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Definitions

Education plays a key role in sustainable devel-
opment in terms of changing behavior of people to
achieve the sustainability development goals. On
this, technology can be used to enhance education
for sustainable development (ESD) through
influencing learners’ behavior and to evaluate
such behavior change. In order to effectively
apply technology to support ESD, a strong part-
nership between educators and technologists is
needed in order to unlock the potential of both
sides and to create synergies through specializa-
tion. Partnership with technologists benefits edu-
cators in several ways, such as speeding up
innovation process in education, stimulating
fresh teaching ideas, improving learners’ experi-
ence, widening access to skills and resources,
etc. Moreover, partnership opens the opportunity
for both sides to share their knowledge, expertise,

and experience of success with one another in a
way that benefits all parties involved.

Introduction

According to Brundtland (1987) and Gladwin
et al. (1995), the core of sustainable development
is “to meet the needs of the present without
compromising the ability of future generations to
meet their own needs.” We can also consider that
today’s behavior will affect whether the needs in
future can be met or not. For example, when a
resource is used up by humans because of over-
consumption (i.e., behavior), the need of the
resource will not able be met in the future. On
the other hand, human’s behavior can also be
considered as the result of learning. Therefore,
education plays a key role in sustainable develop-
ment in terms of changing human’s behavior.

This entry aims to review how technologies
can be used to support education for sustainable
development purposes. More specifically, we will
focus on how and what technologies can be used
to change human behavior to achieve sustainable
development goals and how the changes can be
evaluated.

This entry is organized as follows. Firstly, the
background of education for sustainable develop-
ment will be reviewed. Secondly, the concepts of
persuasive design and gamification will be
discussed, and the discussion will provide a direc-
tion on what are the related technologies in
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education for sustainable development. Thirdly,
sense-related technologies and wearable technol-
ogy are reviewed, and their contributions to sus-
tainable development education will be discussed.
Finally, we reviewwhat and how technologies can
help to evaluate human behavior change.

Education for Sustainable Development

Sustainable development is every people’s issue
and is a complex topic that involves the interplay
of three aspects: economy, environment, and soci-
ety (Giddings et al. 2002) The key of education for
sustainable development is not simply about
receiving a certificate or getting a qualification;
an ideal education for sustainable development
should be able to make an unforgettable impact
that changes a person’s knowledge, skills, values,
beliefs, attitudes, and behavior all in line with
sustainable development goals.

In education, learning is a key component and
is a process of a series of behavior. The process
starts with the connection between the learner and
the related content. A content could be delivered
through various forms, such as a video, a lecture, a
self-study program, a book, or any other. More-
over, the connection is also a stage for the learner
to acquire new information, and the whole subse-
quent learning process builds upon on this stage.

In the age of the Internet and the Internet of
Things (IoT), there are many ways to educate
people, or in other words, there are many ways
for people to learn. For example, on the online
platform (www.edx.org), there were 2778 online
course available as at 3 Sept 2019. In addition,
there are many ways for people to learn new
knowledge or skills from nontraditional informal
platforms other than classrooms, such as watching
videos on YouTube or Khan Academy.

However, a situation of today’s education is
that huge volume of data and information have
been and are being generated, processed, trans-
mitted, and recorded due to the fast development
of various IoT devices. As per the figure from the
Institute of Physics (http://www.physics.org/
thankphysics/internet/), the volume of data is
huge to a point that “It would take around three

million years to download all the information
currently on the internet, assuming a download
speed of 44 megabits per second.” Moreover, the
growing popularity of social media also has
changed human’s daily life and encouraged more
data to be generated. For example, previous
reports found that there were in average 95million
photos being uploaded per day on Instagram in
2016 (Woollaston 2016), more than 50 million
businesses had Facebook pages, and more than
2.5 billion comments were made on these pages
per month in 2015 (Chaykowski 2015).

