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Abstract
This research analyzes the effect of the implementation of 
citizen science activities in the Environmental Education 
(EE) subject program of the Degree in Primary Education 
applying Experiential Learning Theory. Environmental 
Attitudes Inventory (EAI) was used to measure the change 
in environmental attitudes (EA) of 173 preservice teachers 
through a pre-test–post-test experimental design without 
a control group. Participation in the training program sig-
nificantly improved EA in the 12 dimensions defined in the 
EAI. Of the dimensions included in the second order factor 
Preservation, Enjoyment of nature reached the largest effect 
size and Environmental movement activism is the one that 
obtains the smallest effect size. With regard to Utilization, 
all dimensions presented a large effect size. No significant 
differences were found in EA based on the gender variable. 
It can be concluded that the incorporation of citizen sci-
ence activities in the EE program significantly improves EA.
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1  | INTRODUC TION

Environmental education (EE) aims to provide the knowledge and skills necessary to protect and improve the envi-
ronment for all living beings, provoking a cognitive, affective and behavioural change that allows human beings to 
maintain their lives and, at the same time, conserve nature (Hudson, 2001; Moseley et al., 2010). UNESCO, in the 
document The Contribution of early childhood education to a sustainable society, refers to the importance of starting 
this EE at an early age and continuing throughout life (Samuelsson & Kaga, 2008). In addition, starting EE at an 
early age allows children to develop fundamental knowledge about the environment at a scientific level (Moseley 
et al., 2010). To achieve this, it is necessary for preservice teachers to acquire this training so that they can transfer 
it to the classroom appropriately. Therefore, it is necessary for students to understand the environment as a whole 
made up of different systems and elements interconnected with each other (Liu & Lin, 2015). This can be achieved 
by working in educational contexts that allow improving environmental attitudes, since positive attitudes towards 
the environment play a key role that is linked to pro-environmental behaviour (Heimlich & Ardoin, 2008). It can 
also be argued that citizen science favours, on the one hand, the acquisition of environmental knowledge by 
promoting greater confidence in addressing environmental issues and, in addition, improves participants' environ-
mental attitudes (Ahi et al., 2017; Liu & Lin, 2015; Merenlender et al., 2016).

In this research, an activity program was designed for the subject of EE following the Experiential Learning 
Theory (ELT; Kolb, 1984; Kolb et al., 2000) that involves the participation of preservice teachers in citizen science 
activities. Subsequently, the change in environmental attitudes of the participants is measured. That is, this study 
aims to answer the following research question:

Does the implementation of a training program in EE that incorporates citizen science activities produce a 
positive change in the environmental attitudes of preservice teachers?

2  | THEORETIC AL FR AME WORK

2.1 | Environmental education

During the Intergovernmental Conference on Environmental Education, held in Tbilisi in 1977, it was pointed out that 
“the ultimate aim of EE is to enable people to understand the complexities of the environment and the need for na-
tions to adapt their activities and pursue their development in ways which are harmonious with the environment” 
(Hoffmann, 1978, p. 12), starting from an action- and problem-oriented approach, and adapting methodologies 
and materials to the needs of students. Thus, the objectives of EE were categorised into: awareness and sensitisa-
tion, knowledge, attitudes, skills to detect and solve problems, and citizen participation. A few years earlier, Stapp 
et al. (1969, p. 34), had already indicated as the objective of EE as “producing a citizenry that is knowledgeable 
concerning the biophysical environment and its associated problems, aware of how to help solve these problems, 
and motivated to work toward their solution”. Thus, EE must help to understand that the human being is an insepa-
rable part of a global system (human being, culture and biophysical environment) with the capacity to alter these 
relationships; and must provide an understanding of the biophysical environment, natural and artificial, as well as 
its role in today's society. EE also provides an understanding of existing problems and a motivation to solve the 
problems. From these first definitions, EE is not limited to the knowledge of the conceptualisation of the environ-
ment as the physical environment, but also includes the interactions between the different elements and existing 
systems. This orientation of the conceptualisation of the environment, as a set of systems and interactions that 
make life possible, is later reflected by UNESCO (Steele, 2010, p. 2) referring to the environment as “the product 
of both biophysical and social structures and processes, which we are a part of”. Thus, this EE must incorporate 
three dimensions (Türkoğlu, 2019): (1) EE as about environment; (2) EE as education in or through the environment; 
and (3) EE as education for the environment (Figure 1).
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In the case of preservice teachers and active teachers, it is of great importance that they have received ad-
equate EE so that they can transfer this knowledge, skills and attitudes to the classroom and have the ability to 
create quality teaching-learning sequences. These teaching-learning sequences in EE must be designed to meet 
the developmental needs of children and enable them to acquire environmental knowledge, skills and behaviours 
(Ahi et al., 2017; Liu & Lin, 2015). In addition, they have the capacity to adapt and reinvent EE and to innovate from 
the local to the general issues (Reid et al., 2021).

