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Abstract: Environmental awareness refers to the understanding of the importance of protecting
the natural environment. Digital technologies can play an important role in raising awareness of
environmental issues. In view of this compelling need, this paper presents a novel way to promote
environmental awareness with the use of smartphones. To achieve this, it employs personalization
techniques, and specifically the Analytic Hierarchy Process (AHP) and PROMETHEE II. In more
detail, the mobile application incorporates a user model that holds information, such as location (city,
mountain, sea, etc.), age, interests, needs and indicators of waste management, economy of natural
resources, general environmental protection, and biodiversity. At the first interaction of the user
with the application, the user model is initialized; then, the system uses AHP and PROMETHEE II
to provide personalized advice to users in order to help them raise their environmental awareness.
The criteria, used to evaluate environmental advice, include the current location, living environment,
habits, interests, needs, age, and seasonal suitability of the user. The novelty of this paper is the
combination of AHP and PROMETHEE II for personalizing the environmental awareness using
mobile technologies, taking into consideration the user profile as well as the surrounding area where
the user is at the time that the advice is provided. The presented application has been evaluated
regarding the system usefulness and environmental awareness. The findings indicate the high
acceptance of this approach and its positive impact on users’ attitude and behavior with regard to
reducing their environmental footprint.

Keywords: environmental awareness; personalized system; Analytic Hierarchy Process; PROMETHEE 1II;
mobile application

1. Introduction

Natural resource conservation and environmental protection are now in jeopardy as a
result of increased commodity movement by trade and domestic use to satisfy populations’
increasing demands [1]. The relationship of economic, social, and environmental metrics is
important to understanding the global status of sustainability, according to early claims on
environmental sustainability in the literature.

Environmental awareness entails being mindful of the physical environment and
making decisions that profit rather than harm the environment. Moreover, climate action
is one of the Sustainable Development Goals, which are included in the 2030 Agenda for
Sustainable Development (https:/ /sdgs.un.org/2030agenda accessed on 30 January 2022).
Using clean and non-toxic construction materials, conserving electricity and water, recy-
cling, campaigning, and other methods are some of the ways to exercise environmental
awareness. Indeed, environmental awareness is critical for our daily life [2]. To ensure
the planet’s long-term viability, everyone must commit to being more environmentally
conscious. As such, human activity and environmental behavior on the earth play an
important role. Changes in human behavior can help to improve the management and res-
olution of many environmental problems. A systematic analysis has accumulated a pool of

Future Internet 2022, 14, 66. https:/ /doi.org/10.3390/i14020066

https:/ /www.mdpi.com/journal/futureinternet


https://doi.org/10.3390/fi14020066
https://doi.org/10.3390/fi14020066
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/futureinternet
https://www.mdpi.com
https://orcid.org/0000-0002-8620-5255
https://orcid.org/0000-0002-9604-2015
https://sdgs.un.org/2030agenda
https://doi.org/10.3390/fi14020066
https://www.mdpi.com/journal/futureinternet
https://www.mdpi.com/article/10.3390/fi14020066?type=check_update&version=2

Future Internet 2022, 14, 66

20f16

information about the importance of effective management of natural resources, ecosystem
services, and the reasons why adult people need to take environmental conservation into
serious consideration [3]. Environmentally responsible and conscious adults can only come
from environmentally conscious young people. However, young people’s attitudes and
perceptions of the environment are partially limited. Furthermore, understanding of the
factors that affect the environmental behavior of young people is minimal. People who
work with the biological facets of the natural world and acquire knowledge in close proxim-
ity to nature have a strong desire to conserve valuable natural resources. When people have
frequent interactions with nature, they have a better understanding of natural mechanisms
and habitats. Furthermore, new findings show that young people’s exposure to nature
affects their environmental consciousness and attitudes toward the natural world [4].

Taking advantage of recent technological and scientific advances to provide accurate
environmental data readily available to all citizens is a solution to the rapid deterioration
of our natural world caused by human activity. New programming techniques for decision
making and data sharing have emerged in the scientific world [5]. As environmental issues
have led to increased environmental awareness around the world in recent decades, an
ever-growing culture in science has developed new computer technologies for sharing
knowledge in the field of environmental protection.

In terms of the above, information and communication technologies have emerged
as one of the most prominent means of global knowledge exchange. People from all
over the world can read information from different outlets. Any customized information
recommendation platforms provide a vast number of online users with personalized
recommendation services [6]. As a result, these systems have amassed a sizable user
base, and they can create much more value than those that either do not or have a low
customized advisory framework. Helping people discover informative stories that fit
their preferences as closely as possible has been one of the biggest obstacles for modern
internet media websites and smartphone apps. To achieve this, these applications entail the
incorporation of algorithms and artificial intelligence, considering the human-algorithm
complex duality [7].

Analyzing the related literature, the majority of authors have mainly focused on three
categories: (i) theoretical perspectives on environmental awareness, (ii) measurement of
people’s environmental concern, and (iii) employing digital technologies for raising envi-
ronmental awareness [1,2,4,5,8-30]. For the third category in particular, the authors used
mobile learning tools, digital games, social media, recommender systems, educational
robotics, digital storytelling tools, and extended reality to raise awareness about environ-
mental issues. Other works presented user engagement methodologies in environmental
education for awareness. In two recent studies [31,32], it was emphasized that the need to
develop software to increase people’s awareness of environmental issues is still profound.
However, based on the above works, the authors have not incorporated sufficiently intelli-
gent techniques to further promote the environmental awareness of people by offering a
user-centered experience to them.

