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Abstract
Ponds provide vital ecological services. They are biodiversity hotspots and important bread-

ing sites for rare and endangered species, including amphibians and dragonflies. Neverthe-

less, their number is decreasing due to habitat degradation caused by human activities. The

“Ponds with Life” environmental education project was developed to raise public awareness

and engagement in the study of ponds by promoting the direct contact between the public

and nature, researchers and pedagogical hands-on exploration activities. A pre-post- proj-

ect survey was set-up to assess the effects of the project on the environmental conscious-

ness, knowledge and attitude changes towards ponds and the associated biodiversity of

school students aged 15 to 18. The survey questions were based on Likert scales and their

pre-post project comparisons used an innovative multivariate hypothesis testing approach.

The results showed that the project improved the students’ knowledge and attitudes

towards ponds and associated biodiversity, especially the amphibians. Ponds can be found

or constructed in urban areas and despite small sized, they proved to be interesting model

habitats and living laboratories to foster environmental education, by encompassing a high

number of species and a fast ecological succession.

Introduction
Ponds are small shallow water bodies, natural or artificial, permanent or temporary and char-
acterized by an accentuated seasonal pattern of the water level or hydroperiod [1–5]. They exist
in all continents and are considered biodiversity hotspots due to their importance as breading
sites for amphibians, dragonflies and other invertebrates, as well as key habitats for diverse
fauna and aquatic plants [1, 2, 5, 6]. They can harbour more species than lakes, rivers, streams
and other freshwater ecosystems, as well as unique and rare taxa [7]. Mediterranean temporary
ponds, in particular, have many endemic species and are protected by the directive 92/43 CEE
[8], by European Commission Natura 2000 network (habitat 3170) and by the Ramsar Con-
vention on Wetlands [1, 3–5, 9, 10].
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Despite their biodiversity and ecological services, the number of ponds is decreasing, espe-
cially in the Mediterranean region [10]. Ponds are usually neglected by the public and are very
susceptible to degradation, caused namely by intensive agriculture and urban development
[2, 3, 6, 10]. Portugal is no exception and despite of natural climatic and geomorphological
characteristics that favor the occurrence of natural ponds, including Mediterranean temporary
ponds, local studies indicated an accentuated loss of this habitat and its associated biodiversity
[10–13].

There is a high conservation concern for amphibians given that nearly one-third of the spe-
cies (32.4%) are globally threatened [10, 14]. Many authors have documented the link between
habitat loss, namely breeding sites, and amphibian decline and extinction [15–17]. Habitat
change is globally the major contributing factor to amphibian decline, affecting around 87% of
the threatened species [18]. Amphibians are also among the least appreciated vertebrates by
the general public, often due to erroneous negative values and misconceptions from interpreta-
tions of folklore and ancient myths [19].

Biodiversity loss is one of the main concerns of the scientific community and constitutes an
important issue of the educational curricula in many countries. Many researchers emphasized
the importance of outdoor activities with a biodiversity and ecological educational strategy in
order to develop concepts, construct attitudes, and the overall personality [20, 21]. Direct con-
tact with biodiversity and a better understanding of its importance and threats are essential to
raise public awareness and engagement in community-driven biodiversity conservation and
monitoring programs. However, most of the population lives in urban areas and have decreas-
ing direct contact with nature, limiting the efficacy of education towards environmental and
biodiversity awareness [22]. From this point of view, hands-on activities in proximity habitats
may help to overcome this gap by providing experiences to students, enhancing their literacy
and their active participation in conservation.

“Ponds with Life” (“Charcos com Vida”) is an environmental education project developed
in Portugal with the purpose of raising public awareness and engagement in the study and ped-
agogical exploitation of ponds and the conservation of associated biodiversity. The project
details, general information about pond importance, construction, management and biodiver-
sity, a set of pedagogical activities as well as the first nationwide pond survey can be obtained in
the project website (www.charcoscomvida.org).

The sub-project “Choose Science–Ponds with Life” was designed for 15–18 year old high-
school students. It included activities throughout a school year allowing a direct contact with
ponds, their biodiversity and with researchers. The program featured at least five visits of one
member of the “Ponds with Life” team during a school year (2013/2014) and the development
of several activities, including pond adoption or construction in the school area or neighbor-
hood, scientific lectures and workshops as well as hands-on experimental activities in the class-
room, the laboratory and the field, associated to the biological monitoring of the adopted pond.
In addition, an amphibian itinerant exhibition was displayed for one month in each participat-
ing school, contributing to inform and engage the school community in the conservation of
ponds and this less appreciated group.

