservation. The benefits of 
providing customers with feedback and education to 
promote changes in energy-usage behaviour were a 
frequent theme in the research findings. However, the 
results also point to other potential benefits for utilities, 
such as better predicting residential energy use, 
monitoring and controlling household devices, and 
assisting local energy production. 

The specific techniques and methods used for customer 
engagement differed noticeably across the studies, with 
the findings providing some indication of which 
approaches seemed to be more effective than others. 
For example, one meta-analysis of field studies 
exploring the impact of in-home displays, dynamic 
pricing and automation indicated that in-home displays 
can reduce overall energy consumption and that 
dynamic pricing can be useful for reducing peak 
demand. These interventions may also support one 
another, e.g., dynamic pricing may be particularly 
effective for reducing peak demand when combined with 
home automation. 

However, many studies suffered from methodological 
problems and potential biases, which may limit the 
extent to which robust conclusions can be drawn. 
Examples of such limitations include volunteer selection 
bias, where participants who take part in a study 
systematically differ from the general population and/or 
those who decline or refuse to take part; and attrition 
bias, where those who drop-out or withdraw from a study 
over time systematically differ from those who remain 
involved. There was also incomplete reporting in many 
field studies, which can make it difficult for scholars to 
analyse the results and make recommendations for 
decision makers. Notably, one of the systematic reviews 
recommended adopting the widely used CONSORT 
guidelines from medical clinical trial practice as a 
general framework to improve the reporting of studies. 
Some of the papers included in our rapid review could 
have also reported more details on the systematic 
review process and methods of data analysis. 

Online platforms are also offering new ways to introduce 
games into the mix of tools to engage customers and 
influence energy consumption. ‘Gamification’ is the use 
of game-like elements in real-life contexts to improve 
user experience and user engagement. Some game-like 
elements that have been employed to influence the 
behaviour of energy consumers include feedback, 
challenges, social sharing, rewards, leader-boards and 
points. Research suggests that games have the potential 
to influence energy consumption behaviour as well as 
being an active learning tool that my help educate users 
on environmental impacts and other issues associated 
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with energy consumption. There is also a need for more 
quantitative research to accurately measure the 
effectiveness of various gamification elements for 
influencing customer behaviour, and to compare this 
effectiveness against that of more traditional intervention 
techniques. 

In summary, this rapid review of the international 
literature sheds some light on the types of digital 
services and communication platforms that have been 
used to engage and interact with residential energy 
customers. While a number of studies have been 
conducted across the globe, the results from such 
research should be treated with some caution due to the 
aforementioned methodological limitations and potential 
biases. This particularly applies to questions around the 
optimal design of customer engagement programs and 
initiatives, such as what forms of energy-related 
feedback and visualisation are most effective in eliciting 
behaviour change, or what types of digital games are 
most likely to motivate and educate customers. When it 
comes to evaluating the impact of digital services and 
communication platforms in the energy domain, there 
are relatively few large-scale, well-designed experiments 
that scientifically compare the impact of different 
interventions on energy consumption and conservation 
over time. Nevertheless, this rapid review of the existing 
literature may help map out new and more successful 
avenues for future research in this area. 
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Resources, workload and timeline 

 

Figure 2. Review team members. 

 

 

 

Figure 3. Review timeline. 
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Table 5. Workloads (in hours) of the team members for each main review stage. 

Review Stage ML GS FS SN PT EF Total Comments 

Team formation 
2   2   4 

Shared hours with 
RR2.2 

Question refinement 10 4  2 1 1 18  

Protocol preparation 8 1  1   10  

Search and 
screening 

8 3 8    19 
 

Data extraction 4 9 1    14  

Synthesis / Report 24 3  1 15 8 51  

Total 56 20 9 6 16 9 116 h 

 

  



 

19 

 

Supplementary Information 

 

Table S1. Table of snowballing results. 