Kabassi and Martinis [5] have employed a multi-criteria decision-making (MCDM)
method to build a recommender system. MCDM is a decision support methodology which
is used to improve the credibility and reliability of the selected solution. MCDM aims
to help the decision makers to find an optimal solution in accordance with the criteria in
question, as for example in [33-37]. Analytic Hierarchy Process (AHP) [38,39] is one of the
most popular MCDM theories, focusing on organizing and analyzing complex decisions; it
provides a logical framework for a specific decision by quantifying its alternative options
and criteria.

In this paper, we show how AHP (Analytic Hierarchy Process) [37] can be effectively
combined with PROMETHEE II (Preference Ranking Organization METHod for Enrich-
ment Evaluations II) [40,41] in a mobile application to further promote environmental
awareness of users by offering personalized feedback to them based on their residence,
habits, needs, age, and season.
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Selecting AHP over other MCDM methods is a simple process since it offers a validated
way of quantifying the qualitative criteria of the alternatives and thus eliminates the
subjectivity of the result [42]. However, in this method the pairwise comparison of options
is quite complex; this method is not chosen in cases where the number of alternatives
is large. Hence, AHP was chosen to be combined with PROMETHEE II. In more detail,
PROMETHEE method is easy to use, software driven, offers an undeviating interpretation
of parameters, and analyzes the sensitivity of results. PROMETHEE II is an excellent
method for ranking and selecting among a limited set of alternative actions while observing
several conflicting criteria [43]. Additionally, PROMETHEE II outranking method was
embraced in this system to evaluate the alternative advice created by the system on the
basis of the criteria acquired by the user model, rank the alternatives, and select the one
with the higher value.

In view of the above, we present how AHP can be utilized for calculating the weights
of criteria and then combined with PROMETHEE II for evaluating and selecting the
alternative proposal/advice that better fits the interests and needs of the user interacting
with the system. It needs to be noted that the combination of AHP with PROMETHEE II
has been effectively used in different domains (e.g., [44-46]), but never before for providing
personalized advice for environmental awareness.

In light of the foregoing, the scope of this paper is to combine AHP and PROMETHEE
II to promote the environmental awareness of users in a personalized way through a
smartphone. The mobile application holds a user model with information, such as place of
living (e.g., urban, mountain, sea, etc.), age and indexes of waste management, economy of
natural resources, general environmental protection, and biodiversity. With the input of
the user model, the system employs AHP and PROMETHEE II to deliver advice to users
toward raising their environmental awareness. The criteria that are taken into account
while evaluating environmental advice include the compatibility of users’ current location,
environment of residence, habits, interests, needs, age, and season. The mobile application
was evaluated, and the results show a high degree of usability, acceptance, and positive
impact on users’ consciousness regarding environmental issues.

2. Initialization of the User Model

The user in his/her first interaction with the system must answer some questions
that will initialize the user model regarding issues that are related to waste management,
economy of natural resources, environmental protection, biodiversity, etc. The questions
should not be onerous. As such, the questions that belong in the initial questionnaire
are (indicatively):

a. Where do you live?

i. Urban
ii. Sea

iii. Mountain
iv. River

v. Lake

vi. Country

b. How old are you?
c. Are you used to:
i. smoking?
ii. outdoor activities?
iii. driving instead of using public transportation?

d. Do you participate in environmental conservation volunteer programs?

e. How willing are you to change your lifestyle to reduce the damage you cause to the
environment?

f. Do you recycle? (index for waste management)



Future Internet 2022, 14, 66

40f16

g. Are you meticulous in turning off the lights when you leave a room? (index for economy
of natural resources)

h. Do you pick up your trash when you leave the beach or after a picnic? (index for general
environmental protection)

i. Are you interested in the flora and fauna of your area? (index for biodiversity)

3. Defining MCDM Based on User Model
3.1. Description of Criteria

The main characteristic of an MCDM model is that every alternative action is evaluated
on the basis of several, often contradicting, criteria. These criteria are not equally important
in the reasoning process of selecting which action seems better. Therefore, a weight of
importance is calculated for each criterion. The multi-criteria decision-making methods
differ in how the criteria weights are computed; however, many methods do not employ a
predefined method for the calculation of the weights of criteria. For example, PROMETHEE
II does not employ a well-defined means for the calculation of the criteria’s weights. On
the other hand, AHP has a very well-defined method for calculating the weights of criteria
and as such the particular MCDM theory is used in the following steps.

After having defined the main goal of the MCDM evaluation, which, in our system,
is to evaluate the alternative pieces of advice and select the one that seems to fit better to
the interests and needs of a user in order to help him/her reduce his/her environmental
footprint, the next step involves setting the set of criteria.