The students participated in a pre- and post-project survey and the data collected was used
to test the null hypothesis of no significant difference between the two surveys concerning the
participant’s overall environmental consciousness, their attitudes towards ponds as a habitat,
and their attitudes towards the ponds associated biodiversity.

In addition, the study aimed to obtain insight on using ponds as an environmental educa-
tion strategy based on long-term project implementation and hands-on activities.
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Materials and Methods

Project implementation
The project was implemented during the 2013–2014 scholar year with 264 students from eight
schools from different cities of Central and North Portugal, of which six schools corresponding
to 134 students participated in all project activities and evaluation. The project team performed
five visits to each school and developed eight activities, including lectures, support sessions to
adopt or construct a pond, to manage and monitor ponds, to develop a field activity and a
classroom practical activity, to organize and install an amphibian itinerary exhibition and to
train students as animal keepers for this event.

The lectures included three themes related with ponds and associated biodiversity: the first
introduced the pond habitat, its importance, conservation status and biodiversity; the second
addressed amphibian and reptile conservation and was held during the itinerary amphibian
exhibition on display in the school; and the third lecture was about ongoing scientific research
in ponds, in genetics, evolution and biodiversity conservation.

The amphibians’ itinerary exhibition “Anfíbios—uma pata na água, outra na terra” (“Amphib-
ians—a paw on the water, another on land”) aimed to develop awareness about this group of ani-
mals. This exhibition included roll-up informative panels and terrariums with live autochthone
amphibians representing the two main taxonomic orders, frogs (Anura) and salamanders (Cau-
data). The students participating in the project were responsible for maintaining the exhibition,
feeding andmonitoring the animals under the supervision of their teachers/tutors.

Project evaluation
The evaluation consisted of pre- and post-project surveys, including the same set of questions.
Both surveys were anonymous and included sociodemographic questions about the age and sex
of the participants, a group of true/false questions concerning their knowledge about ponds and
associated biodiversity and Likert scale groups of questions. One was about attitudes towards spe-
cific biodiversity groups shown through photos (frogs, salamanders, turtles, other reptiles, odo-
nata, other macroinvertebrates and plants), the same in the two surveys. Another was about
attitudes towards ponds, also appreciated through photographs. In these two groups, the Likert
scale used five categories, from “totally dislike” (coding value 1) to “totally like” (coding value 5)
with a central response of “indifferent” (coding value 3). Another two groups of Likert scale ques-
tions also addressed attitudes towards ponds and amphibians, but adapting the basic attitudes
about the environment and biodiversity described by Kellert, broken into the following nine cate-
gories: aesthetic, dominionistic, ecologistic, humanistic, moralistic, naturalistic, negativistic, sci-
entistic and utilitarian [23–25] (Table 1). Each statement was attributed a five category option
response, as in the previous cases, from “totally disagree” to “totally agree”. The fifth group of
Likert scale questions concerned environmental consciousness, as defined by the revised New
Environmental Paradigm scale (NEP) described by Dunlap [26–28], with answers also coded in
five categories, frommost negative (code value 1) to most positive opinion (code value 5). The
NEP scale was used in order to avoid controversial opinions on how to address this issue. The
pre-project survey also included multiple-choice questions about previous knowledge and con-
tact with ponds. The survey questions are available as supplementary material (S1 Appendix).

Data from the surveys were provided and analyzed anonymously and, apart from the age and
sex of the participant, surveys only included questions focusing the study objectives. The school
boards and professors approved the evaluation strategy prior to the project implementation. Oral
consent to use the data for scientific purposes was given by the participants and their teachers
after a member of the project team read the survey header indicating the study objective.
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Data analysis
Despite the five Likert scale optional responses being categories, they were coded as values
from 1 to 5 and treated as quantitative in order to calculate descriptive statistics showing the
change in the students’ response from pre- to post-project. Nevertheless, the formal hypothesis
test to compare pre- versus post-project responses respected the categorical nature of the Likert
scale. The five optional responses to each question were coded as presence-absence variables
(values 1 or 0) and the presence (value 1) attributed to the variable representing the category
selected by the student. As an example, if question 3 was replied by a student with the option 4,
the question was organized as variables 3.1 to 3.5 and the presence attributed to 3.4. The
responses were organized in a data matrix, with the students as samples and their answers as
variables. A resemblance matrix among samples was obtained using the Jaccard similarity coef-
ficient. This matrix was further simplified by calculating the centroid or centre of gravity, of
each group of students per school and time period (pre- and post-project). The centroids
matrix was submitted to ordination analysis using non-metric multidimensional scaling
(NMDS), and tested for the null hypothesis of no significant difference between the pre- and
post-project, using a one-way Analysis of Similarities (ANOSIM). ANOSIM produces the sta-
tistic R, which relates the within group to the between groups similarities. It varies from -1 to
+1 and is equal to +1 when all the replicates of the same group are more similar to each other
than any of the replicates from different groups, rejecting the null hypothesis. R approaches the
value 0 when the null hypothesis is true. The R statistic is accompanied by a significance value
obtained by calculating the probability of the observed R within a series of R values obtained by
permutation. In this case, with two groups being compared (pre- versus post-project), each
with six replicates (the centroids representing the students from the six schools that completed
the assessment), there were a maximum of 462 permutations, allowing to reject the null
hypothesis at p = 0.002, if the observed R was larger than any of the simulated R-values from
permutations (1 out of 463 = 0.002). All data analysis was conducted with the software
PRIMER v6 with the add-on PERMANOVA+ [29].