Therefore, EE is presented as something necessary for all citizens, considering that what is not known can-
not be taken care of. However, knowledge and even involvement in EE actions do not ensure a positive atti-
tude towards the environment and pro-environmental behaviour either (West, 2015). A great obstacle for EE 
lies precisely in the interdisciplinary and multidimensional concept of the environment (Ahi et al., 2017; Barraza 
& Cuarón, 2004; Mason & Langenheim, 1957). However, there is agreement on the importance of positive envi-
ronmental attitudes as precursors of pro-environmental behaviours (Bamberg & Möser, 2007; Liu et al., 2020).

2.2 | Environmental attitudes

Although attitude is a concept that admits various definitions depending on the psychological perspective with which 
it is approached (Crawley & Koballa, 1994; Zacharia, 2003), most researchers agree on the key aspect of the attitude 
construct as a tendency or internal state of the person. This tendency predisposes him/her towards favourable evalu-
ative responses, if the attitude is positive, or unfavourable ones if it is negative; that is, “a psychological tendency that 
is expressed by evaluating a particular entity with some degree of favor or disfavor” (Eagly & Chaiken, 1993, p. 1). 
According to the three-dimensional model (Breckler, 1984), these responses when evaluating the entity can be cogni-
tive (thoughts, knowledge, conceptions, stereotypes, tendencies, memories, ideas, convictions and beliefs), affective 
(favourable or unfavourable predisposition associated with this set, feelings of pleasure or displeasure) or behav-
ioural (decisions and actions of approach or distance around said object), as well as overt or covert. So that attitudes 

F I G U R E  1 The three dimensions of environmental education (Türkoğlu, 2019).
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influence people's responses towards some object, person or other aspects (Ajzen, 1989; Crawley & Koballa, 1994; 
Eagly, 1992). Although, currently, beyond the three-dimensional model, it is considered that affects, beliefs and be-
haviours are not a part of attitudes, but rather interact with them. Therefore, attitudes are considered as evaluative 
tendencies that can be inferred from and interact with affects, beliefs and behaviours (Albarracín et al., 2005); con-
sidering attitudes as evaluative reactions and interactions between these reactions (Dalege et al., 2016). In the field 
of environmental attitudes (EA), these could be defined, consequently, as a “psychological tendency expressed by 
evaluating the natural environment with some degree of favor or disfavor” (Milfont & Duckitt, 2010, p. 80). Following 
this contemporary approach to attitude structure, EA can be characterised through a multidimensional structure, with 
a horizontal structure or first-order factors and a vertical structure or second-order factors. Based on this concep-
tualisation, Milfont and Duckitt (2010) developed and validated the Environmental Attitudes Inventory (EAI), with a 
horizontal structure made up of 12 first-order factors or core dimensions, and a vertical structure made up of a single 
factor, Generalized Environmental Attitudes, or two correlated factors (Preservation, related to conservation and protec-
tion of the environment; and Utilization, related to the perception of mastery of the environment; Table 1).