In order to define the criteria that are taken into consideration while evaluating
environmental advice, and since the set of criteria had not been formed before in a similar
system, we conducted an empirical study. In this study, six environmental experts (two
experts in sustainable development and biodiversity, two experts in waste management,
and two experts in climate change) participated, and the criteria that all experts agreed
were essential for evaluating the alternative advice are presented below:

1. C1: Compatibility of current location: the system checks if the location of user is in
urban environment, sea, mountain, river, lake, or plain country and searches the:

a. Compatibility of subject with urban environment
b. Compatibility of subject with sea

c. Compatibility of subject with mountain

d. Compeatibility of subject with river

e. Compatibility of subject with lake

f. Compatibility of subject with plain country

In view of the above, the compatibility of the subject with the current location of the
user is calculated as a value to this criterion. The values are 0 < C1 < 1.

2. C2: Compatibility with the environment of residence: Checks whether the subject is
compatible with the environment where the user’s home is. The value of this criterion
is very high if the user is at home and low if the user is away from home. A subject
concerning the environment where s/he lives is very important and must not be over-
looked, but if s/he is away from home, it is possible that other subjects have higher
priority in the particular moment.

3. C3: Compeatibility with user’s habits: This criterion reveals whether the alternative
advice is compatible with the user’s habits as these are stored in the user model. For
example, a piece of advice that is relevant to waste management is higher if the user
already has some habits related to this, e.g., s/he recycles.

4. C4: Compatibility with user’s interests: This criterion reveals whether the alternative
advice is compatible with the user’s interests as these are stored in the user model.

5. C5: Compatibility with user’s needs: This criterion reveals whether the alternative
advice is compatible with the user’s needs as these are stored in the user model. For
example, the user model reveals that there is great need for economy in natural resources,
so the value of this criterion is higher for advice related to this need.
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6. C6: Compatibility with age: Users, according to the six human experts, were categorized
into four age groups:

<18

18-30

31-60

>61

o o

The value of this criterion shows the compatibility of the alternative advice with the
age group of the user.

7. C7: Compatibility with season: This criterion shows whether the piece of advice is
compatible with the current season or the current month.

3.2. AHP for Calculating Weights of Criteria

AHP seeks to analyze a qualitative problem through a quantitative method. According
to [47], after having developed the goal hierarchy, in order to apply AHDP, the pair-wise
comparison matrix of criteria has to be set up. In applying AHP, first, the set of evaluators
has to be formed, acting as decision-makers in the application of AHP for the calculation
of the weights of criteria. In fact, selecting an expert correctly would provide valid and
reliable results. As a result, domain experts and software engineers have been chosen to
participate in the experiment to improve the reliability of the results. Regarding domain
experts, they were environmentalists and ecologists. Specifically, the six human experts
that participated in the first phase as well as two software engineers and two experts in
user modeling were asked to conduct the pairwise comparisons of criteria.

The steps that need to be implemented are:

(1) Setting up a pair-wise comparison matrix of criteria: In this step, a comparison
among the criteria of the same level is conducted. For this reason, a comparison matrix is
created, and each decision-maker was asked to fill in the comparison matrix by adding
the frequency that reveals that pairwise comparison of the criterion in the row with the
criterion in the column. They are invited to use the values of the nine-point scale for the
pairwise comparison as presented in Table 1.

Table 1. The nine-point scale for pairwise comparison.

Importance Definition Explanation
1 Equivalent Importance Both criteria are equally important.
2 Low
A small advantage of one criterion
3 Average Importance
over another.
4 Extra Average
5 High Importance Strong advantage of one criterion
over another.
6 Extra High
7 Very High Importance Very strong advantage of one
criterion over another.
8 Very, Very High
9 Highest Importance A criterion is certainly more favored

than another criterion.

Thereby, six different matrixes were collected. The values in the cells of the final matrix
are computed as an average of the corresponding values of the cells of the six matrixes.
Table 2 presents the final pair-wise comparison matrix of criteria.

(2) Calculating weights of criteria: After performing pair-wise comparisons, estima-
tions are made resulting in the final set of weights of the criteria. For simplicity, the ‘Priority
Estimation Tool” (PriEst) [48] has been used, which is an open-source decision-making
software that implements AHP, to perform calculations for the theory (Figure 1).



Future Internet 2022, 14, 66 6o0f 16
Table 2. Pairwise comparison of criteria.
Criteria C1 C2 C3 C4 C5 Ceé c7
C1: Compatibility of current location 1.00 5.50 1.06 0.35 2.25 0.75 2.00
C2: Compatibility with residence environment 0.20 1.00 0.33 0.42 0.42 1.50 3.00
C3: Compatibility with user’s habits 4.25 3.00 1.00 1.17 1.63 1.75 1.13
C4: Compatibility with user’s interests 3.50 2.50 1.75 1.00 1.75 2.67 217
C5: Compatibility with user’s needs 1.13 2.50 2.17 1.17 1.00 3.13 3.75
Cé6: Compatibility with age 1.50 0.75 1.17 1.60 2.08 1.00 3.50
C7: Compatibility with season 0.50 0.38 2.25 1.63 1.07 0.29 1.00
‘l PriEsT - Preference Elicitation using Pairwise Comparisons - a
File Decision Aid Elicitation Help
& | & o - = » ®
Import Export Dissonance Triad for CM Equivalence Rebuild All Single Solution About PriEsT
Problem | Details | Methods | ... | Decision Aid | Elicitation |  Sensitivity Analysis | Principal View
Criteria stimuli
= [T ctocation <] Graph View | Equalizer View |
Goal 4] | C2-residence
C1-location ‘
C2-residence =|
C3-Habits C1-location
C4-Interests W X
C5-Needs =
Judgments | Preferences
C1-location | C2-residence | C3-Habit v 0,381
C1-location 55 1,06 [ o osss
L 4
C2-residence 0,182 033 - CR 0,13
CM 0,909

C3-Habits

0,943

3,03

C4-Interests

2,857

2,381

0,855

C5-Needs

0,444

2,381

(|

0,613

< i

1]

Figure 1. PriEst calculating weights.