Table 1. Kellert basic attitudes adapted to ponds and amphibians.

Kellert basic
attitudes

Survey sentences

Amphibians Ponds

Aesthetic I think that amphibians are very attractive living beings. A pond makes a landscape ugly.

Naturalistic I usually spend my free time exploring places where amphibians live, as
ponds or streams.

Knowing a pond is important to learn things about
nature that are not available in books.

Dominionistic We must live in harmony with amphibians because they are important to
nature’s balance.

Ponds should be drained in order to stabilize the land
to urban construction or agriculture.

Ecologistic I want to understand the relationships between amphibians, their
environment and the species with which they relate.

The pond is an essential habitat to several species.

Humanistic I really like amphibians I like a lake with a fountain and water lilies better than
natural pond.

Scientific I am interested in knowing the physical characteristics of amphibians, the
types of amphibians that exist and how their body works.

Ponds have an essential role in the planet's water
cycle.

Utilitarian I find it important to use amphibians in agriculture to feed on harmful
insects.

The ponds are important to collect water for
agriculture uses.

Moralistic I am interested in amphibians and to help them not being abused by people. The pond is a natural habitat and therefore should not
be disturbed by anything or anyone.

Negativistic I have no interest in amphibians because they never raised my curiosity. Ponds are unpleasant because they have mosquitoes
that carry human diseases.

doi:10.1371/journal.pone.0154440.t001
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The null hypothesis of no significant difference between pre- and post-project surveys was
tested separately for the groups of questions dedicated to evaluate the general attitude about
ponds as a habitat (H01), the attitudes towards the ponds biodiversity (H02), the Kellert
adopted attitudes about ponds (H03), the Kellert adopted attitudes toward amphibians (H04),
and the environmental consciousness of the participants (H05). Upon rejection of the null
hypothesis H02, including all taxonomic groups, the test was run separately with each biodiver-
sity group to verify for which the pre- and post-project responses differed significantly.

Results
From a total of 264 students that participated in the project, 202 pre-project and 131 post-proj-
ect valid responses were obtained, given that not all the students completed the whole set of
activities. All relevant data are within the paper and its Supporting Information files. The data
matrixes from the pre-project and post-project valid responses are available as supplementary
material (S2 Appendix).

The students who answered surveys were between 15–18 years old. The average age on the
pre-project questionnaires was 16 years old on the pre-project and 17 years old on the post-proj-
ect (most students celebrated their birthday during the period of the project implementation).
Considering the gender, in the pre-project questionnaires 63% of the participants were girls and
37% were boys while in the post-project the percentages were 66% and 34%, respectively.

About 80% of the students were acquainted with the pond habitat before attending the proj-
ect activities. However, previous contacts with ponds were mainly indirect, such as through the
Internet (62%), books or journals (61%), television (44%) or other media. Pre-project direct
contact was through visits to ponds during school activities (52%) or walks in nature (50%).

The questions dedicated to assess prior knowledge about ponds and associated biodiversity
showed that students answered correctly 60% of the pre-project questions, of which 67%
related to pond ecology subjects and 52% to identify biodiversity correctly. In the post-project
questionnaires 66% responses were correctly answered, which corresponded to a significant
improvement (χ2 = 17.696; p� 0.0001). The percentage of correct answers related to pond
ecology was still higher (73%) than those related to pond biodiversity (60%), but the increase
was larger in the latter (8%).

Table 2 summarizes pre- versus post-project Likert scale mean values as well as the ANO-
SIM R-statistic values and associated significance considering the various null hypothesis and
questions.

