o~
L]

a .
— “‘J future internet

Article

Adapting Recommendations on Environmental
Education Programs

Katerina Kabassi !

check for
updates

Citation: Kabassi, K.; Papadaki, A.;
Botonis, A. Adapting
Recommendations on Environmental
Education Programs. Future Internet
2023, 15,28. https://doi.org/
10.3390/£i15010028

Academic Editors: Dino Giuli and

Filipe Portela

Received: 14 September 2022
Revised: 13 November 2022
Accepted: 21 December 2022
Published: 4 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Anastasia Papadaki ? and Athanasios Botonis 1-*

1
2

Department of Environment, Ionian University, 29100 Zakynthos, Greece
Information Systems, School of Science and Technology, Hellenic Open University, 26335 Patras, Greece
*  Correspondence: nasosbot@ionio.gr

Abstract: Stakeholders in Environmental Education (EE) often face difficulties identifying and
selecting programs that best suit their needs. This is due, in part, to the lack of expertise in evaluation
knowledge and practice, as well as to the absence of a unified database of Environmental Education
Programs (EEPs) with a defined structure. This article presents the design and development of a
web application for evaluating and selecting EEPs. The certified users of the application can insert,
view, and evaluate the registered EEPs. At the same time, the application creates and maintains for
each user an individual and dynamic user model reflecting their personal preferences. Finally, using
all the above information and applying a combination of Multi-Criteria Decision-Making Methods
(MCDM), the application provides a comparative and adaptive evaluation in order to help each user
to select the EEPs that best suit his/her needs. The personalized recommendations are based on the
information about the user stored in the user model and the results of the EEPs evaluations by the
users that have applied them. As a case study, we used the EEPs from the Greek Educational System.

Keywords: environmental education; environmental education programs; evaluation; multi-criteria
decision-making methods; comparative evaluation; adaptive evaluation

1. Introduction

Environmental education undoubtedly has a key role in developing human strategies
that facilitate the solution of many environmental problems [1]. The role of environmental
education is strongly transformative since it contributes to changing people’s attitudes,
behavior, and values toward the environment and society [2]. However, in order to ensure
that an EEP promotes these objectives, its success should be evaluated [3,4]. There are
many kinds of research that point out the vital role of EEPs evaluation in the success and
improvement of EEPs [5,6].

Despite the significant role of the EE and the importance of evaluation of the EEPs, the
support provided to the educators that want to apply EEPs is incomplete. The absence of a
unified database of EEPs and support tools for the management of EEPs, as well as the lack
of experience and knowledge in the evaluation of EEPs, are among the main obstacles to the
implementation of EEPs. Educators face difficulties in identifying and selecting the EEPs
that best suit their needs and expectations, and the re-use of EEPs is discouraged [7-9].

Taking into account the above-mentioned problems, this paper presents the design and
development of a web application, AESEEP (Application for the Evaluation and Selection
of Environmental Education Programs). AESEEP was designed to support Environmental
Education and act as a useful tool for those implementing EEPs (Environmental Education
Centers (EECs), Environmental Education Coordinators (EEC), Educators, etc.) in terms of
registration, evaluation, search, and selection of EEPs. As a case study, we used the EEPs of
the Greek Educational System, but they can be applied in any country.

More specifically, the application enables the user to enter EEPs with a defined struc-
ture, thus creating a unified database. The user can search among the registered EEPs using
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search criteria and/or evaluate EEPs after having obtained from the application all the
necessary knowledge of each registered program.

The main objective of the application is to provide the user with a useful tool for the
search and selection of EEPs based on personalized recommendations. For this purpose,
the system runs a comparative and adaptive evaluation of EEPs. More specifically, the data
from the evaluations are collected and used to produce a Comparative Evaluation ranking
of the EEPs. Each program, compared to the others, is given an index—Comparative
Evaluation Index—that identifies its ranking position concerning the other programs that
were included in the evaluation. The comparative evaluation ranking is provided to the
user in each search in order to help his/her make the most appropriate choice of EEPs.