Snowballing 

from: First 
Author 

_year 

Snowballing from: Title N citing papers 

screened 

N cited papers 

screened 

N total 

screened 

N papers selected for 

checking full-text 

Barrios-
O'Neill_2016 

Online engagement for 
sustainable energy 
projects: A systematic 
review and framework for 
integration 

80 8 88 0 

Davis_2013 Setting a standard for 
electricity pilot studies 

80 11 91 1 

Khosrowpour
_2018 

A review of occupant 
energy feedback research: 
Opportunities for 
methodological fusion at 
the intersection of 
experimentation, analytics, 
surveys and simulation 

51 4 55 0 

McKerracher
_2013 

Energy consumption 
feedback in perspective: 
Integrating Australian data 
to meta-analyses on in-
home displays 

140 0 140 0 

Wilson_2015 Smart homes and their 
users: a systematic 
analysis 

and key challenges 

27 5 32 0 

Murugesan_
2015 

Design criteria for 
visualization of energy 
consumption: A systematic 
literature review 

65 25 90 0 

Nishida_201
5 

Systematic review of 
literature: Educational 
games about electric 
energy consumption 

22 0 22 1 

Johnson_201
7 

Gamification and serious 
games within the domain of 
domestic energy 
consumption: A systematic 
review 

78 55 133 1 

Total:    651 3 
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Table S2. Table of the excluded studies at the full-text screening stage, with reasons. 

First Author 

_year 

Reference Main topic Review 
methodology 

Reason for exclusion Comments 

Abrahamse_
2013 

Abrahamse, W., & Steg, L. 
(2013). Social influence 
approaches to encourage 
resource conservation: A 
meta-analysis. Global 
Environmental Change-
Human And Policy 
Dimensions, 23(6, SI), 1773–
1785 

social 
influence on 
resource 
conservation 

meta-
analysis 

energy is only one 
aspect of the review 

 

Andor_2018 Andor, M. A., & Fels, K. M. 
(2018). Behavioral Economics 
and Energy Conservation – A 
Systematic Review of Non-
price Interventions and Their 
Causal Effects. Ecological 
Economics, 148 Y3-1, 178–
210 

energy 
conservation 
interventions  

systematic 
review 

Customer 
engagement is 
addressed in 
general, not only 
focussed on digital 
engagement 

 

Benetti_2016 Benetti, G., Caprino, D., Della 
Vedova, M. L., & Facchinetti, 
T. (2016). Electric load 
management approaches for 
peak load reduction: A 
systematic literature review 
and state of the art. 
Sustainable Cities And 
Society, 20, 124–141 

electric load 
management 

systematic 
review 

a general overview 
of load management 
approaches 

 

Bigerna_201
8 

Bigerna, S., Bollino, C. A., 
Micheli, S., & Polinori, P. 
(2018). A new unified 
approach to evaluate 
economic acceptance 
towards main green 
technologies using the meta-
analysis. Journal of Cleaner 
Production, 167 Y3-1, 1251–
1262 

evaluation 
approach for 
green 
technology 
adaption 

meta-
analysis 

evaluation approach 
for green technology 
adoption in general, 
digital technology is 
not the main focus 

 

Delmas_201
3 

Delmas, M. A., Fischlein, M., 
& Asensio, O. I. (2013). 
Information strategies and 
energy conservation behavior: 
A meta-analysis of 
experimental studies from 
1975 to 2012. Energy Policy, 
61, 729–739 

information 
feedback-
based energy 
conservation 
approaches 

meta-
analysis 

techniques are not 
limited to digital / 
online approaches 

 

Ferrag_2018 Ferrag, M. A., Maglaras, L. A., 
Janicke, H., Jiang, J., & Shu, 
L. (2018). A systematic review 
of data protection and privacy 
preservation schemes for 
smart grid communications. 
Sustainable Cities and 
Society, 38 Y3-1, 806–835 

smart grid data 
communicatio
n security 

systematic 
review 

focus on smart grid 
data communication 
security only, not 
communication with 
residential customers 
per se 
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Fisher_2008 Fisher, C. (2008) Feedback 
on household electricity 
consumption:a tool for saving 
energy? Energy Efficiency 
(2008) 1:79–104 

information 
feedback 
based energy 
conservation 
approaches 

narrative 
review 

authors do not claim 
to perform 
systematic review of 
literature or meta-
analysis 