4. Personalized Advice Delivery Using PROMETHEE II

characteristics of the particular user better than the others.

This process resulted in the following weights for the ten criteria evaluated:

C1:
C2:
C3:
C4.
C5:
Ce:
C7:

Compeatibility of current location—w.; = 0.172
Compeatibility with the environment of residence—w.y = 0.084
Compatibility with user’s habits—w. = 0.183

Compeatibility with user’s interests—w.4 = 0.234
Compeatibility with user’s needs—w.s = 0.161

Compatibility with age—w. = 0.105
Compeatibility with season—w.; = 0.061

In this paper, we use PROMETHEE II to evaluate the alternative advice created by
the system on the basis of the criteria acquired by the user model, rank the alternatives,
and select the one with the higher value. The latter advice is the one that seems to fit the

The steps of PROMETHEE II after having defined the criteria and their weights of
importance are:
(1) Calculating the values of the criteria. In this step, the evaluator, which in our case
is the system, assigns values to all criteria. For this purpose, the system uses information
acquired by the user’s smartphone (e.g., location, season, etc.) as well as the user model of
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the user interacting with the system. The user model contains information about the users’
interests, needs, habits, etc.

(2) Making comparisons and calculating the preference degree. This step computes,
for each pair of possible pieces of advice and each criterion, the value of the preference
degree. Let gj(a) be the value of a criterion j for an advice a. The preference functions
P;(a, b) used to compute these preference degrees are:

Pj(ﬂ,b) =0, if d](a,b) <0

Pi(a,b) = d;(a,b), if d;(a,b) > 0

taking into account that d;(a, b) = g;(a) — g;(b) is the difference of the value of a criterion j
for advice 4 and b.

(3) Aggregating the preference degrees of all criteria for pair-wise decisions. This step
consists of aggregating the preference degrees of all criteria for each pair of possible pieces

of advice:
n

n
m(a,b) =[Y w;P;(a,b)] /Y. wj
= j=1
(4) Calculating positive and negative outranking flow. This step, which is the first
that concerns the ranking of the possible decisions, consists of computing the outranking
flows. For each possible decision a, we compute the positive outranking flow ¢ (a) and
the negative outranking flow ¢~ («) as follows:

m

ot (a) = ml—lhz‘i 7t(a, b) when o # b
1 m

¢ (a) = mb; 7(b,a) when a # b

(5) Calculating the net outranking flow. The ranking is based on the net outranking
flow @(a) of a possible decision a, computed as follows: ¢(a) = ¢T(a) — ¢~ («). The
higher the value ¢(«) is, the better the advice is. The advice that has the highest value of
¢(a) is selected to be proposed to the user.

5. Evaluation
5.1. Examples of Operation

For better understanding of the functionality of personalizing environmental aware-
ness though the developed mobile application, a representative example is provided in
this section, based on the system’s log files. The example presents the case of three users
who live in the urban area, belong to the same age group (20-24 years), and were found
at the beach in the summer season (the beach, which each user visited, was in different
places and the event took place the first week of August). Regarding the user profiles,
Userl and User2 smoke, while User3 does not. User2 and User3 prefer outdoor activities,
in contrast with Userl. Moreover, User] participates in environmental conservation vol-
unteer programs and has been characterized by high index for waste management and
general environmental protection. On the other hand, User2 and User3 are not involved
in environmental volunteering and have low index for waste management and general
environmental protection. Considering the above data, although the context is the same
(the beach in summer), the application provided diversified advice tailored to each user
model. In particular, Userl received the advice “Help those around you to keep the beach
clean! Remind them to pick up their trash”, User2 received the advice “Don’t forget to throw
the cigarette butts into a portable ashtray! Never get rid of them in the sea or sand” and User3
received the advice “Don’t forget to pick up your garbage! Prefer reusable packages for your food
and drink”. Table 3 illustrates the sample data.
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Table 3. Log files of examples of operation.

User Model
Characteristics User Data
User Userl User2 User3
Residential location Urban Urban Urban
Age 24 25 22
Smoking Yes Yes No
Outdoor activities No Yes Yes
Env1ronme.ntal Yes No No
volunteering
Index for High Low Low
waste management
Index for High Low Low

environmental protection
Don'’t forget to throw

the cigarette butts Don't forget to pick

Help those around

!
Personalizing you to keep the into a portable up your garbage!
. beach clean! ) Prefer reusable
environmental awareness . . ashtray! Never get rid
Remind them to pick ) packages for your food
. of them in the sea ;
up their trash. or sand and drink.

5.2. Methods and Materials

A user-based evaluation was conducted in order to assess, firstly, the usefulness
of the personalized advice provided by the mobile application and, secondly, the effect
of the use of this mobile application on users’ environmental awareness. The evalua-
tion technique which was used includes two questionnaires in Likert scale format: one
about the system’s usefulness and another one about attitude and behavior regarding
environmental awareness.