The attitudes towards ponds as habitats and their associated biodiversity, as well as the Kel-
lert basic attitudes towards ponds and specifically towards amphibians, all changed signifi-
cantly from pre- to post-project, rejecting null hypotheses H01to H04 as indicated in Table 2
and illustrated in Figs 1 and 2.

Concerning the attitudes towards the biodiversity groups, null hypothesis H02, the overall
significant improvement noticed from pre- to post-project surveys was not generalized to all
the groups, as shown by the statistical significance associated with the individual biodiversity
groups test results presented in Table 2. Only the amphibian groups rejected the null hypothe-
sis, the largest difference from pre- to post-project survey being for the Salamanders and
Newts, as indicated in Table 2 through the highest value of the R-statistic or the biggest change
in the Likert-scale coded mean value. No other individual biodiversity group rejected the null
hypothesis, either because the environmental education action was not directed to them,
namely the case of the snakes or lizards (cf. Table 2 and Fig 1), or because the group was
already highly appreciated by the students before the project, as was the case of the turtles or
the plants (cf. Table 2 and Fig 1).
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No change was detected in the environmental consciousness of the students as a result of
their participation in the project. The null hypothesis H05 was not rejected in the ANOSIM test
and the Likert-scale coded mean values were almost the same in the pre- and post-project sur-
veys, as shown in Table 2. A brief analysis of the responses related to environmental conscious-
ness, the NEP scale showed that the students believe in the human capacity to solve
environmental problems and intelligently exploit new natural resources and also in the impact
of human activities in nature and the environment.

Discussion
This study showed that implementing the environmental education action “Choose Science—
Ponds with Life” during one school year modified the knowledge and attitudes towards ponds
and their biodiversity, particularly amphibians, in high school students aged 15 to 18.

The students’ pre-project contact with ponds was mainly indirect, through Internet, televi-
sion or books. Other authors already recognized that contact with nature is becoming more
dependent of indirect pathways as media [22, 30]. Direct contact was moderately common and
limited to walks in nature or to existing ponds in schools. Given the significant outcomes of the
project, previous direct contact with ponds must have been mainly limited to nature
appreciation.

The number of correct answers about ponds and their biodiversity was higher in the post-
than in the pre-project survey, indicating a limited knowledge about those species. Although
knowledge cannot be considered a vehicle to changing attitude, authors have sustained that it
facilitates such changes [31, 32]. Knowledge acquired in environmental education programs
may also not last long and projects solely based on knowledge acquisition may not be as effi-
cient in driving attitude changes. The project “Choose Science—Ponds with Life” was a long-
term project, extending over one full scholar year and engaged the students in a range of differ-
ent activities which promoted their personal responsibility on the success of the outcomes,
such as the set-up and follow-up of a pond or the preparation and delivery of the live amphib-
ian exhibition. Such a mixture of activities has the potential to maintain the acquired knowl-
edge for longer and thus effectively contribute to attitude development/change.

Table 2. Likert scale mean values and ANOSIM R-statistic with the associated significance for the comparison between pre- and post-project sur-
veys. ns = non significant.

Variables Pre-project Likert scale mean
value

Post-project Likert scale mean
value

ANOSIM

R-
statistic

Significance
(p)

Attitudes towards Ponds (H01) 3.48 4.02 0.465 0.006

Attitudes towards Biodiversity (H02) 3.13 3.60 0.409 0.002

Frogs and toads 3.06 3.60 0.435 0.004

Salamanders and newts 2.75 3.67 0.657 0.002

Turtles 3.98 4.11 -0.039 0.589 ns

Snakes and lizards 2.59 3.15 0.244 0.058 ns

Dragonflies 2.97 3.43 0.116 0.160 ns

Other macroinvertebrates 2.58 3.10 0.131 0.130 ns

Plants 4.03 4.17 -0.165 0.996 ns

Kellert basic attitudes towards Ponds (H03) 3.09 3.24 0.233 0.041

Kellert basic attitudes towards Amphibians
(H04)

3.22 3.57 0.263 0.022

Environmental consciousness (H05) 3.60 3.56 -0.017 0.550 ns

doi:10.1371/journal.pone.0154440.t002
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The present study used an innovative approach to compare pre- and post-project surveys,
assuming the non-quantitative nature of the Likert-scale optional categorical responses and
coding them as presence-absence variables. This allowed building a similarity matrix among
students solely on the patterns of their responses that was then analyzed by multivariate

Fig 1. Likert scale response categories in (A) pre- and (B) post-project surveys responses regarding attitudes towards
the various biodiversity groups and the pond habitat. Likert scale mean values are indicated over each bar as a black
square symbol (left axis).

doi:10.1371/journal.pone.0154440.g001

Fig 2. Ordination diagrams (NMDS) representing the schools centroids (A-F) for the pre- and post-project
responses (1 and 2, respectively), relative to the attitudes towards ponds as a habitat (a) and their associated
biodiversity (b).

doi:10.1371/journal.pone.0154440.g002
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methods developed for ecological research but that can easily be applied to other studies. The
results reported here show the method was very efficient to compare pre- and post-project sur-
veys and that it can be easily suited for the evaluation of environmental education/science com-
munication projects, providing social researchers with an effective multivariate hypothesis
testing tool, uncommonly used in the social sciences.