There are many potential issues for infor-
mation overload, such as it can decrease the
human attention span. An example can be
found in the music industry; according to
Gauvin (2017), the average time that passed
before the audience would hear the vocals on
any radio song was 23 s; and today the average
intro is just 5 s. Another effect is that the huge
volume of data and information would encour-
age people to selectively obtain new informa-
tion from daily life. On this, Hogarth (1987)
suggested that selective perception may be the
most influential action during the information
acquisition stage. Therefore, a key challenge
of learning is how to improve the connection
between learner and corresponding teaching
contents in order to help them to achieve the
learning objectives.

In this entry, we discuss how technology can
help to improve the connection between learner
and the corresponding teaching contents. The
contributions of technology can be summarized
into two types. The first is technology influencing
human behavior, and the second is evaluating
behavior change by using technology.

Technology Influencing Human
Behavior

We will review what and how technologies sup-
port learning in terms of affecting human behavior
toward sustainable development goals. The
review is based on the concepts of persuasive
design.
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Persuasive Design
Persuasive design focuses on influencing human
behavior through a product’s or service’s charac-
teristics, and it has been applied in promoting
sustainable development goals in a number of
ways. For example, managing food waste is a
mean to improve our environmental and eco-
nomic sustainability; on this, Aydin et al. (2017)
combined elements of behavior change and per-
suasive design theories and used personified icons
to notify its users about the expiry conditions of
the associated food items. Haller et al. (2017)
applied persuasive approach to encourage sustain-
able change of users’ behavior in energy con-
sumption. Liu (2019) presented a project that
aims to promote sustainable tourism through per-
suasive design.

Reeves and Nass (1996) present compelling
results from experimental work, which suggest
that human interactions with computers, and by
extending other forms of technology, often mirror
the dynamics of human-to-human interactions.
Thus, they argue that human users view technol-
ogies in the same way as they would another
person. As such, theories of social psychology,
including social cognition and persuasion, are
likely to be applicable in mediating successful
technological interactions. Nkwo et al. (2018)
designed and implemented a mobile persuasive
system that motivated users to change their atti-
tudes and behavior toward waste disposal and to
care more for the environment. Hedemalm et al.
(2017) investigated the use of a persuasive multi-
player game that provided bonuses and penalties
to users based on their daily choices regarding
transportation. Preliminary results from testers of
the game indicated that using games may be suc-
cessful in causing positive changes in user
behavior.

More specifically explanation of persuasive
design was provided in Fogg’s Behavior Model
(Fogg 2009). It described behavior as a product of
three factors:

– Motivation (people have to be sufficiently
motivated to change their behavior)

– Ability (the people must have ability to
behave)

– Triggers (the people have to be triggered, or
promoted, to behave)

Persuasive designs can incorporate both posi-
tive and negative approaches, typically by either
offering some form of reward or punishment in
provoking or responding to a user interaction.
This principally aligns with the motivation aspect
of Fogg’s Model, although clearly triggers can be
made more, or less, attractive, by making explicit
the reward or punishment outcomes. Many exam-
ples of Fogg’s Model in action can be found in
computer games, especially those contemporary
mobile games that offer in-game rewards and/or
monetization mechanics, such as those employing
loot boxes (Drummond and Sauer 2018) or
“gacha” (Shibuya et al. 2015; Koeder and Tanaka
2017) style games.

In design of education for sustainable develop-
ment, the above factors should be taken into con-
siderations in order to help learners to achieve
behavior change toward sustainable development
goals. In practice, gamification is an effective way
to implement persuasive design in education.

Gamification
Playing a game is a good way to learn (Golinkoff
and Hirsh-Pasek 2006). Gamification in learning
is an approach where gameplay elements are
inserted in learning settings. The three key ele-
ments of Fogg Behavior Model (i.e., motivation,
ability, and trigger) often play key roles in
gamification design in order to enhance learner’s
engagement and happiness.