In the EAI, these 12 scales or first-order factors contain a total of 120 items, 10 for each scale. Likewise, the 
authors developed other smaller versions, with 72 (EI-72) and 24 (EAI-24) items, the latter structurally validated by 
Ajdukovic et al. (2019). In this research, the EAI-24 has been used to analyse the change in environmental attitudes 
in preservice teachers. This questionnaire has been widely used in the scientific literature to analyse the change in 
EA with the incorporation of different methodological approaches in the EE programming of preservice teachers. 
Thus, for example, the use of problem-based learning (Kuvac & Koc, 2019), a transdisciplinary approach to EE in 
a literature subject (Martín-Ezpeleta et al., 2022), the participation in field work (Rachmatullah & Minsu, 2018) 
or carrying out literary activities of reading, analysis and creative writing of texts with an environmental theme 
(Martín-Ezpeleta & Echegoyen-Sanz, 2020). In this research, the participation and design of citizen science proj-
ects by preservice teachers were incorporated into the EE subject program.

2.3 | Citizen science

The term citizen science was coined by Irwin in 1995 to describe a type of collaboration between non-experts 
and specialist scientists around research. Thus, in the White Paper on Citizen Science for Europe (Serrano-Sanz 
et al., 2014) the term citizen science is associated with the participation of all types of people, regardless of their 

TA B L E  1 Multidimensional construction of environmental attitude (Milfont & Duckitt, 2010).

Second order factors First order factors

Preservation S1. Enjoyment of nature

S2. Support for interventionist conservation policies

S3. Environmental movement activism

S6. Environmental fragility

S8. Personal conservation behaviour

S11. Ecocentric concern

S12. Support for population growth policies

Utilisation S4. Conservation motivated by anthropocentric concern

S5. Confidence in science and technology

S7. Altering nature

S9. Human dominance over nature

S10. Human utilisation of nature
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training and profession, in activities related to scientific research. The participation of the people can be of various 
types or in different stages of the scientific process: from collecting data through observation and measurement, 
performing calculations and analysis, and even developing hypotheses or designing the methodology, to participa-
tion in the dissemination of the results. Thus, everyone can contribute to citizen science actions, which, for some 
authors, represents a democratic approach to science and scientific policies. This achieves the commitment of the 
people involved and causes changes in how people interact with each other and with the environment. The ef-
fect of citizen science on the participants is related to the improvement in scientific literacy (Bonney et al., 2009) 
and the improvement of positive attitudes towards science, also improving knowledge of environmental prob-
lems. Furthermore, citizen science participates in the achievement of the Sustainable Development Goals (SDG) 
because the data provided by the participants is useful to verify certain indicators of achievement of the SDG 
(Queiruga-Dios et al., 2020).

In this way, citizen science is assuming an increasingly important role as a tool for science and commitment 
to the environment and environmental management (Curtis,  2018), increasing the number of citizen science 
projects with the development of technologies, which facilitates the participation of people, the exchange of 
data and the dissemination of the projects and their results (Newman et  al., 2011). Furthermore, citizen sci-
ence has great educational potential aligned with the new non-university education curricula (Calvera-Isabal 
et  al.,  2023; Queiruga-Dios et  al.,  2020). Thus, environmental knowledge significantly affects environmental 
attitudes, which, in turn, affect environmental behavioural intention. However, to provoke behavioural changes 
related to environmental awareness, people need to find eco-friendly activities or specify how daily actions 
impact the environment (Liu et al., 2020).

3  | METHODOLOGY

3.1 | Context

The context of this research is in the subject of EE that is taught in the fourth year of the undergraduate Degree 
in Primary Education Teacher, according to the structure of the study plan at the University of Burgos. It is a 
semester subject, with an estimated student workload of 125 h. The contents of this subject are the following: 
knowledge of basic aspects of ecology and the environment (ecosystems, biodiversity, the Earth and its layers, 
the atmosphere and environmental problems), analysis of causes and consequences of environmental problems, 
research on environmental problems, and design of environmental projects for Primary Education students. 
Moreover, some of the teaching-learning objectives pursued by this subject are:

•	 Identify some problems that affect the environment, both locally and globally.
•	 Understand the interrelationship between society-science-nature and its implications in achieving a sustain-

able environment.
•	 Understand the interrelationship of environmental problems by analysing their causes and consequences and 

acquiring critical capacity to contribute and/or evaluate possible solutions.
•	 Design sequences of viable activities in the classroom working on EE in a transdisciplinary way.