The system usefulness questionnaire consists of nine questions regarding the us-
ability, personalization, user satisfaction, and intention to use. All the questions were
prepared in a five-point Likert scale, having as response options: 5 “Strongly Agree”,
4 “Agree”, 3 “Neutral”, 2 “Disagree”, 1 “Strongly Disagree”. Table 4 illustrates the list of
the questions used for evaluating the system’s usefulness.

Table 4. Survey questions for evaluating system usefulness.

Question

Overall, I am satisfied with how easy it is to use the application.
The interface of the application was pleasant.
The advice provided was to the point regarding the place I was in.
The advice was compatible with my interests and needs.
I found the advice very useful.
I enjoyed the application’s advice.
The application has all the functions and capabilities I expect it to have.
Iintend to use the application in future.
Surely, I will recommend this application to a friend.

O O NN Ul WIN | FH

The environmental awareness questionnaire consists of 15 questions. The questions
were grouped into three dimensions of five questions related to sustainable environment,
namely the conscious consuming, the reduction of waste and recycling, and the energy
saving. All the questions were prepared in Likert form, offering five options as possible
responses: 5 “Every time”, 4 “Often”, 3 “Sometimes”, 2 “Rarely”, 1 “Never”. The question
items of this questionnaire are presented in Section 5.4 along with the distribution of
the answers.
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5.3. Population and Data Collection Procedure

The participants of this study were 120 students, namely 70 undergraduate and 50
postgraduate ones, in the field of computer science in a public university. Furthermore,
56.67% of them were male and 43.33% were female. The distribution of participants
regarding their age is as follows: 61.67% of them were 20-24 years, 13.33% were 25-29 years,
15% were 30-34 years, and 12% were 35 years or above. Concerning the mobile IT devices
that participants own, all students had a smartphone and 65% also had a tablet. Table 5
presents the demographic characteristics of the participants in this research.

Table 5. The distribution of participants in the survey regarding demographic characteristics.

Demographic Characteristics Number of Students (%)
Gender Male 68 (56.67)
Female 52 (43.33)
Age 20-24 74 (61.67)
25-29 16 (13.33)
30-34 18 (15)
>35 12 (10)
Education Level Undergraduate 70 (58.33)
Postgraduate 50 (41.67)
Mobile IT Devices Smartphone 120 (100)
Tablet 78 (65)

The students which participated in this study used the developed mobile applica-
tion for a year. The reason for selecting this experiment period was that we wanted the
population to have the whole picture of the application, since the season and the different
places that one can visit during the different seasons play an important role in the advising
procedure. For evaluating the usefulness of the application and user satisfaction, the cor-
responding questionnaire was delivered to students after completion of the experiment
period. Regarding the analysis of the effectiveness of the developed mobile application
and namely of personalizing environmental awareness, a pre-test/post-test experiment
was conducted in order to examine whether students who use the proposed application
improve their environmental awareness. As such, the corresponding questionnaire was
delivered to them before the use of the application and after completion of the experiment
period. Afterwards, a paired t-test was applied to compare the pre-test and post-test scores.
All the questionnaires were delivered via e-mail and the students were requested to fill
them online. All the participants answered completely on the surveys, representing a
response rate of 100%.

5.4. Data Analysis and Discussion

The results evaluating the usefulness of the developed mobile application in relation
to the awakening of environmental consciousness, presented in Figure 2, showed students
perceived the application to be interesting, enjoyable, easy to use, accessible, and insightful.
In particular, a total of 67% strongly agreed that the application was easy to use, while 78%
of the participants found its interface pleasant. When students were asked about the person-
alized advice provided, the majority of them (49.2% + 30.8% = 80%) agreed that the advice
was highly related to the place they were in at the time they displayed, and a corresponding
remarkable percentage (47.5% + 36.7% = 84.2%) agreed that the advice was compatible
with their interests and needs. These results support the effectiveness of the model used for
selecting the most suitable advice regarding the use profile and the overall context. More-
over, 52.5% of the participants strongly felt that the advice was very useful, while 34.2%
agreed to this statement. It should also be noted that 50.8% of the students strongly enjoyed
the application’s advice, while 40.8% agreed with this statement. Concerning the system’s
operations, a very high percentage of the participants (54.2% + 28.3% = 82.5%) agreed that
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9. Surely, | will recommend this application to a friend.

7.The application has all the functions and capabilities | expect it to have.

4. The advice was compatible with my interests and needs.

3. The advice provided was to the point regarding the place | was.

1. Overall, | am satisfied with how easy it is to use the application.

8. lintend to use the application in future.

2.The interface of the application was pleasant.

the application provided all the functions and capabilities they expected. Furthermore, a
total of 83.3% agreed that they intended to use the application in the future, while 13.3%
chose to be neutral and 3.4% disagreed with this statement. Similarly, an extremely large
group of 89.2% stated that they would recommend this application to a friend, while 9.2%
declared neutrality and only 1.7% disagreed with this statement. These findings reflect
the user acceptance of the developed application and the positive impact after using the
developed mobile application.

6.1 enjoyed the application’s advice.

5.1 found the advice very useful.