Previous studies have suggested that
gamification is promising in terms of improving
learning results and other factors related to the
broader learning experience and process. This
can be exemplified in the systematic review
undertaken by Connolly et al. in 2012, which
focused upon detailing empirical work evaluating
the impact of serious games. Su and Cheng (2015)
developed a context-aware mobile learning envi-
ronment to influence science learning, achieve-
ment, and motivation. The feedback from
students showed that they valued the learning
activities made possible by the use of gamified
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learning approach. Vaibhav and Gupta (2014)
found that if the learning platform is gamified, it
does not only drastically increase the user enrol-
ment but also increases user engagement through-
out the course. Increased engagement was also
found by Pourabdollahian et al. (2012); in their
study, a serious game in manufacturing education
was used. Moreover, gamification also makes
learning become a unique and amusing experi-
ence. Tan et al. (2019) introduced gamification
approach based on the online interactive quiz
platform Kahoot in order to support foreign lan-
guage learning. The findings indicated that the
approach can benefit students in terms of inducing
motivation and fostering and reinforcing learning.

Given sustainable development is a complex
topic and involves people from different back-
grounds; on this, gamification should be consid-
ered as a good approach to support education for
sustainable development purposes. This is
because previous studies have proved that
gamification can be applied in many different
applications for different types of user. For exam-
ple, Ibanez et al. (2014) applied a gamification
approach to teach computer science students to
learn the C programming language. Moncada and
Moncada (2014) reported the use of gamification
to overcome the challenges of studying account-
ing. Ke and Grabowski (2017) indicated game-
playing was more effective in promoting maths
performance, and cooperative game-playing was
most effective for promoting positive maths atti-
tudes regardless of students’ individual differ-
ences. Robson (2019) introduced a gamified
pedagogical exercise that students receive and
lose points for various behavior and reflect on
whether those behavior support or conflict with
their desired brand image. Berger and Schrader
(2016) suggested a gamification approach to
encourage participants to change their actual
nutritional behavior and convert good intentions
into action.

In practice, gamification has been introduced
to encourage behavior change in the sustainability
development context. For example, Huber and
Hilty (2015) discussed how gamification-based
approaches may give users more autonomy in
selecting goals and relating individual actions to

social interactions, in addition, enabling the tran-
sition toward sustainable consumption patterns.
Fraternali et al. (2015) presented the SmartH2O
platform, which is a system for water demand
management. Engagement was reinforced
through a unique mix of in-app gamification tech-
niques, digital educational games, and real board
games, which provided a rich set of behavior
change stimuli to all household members. Gatti
et al. (2019) presented and evaluated a gamified
teaching approach for sustainable development
education based on an action learning approach.
The results revealed that the surveyed students
had a very high level of satisfaction with the
game. Negruşa et al. (2015) discussed the rela-
tionship between gamification and sustainability
and reported the successful stories of gamification
applied in hospitality and tourism. Industry 4.0, as
a new industrial paradigm, points toward the cre-
ation of more sustainable processes. On this, Para-
vizo et al. (2018) concluded gamification
mechanics can contribute to support manufactur-
ing education on Industry 4.0, enabling innova-
tion and sustainability.