 

Gölz_2017 Gölz, S. (2017). Does 
feedback usage lead to 
electricity savings? Analysis 
of goals for usage, feedback 
seeking, and consumption 
behavior. Energy Efficiency, 
10(6), 1453–1473 

effectiveness 
of web-based 
feedback on 
electricity 
savings  

narrative 
review and 
experiment
al 

authors do not claim 
to perform 
systematic review of 
literature or meta-
analysis 

 

NA_2011 (2011) Proceedings of the 6th 
International Conference on 
Persuasive Technology: 
“Persuasive Technology and 
Design: Enhancing 
Sustainability and Health”, 
PERSUASIVE 2011 

  no full-text available  

Herbes_2014 Herbes, C., & Ramme, I. 
(2014). Online marketing of 
green electricity in Germany-
A content analysis of 
providers’ websites. Energy 
Policy, 66, 257–266 

online 
marketing 
strategies for 
green energy 
in Germany 

content 
analysis 

authors do not claim 
to perform 
systematic review of 
literature or meta-
analysis 

 

Hermsen_20
16 

Hermsen, S., Frost, J., 
Renes, R.J., & Kerkhof, P. 
(2016). Using feedback 
through digital technology to 
disrupt and change habitual 
behavior: A critical review of 
current literature. Computers 
in Human Behavior, 57, 61-
74. 

modifying 
habitual 
behaviour 
using digital 
technology  

systematic 
review 

general review, 
customer energy 
conservative 
behaviour is only one 
focus 

 

Karlin_2015 Karlin, B., Zinger, J. F., & 
Ford, R. (2015). The effects of 
feedback on energy 
conservation: A meta-
analysis. Psychological 
Bulletin, 141(6), 1205. 

effectiveness 
of feedback on 
energy 
conservation 

meta-
analysis 

online / digital 
feedback is not the 
main focus 

 

Khan_2013 Khan, I., Javaid, N., Ullah, M. 
N., Mahmood, A., & Farooq, 
M. U. (2013). A survey of 
home energy management 
systems in future smart grid 
communications. In 2013 
IEEE 8th International 
Conference on Broadband, 
Wireless Computing, 
Communication and 
Applications, BWCCA 2013 
(pp. 459–464 

smart home 
energy 
management 
systems 

systematic 
review 

not focused on 
interaction with 
customer, mainly 
focused on 
automated energy 
management 

 

Khosrowpour
_2016 

Khosrowpour, A., Duzener, 
T., Taylor, J. E., J. L., P.-R., 
del Puerto C., L., A., G.-Q., … 

effectiveness 
of eco-
feedback on 

meta-
analysis 

eco-feedback seems 
to be limited to digital 
and smart 
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Management. (2016). Meta-
Analysis of Eco-Feedback-
Induced Occupant Energy 
Efficiency Benchmarked with 
Standard Building Energy 
Rating Systems. In 
Construction Research 
Congress 2016: Old and New 
Construction Technologies 
Converge in Historic San 
Juan, CRC 2016 (pp. 1192–
1201) 

building 
energy ratings 

approaches, not 
engagement or 
communication with 
the occupants 

Lokhorst_20
13 

Lokhorst, A. M., Werner, C., 
Staats, H., van Dijk, E., & 
Gale, J. L. (2013). 
Commitment and Behavior 
Change: A Meta-Analysis and 
Critical Review of 
Commitment-Making 
Strategies in Environmental 
Research. Environment And 
Behavior, 45(1), 3–34 

commitment-
based 
interventions 
for promoting 
environmental 
friendly 
behaviour  

meta-
analysis 

energy is only one 
aspect of the review 

 