0% 10% 20% 30% 40% 50% 60% 70% 80% S0% 100%

® Strongly Agree mAgree  m Neutral ® Disagree m Strongly Disagree

Figure 2. Frequency distribution of the answers regarding system’s usefulness.

Tables 6-8 illustrate the frequency distribution of the answers in questions relating
to the three environmental dimensions evaluated, namely the conscious consuming, the
reduction of waste and recycling, and the energy saving, respectively. They also present the
pre-test/post-test results comparing the environmental awareness which emerged from
each question of each dimension.

Regarding conscious consuming (Table 5), before the use of the application, the participants
rarely or never printed the document on both sides of the paper (35.83% + 17.50% = 53.33%),
while after using the application it is observed that the majority tended to print on both sides
of the paper (25.83% + 28.33% = 54.16%). Moreover, the application fostered participants’
preference to send e-mail instead of using hard copy output, since the percentage of
“sometimes” option reduced by half (31.67% before using the application, 15.83% after
using the application) and the percentages of “every time” and “often” were almost doubled
(from 20.83% and 20.00% to 41.67% and 38.33%, respectively). It also seems they stopped
printing documents and preferred to read them online, as the answer “every time” was
quadrupled and the option “often” was doubled for this statement, while the percentages
of options “never” and “rarely” were significantly decreased. The analysis of participants’
responses on question 4 shows that a little progress was made concerning the use of
reusable foodware; although after using the application a remarkable percentage, namely
21.67% + 19.17% = 40.84%, continued to prefer disposable foodware at parties because
of the convenience they offer, it should be noted that the corresponding percentage was
too high before the application, namely 47.50% + 24.17% = 71.67%, while after using the
application, the percentages of the preference for reusable foodware were almost tripled
(from 5.83% + 6.67% = 12.5% to 14.17% + 21.67% = 35.84%). Furthermore, the survey reveals
that the participants learned more about the refills of products and started to prefer them
instead of a complete product (from 10.83% + 6.67% = 17.5% to 40.83% + 30.83% = 71.66%).
According to paired-sample t test comparing the environmental awareness before and
after using the application (pre-test awareness = 51.50%, post-test awareness = 72.47%,



Future Internet 2022, 14, 66 11 of 16

difference = —20.97), the results showed that there was a significant improvement in
students’ consciousness about consumption of things (t = —12.043, p < 0.05).

Table 6. Frequency distribution of the answers and pre-test/post-test results related to conscious
consuming.

Environmental Awareness Survey: Conscious Consuming

Pre-Score 5 4 3 2 1 Mean Awareness
Post-Score N (%) N (%) N (%) N (%) N (%) (/5) (%)

1. I prefer to print the document on 11 (9.17) 14 (11.67) 31 (25.83) 43 (35.83) 21 (17.50) 2.59 51.83
both side of the paper. 31 (25.83) 34 (28.33) 33 (27.50) 15 (12.50) 7 (5.83) 3.56 71.17
2. I prefer to send e-mail instead of 25 (20.83) 24 (20.00) 38 (31.67) 24 (20.00) 9 (7.50) 3.27 65.33
hard copy output. 50 (41.67) 46 (38.33) 19 (15.83) 5(4.17) 0 (0.00) 4.18 83.50
3. I prefer to read the document on 8 (6.67) 16 (13.33) 29 (24.17) 39 (32.50) 28 (23.33) 2.48 49.50
computer instead of printing it. 32 (26.67) 33 (27.50) 35(29.17) 16 (13.33) 4 (3.33) 3.61 7217

4. I prefer to use reusable, instead

of disposable. foodware at parties 7 (5.83) 8 (6.67) 19 (15.83) 29 (24.17) 57 (47.50) 1.99 39.83
P ;100 P 17(1417) 26 (21.67)  28(23.33)  23(19.17) 26 (21.67) 2.88 57.50
and reunions.

5. I prefer to buy refills instead of a 13 (10.83) 8 (6.67) 31 (25.83) 48 (40.00) 20 (16.67) 2.55 51.00
complete product. 49 (40.83) 37 (30.83) 14 (11.67) 13 (10.83) 7 (5.83) 3.90 78.00
Note: Pre-test Mean 51.50
5 Ever 'Time Post-test Mean 72.47

‘ 4 O%‘en Difference —20.97
3 S.ome times Standard Deviation 3.894
o Confidence Level (95%) 4.834

2: Rarely )

1: Never Pearson Correlation 0.917

o t Stat —12.043

N: Number of Students p-value 273 % 10—4

Table 7. Frequency distribution of the answers and pre-test/post-test results related to reducing
waste and recycling.