The rapid development of technologies is
becoming a driving force to promote gamification
in education. In fact, technology-enabled
gamification can be implemented in different
ways. Previous examples include Cavus and
Ibrahim (2009), who developed a game based on
short message service (SMS) text messaging to
teach English language words, and it achieved a
transformation of the traditional classroom-based
learning and teaching into anytime and anywhere
education. De Freitas et al. (2010) combined the
uses of virtual worlds, with text-based, voice-
based, and a feeling of “presence” naturally to
design gamified learning activities for college
and lifelong learners in order to encourage learner
empowerment through increased interactivity.
Edwards et al. (2002) reported how to design
game-playing lectures based on the use of inter-
active whiteboards that allowed teachers to mon-
itor pupils’ progress and “to identify weaknesses
or misconceptions very early in the activity so that
these can be rectified.” Cózar-Gutiérrez and Sáez-
López (2016) presented the use of video games in
initial teacher training in social sciences; the
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findings indicated that game-based learning
through immersive environments allowed learn-
ing that involves a higher level of activity and
engagement of the students. Cerrato et al. (2017)
reported the development of DILIGO as a tool for
smart assessment of preschool children attitudes
in terms of evaluating the children preference for a
certain activity, giving information for orienting
in school and work context. Grom et al. (2017)
introduced a gamifying Peer Learning Assess-
ment System (PeLe) that students could use to
gain a new understanding of what assessment in
higher education could look like. Based on a
research study with 130 participants, the findings
from the Bicen and Kocakoyun (2017) suggested
that the Kahoot platform was the mostly preferred
application by students and Android was the
mostly preferred operating system in the mobile
devices of the students. It is worth mentioning that
the human is still the key factor in any form of
gamification. As per Di Bitonto et al. (2014),
when gamification was used in the simulation of
clinical cases, the trainer interaction that is useful
in order to keep the system up to date over time
and to allow the definition of clinical cases tai-
lored based on users’ needs.

Moreover, among different types of technol-
ogy, sense-related technologies are important in
the design of education. This is because sensation
plays a key role in influencing human behavior.
Previous studies had found close relationships
between human sense and behavior. For example,
Courtis (2004) identified there were some colors
that had positive effects on perception formation
and investment allocations. Leong et al. (2019)
found that users prefer to choose the financial data
presented in cool colors in business management
context. Salamé and Baddeley (1989) examined
and proved the effects of different types of back-
ground music and sounds, such as unattended
vocal, instrumental music, and instrumental
music with unattended speech and with noise
modulated in amplitude on phonological short-
term memory. Taylor et al. (2009) found that
mindfulness training has an impact on cognition
and affect specifically associated with voices and
thereby beneficially alters relationship with
voices. Hallam et al. (2002) studied the effects of

music, perceived to be calming and relaxing, on
performance in arithmetic and a memory task in
children aged 10–12. The findings suggested the
calming music led to better performance in both
tasks when compared with a no-music control
condition. Music perceived as arousing, aggres-
sive, and unpleasant disrupted performance on the
memory task and led to a lower level of reported
altruistic behavior by the children. Ward et al.
(2004) used ambient scent within retail environ-
ments to shape the emotional and behavioral
responses. Guéguen and Petr (2006) found that a
relaxing effect produced by a lavender scent
increased the length of stay of customers and the
amount of purchasing in restaurant. In a case
study of the homeware store IKEA, Hultén
(2012) suggested that visual and olfactory sensory
cues had a positive impact on shoppers’ touching
behavior, purchase intentions, and total sale.
Eriksson and Larsson (2011) found that a combi-
nation of sensory cues led to a change in cus-
tomers’ behavior and created approach behavior
through awareness of products that otherwise
could be missed.

In general, there are five senses in humans,
including smell, sight, touch, taste, and hearing.
These five senses are also the five ways that
humans connect with their real-world surround-
ings and may be stimulated into cognitive and
emotional responses (Cunningham and Weinel
2016). Sense-related technologies can stimulate
these senses through creating digital user experi-
ence, and the created experience can encourage
learners to change their behavior toward sustain-
able development goals. For example, instead of
providing a text message, using multimedia plat-
forms with 3D visual elements with sound and
smell together can give learner a deep impression
on why plastic is a problem for sea turtles and the
ocean. This deep impression may also be more
powerful in changing the learner’s behavior in
terms of consuming plastic. Further discussions
on how sense-related technologies affect learning
are provided as follows.