The student attitudes towards ponds as habitats improved significantly over the course of
the project. This was shown by the Likert-scale coded mean values, the Kellert adopted attitude
values and the statistical significance associated with the hypothesis tests. The same was
observed for the biodiversity associated with the ponds, but in this case the changes from pre-
to post-project were not consistent across all biodiversity groups. The significant changes were
noted only in the two amphibian groups, frogs and salamanders. Other authors also noticed
that amphibians can commonly be neglected or even negatively connoted by the public but
have great potential to engage the public in science education activities and foster positive
changes, given their biological characteristics, among which their morphological variety and
adaptation to aquatic habitats, reproduction, larval and metamorphosis phases easily observed
in water bodies close to urban areas [19, 33, 34]. The temporary exhibition about amphibians
and the fact that most of the lectures, classroom and field activities were associated with this
group also facilitated the observed changes towards this group of animals.

Differences in student attitudes towards Odonata and other macroinvertebrates were not
statistically significant from pre- to post-project. Despite invertebrates can be easily found and
observed in ponds, their characteristics may be important barriers for environmental education
and attitude changes, as mentioned by other authors [25, 35]. A morphology very different
from human [25, 36], cultural heritage associating invertebrates with danger and the spread of
diseases [37, 38] and phylogenetic distance from humans that culminates in a very different
morphology and behaviour [39, 40], all have been considered to foster an overall negative
human attitude towards invertebrates.

Scaled reptiles also did not show significant differences between pre- and post-project sur-
veys, although the statistical significance associated with the R-statistic was borderline
(p = 0.06, cf. Table 2). The fact that these animals were rarely seen could have contributed to
this result but also cultural heritage might be responsible for negative attitudes towards reptiles.
This is in agreement with authors who sustain that without intensive educational actions peo-
ple may not be prepared to protect this group of animals [41–44]. Turtles also did not show sig-
nificant differences between the two assessment periods, but contrary to snakes and lizards,
were already appreciated by students before the project implementation. Other authors also
described better attitudes towards turtles when compared to other reptiles, namely because tur-
tles are adopted as pets, have no venomous species and often show positive connotations in
books and media [19, 35, 45, 46].

Plants were also among the most appreciated biodiversity groups in the pre-project phase as
demonstrated by the high Likert-scale coded mean value of the group and again did not reject
the null hypothesis. Other authors have shown overall positive attitudes from the public
towards plants even if plant are generally seen lifeless or even worthless [47, 48].

The environmental consciousness of the participants did not change significantly due to the
implementation of the project and kept a medium-good level in the Likert-scale coded mean
value, according to the NEP scale [27]. The pre-project questionnaires showed that students
were already environmentally conscious particularly regarding human impacts in nature and
the environment. A closer analysis showed that many shared the belief that humankind is able
to solve any environmental problem and intelligently exploit new natural resources. Similar
results have been reported by other authors, as well as the fact that, in most of the public mental
concepts of nature, humankind is seen as set apart from nature and having a separate species
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condition [39, 49]. This also indicates that a medium-good environmental consciousness may
not translate into attitudes or behaviour towards a better environment [31, 32, 50–54].

Overall, these results indicated that the environmental education strategy proposed in this
work had important outcomes in education and attitudes towards biodiversity and the envi-
ronment, especially when considering amphibians and other groups of species that can be eas-
ily observed and manipulated [33, 50, 55–58].

Conclusion
As a general conclusion, this study showed that environmental education actions based on
direct contact are able to modify public attitudes towards biodiversity, namely amphibians. In
addition, ponds proved to be a good habitat model from an educational point of view as they
allowed a variety of outdoor hands-on exploration activities about habitat and ecological func-
tioning. Ponds efficiently promoted a direct contact with nature and life forms, including flag-
ship and bio-indicator species, in urban areas and schools gardens. Although small in size,
ponds promoted an holistic view about ecosystem structure and function, ecological succes-
sion, relationships between species and management through conservation strategies.