In addition, in order to provide a personalized recommendation to each user, the
application takes advantage of information about the users that are stored in the user
model. The user model is dynamically updated as the user interacts with the system. Each
program, based on the data from the user model, is assigned a second index—Adaptive
Evaluation Index—that determines its ranking position based on the user’s preferences.
According to the adaptive evaluation ranking, each program has a different score per user,
and thus, each user has a different proposal for selecting an EEP based on his/her specific
needs and preferences.

Finally, the Comparative Evaluation Index (CEI) and the Adaptive Evaluation Index
(AEI) are combined to produce the Unified Evaluation Index (UEI) for the final selection
proposal. The use of the UEI ensures that the final ranking takes into account both the
quality of the programs’ features and the preferences of the individual user. For the Compar-
ative and Adaptive evaluation, the Multi-Criteria Decision-Making (MCDM) Theories AHP,
TOPSIS, and SAW were used in the manner that is discussed further down in this paper.

The significance of such a system is four-fold. Firstly, such a system will assist in the
re-use of EEPs. Secondly, automation will facilitate the evaluation process and make it
accessible to all. Thirdly, it creates a database of EEPs and EEP’s evaluation data. Fourthly,
the data analysis methods, by exploiting the evaluation data and the user model, provide
the user with personalized recommendations and thus help him /her to choose EEPs that
best fit his/her needs and achieve better results.

The rest of the paper is organized as follows: Section 2 presents related work. Section 3
presents the design and implementation of the system. Section 4 describes in detail the
steps for applying the Comparative Evaluation by the use of AHP and TOPSIS. Then, in
Section 5, the steps for applying Adaptive Evaluation by the use of AHP and SAW are
described. In Section 6, the combination of those evaluations is suggested in order to rank
the EEPs and provide a Personalized Proposal Selection to the end user. The first evaluation
results are also discussed in this section. Finally, the conclusions drawn by this study are
discussed in Section 7.

2. Related Work

Quality environmental education involves many partners and stakeholders who
collaborate in a research-implementation space where science, decision making, and local
culture and environment intersect [10]. However, selecting the right EE program is not an
easy task. The problem is twofold: (a) the absence of a unified database and (b) the lack of
evaluation data on these projects.

The great need for evaluation data of EE programs has been highlighted by many
researchers [6,7,11-18]. Most of them believe that the main reason for this shortage is
the difficulty in implementing those experiments. Indeed, this is confirmed by different
reviews on EE projects [19], EE activities [20], EE projects [15,21], and EE Centers [22].

An automated system could help users implement the difficult task of EE project
evaluation. For this purpose, the web application “MEERA” (My Environmental Education
Evaluation Resource Assistant) has been developed. MEERA provides program evaluation
capabilities and gives users access to existing evaluations to support them in the evaluation
process [7]. Another application for the automated evaluation of EEPs is the web-based
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Applied Environmental Education Program Evaluation (AEEPE), which provides learners
with an understanding of how evaluation can be used to improve EEPs and equips them
with the necessary skills to design and evaluate EEPs [23]. However, none of these applica-
tions provide a comparative and adaptive evaluation of EEPs or Multi-Criteria Analysis to
achieve this.

Multi-Criteria Analysis was used in the approach of Kabassi et al. [24]. They described
an automated system to evaluate EE programs based on a multi-criteria decision-making
(MCDM) approach. In this approach, the combination of the MCDM models proved rather
effective for evaluating EE projects. However, this approach was quite different from the
approach proposed in this paper. First, Kabassi et al. [24] used a model for EEPs’ evaluation
before their implementation, while our approach uses the evaluation data of other people
after they have implemented the programs. Secondly, they did not provide personalized
recommendations to their users as they did not adapt each interaction to each user. The
novelty of the proposed evaluation is twofold and is based on (a) the combination of
evaluation data using multi-criteria decision making and (b) providing individualized
recommendations based on a combination of MCDM models.

The MCDM that are used in the proposed approach are AHP (Analytic Hierarchy
Process) [4], TOPSIS (Technique for the Order of Preference by Similarity to an Ideal
Solution) [25], and especially fuzzy TOPSIS [26], as well as, SAW (Simple Additive Weight-
ing) [25,27]. AHP has been selected among those MCDM models for calculating the weights
of the criteria, and this is because the particular theory has a well-defined procedure for the
calculation of the weights. Furthermore, the particular theory can quantify the qualitative
criteria of the alternatives and, in this way, removes the subjectivity of the result. However,
it has the main drawback that results from its rationale, which is that AHP is based mainly
on pairwise comparisons. Therefore, if the number of alternatives is high, then this process
is dysfunctional and time-consuming. Therefore, AHP was selected to be combined with a
theory that has a better procedure for calculating the values of the criteria. Such theories
are TOPSIS, fuzzy TOPSIS, PROMETHEE, VIKOR, SAW, and WPM.