The Theory of Experiential Learning was used to design the sequence of activities to be carried out as 
part of the EE program. The ELT focuses on learning through experience from an integrative perspective that 
combines experience, perception, cognition and behaviour (Kolb, 1984; Kolb et al., 2000). In this Experiential 
Learning, there are two key processes: experience and reflection on the experience (Dewey,  1938), so 
that students can develop solid theories that allow them to make decisions and solve problems. It is a dy-
namic vision of learning described as “a learning cycle driven by the resolution of the dual dialectics of 
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action/reflection and experience/abstraction” (Kolb & Kolb, 2009, p. 43), being present the experiential learn-
ing at all times of the activity. Thus, this model moves in a cycle of grasping experience, which includes 
Concrete Experience (CE) and Abstract Conceptualisation (AC); and transforming experience, with Reflective 
Observation (RO) and Active Experimentation (AE) (Lehane, 2020). ELT has been used as a pedagogical frame-
work for the design of activity sequences for scientific learning (Lehane, 2020) and in the field of EE (Moseley 
et al., 2020). Figure 2 represents the ELT model cycle designed in the process of this research, with a strong 
scientific focus.

In this way, in the implementation of the program and after the initial phase of presentation of the con-
tents, the focus of the subject was oriented towards citizen science. Thus, students actively participated in 
citizen science projects taking data on pollution indicators (CE), analysed the data and submitted it to debate, 
comparing the results between the groups and with what was found in searches in the scientific literature (RO). 
Figure 3 shows the future teachers on a field trip while participating in the citizen science project Plastic Pirates 
(https://​www.​plast​ic-​pirat​es.​eu) that studies pollution, and the type of plastics and microplastics present in 
surrounding rivers.

Subsequently, through collective debate, conclusions were obtained (AC). Following the same dynamic, they 
also participated in the citizen science project Vigilantes del suelo [Soil Watchers] (https://​vigil​antes​delsu​elo.​es/​). In 
this case, participants took data on indicators of the state of soil health and interpreted the results.

Lastly, as a final activity, the students, in teams of four individuals, had to design a citizen science project that 
they could later implement in their future classroom with Primary students (AC). As part of the design of this cit-
izen science project, students had to think about what environmental aspects they wanted to address and what 
environmental parameters they needed to study (for example, in the case of the Plastic Pirates project, the main 
goal was about analysing the type of waste found, its location and the size and quantity of the particles) and how 
data on these parameters would be collected, or what would be the origin of the polluting agent and what would 
be the consequences produced in the environment. All this considering that it must be a realistic plan that can be 
implemented in the future with Primary Education students and that involves young students so that the educa-
tional benefits of participation in a citizen science project (López-Iñesta et al., 2022; Queiruga-Dios et al., 2020). 
In summary, the workflow in the EE subject can be seen in Figure 4.

F I G U R E  2 ELT model cycle focused on scientific practices adapted from Lehane (2020).
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3.2 | Sample

Convenience sampling was used for the selection of the sample. The study sample was made up of 173 students, 
138 girls and 35 boys from the Degree in Primary Education Teacher at the University. This research is based on 
the quantitative approach and has pre-test–post-test research design.

3.3 | Instruments

All the participants were informed of the objectives of the study, and they provided their full permission for the 
case study to be published. The EAI-24 was used to collect data (Milfont & Duckitt, 2010) for the measurement of 
environmental attitudes before and after the implementation of the learning program. The questionnaire uses a 
7-point Likert-type scale, ranging from 1 (strongly disagree) to 7 (strongly agree).