Supporting Information
S1 Appendix. Likert scale questions equally used in the pre- and post-project surveys for
the analysis of the five null hypotheses mentioned in the text.
(DOCX)

S2 Appendix. Data matrixes from the pre-project and post-project valid responses.
(XLSX)

Acknowledgments
This work was supported by Ciência Viva (Projecto Escolher Ciência—Investigadores na
Escola PEC99) and by Fundação para a Ciência e Tecnologia (SFRH/BD/73943/2010 PhD
grant to ES, SFRH/BPD/27173/2006 post-doc grant to JT and through CESAM RU: UID/
AMB/50017/2013). Thanks are also due, for the financial support to CESAM (UID/AMB/
50017/2013), to FCT/MEC through national funds, and the co-funding by the FEDER, within
the PT2020 Partnership Agreement and Compete 2020.

Author Contributions
Conceived and designed the experiments: ES AMR JT. Performed the experiments: ES JP. Ana-
lyzed the data: ES VQ AMR. Contributed reagents/materials/analysis tools: VQ. Wrote the
paper: ES AMR VQ JT.

References
1. Pinto-Cruz C, Barbosa AM, Molina JA, Espírito-Santo MD. Biotic and abiotic parameters that distin-

guish types of temporary ponds in a Portuguese Mediterranean ecosystem. Ecological Indicators.
2011; 11:1658–63.

2. Zacharias I, Dimitriou E, Dekker A, Dorsman E. Overview of temporary ponds in the Mediterranean
region: Threats, management and conservation issues. Journal of Environmental Bioogy. 2007; 28
(1):1–9.

3. Zacharias I, Zamparas M. Mediterranean temporary ponds. A disapearing ecosystem. Biodiversity
Conservation. 2010; 19:3827–34.

4. Céréghino R, Biggs J, Oertli B, Declerck S. The ecology of European ponds: defining the characteristics
of a neglected freshwater habitat. Hydrobiologia. 2008; 597:1–6.

Changing Attitudes toward Ponds through Environmental Education

PLOS ONE | DOI:10.1371/journal.pone.0154440 May 5, 2016 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0154440.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0154440.s002


5. Bagella S, Caria MC. Diversity and ecological characteristics o vascular flora in Mediterranean. Comp-
tes Rendus Biologies. 2012; 335:69–76. doi: 10.1016/j.crvi.2011.10.005 PMID: 22226165

6. Beja P, Alcazar R. Conservation of Mediterranean temporary ponds under agricultural intensification:
an evaluation using amphibians. Biological Conservation. 2003; 114:317–26.

7. Williams P, Whitfield M, Biggs J, Bray S, Fox G, Nicolet P, et al. Comparative biodiversity of rivers,
streams, ditches and ponds in an agricultural landscape in Southern England. Biological Conservation.
2004; 115:329–41.

8. Department of Trade and Industry. Excellence and Opportunity. A science and innovation policy for the
21st century. Executive summary. United Kingdom: Author; 2000.

9. Bord RJ, O’Connor RE, Fisher A. In what sense does the public need to understand global climate
change?. Public Understanding of Science 2000; 9:205–18.

10. Ferreira M, Beja P. Mediterranean amphibians and the loss of temporary ponds: Are there alternative
breeding habitats? Biological Conservation. 2013; 165:179–86.

11. Costa JC, Aguiar C, Capelo JH, LousãM, Neto C. Biogeografia de Portugal Continental. Querce-
tea1998. p. 5–56.

12. Ferreira A. “Caracterização de Portugal Continental”, Dados Geoquímicos de Base de Sedimentos Flu-
viais de Amostragem de Baixa Densidade de Portugal Continental: Estudo de Factores de Variação
Regional. 2000 28 January 2014; (cap2.pdf).

13. EPCN. The Pond Manifest. Oxford: European Pond Conservation Network, 2008.

14. The IUCN Red List of Threatened Species. Version 2014.3. Author. 2014. Available: http://www.
iucnredlist.org. Accessed 28 April 2015.

15. Gallant AL, Klaver RW, Casper GS, Lannoo MJ. Global Rates of Habitat Loss and Implications for
Amphibian Conservation. Copeia. 2007; 2007(4):967–79.

16. Sodhi NS, Bickford D, Diesmos AC, Lee TM, Koh LP, Brook BW, et al. Measuring the Meltdown: Drivers
of Global Amphibian Extinction and Decline. PLOSONE. 2008; 3(2):e1636. doi: 10.1371/journal.pone.
0001636 PMID: 18286193

17. Hof C, Araújo MB, Jetz W, Rahbek C. Additive threats from pathogens, climate and land-use change
for global amphibian diversity. Nature. 2011; 480:516–9. doi: 10.1038/nature10650 PMID: 22089134

18. Chanson J, Hoffmann M, Cox N, Stuart S. The State of theWorld’s Amphibians. Threatened Amphibi-
ans of theWorld. Barcelona/Gland/Arlington: Lynx Edicions/IUCN/Conservation International; 2008.
p. 33–52.