Environmental Awareness Survey: Reducing Waste and Recycling

Pre-Score 5 4 3 2 1 Mean Awareness
Post-Score N (%) N (%) N (%) N (%) N (%) (/5) (%)
1. I prefer to use reusable shopping 17 (14.17) 16 (13.33) 23 (19.17) 31 (25.83) 33 (27.50) 2.61 52.17
bags rather than plastic ones. 52 (43.33) 36 (30.00) 17 (14.17) 10 (8.33) 5(4.17) 4.00 80.00
2. T use recycling bins for paper, 18 (15.00) 19 (15.83) 28 (23.33) 41 (34.17) 14 (11.67) 2.88 57.67
plastic, and metal. 57 (47.50) 31 (25.83) 19 (15.83) 10 (8.33) 3 (2.50) 4.08 81.50
3. I use rechargeable batteries 5(4.17) 13 (10.83) 17 (14.17) 33 (27.50) 52 (43.33) 2.05 41.00
instead of disposable batteries. 16 (13.33) 30 (25.00) 33 (27.50) 17 (14.17) 24 (20.00) 2.98 59.50
4. Ilook for the recycled option in 4 (3.33) 14 (11.67) 20 (16.67) 27 (22.50) 55 (45.83) 2.04 40.83
the products I buy. 34 (28.33) 35(29.17) 29 (24.17) 17 (14.17) 5(4.17) 3.63 72.67
5. I throw the garbage into dustbins 32 (26.67) 38 (31.67) 25 (20.83) 25 (20.83) 0 (0.00) 3.64 72.83
before leaving a place. 71 (59.17) 37 (30.83) 12 (10.00) 0 (0.00) 0 (0.00) 449 89.83
Note: Pre-test Mean 52.9
5 Fve Time Post-test Mean 76.7
: . (;%fen Difference —238
3 S'ome times Standard Deviation 6.229
’ 2: Rarel Confidence Level (95%) 7.735
1', Nevez Pearson Correlation 0.884
: t Stat —8.543

N: Number of Students p-value 1.03 x 1073
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Table 8. Frequency distribution of the answers and pre-test/post-test results related to energy saving.

Environmental Awareness Survey: Energy Saving

Pre-Score 5 4 3 2 1 Mean Awareness

Post-Score N (%) N (%) N (%) N (%) N (%) (/5) (%)
1. I turn off the lights when I am 22 (18.33) 24 (20.00) 35(29.17) 29 (24.17) 10 (8.33) 3.16 63.17
leaving the room. 54 (45.00) 41 (34.17) 16 (13.33) 6 (5.00) 3 (2.50) 4.14 82.83
2. I make use of energy efficient 15 (12.50) 10 (8.33) 29 (24.17) 35(29.17) 31 (25.83) 2.53 50.50
light bulbs. 30 (25.00) 46 (38.33) 20 (16.67) 6 (5.00) 18 (15.00) 3.53 70.67
3. T unplug unused electronics, such 6 (5.00) 14 (11.67) 24 (20.00) 32 (26.67) 44 (36.67) 222 44.33
as computer, printer, or TV. 17 (14.17) 30 (25.00) 34 (28.33) 26 (21.67) 13 (10.83) 3.10 62.00
4. I turn off the taps when brushing 19 (15.83) 14 (11.67) 31 (25.83) 27 (22.50) 29 (24.17) 2.73 54.50
my teeth. 49 (40.83) 37 (30.83) 21 (17.50) 11 (9.17) 2 (1.67) 4.00 80.00
5. Iuse cold water instead of hot 9 (7.50) 16 (13.33) 58 (48.33) 24 (20.00) 13 (10.83) 2.87 57.33
when I can. 31 (25.83) 41 (34.17) 30 (25.00) 15 (12.50) 3 (2.50) 3.68 73.67
Pre-test Mean 53.97
. Post-test Mean 73.83

5: Every Time .
£ Often Difference —19.87
3: Sometimes Standard Deviation 3.505
o Confidence Level (95%) 4.352
2: Rarely )
1: Never Pearson Correlation 0.905
. ] t Stat —12.676
N: Number of Students p-value 293 % 104

Concerning the environmental awareness survey on reducing waste and recycling
(Table 7), participants’ behavior indicates that after the use of the application the majority
stopped using plastic shopping bags, preferring the reusable ones (“every time”: from
14.17% to 43.33%, “often”: from 13.33% to 30.00%). Moreover, a change was made in the
habit of recycling paper, plastic, and metal using corresponding bins. Before the application
the students sometimes (23.33%) or rarely (34.17%) did so, and after the application these
percentages were reduced to 15.83% and 8.33%, respectively, while a significant improve-
ment was observed in the frequency of this habit, namely “every time”: 47.50% and “often”:
25.83%. At lower rates, there was a trend in use of rechargeable batteries every time (from
4.17% to 13.33%) or often (from 10.83% to 25.00%). This low increase may be due to the
need to procure a suitable adapter; however, the percentages of the participants who never
or rarely use rechargeable batteries were reduced by half (“never”: from 43.33% to 20.00%,
“rarely”: from 27.50% to 14.17%). Moreover, it should be noted that participants’ market
behavior was changed, since after using the application they looked every time (28.33%) or
often (29.17%) for a recycled option for the products they bought, in comparison to their
behavior before the application, when almost the majority of them never did so (before:
45.83%, after: 4.17%). The application also seems to have improved the participants” habits
around picking up their garbage when leaving a place, as the percentage of the option
“every time” was doubled (from 26.67% to 59.17%). In total, the paired-sample t-test results
on pre-test/post-test environmental awareness emerged from each question evaluating the
reduction of waste and recycling indicated that the application had a significant effect on
the improvement of students” attitude and behavior in regard to the environment subject
(pre-test awareness = 52.9%, post-test awareness = 76.7%, difference = —23.8, t = —8.543,
p <0.05).