Sense-Related Technologies and Learning
In recent years, many sense-related technologies
have been proposed and developed. Virtual reality
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(VR) is one of the most emerging sense-related
technology topics. As per Rogers (2019), VR
market volume is expected to reach USD 98.4
million sales by 2023, generating an installed
base of 168 million units with a worldwide popu-
lation penetration of 2%. In simplicity, VR refers
to using technology to create environments
designed expressly for human interaction and
doing so by visually, and sometimes auditorily
as well, separating the user from their real-world
environment. VR can be used to enhance student
learning and engagement in classroom. One of the
key features is that VR allows us to create any
environment, real, or imagined, for simulated
interactions.

According to previous studies, VR can stimu-
late human experience and then change their
behavior. For example, McComas et al. (2002)
designed a course for children to learn safe street
crossing within the virtual environment. The
results suggested that suburban school children’s
street crossing behavior was improved, and the
good practice was transferrable to their real-
world behavior. Bordnick et al. (2012) reported a
VR-based treatment approach for smoking cessa-
tion; the result suggested that smoking rates and
craving for nicotine were significantly lower at the
end of treatment. Also, self-confidence and cop-
ing skills were significantly higher, and number of
cigarettes smoked was significantly lower for the
participants after the treatment. Given VR can
help learners to change their behavior, it can be
used as a key element in education program in
order to help learners to achieve behavior change
toward sustainable development goals.

The key advantages of VR include creating
learning experience that is impossible to do it
easily in real world, helping learners to learn con-
ceptual ideas, improving collaborating learning,
and supporting different educational ideas. The
following are related discussion points about
why these advantages are important to sustainable
development education.

On Creating a Learning Experience That Is
Impossible to Do It Easily in Real World
Some previous examples include, as per Ausburn
and Ausburn (2004), VR is basically a way of

simulating or replicating an environment and giv-
ing the user a sense of being there, taking control,
and personally interacting with that environment
with his/her own body. Mintz et al. (2001) created
a dynamic 3D model of the solar system that the
learner could enter a virtual model of the physical
world, journey through it, zoom in or out as he or
she wished, change his or her view point and
perspective. Asai et al. (2010) developed a lunar
surface navigation system on virtual environment,
which facilitated collaboration between children
and parents with active learning behavior.
Boudreaux et al. (2009) presented a virtual reality
volcano activity learning environment that
immersed students in a scientifically accurate sim-
ulation of volcanic systems. In some situations,
resource is a factor that limits students’ learning
opportunities. For example, as reported by Tüysüz
(2010), due to lack of laboratories at schools or
insufficient instruments in laboratories, hands-on
experiments were rarely performed in state
schools in Turkey. Therefore, a VR laboratory
was developed for students to conduct experi-
ments virtually.

Given many sustainable development topics
are related to the situations that are difficult to
experience in person, such as the impacts of
global warming and pollution on biodiversity,
the use of VR can help learners to experience the
impacts effectively and impressively without the
needs of doing field trips or being put in situations
where there are unreasonable risks to their health
and safety.

On Helping Learners to Better Absorb Conceptual
Ideas
Some previous applications include Mantovani
et al. (2003) applied immersive 3D environments
for training psychiatrists and psychologists in the
treatment of mental disorders. In the case of
Pasqualotti and Freitas (2002), VR was applied
to support teaching and learning mathematics, the
students benefitted from the VR environment
because VR enabled the students to navigate and
interact with virtual objects, moving around and
visualizing the virtual objects from different
angles. Pivik et al. (2002) reported a desktop VR
program for teaching children about the
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accessibility and attitudinal barriers encountered
by their peers with mobility impairments. The
results indicated the program was effective for
increasing children’s knowledge of accessibility
barriers. Bogusevschi et al. (2019) developed a
3D immersive computer-based physics educa-
tional application that taught learners about the
water cycle in nature and precipitation formation
concepts through VR and experimental virtual
laboratory simulations.