McCabe_201
8 

McCabe, A., Pojani, D., & van 
Groenou, A. B. (2018). The 
application of renewable 
energy to social housing: A 
systematic review. Energy 
Policy, 114 Y3-1, 549–557 

renewable 
energy 

systematic 
review 

not directly related to 
customer 
engagement 

 

McKerracher
_2013 

McKerracher, C., & Torriti, J. 
(2013). Energy consumption 
feedback in perspective: 
Integrating Australian data to 
meta-analyses on in-home 
displays. Energy Efficiency, 6 
Y3-1(2), 387–405 

energy 
consumption 
feedback via 
in-home 
displays in 
Australia 

narrative 
review + 
modeling 

not claiming to be 
systematic review / 
meta-analysis 

Comprehen
sive review 
of both 
secondary 
and primary 
literature, in 
relation to 
Australian 
data 

Murugesan_
2017 

Murugesan, L. K., Hoda, R., & 
Salcic, Z. (2017). Identifying 
Design Features Using 
Combination of Requirements 
Elicitation Techniques. In 1st 
IEEE/ACM International 
Workshop on Design and 
Innovation in Software 
Engineering, DISE 2017 (pp. 
6–12).  

energy 
feedback 
visualisation 

systematic 
review, 
crowdsourci
ng survey 
and user-
centred 
design 
activity 

Full results of the 
systematic review 
are published in 
Murgesan_2015 
(already included) 

Duplicate 
publication 
of SR part 

Nachreiner_2
015 

Nachreiner, M., Mack, B., 
Matthies, E., & Tampe-Mai, K. 
(2015). An analysis of smart 
metering information systems: 
A psychological model of self-
regulated behavioural 
change. Energy Research & 
Social Science, 9(SI), 85–97 

smart metering 
information 
systems as 
interventions 
for household 
energy 
savings 

Narrative 
review 

discusses 
techniques in smart 
metering in relation 
to behaviour change 
theory 

 

Osbaldiston_ Osbaldiston, R., & Schott, J. 
P. (2012). Environmental 

promoting pro-
environmental 

meta- energy is only one 
aspect of the 
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2012 sustainability and behavioral 
science: Meta-analysis of 
proenvironmental behavior 
experiments. Environment 
and Behavior, 44 Y3-1(2), 
257–299 

behavior analysis analysis, intervention 
techniques are not 
limited to online / 
digital approaches 

Patel_2015 Patel, K., Khosla, A., S., B., 
B., S., S., S., … Technology 
Council (UCOST), G. (2015). 
Home energy management 
systems in future Smart Grid 
networks : A systematic 
review. In 1st International 
Conference on Next 
Generation Computing 
Technologies, NGCT 2015 
(pp. 479–483) 

smart grid-
related energy 
management 
systems 

systematic 
review 

not entirely based on 
feedback provided to 
customer, discussed 
automated energy 
management 

 

Petkov_2011 Petkov, P. Köbler, F. Foth, M., 
& Krcmar, H. (2011) 
Motivating domestic energy 
conservation through 
comparative, community-
based feedback in mobile and 
social media. In Proceedings 
of the 5th International 
Conference on Communities 
& Technologies (C&T 2011), 
ACM, Brisbane, Qld., pp. 21-
30.  

feedback for 
energy 
conservation 
via mobile and 
social media 

systematic 
review of 
approaches
, not 
literature 

systematic review of 
approaches, rather 
than a review of 
literature 

 

Šćepanović_
2017 

Šćepanović, S., Warnier, M., 
& Nurminen, J. K. (2017). The 
role of context in residential 
energy interventions: A meta 
review. Renewable and 
Sustainable Energy Reviews, 
77 Y3-1, 1146–1168. 

effect of the 
context on the 
effectiveness 
of concrete 
residential 
energy 
interventions 

systematic 
review 

online / digital 
interventions are not 
the main focus 

 

Schultz_201
4 

Schultz, P. W. (2014). 
Strategies for Promoting 
Proenvironmental Behavior 
Lots of Tools but Few 
Instructions. European 
Psychologist, 19(2), 107–117 

social 
marketing for 
energy 
conservation 

narrative 
review 

social marketing 
strategies discussed 
in general, with 
minor focus on 
online / digital 
approaches 