19. Ceriaco LMP. Human attitudes towards herpetofauna: The influence of folklore and negative values on
the conservation of amphibians and reptiles in Portugal. Journal of Ethnobiology and Ethnomedicine.
2012; 8:8. doi: 10.1186/1746-4269-8-8 PMID: 22316318

20. Armstrong JB, Impara JC. The impact of an environmental education program on knowledge and atti-
tude. The Journal of Environmental Education. 1991; 22:36–40.

21. Falk JH. Field trips: A look at environmental effects on learning. Journal of Biological Education. 1983;
17:137–42.

22. Miller JR. Biodiversity conservation and the extintion of experience. TRENDS in Ecology and Evolution.
2005; 20(8):430–4. PMID: 16701413

23. Kellert SR. The value of life: biological diversity and human society. Washington: Island Press; 1996.

24. Kellert SR. Public Perceptions of Predators, Particularly theWolf and Coyote. Biological Conservation.
1985; 31:167–89.

25. Kellert SR. Values and Perceptions of Invertebrates. Conservation Biology. 1993; 7(4):845–55.

26. Dunlap RE, Liere KDV, Mertig AG, Jones RE. Measuring Endorsement of the New Ecological Para-
digm: A Revised NEP Scale. Journal of Social Issues. 2000; 56(3):425–42.

27. Dunlap RE. The New Environmental Paradigm Scale: FromMarginality to Worldwide Use. The Journal
of Environmental Education. 2008; 40:1.

28. Manoli CC, Johnson B, Dunlap RE. Assessing Children’s Environmental Worldviews: Modifying and
Validating the New Ecological Paradigm Scale for UseWith Children. The Journal of Environmental
Education. 2007; 38(4):1–12.

29. Clarke KR, Gorley RN. PRIMER v6: User Manual/Tutorial. Plymouth: PRIMER-E; 2006.

30. Ballouard J-M, Brischoux F, Bonnet X. Children Prioritize Virtual Exotic Biodiversity over Local Biodiver-
sity. PLOS ONE. 2011; 6(8):e23152. doi: 10.1371/journal.pone.0023152 PMID: 21829710

31. Kollmuss A, Agyeman J. Mind the Gap: why do people act environmentally and what are the barriers to
pro-environmental behaviour? Environmental Education Research. 2002; 8(3):239–60.

Changing Attitudes toward Ponds through Environmental Education

PLOS ONE | DOI:10.1371/journal.pone.0154440 May 5, 2016 11 / 13

http://dx.doi.org/10.1016/j.crvi.2011.10.005
http://www.ncbi.nlm.nih.gov/pubmed/22226165
http://www.iucnredlist.org
http://www.iucnredlist.org
http://dx.doi.org/10.1371/journal.pone.0001636
http://dx.doi.org/10.1371/journal.pone.0001636
http://www.ncbi.nlm.nih.gov/pubmed/18286193
http://dx.doi.org/10.1038/nature10650
http://www.ncbi.nlm.nih.gov/pubmed/22089134
http://dx.doi.org/10.1186/1746-4269-8-8
http://www.ncbi.nlm.nih.gov/pubmed/22316318
http://www.ncbi.nlm.nih.gov/pubmed/16701413
http://dx.doi.org/10.1371/journal.pone.0023152
http://www.ncbi.nlm.nih.gov/pubmed/21829710


32. Jordan RC, Gray SA, Howe DV, BrooksWR, Ehrenfeld JG. Knowledge Gain and Behavioral Change in
Citizen-Science Programs. Conservation Biology. 2011; 25(6):1148–54. doi: 10.1111/j.1523-1739.
2011.01745.x PMID: 21967292

33. Tomazic I. The influence of direct experience on students' attitudes to, and knowledge about amphibi-
ans. Acta Biologica Slovenica. 2008; 51(1):39–49.

34. Tomazic I. Reported Experiences Enhance Favourable Attitudes Toward Toads. Eurasia Journal of
Mathematics, Science & Tecnhnology Education. 2011; 7(4):253–62.

35. Woods B. Beauty and the Beast: Preferences for animals in Australia. The Journal of Tourism Studies.
2000; 11(2):25–35.