These theories have been compared in the past [8]. SAW is considered very easy as far
as its application is concerned, but the values of the criteria must be positive to provide
valuable results. TOPSIS is also considered very easy, and it can maintain the same number
of steps regardless of problem size has allowed it to be utilized quickly to review other
methods or to stand on its own as a decision-making tool [28]. The comparison of those
methods [8] revealed that SAW is very robust and TOPSIS is very sensitive. We decided
to use both those theories to combine them with AHP. In particular, we combine AHP
with SAW for the personalizing interaction and AHP with fuzzy TOPSIS for comparing
EE projects concerning the users’ evaluation. The fuzzy approach seems more appropriate
because the evaluation uses linguistic terms.

3. Designing and Implementation of the System

AESEEP aims at helping the re-use of EEPs, facilitating educators selecting EEPs that
best fit their goals and plans and helping them evaluate those projects. Therefore, certified
users are authorized to enter EEPs with a defined structure, thus creating a unified database.
It is also supported to view, evaluate and search EEPs based on specific criteria. The system
maintains an individual and dynamic user model for each user interacting with the system.
When the user searches for projects, the system takes into account the existing evaluations
and the user model and provides personalized recommendations for EEPs.

More specifically, the system provides two types of evaluations.

e  The Comparative Evaluation (CE) applies the multi-criteria decision-making methods,
AHP and TOPSIS, to comparatively evaluate user-selected programs using the existing
evaluations registered in the database. The results of this evaluation are common to
all users, but the list of alternative EEPs changes as the search criteria of the users are
not identical. As a result, the list of the EEPs involved and the result of this evaluation
are both dynamically calculated.
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e  The Adaptive Evaluation (AE) uses the multi-criteria decision-making methods, AHP
and SAW, to evaluate the user-selected programs based on the information provided
by the dynamic and individual user modeling, thus providing an evaluation that is
different depending on the preferences of each user.

The function “Personalized Search—Proposal” initiates both evaluations described
above, presenting a search form with specific criteria for selecting programs. This function
is also used to dynamically configure the user model by recording the user’s preferences.

The final ranking of programs displayed to the user is sorted in descending order, first
according to the score of the Adaptive Evaluation (Adaptive Evaluation Index—AEI) and
then in descending order according to the score of the Comparative Evaluation (Compara-
tive Evaluation Index—CEI).

In this proposal, priority is given to the score of Adaptive Evaluation since the ranking
of programs is conducted first in terms of the Adaptive Evaluation and then in terms of the
Comparative Evaluation.

For this reason, it was considered necessary to create an alternative final ranking pro-
posal where the two scores would equally participate. Thus, it was decided to implement
the function of the “Personalized Search—Final Proposal” for the selection of EEPs. This
function takes into account the Comparative Evaluation Index (CEI) and the Adaptive
Evaluation Index (AEI) and produces the Unified Evaluation Index (UEI) for EEPs. The
way the “Personalized Search—Final Proposal” works and combines the different indexes
are described in Section 4.

Summarizing, the application includes the following basic functions:

Create—Modify—Login—Logout/User
Insert—View—Modify /EEPs

EEPs Evaluation

Comparative Evaluation

Adaptive Evaluation

Personalized Search—Proposal of EEPs
Personalized Search Final Proposal of EEPs

A flow diagram of the basic functionality of the system is shown in Figure 1.

Present final ranking
to the user
based on

AEl and CEI

Adaptive Evaluation
for EEPs ranking

YES Comparative
——»{Evaluation for EEPs
ranking

The programs have been
evaluated

The system checks
The authorized user The authorized user whether the
register/evaluate EEF search for EEP programs have
been evaluated

Show list with no-evaluated
programs and prompts user to
evaluate them

‘Collect Evaluation Data
The system stores
the user's
preferences

Flow diagram
of basic system functionality

Figure 1. Flow diagram of basic system functionality.