Pertaining to energy saving (Table 8), the analysis of students’ responses showed that
great progress was made with respect to the habit of turning off the lights when leaving
the room. In particular, the percentage of “every time” or “often” doing so reached 45.00%
and 34.17%, an increase of 18.33% and 20.00% respectively, compared to before using the
application. Moreover, the advice provided to participants seems to have affected their
attitude toward the use of energy efficient light bulbs (“every time”: increased from 12.50%
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to 25.00%, “often”: from 8.33% to 38.33%). Before using the application, the majority
of students (36.67% + 26.67% = 63.34%) never or rarely unplugged unused electronics,
such as computer, printer, or TV. This fact changed with the application, since it was now
observed that students” awareness on this statement reached 62.00%, versus 44.33% before
the application’s use. Furthermore, the bad habit of keeping on the taps while brushing
one’s teeth (24.17% and 22.50% never or rarely turning them off) seemed to break, as the
vast majority of participants now turned them off (40.83% “every time” and 30.83% “often”).
It is worth mentioning that, after using the application, participants mainly preferred to
use cold water instead of hot when they could, putting less pressure on electricity grids
(“every time”: from 7.50% to 25.83%, “often”: from 13.33% to 34.17%). Comparing pre-test
and post-test students” awareness on energy saving using the paired-sample t-test, the
findings revealed a significant improvement of their consciousness level related to energy
saving (pre-test awareness = 53.97%, post-test awareness = 73.83%, difference = —19.868,
t=-12.676, p < 0.05).

The presented mobile application was developed in order to engage users on envi-
ronmental sustainability. The system introduces a novel approach to raise awareness of
environmental issues through the delivery of personalized advice. The individuals’ advice
emerges from the use model and the surroundings. The results of this study illustrate a
high user acceptance regarding the use of the mobile eco-app. Users indicated in their
responses to the system’s usefulness survey that the application provided a user-friendly
and pleasant interface, while the advice received was pertinent, enjoyable, and useful.
Moreover, the vast majority of users stated that they intend to use the application in future
and recommend it to a friend. The feasibility and suitability of mobile eco-apps for improv-
ing users’ environmental consciousness is also attested by [8,10,49]. These studies have
highlighted the importance of exploiting mobile technologies to expose the community
to environmental protection. Moreover, they have also confirmed that the use of mobile
eco-apps had positive effect on users’ awareness of sustainability issues and users enjoyed
using such applications.

Regarding the personalization of the content provided in a mobile eco-app, our evalu-
ation results reveal that combining a user model with context features (such as location,
time, and season) can significantly improve users’ environmental awareness. In particular,
users’ awareness on all the three environmental dimensions involved in the survey, namely
conscious consuming, reducing waste/recycling, and energy saving, were increased around
20 units, reaching a percentage higher than 70%. Triggering content at the right time and
place and pushing notifications in terms of advisory service can increase the chances of
engaging users in behavior change [50]. The findings are congruent with the research
of [51,52], which shows that personalized eco-feedback and interventions toward environ-
mental issues using location tracking can promote environmental behavior and alter users’
attitudes toward the protection of the ecosystem.

6. Conclusions

In this paper, the main purpose was to increase environmental awareness of smart-
phone users in a personalized way by combining AHP and PROMETHEE II. The mobile
application contains a user model with different information, such as place of residence
(e.g., city, mountain, sea, etc.), age, and user habits, such as waste management activities,
natural resource conservation activities, general environmental protection activities, and
biodiversity activities. After the initialization of the user model, the system uses AHP
and PROMETHEE II to provide the user with recommendations to increase environmental
awareness. The criteria, considered when evaluating environmental recommendations,
include the compatibility of the user’s current location, living environment, habits, interests,
needs, age, and season.

AHP is one of the multi-criteria decision-making methods, which is powerful yet
simple. AHP breaks complex decision-making problems into multiple hierarchical levels.
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The weights of each criterion and alternatives are evaluated in a pairwise comparison, and
then priority is calculated.

PROMETHEE Il is one of the most extensively studied and commonly used outranking
methods, developed to solve problems of multiple criteria. The main reason for utilizing
the PROMETHEE II method is that the particular model can be effectively implemented in
the domain presented and all information gathered in the decision matrix can be completely
and effectively calculated in making final decisions. Moreover, compared to other MCDM
methods, PROMETHEE 1l is a fairly simple ranking method in concept and practice.

The combination of the aforementioned methods and theories makes decision-making
more qualitative and thus it offers a more personalized experience to users, since they
receive advice which is tailored to their needs and preferences in awakening their environ-
mental awareness.

The evaluation results are very promising, showing a high degree of usability and
acceptance of the developed application, which is due to the user-friendly interface, as
well as the useful and suitable to user model advice. Moreover, the findings reveal that the
proposed approach has significant impact on users’ consciousness regarding environmental
issues, leading to the improvement of environmental awareness regarding the conscious
consuming, the reduction of waste and recycling, and energy saving.

Part of our future work is to extend the evaluation sample, including people from
different ages, education levels, economic class, and geographic area, and enrich the
evaluation procedure using the assessment of the user acceptance of the presented mobile
application. Furthermore, it is in our plans to design a model with ensemble learning
methods for decision making and the comparison of different MCDM approaches, being
tailored to environmental awareness, to check their superiority.
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