36. Wagler R, Wagler A. External insect morphology: A negative factor in attitudes toward insects and likeli-
hood of incorporation in future science education settings. International Journal of Environmental & Sci-
ence Education. 2012; 7(2):313–25.

37. Prokop P, Fancovicová J. Does colour matter? The influence of animal warning coloration on human
emotions and willingness to protect them. Animal Conservation. 2013; 16:458–66.

38. Serpell J. Factors influencing human attitudes to animals and their welfare. Animal Welfare. 2004; 13:
S145–51.

39. Batt S. Human attitudes towards animals in relation to species similarity to humans: a multivariate
approach. Bioscience Horizons. 2009; 2(2):180–90.

40. Stokes DL. ThingsWe Like: Human Preferences among Similar Organisms and Implications for Con-
servation. Human Ecology. 2006; 35:361–9.

41. Ballouard J-M, Ajtic R, Balint H, Brito JC, Crnobrnja-Isailović J, Elmouden EL, et al. Schoolchildren and
One of the Most Unpopular Animals: Are They Ready to Protect Snakes? Anthrozoos. 2013; 26(1):93–
109.

42. Tomazic I. Pre-Service Biology Teachers’ and Primary School Students’ Attitudes Toward and Knowl-
edge about Snakes. Eurasia Journal of Mathematics, Science & Technology Education. 2011; 7
(3):161–71.

43. Knight AJ. ‘‘Bats, snakes and spiders, Oh my!” How aesthetic and negativistic attitudes, and other con-
cepts predict support for species protection. Journal of Environmental Psychology. 2008; 28: 94–103.

44. Prokop P, Özel M, Uşak M. Cross-Cultural Comparison of Student Attitudes toward Snakes. Society
and Animals. 2009; 17:224–40.

45. Ceríaco LMP, Marques MP, Madeira NC, Vila-Viçosa CM, Mendes P. Folklore and traditional ecologi-
cal knowledge of geckos in Southern Portugal: implications for conservation and science. Journal of
Ethbobiology and Ethnomedicine. 2011; 7:26.

46. Prokop P, Tunniclife SD. Effects of Having Pets at Home on Children's Attitudes toward Polpular and
Unpopular Animals. Anthrozoos. 2010; 23(1):21–35.

47. Lindemann-Mathies P. "Loveable" mammals and "lifeless" plants: how children's interest in common
local organisms can be enhanced through observation of nature. International Journal of Science Edu-
cation. 2005; 27(6):655–77.

48. Wandersee JH. Plants or animals—which do junior high school students prefer to study? Journal of
Research in Science Teaching. 1986; 23:415–26.

49. Fischer A, Young JC. Understanding mental constructs of biodiversity: Implications for biodiversity
management and conservation. Biological Conservation. 2007; 136:271–82.

50. Chawla L, Cushing DF. Education for strategic environmental behavior. Environmental Education
Research. 2007; 13(4):437–52.

51. Ajzen I. From intentions to actions: a theory of planned behaviour. Berlin, Germany: J. Kuhl & Beck-
mann; 1985.

52. Kaiser FG, Wölfing S, Fuhrer U. Environmental Attitude and Ecological Behaviour. Journal of Environ-
mental Psychology. 1999; 19:1–19.

53. Tanner C. Constrains on Environmental Behaviour. Journal of Environmental Psychology. 1999;
19:145–57.

54. Frey BS, Foppa K. Human behaviour: possibilities explain action. Journal of Sconomic Psychology.
1986; 7:137–60.

55. Hug JW. Exploring instructional strategies to develop prospective elementary teacher's children's litera-
ture book evaluation skills for science, ecology and environmental education. Environmental Education
Research. 2010; 16(3–4):267–382.

56. Kassas M. Environmental education: biodiversity. The Environmentalist. 2002; 22:345–51.

Changing Attitudes toward Ponds through Environmental Education

PLOS ONE | DOI:10.1371/journal.pone.0154440 May 5, 2016 12 / 13

http://dx.doi.org/10.1111/j.1523-1739.2011.01745.x
http://dx.doi.org/10.1111/j.1523-1739.2011.01745.x
http://www.ncbi.nlm.nih.gov/pubmed/21967292


57. Weelie DV, Wals A. Making biodiversity meaningful through environmental education. International
Journal of Science Education. 2002; 24(11):1143–56.

58. Lindemann-Mathies P. The Influence of an Educational Program on Children's Perception of Biodiver-
sity. The Journal of Environmental Education. 2002; 33(2):22–31.

Changing Attitudes toward Ponds through Environmental Education

PLOS ONE | DOI:10.1371/journal.pone.0154440 May 5, 2016 13 / 13