The Use Cases of the application and the interaction of the users with the Use Cases
are shown in the UML diagram in Figure 2.
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Use Case diagram
Evaluating and selecting Environmental Education System

S{ Fillin all necessary information
7

User

= Comparative Evaluation
[ o :
p Adaptive Evaluation

Create Account

extend

Fill in optional information

Figure 2. Use Case Diagram.

4. Multi-Criteria Decision Making for the Evaluation of Environmental
Education Programs
The main aim of the comparative evaluation process is for each program participating
in this evaluation to acquire an index (Comparative Evaluation Index—CEI), which will de-
termine its relative position in the ranking of the evaluated programs. For the comparative
evaluation of EEPs, the combination of the multi-criteria decision-making theories AHP
and Fuzzy TOPSIS was used according to the design previously proposed by [8,29].
Questions are related to the criteria used by the multi-criteria decision-making model.
The selection of the criteria has been formed by a group of experts and is described in detail
by [8]. The criteria are finally used for comparative evaluation. Each user has the potential
to evaluate each EEP once by answering the following questionnaire [29] presented in
detail in Table 1.

Table 1. The questionnaire for comparative evaluation [29].

Comparative Evaluation Questionnaire

1. How flexible and adaptable to each age group of participants is (the EE project)?
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor
2. Does the description of (the EE project) cover the topic adequately?
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor
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Table 1. Cont.

Comparative Evaluation Questionnaire

3. Is (the EE project) based on a pedagogical theory, or does it use a pedagogical method?
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor
4. Are the objectives of (the EE project) explicitly expressed or stated?
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor
5. How good is the overall impact of (the EE project), depending on the programming and
available support material?
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor
6. How good is the quantity and quality of a cognitive object offered to students?
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor
7. Are the skills cultivated through activities involving active student participation?
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor
8. How good is (the EE project) in changing the students’ attitudes, intentions, and attitudes?
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor
9. DPlease rate the enjoyment of the trainees throughout (the EE project)
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor
10. How successful is (the EE project) in providing many different kinds of activities,
interventions, and methods?
(a) Very Good (b) Good (c) Fair (d) Poor (e) Very Poor

The user’s answers are stored in the database and used in a comparative evalua-
tion. Each question corresponds to a criterion, and each answer to a fuzzy number as
described below:

Question 1 corresponds to ucl—Adaptivity: This criterion reveals how flexible the
program is and how adaptable it is to each age group of participants.

Question 2 corresponds to uc2—Completeness: This criterion shows if the available
description of the program covers the topic and to what extent.

Question 3 corresponds to uc3—Pedagogy: This criterion shows whether the EE
program is based on a pedagogical theory or if it uses a particular pedagogical method.

Question 4 corresponds to uc4—Clarity: This criterion represents whether or not the
objectives of this program are explicitly expressed or stated.

Question 5 corresponds to ucs—Effectiveness: This criterion shows the overall impact,
depending on the programming and available support material.

Question 6 corresponds to uc6—Knowledge: The quantity and quality of a cognitive
object offered to students

Question 7 corresponds to uc7—Skills: This criterion reveals if skills are cultivated
through activities involving active student participation

Question 8 corresponds to uc8—Behaviors: This criterion reveals the change in the
student’s intentions and behavior through the program.

Question 9 corresponds to uc9—Enjoyment: This criterion shows the enjoyment of the
trainees throughout the EE project

Question 10 corresponds to ucl0—Multimodality: This criterion represents whether
the EE project provides many different kinds of activities, interventions, and methods.

For the comparative evaluation of EEPs, AHP is combined with TOPSIS in order to
process the results. AHP is used for weight calculation, while fuzzy TOPSIS is used for
ranking alternatives. AHP has been used for the first phase because it has a well-defined
way of calculating weights. In the particular system, the list of alternative EEPs is being
formed dynamically. Therefore, an MCDM theory such as TOPSIS is considered more
appropriate for ranking the alternative EEPs.