 

Solaimani_2
011 

Solaimani S., Bouwman H., 
Baken N. (2011) The Smart 
Home Landscape: A 
Qualitative Meta-analysis. In: 
Abdulrazak B., Giroux S., 
Bouchard B., Pigot H., 
Mokhtari M. (eds) Toward 
Useful Services for Elderly 
and People with Disabilities. 
ICOST 2011. Lecture Notes in 
Computer Science, vol 6719. 
Springer, Berlin, Heidelberg 

clustering of 
concepts and 
approaches 
related to 
smart homes 

systematic 
review 

digital technology 
only one aspect of 
this configurative 
review 

 

Sovacool_20
17 

Sovacool, B. K., Kivimaa, P., 
Hielscher, S., & Jenkins, K. 
(2017). Vulnerability and 

smart-
metering vs 
energy 

systematic 
review 

main theme is not 
smart-metering vs 
energy conservation; 
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resistance in the United 
Kingdom’s smart meter 
transition. Energy Policy, 109 
Y3-1, 767–781.  

conservation, 
responses on 
transition to 
smart metering 

rather, it focuses on 
the responses to 
transition to smart 
metering 

Wilson_2014 Wilson, C. (2014). Evaluating 
communication to optimise 
consumer-directed energy 
efficiency interventions. 
Energy Policy, 74, 300–310 

communicatio
n-based 
energy 
efficiency 
interventions 

experiment
al 

communication 
approaches are not 
limited to online / 
digital approaches 

 

Zhang_2017 Zhang, C., Romagnoli, A., 
Zhou, L., Kraft, M., S. K., C., 
J., Y., …(2017). From 
Numerical Model to 
Computational Intelligence: 
The Digital Transition of 
Urban Energy System. In 1st 
Joint Conference on World 
Engineers Summit - Applied 
Energy Symposium and 
Forum: Low Carbon Cities 
and Urban Energy, WES-CUE 
2017 (Vol. 143 Y3-1, pp. 884–
890) 

digitalisation of 
urban energy 
system 

narrative 
review 

energy conservation 
behaviour is only one 
focus 
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Table S3. Quality assessment tool. 

An adapted AMSTAR (Burda, Holmer, and Norris 2016; Shea et al. 2007) and AMSTAR-2 (Shea et al. 2017) checklists, 
used to asses quality and risk of bias of individual systematic reviews / meta-analyses included for our meta-review. 

Question (recommendations) Decision rules and comments 

Q1. Are the research questions and 
inclusion criteria for the review 
clearly delineated? 

1 = “Yes” = Who (Population/Subject), What (Intervention, Comparator 
group, Outcome), Where and When described. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = research question and inclusion criteria not outlined in detail.  

Q2. Did the report of the review contain 
an explicit statement that the review 
methods were established prior to 
the conduct of the review and did 
the report justify any significant 
deviations from the protocol? 

1 = “Yes” = The authors state that they had a written protocol or guide that 
included ALL the following: review question(s), a search strategy, 
inclusion/exclusion criteria, risk of bias assessment. 

0.5 = “Can’t answer / not sure / partially” = The authors state that they had 
a written protocol or guide that included ALL the following: review 
question(s), a search strategy, inclusion/exclusion criteria, a risk of bias 
assessment. 

0 = “No” = no mention of a priori design of the systematic review, as listed 
above. 

Q3. Did the review authors explain their 
selection of the study designs for 
inclusion in the review? 

 

 

1 = “Yes” = explicit justification of the study designs/types included in the 
review. 

0.5 = “Can’t answer / not sure / partially” = more than one online source but 
no supplementary sources or one online source and one 
supplementary source. Cannot decide between “yes” and “no”, basing 
on the information provided in the paper. 

0 = “No” = only one online source or no supplementary search used 

Q4. Did the review authors use a 
comprehensive literature search 
strategy? 