Given many sustainable development topics
are related to conceptual ideas, such as the benefits
of fair trade, learning materials could be designed
with VR to enable learners to interact with differ-
ent scenarios; thus, learners can “see” different
outcomes and can better understand and absorb
conceptual ideas.

On Improving Collaborative Learning
Previous experiences include Monahan et al.
(2008) presented a collaborative learning environ-
ment “CLEV-R.” The web-based system CLEV-R
used VR and multimedia assets and provided
communication tools to support collaboration
among online students. Collaborative VR learn-
ing experiences can be successfully integrated
into existing curricula to support collaborative
learning. Beer et al. (2005) reported an online
Internet school for occupational therapists that
encouraged students from four European coun-
tries to work collaboratively through problem-
based learning by interacting with each other in
a virtual semi-immersive environment.

Given sustainable development is a complex
topic and involves stakeholders from a multitude
of different backgrounds, using VR can facilitate
learners from different circumstances to share
their insights and create new knowledge.

On Supporting Different Education Ideas
For example, Zarzuela et al. (2013) reported a VR
serious game that allowed the students to increase
the knowledge about the city of Valladolid in
Spain. The game created a virtual environment
set within the main square and some of the historic
buildings in the downtown region. It further took
an advantage of the characteristic tiled floor of the
town hall square to represent a game board and

designed hidden questions behind the different
tiled floors for better engagement. On the other
hand, role-play is a useful tool on teaching how
best to communicate and react in difficult scenar-
ios. On this, Drewett et al. (2019) reported the use
of immersive VR consultation, which involved
different ethical scenarios, such as abuse, to train
medical general practitioners and trainees on how
to recognize and manage child protection issues.
Moreover, Arrowsmith et al. (2005) developed a
virtual field trip to encompass field observation
for several geographic scales. Therefore, students
were able to obtain a general overview of the area
into which they would be working and obtain
background information in an interactive three-
dimensional model that enabled students to max-
imize their experience before undertaking field-
work in situ. Furthermore, as per the feedback
from the students in the study of Davies and
Dalgarno (2009), the advantages of VR learning
included opportunities for students to revisit the
virtual scene as many times as they wanted, at a
time convenient to them, which gave it advan-
tages over a real investigation task if they were
to be provided with only one or the other option.

Given VR can be used to support different
educational ideas, leaners can earn different expe-
riences from different ideas, and these ideas can
help learners to gain deeper understanding on the
topics and be able to apply their learnt knowledge
and skills. Most importantly, according to the
previous experiences, VR can lead to better learn-
ing results. For example, Buchanan (2004)
reported upon the use of virtual reality-based tech-
nology (VRBT) for the instruction of dental stu-
dents in preclinical restorative procedures. The
evaluation results suggested that students learned
faster, arrived at the same level of performance,
accomplished more practice procedures per hour,
and requested more evaluations per procedure or
per hour than in other traditional laboratories. The
findings from Bailenson et al. (2008) suggested
that participants learned better in VR than in a
video learning condition in terms of both self-
report measures and objective performance mea-
sures. In the study of Parong and Mayer (2018),
the findings suggested that students’ motivation,
interest, and engagement ratings were higher
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when they learned in immersive VR rather than
well-structured PowerPoint slideshow.

Other than VR, there are other sense-related
technologies that can influence human sensation
and affect human experience. For example,
augmented reality (AR) and mixed reality
(MR) similar technologies, which form part of
the wider definition of extended reality
(XR) environments. AR is an interactive expe-
rience of a real-world environment where the
objects that reside in the real-world are
enhanced by computer-generated perceptual
information. MR is the merging of real and
virtual worlds to produce new environments
and visualizations where physical and digital
objects coexist and interact in real time. In
brief, the development of VR, AR, or MR is
very much benefited from the enabling wearable
technology.