The weights of the criteria using AHP have been calculated in [29] and are presented
in Table 2. The criterion “Skills” was considered by the experts to be the most important
criterion while evaluating EE projects. ‘Effectiveness’, ‘Clarity’, and ‘Knowledge’ were
also considered rather important. Less important criteria were the criteria ‘Pedagogy’
and ‘Multimodality’.
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Table 2. The estimated weights of the comparative evaluation criteria [29].

Criteria Weights
ucl—Adaptivity 0.072
uc2—Completeness 0.071
uc3—Pedagogy 0.036
uc4—Clarity 0.129
ucb—Effectiveness 0.133
uc6—Knowledge 0.127
uc7—Skills 0.171
uc8—Attitudes 0.099
uc9—Enjoyment 0.111
ucl0—Multimodality 0.051

After weights were calculated, we applied TOPSIS. More specifically, we used Fuzzy
TOPSIS as the answers to the questions were given in linguistic terms. According to the
rationale of TOPSIS, each linguistic term is assigned to a fuzzy number, which is a vector of
the form: a = (aj,ap a3).

Then, a Fuzzy Positive-Ideal Solution (FPIS) and the Fuzzy Negative-Ideal Solution
(FNIS) are determined as follows:

FPIS : A" = {u},3,...,G},..., 05}, G = (1,1,1) 1)

FNIS: A™ = {u; ,u,,...,0; ,..., U, },u; =(0,0,0) 2)

The distance of each alternative from FPIS and FNIS is used for calculating the distance
from the ideal best and ideal worst solutions, which is called the closeness coefficient and

ﬁ,o < CC; < 1. The distance d and d; * for each weighted

alternativei = 1,2, ..., m from FPIS and FNIS is calculated as follows:

is calculated as CC; =

n
d;i = lgldu(ﬁijzﬁ;),i: 1,2,...,m
TR )
d; = ¥ du(j,u;),i=1,2,...,m

=1

where d(&,b) is the distance between two fuzzy numbers &, b. The distance of two fuzzy
numbers & = (a1,4d2,43) and b = (by, by, b3) is calculated as follows:

d(&,b) = \/é [(@1 = b1+ (a2 = b2)” + (a3 — bs)?] )

The closeness coefficient is the Comparative Evaluation Index (CEI) for each program
participating in the comparative evaluation and is used for the final ranking of the EEPs. For
a more detailed implementation of the steps of the Fuzzy TOPSIS application in evaluating
EEPs, one can refer to [29].

5. Adaptive Recommendations

Comparative evaluation provides an objective ranking of EEPs, but it does not reflect
the preferences and requirements of each user. In order to achieve an Adaptive Evaluation,
we used the information from the individual and dynamic user model. The user model store
information about the users’ preferences, interests, and needs as these are identified during
his/her interaction with the system. Therefore, the user model is dynamically updated
through the user’s interaction. More specifically, each time the user selects “Personalized
Search—Proposal of EEPs” or “Personalized Search—Final Proposal of EEPs”, his/her
preferences are collected and stored in the database. The stored information is used to
generate an index for each EEP, which corresponds only to the specific user and reflects
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his/her individual preferences, the Adaptive Evaluation Index (AEI). In order to calculate
the AEI, we use MCDM. Again, for this purpose, AHP is used.

As a first step of the AHP, the criteria indicating the user’s preferences for the EEPs had
to be determined. In our case, a different group of experts was formed to select and evaluate
the criteria for the adaptive evaluation. The experts involved two Software Engineers and
two experts in EE. The criteria selected by the experts are:

Ucl—Educational Region
Uc2—Environmental Education Centre
Uc3—Education Grade

Uc4—Activity Area

UcS—Duration in days
Uc6—Maximum number of pupils
Uc7—Pedagogical theory
Uc8—Method of implementation

As the second step of the AHP application is setting up a matrix for the pairwise
comparison of the criteria. The pairwise comparisons among the criteria were carried out
again by the group of experts, and the results are presented in Table 3.

Table 3. Matrix for the pairwise comparison of the adaptive evaluation criteria using the arithmetic
means of the values assigned by evaluators.