 

1 = “Yes” = searched at least 2 databases (relevant to research question), 
provided key word and/or search strategy, justified publication 
restrictions (e.g. language), AND searched the reference lists / 
bibliographies of included studies, searched trial/study registries, 
included/consulted content experts in the field, where relevant, 
searched for grey literature, conducted search within 24 months of 
completion of the review. 

0.5 = “Can’t answer / not sure / partially” = searched at least 2 databases 
(relevant to research question), provided key word and/or general 
search strategy, justified publication restrictions (e.g., language). 

0 = “No” = no information on search strategy, or not fulfilling criteria for 
“Yes” and “Partially”. 

Q5. Did the review authors perform 
study selection in duplicate? 

 

1 = “Yes” = either ONE of the following: at least two reviewers 
independently agreed on selection of eligible studies and achieved 
consensus on which studies to include OR two reviewers selected a 
sample of eligible studies and achieved good agreement (at least 80%), 
with the remainder selected by one reviewer. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = only one reviewer involved in the study selection or no 



 

26 

 

description how many reviewers participated in study selection. 

Q6. Did the review authors perform data 
extraction in duplicate? 

1 = “Yes” = either ONE of the following: at least two reviewers achieved 
consensus on which data to extract from included studies OR two 
reviewers extracted data from a sample of eligible studies and achieved 
good agreement (at least 8 %), with the remainder extracted by one 
reviewer. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = only one reviewer involved in the study selection or no 
description how many reviewers participated in data extraction. 

Q7. Did the review authors provide a list 
of excluded studies and justify the 
exclusions? 

1 = “Yes” = provided a list of all potentially relevant studies that were read 
in full-text form but excluded from the review AND justified the 
exclusion from the review of each potentially relevant study. 

0.5 = “Can’t answer / not sure / partially” = only provided a list of all 
potentially relevant studies that were read in full-text form but excluded 
from the review, but not justified the exclusion from the review of each 
potentially relevant study that were read in full-text.   

0 = “No” = No list of studies excluded at a full-text stage. 

Q8. Did the review authors describe the 
included studies in adequate detail? 

1 = “Yes” = ALL the following: Who (Population), What (Intervention, 
Comparator group, Outcome), Where and When described in detail.. 

0.5 = “Can’t answer / not sure / partially” = Who (Population), What 
(Intervention, Comparator group, Outcome), Where and When briefly 
described, or only some of these described in detail. Cannot decide 
between “yes” and “no”, basing on the information provided in the 
paper. 

0 = “No” = no, or partial description of the included studies 

Q9. Did the review authors use a 
satisfactory technique for assessing 
the risk of bias (RoB) in individual 
studies that were included in the 
review? 

 

 

1 = “Yes” = specifically mentions RoB assessment of individual included 
studies. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. RoB 
mentioned or not sufficiently assessed (e.g. if multiple sources of bias 
potentially present, but not all assessed). 

0 = “No” = no mention of RoB assessment of individual included studies. 

[RoB sources:  from confounding, from selection bias, from exposure bias, 
from selective reporting of outcomes, selection of the reported result 
from among multiple measurements or analyses of a specified 
outcome]. 

Q10. Did the review authors report on 
the sources of funding for the 
studies included in the review? 

 

1 = “Yes” = Must have reported on the sources of funding for individual 
studies included in the review. Note: Stating that the reviewers looked 
for this information but it was not reported by study authors, also 
qualifies. 

0.5 = “Can’t answer / not sure / partially” = sources of funding mentioned for 
individual studies included in the review, or reported only for some of 
the included studies. Cannot decide between “yes” and “no”, basing on 
the information provided in the paper. 

0 = “No” = no report of the sources of funding for individual studies included 
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in the review.  

Q11. If meta-analysis was performed 
did the review authors use 
appropriate methods for statistical 
combination of results? 