Wearable Technology
Wearable technology refers to any electronic
devices that can be worn as accessories, incorpo-
rated in clothing and accessories, implanted in
the user’s body, or even tattooed on a human’s
skin. Basically, wearable technology is the phys-
ical platform to deliver digital experiences to
learners and is the base of sense-related technol-
ogy. Use of wearable technology in education
has been proved effective according to previous
cases. For example, Beard et al. (2016) reported
the use of wearable video technology to support
surgical education and led to the training being
faster and better by overcoming the challenge of
traditional “see one, do one, teach one” practice.
Kerner and Goodyear (2017) explored the impact
of a wearable health and fitness device, such as
Fitbit, on adolescents’ motivation for physical
activity, and their related perceptions of these
devices for health promotion. Moshtaghi et al.
(2015) reviewed the use of Google Glass to solve
communication and surgical education chal-
lenges in the operating room. Luthra et al.
(2019) studied the use of wearable technology,
such as “connected” glasses with a camera to
support a series of simulated learning events in
medical general practice (GP). The approach
enabled trainees and patient actors to be

observed by the trainers from a distant site in
real time. Iqbal et al. (2016) compared the use
of body sensors and head-mounted displays in
medicine. The conclusion suggested that body
sensors were found to have excellent functional-
ity in aiding patient posture and rehabilitation,
while head-mounted displays could provide
information to surgeons while maintaining ste-
rility during operative procedures (Science,
Technology, Engineering and Mathematics)
teaching and learning. The results showed that
the approach increased students’ knowledge of
circuitry and engineering design, as well as their
self-efficacy with wearable technologies and
producing e-textile products.

Previous cases, including the abovementioned
examples, provide cues on ways in which sustain-
able development education could be improved
by using wearable technology, such as the use of
Google Glass or similar visual overlay devices to
visualize global economy relationships, the use of
wearable devices to remind the consumption
behavior, etc.

In fact, previous studies indicated that applica-
tions of wearable technology can lead to changes
in behavior. According to the study from Jakicic
et al. (2016), the addition of a wearable technol-
ogy device to a standard behavioral intervention
resulted in weight loss over 24 months. Very
often, habitual behavior is hard to change because
of lack of self-monitoring skills, while a potential
contribution of wearable technology is the capac-
ity to provide live feedback. Live feedback can be
used to disrupt bad habits in interventions. Ste-
phenson et al. (2017) used computer, mobile, and
wearable technologies as interventions to facili-
tate a reduction in sedentary behavior. The results
suggested effectiveness appeared most prominent
in the short-term.

It is also worth mentioning that the develop-
ment of related technologies is not complex and
can be affordable. Markvicka et al. (2018)
reported a systematic guide to a low-cost (less
than USD 10 per student) outreach workshop on
wearable electronics for middle school students.
Therefore, the promotion of sustainable education
in developing countries is possible through using
low-cost equipments.
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Evaluating Behavior Change by Using
Technology

Evaluation is an important part in education, and it
reports upon the outcomes from the education
process. On this, data analytics had been used in
various applications in education. Thomas and
Galambos (2004) used regression and decision
tree analysis with the CHAID algorithm to ana-
lyze student-opinion data in order to investigate
how students’ characteristics and experience
affected satisfaction. Quadri and Kalyankar
(2010) presented the work of using data mining
in predicting the drop out features of students.
Delen (2011) developed analytical models to pre-
dict freshmen student attrition with an 81% over-
all prediction accuracy on the holdout sample.
Siraj and Abdoulha (2009) applied data mining
to investigate enrolment data in order to identify
which part of the processes could be enhanced.
Chen et al. (2014) conducted a text analytics with
focus on students’ informal conversations on
Twitter posts in order to understand issues and
problems in their educational experiences. These
findings shed light onto their educational
experiences-opinions, feelings, and concerns
about the learning process. Wolff et al. (2013)
developed predictive models to analyze historic
virtual learning environment (VLE) activity data
combined with other data sources. The results
indicated that this approach could predict student
failure by looking for changes in user’s activity in
the VLE, when compared against their own pre-
vious behavior.