Ucl Uc2 Uc3 Uc4 Ucs Uc6 Uc?7 Uc8
Ucl 1.00 1.00 0.14 0.14 0.3 0.38 0.21 0.19
Uc2 1.00 1.00 0.15 0.15 0.16 0.29 0.14 0.14
Uc3 717 6.83 1.00 6.00 6.17 7.17 6.00 5.67
Uc4 7.00 6.5 0.17 1.00 5.33 4.83 3.00 3.00
Ucb 3.67 6.17 0.17 0.22 1.00 15 0.45 0.44
Ucb 3.5 3.67 0.14 0.21 0.75 1.00 0.25 0.2
Uc7 5.00 7.00 0.17 0.33 25 4.00 1.00 1.42
Uc8 5.33 7.17 0.18 0.33 2.67 5.00 0.92 1.00

Finally, as the last step of the AHP application, the final weights of the criteria were cal-
culated using the arithmetic mean, and Table 4 was constructed. The criterion of Education
Grade was considered by the experts as the most important, while the criteria of Activity
Area, Pedagogical Theory, and Implementation Method were considered quite important.

Table 4. The estimated weights of the Adaptive Evaluation.

Criteria Weights
Ucl—Educational Region 0.024
Uc2—Environmental Education Centre 0.021
Uc3—Education Grade 0.405
Uc4—Activity Area 0.204
UcbS—Duration in days 0.063
Uc6—Maximum number of pupils 0.046
Uc7—Pedagogical theory 0.121
Uc8—Method of implementation 0.117

Once the weights of the criteria had been calculated, we had to decide how to exploit
the information from the user model to implement the new evaluation of the EEPs.

It was therefore decided to create a mapping per program and per user based on the
information from the user model and the characteristics of the programs. Each criterion
participates in the calculation with its own weight.

For the calculation of the values of the criteria, the following hypotheses are made:
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e  Each time the user selects a value in a criterion during the search, the value of this
criterion is increased by 1 for each program.

e  If the criterion value is selected in the user’s profile, then the total score of the criterion
value in the program is doubled for that user.

e In case the value of the criterion is selected in the profile but has not been selected in
any search by the user, so it has a value of 0 in the table of values, then its value is
incremented by the highest criterion value in the program for this user.

As already mentioned before, the use of AHP was proven to be very successful in
calculating the weights of the criteria but very time-consuming for evaluating the EEPs due
to the pairwise comparisons it uses.

Furthermore, the TOPSIS method used in the comparative Evaluation was not consid-
ered appropriate in the case of the Adaptive Evaluation due to the following reasons:

e  The values configured in the criteria are different for each user and program. Moreover,
these values are configured exclusively by the user concerned, so we are interested in
an easy way of incorporating these values per user and per EEP.

e  There is no ideal or less ideal solution; the optimal solution is the one with the highest
value at any given time.

Given the above reasons, the use of Simple Additive Weighting (SAW) was considered
more appropriate in the case of Adaptive Evaluation. As a result, the system uses SAW to
incorporate the information of users and provide personalized recommendations to the
users regarding the EEPs. SAW is used for calculating the Adaptive Evaluation Index (AEI)
per program and per user.

Having calculated the weight of each criterion with AHP and the value of each
criterion using the way presented above, we apply the Simple Additive Weighting method
according to the formula:

U(EEpj) = Z?:l WyeiUCij (5)

where U(EEpj) is an AEL w,; is the value per user per criterion, and uc;; is the estimated
weight for this criterion.

Finally, we rank the alternatives in descending order, a ranking that expresses the
order of preference of each user according to his or her user model.

6. Final Recommendations Using a Combination of MCDM

As has been presented in more detail in Sections 4 and 5, the CEI compares the
programs to each other, taking into account their characteristics as assessed by the users,
while the AEI ranks the programs based on the users’ preferences.

The “Personalized Search—Proposal of EEPs” provides a proposal to the educator by
ranking the EEPs first in terms of the AEI and then in terms of the CEL Therefore, in this
case, it is considered that the user’s preferences are more important than the quality of the
features of the program.

It was considered important to provide the user with an alternative proposal in which
both indexes have the same importance, so we created the Unified Evaluation Index (UEI),
which is calculated by the formula:

UEI = U(EE,) * CC; 6)

where U(EEpj) is the AEI and CCi is the CEI for the EEpj.