 

1 = “Yes” = The authors justified combining the data in a meta-analysis 
AND they used an appropriate technique to combine study results and 
adjusted for heterogeneity if present AND investigated the causes of 
any heterogeneity or adjusted for heterogeneity or confounding if 
present. 

0.5 = “Can’t answer / not sure / partially” = Requirements for “Yes” only 
partially fulfilled. Cannot decide between “yes” and “no”, basing on the 
information provided in the paper. 

0 = “No” = no justification of meta-analysis or inappropriate statistical 
methods were used for quantitatively combining and analysing the data, 
heterogeneity not assessed. 

N/A = “Not Applicable” = No meta-analysis conducted. 

Q12. If meta-analysis was performed, 
did the review authors assess the 
potential impact of RoB in individual 
studies on the results of the meta-
analysis or other evidence 
synthesis? 

 

1 = “Yes” = included only low risk of bias studies OR the authors performed 
analyses to investigate possible impact of RoB on summary estimates 
of effect. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = no assessment of the potential impact of RoB. 

N/A = “Not Applicable” = No meta-analysis conducted. 

Q13. Did the review authors account for 
RoB in individual studies when 
interpreting/ discussing the results 
of the review? 

 

1 = “Yes” = included only low risk of bias studies OR the review provided a 
discussion of the likely impact of RoB on the results. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = no discussion of the potential impact of RoB in individual studies. 

Q14. Did the review authors provide a 
satisfactory explanation for, and 
discussion of, any heterogeneity 
observed in the results of the 
review? 

 

1 = “Yes” = There was no significant heterogeneity in the results OR if 
heterogeneity was present the authors performed an investigation of 
sources of any heterogeneity in the results and discussed the impact of 
this on the results of the review. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = No explanation or discussion of heterogeneity present in the 
results. 

Q15. If they performed quantitative 
synthesis did the review authors 
carry out an adequate investigation 
of publication bias (small study 
bias) and discuss its likely impact 
on the results of the review? 

 

1 = “Yes” = The authors performed graphical or statistical tests for 
publication bias and discussed the likelihood and magnitude of impact 
of publication bias. 

0.5 = “Can’t answer / not sure / partially” = more than one online source but 
no supplementary sources or one online source and one 
supplementary source. Cannot decide between “yes” and “no”, basing 
on the information provided in the paper. 

0 = “No” = The authors did not perform any tests for publication bias and 
did not discuss potential impact of publication bias. 

N/A = “Not Applicable” = No meta-analysis conducted. 
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Q16. Did the review authors report any 
potential sources of conflict of 
interest, including any funding they 
received for conducting the review? 

 

1 = “Yes” = The authors reported no competing interests OR the authors 
described their funding sources and how they managed potential 
conflicts of interest. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = The authors did not provide statement on competing interests 
and funding sources, and how they managed potential conflicts of 
interest. 

 

 

 

 

 

Table S4. Responses to quality assessment questions from Table S3 coded for each of the included studies.  

The responses to each question were coded numerically and color-coded as following: green = 1 = “Yes”; yellow = 0.5 = 
“Can’t answer / not sure / partially”, red = 0 = “No”, grey = N/A = “Not Applicable”. 

First Author 

_year 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 

Barrios-O'Neill_2016 1 0 1 0.5 0 0 0 0 0 0 N/A N/A 0 1 N/A 1 

Davis_2013 1 0 1 0 0 1 0 1 1 0 1 1 1 1 1 1 

Khosrowpour_2018 1 0 1 0.5 0 0 0 1 0 0 N/A N/A 0 1 N/A 1 

Wilson_2015 0.5 0.5 0.5 0 0 0 0 0 0 0 N/A N/A 0 1 N/A 1 

Murugesan_2015 1 1 0.5 1 0 0 0 0.5 1 0 N/A N/A 0 1 N/A 1 

Nishida_2015 1 1 1 1 0 0 0 1 0 0 N/A N/A 0 1 N/A 0 

Johnson_2017 1 1 1 1 1 0 0 1 0 0 N/A N/A 0 1 N/A 1 
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