Moreover, previous studies found that intro-
ducing data analytics could lead to better educa-
tion results. For example, Cortez and Silva (2008)
reviewed the use of four data mining techniques
(i.e., decision trees, random forest, neural net-
works, and support vector machines) to predict
secondary school student performance, and the
results showed that a good predictive accuracy
could be achieved, although it is worth noting
that prediction outcomes from approaches such
as neural networks are often not explainable,
which may be of value in educational contexts.
Minaei-Bidgoli et al. (2003) presented an
approach to predict students’ final grade based

on features extracted from logged data in an edu-
cation web-based system. The findings suggested
that the method could be of considerable useful-
ness in identifying students at risk early, espe-
cially in very large classes, and allowed the
instructor to provide appropriate advice in a
timely manner. He (2013) suggested a combina-
tion of data mining and text mining techniques for
a large amount of online learning data, and the
approach could yield considerable insights and
reveal valuable patterns in students’ learning
behavior.

Moreover, given the key purpose of educa-
tion for sustainable development is to help
learners to achieve behavior change toward sus-
tainable development goals, therefore, evaluat-
ing human behavior change after the education
is essential or otherwise the impacts of the edu-
cation will be unknown. On this, the develop-
ment of data analytics can help to better
understand human behavior change. For exam-
ple, Bahari and Elayidom (2015) proposed a
data mining model to predict the behavior of
customers to enhance the decision-making pro-
cesses for retaining valued customers. Leong
et al. (2008) introduced a Space-Time-Event
Model for investigating criminal behavior over
time and space. Rong et al. (2012) proposed a
data mining technique to study tourism data,
and the empirical results were considered as
useful in helping tourism managers to define
new target customers and to plan more effective
marketing strategies. Lotfi et al. (2012) pro-
vided a data mining solution for supporting
independent living of the elderly by means of
equipping their homes with a simple sensor net-
work to monitor their behavior. Foell et al.
(2013) developed an approach that used travel
histories collected from automated fare collec-
tion system (AFC) to extract features of per-
sonal transport usage and study their predictive
power to forecast whether people access public
transport services on a future day or not. Khedr
and Yaseen (2017) suggested a data mining
model based on sentiment analysis of financial
news and historical stock market prices to pre-
dict stock market trends and achieved prediction
accuracy results ranging from 72.73% to
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86.21%. Ghani and Fano (2002) used text learn-
ing techniques to the descriptions obtained from
websites of retailers and found the approach
could successfully create useful profiles of indi-
vidual customers, groups of customers, or entire
retail stores. Given previous examples have pro-
ved the promise of big data and data analytics as
a way to understand human behavior change,
data analytics can also be used to evaluate the
impacts of sustainable development education,
for example, by using spatial clustering tech-
niques to determine if plastic consumption
over an area disappeared or simply displaced
to another location.

The Importance of Partnership
Relationship Between Educators and
Technologists

As mentioned in previous examples, the fast-
growing development of technologies creates
many new opportunities in Education for Sus-
tainable Development (ESD). However, a
strong partnership between educators and tech-
nologists is needed in order to unlock the
potential for both sides and to create synergies
through specialization. Partnership with tech-
nologists benefits educators in several ways,
such as speeding up innovation process in
education, stimulating fresh teaching ideas,
improving learners’ experience, widening
access to skills and resources, etc. In fact,
such partnership challenges people to think,
articulate, and receive clarity about their com-
petencies. It serves as a mirror that gives each
side (i.e., educators and technologists) a
glimpse of their strengths and weaknesses.
Moreover, partnership opens the opportunity
for both sides to share their knowledge, exper-
tise, and experience of success with one
another in a way that benefits all parties
involved. Furthermore, given both sustainable
development and application of technology are
quite complex by nature, working together can
help both sides to focus on their own strengths
without distraction.
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