The U(EEpj) represents how important is the EEpj for the particular user and, therefore,
acts as a weight of importance, while the value of the criterion is CEI (CCi), which is given
by the general evaluation. As a result, the UEI is derived from the CEI (CCi) and the
AEI (U(EEpj)) so that the Comparative Evaluation Index acts as a weighting factor for the
Adaptive Evaluation Index, producing a Unified Evaluation Index by which the programs
are finally ranked.
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The function “Personalized Search—Final Proposal of EEPs” initiates the calculation of
the Unified Evaluation Index, which is used for the final ranking of EEPs. We consider that
this final ranking is the best available proposal since it manages to combine the evaluation
based on the features of the program with the evaluation based on the user’s preferences.

In order to test if the system can successfully reproduce the reasoning of human
experts when proposing EE projects, we run a short evaluation experiment. The evaluation
experiment involved three expert users, who were asked to test the particular approach
in terms of how successful the proposals of the system were. The evaluation involved
85 different cases of proposals. In 52 cases, which represent 61.2% of total cases, the first
proposal of the system was identical to the experts’ proposal. In the other 24 cases, which
represent 28.2% of the total cases, the proposal of the expert users was in the second or
third place. The results show that in 76 cases, the experts’ proposals were among the first
three proposals of the system. This means that the system’s success was 89.4%.

7. Conclusions

The contribution of the EE in building and implementing human development strate-
gies is rather crucial. However, the difficulties faced by those involved in EE implementa-
tion (Educators, Environmental Education Coordinators, and Environmental Education
Centers) are many and indicate the importance of developing tools to support the EE.

This paper presents the design and development of a web-based application for the
management of EEPs that aims to support stakeholders in terms of evaluation, selection,
and re-use of the EEPs. For this purpose, the application enables users to register EEPs,
thus creating a structure of EEPs and a unified database. In addition, it provides the means
to evaluate the registered programs based on their characteristics according to a specific set
of criteria.

In this way, the existence of a unified database for evaluated EEPs will contribute to
their re-use and gradual improvement. The stakeholders in EE can have access to a wide
range of EEPs and/or improve their EEPs by identifying their weaknesses based on users’
evaluations. Taking advantage of MCDM and user evaluations, the system provides each
user with a comparative evaluation of the programs that may interest him/her. For the
implementation of the comparative evaluation, we used a combination of MCDM theories,
AHP, and fuzzy TOPSIS.

AHP’s main advantage is that it uses pairwise comparisons of criteria for estimating
their weights. However, these pairwise comparisons increase the complexity of the appli-
cation of the MCDM model when the number of alternatives increases. Therefore, AHP
does not seem appropriate when the number of alternatives is great, and in the case of the
EE projects, the alternatives may be many. A solution to this problem is given through the
use of Fuzzy TOPSIS. The complexity of Fuzzy TOPSIS applications does not increase so
dramatically with the increase in alternatives. Furthermore, Fuzzy TOPSIS uses linguistic
terms and seems ideal for an experiment where real users, without prior experience in the
implementation of multi-criteria decision-making theories, are involved, as is the case of
the evaluation of EE projects.

In addition, the system provides an adaptive evaluation of the EEPs based on the
information about the users. For this case, a simple MCDM was considered more efficient.
The application of SAW is considered simple and quite effective [8]. However, SAW does
not have a predefined way of weight calculation. Therefore, the multi-criteria theories
AHP and SAW incorporate the data from the characteristics of the EEPs but also from the
dynamic and individual user model.

Finally, the results obtained from the comparative and adaptive evaluation are com-
bined in order to make personalized recommendations and propose to the user the program
that best suits his/her personal preferences and achieves the best score compared to the
other programs that meet the criteria requested each time.

In this way, the recommendations provided to the users are in the form of a list of EEPs.
The first project in the list is considered the most important. The particular application
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can be found very useful to all stakeholders in EE and can help in the re-use of the EEP
without being overwhelmed if the number of EEPs in the unified databases increases. This
is because the recommendations and the search results are personalized based on the users’
preferences, interests, and needs. Furthermore, the best-evaluated projects are promoted.
Taking into account the double evaluation of EEP in order to make recommendations, the
application mainly proposes the best programs that fit the user’s characteristics. The first
evaluation results show that the system can successfully capture the reasoning of human
experts when proposing EE projects.
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