3.4 | Data analysis

A before-and-after quasi-experimental design without a control group was applied. Data analysis was done by 
using the SPSS v.25 statistics package, which calculated the mean, the standard deviation, skewness, kurtosis, 
t-student and the Cohen's d coefficient. Skewness and kurtosis absolute values lower than 2 and 7, respectively, 
indicated no significant deviations from normality (West et al., 1995). Levene's test confirmed that in all cases the 
variances between the groups are equal (p > .05). Subsequently, the t-test for independent samples was carried 
out in order to know the influence of the gender variable. To know the effect of the designed intervention pro-
gram, a t-student test for related samples was carried out (Hernández-Sampieri et al., 2015) and the effect size 
was calculated (Cohen's d), taking into account that d between 0.2 and 0.3 represents a small effect value; d = 0.5 
means a medium effect value; and d ≥ 0.8 represents a large effect value (Cohen, 1992).

F I G U R E  3 Preservice teachers participating in the citizen science project Plastic Pirates. (a) Waste pickup. 
(b) Separation and classification of waste. (c) Data generation. (d) Waste sample.

(a) (b) (c) (d)

F I G U R E  4 Workflow of the environmental education subject.
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4  | RESULTS

The results of the descriptive analysis (mean, standard deviation, skewness and kurtosis) for each first-order and 
second-order factor, both for the pre-test and the post-test, can be seen in Table 2.

The values of skewness and kurtosis are less than 2 and 7, respectively, in absolute value, so the distribution 
does not deviate significantly from normality (West et al., 1995). Likewise, the average scores for the scales in-
cluded in Preservation increase after the intervention and those of Utilization decrease. Thus, assuming the nor-
mality of the sample, the t-student test for independent samples was used to compare the mean scores based on 
gender (Table 3).

In order to analyse the change in environmental attitudes in the students, the t-test for related samples was 
carried out between the results of the pre-test and the post-test. In addition, the d-Cohen was obtained. The 
results are shown in Table 4.

The result of the intervention shows a significant difference between the results of the pre-test and the 
post-test in all the dimensions of the EAI. Concerning the first order factors, there is a significant change in 
S1(t(172) = 13.46; p < .00001), with an effect size of d = 0.93. In the scales corresponding to Utilization, in which 
the effect size is large: S4 returns t(172) = −10.85, p < .00001 and d = 1.05; for S5. t(172) = −19.35, p < .00001 and 
d = 1.90; for S7, t(172) = −25.17; p < .00001 and d = 1.90; for S9, t(172) = −13.52, p < .00001 and d = 0.96; and for 
S10, t(172) = −20.84; p < .00001 and d = 1.77. Regarding to the second-order factors, while for Preservation a me-
dium effect size was obtained (d = 0.56), for Utilization the effect size was larger (d = 2.87).

5  | DISCUSSION

This research shows the programming of an EE subject for preservice teachers that incorporates the three dimen-
sions that this type of training should seek: education about the environment, through the environment and for 
the environment (Türkoğlu, 2019). In the design of the program, a learning sequence has been defined following 

TA B L E  2 Descriptive statistics for the first- and second-order factors of the EAI pre-test–post-test, including 
the values corresponding to Preservation (P) and Utilisation (U).

Dimensions

Pre-test Post-test

Mean SD Skewness Kurtosis Mean SD Skewness Kurtosis

P 5.17 0.64 −0.16 0.54 5.46 0.45 0.32 0.37

S1 5.35 0.86 −0.18 0.74 6.05 0.62 −0.18 0.19

S2 5.43 0.82 −0.24 0.65 5.73 0.68 −0.04 −0.23

S3 5.24 0.80 −0.47 0.85 5.36 0.69 0.04 0.44

S6 5.28 0.78 0.36 −0.12 5.53 0.72 0.33 −0.29

S8 5.50 0.87 −0.73 2.55 5.73 0.77 −0.34 0.70

S11 5.57 0.87 −0.87 2.89 5.81 0.77 −0.42 0.82

S12 3.67 0.86 0.20 0.19 4.01 0.94 0.45 0.02

U 3.20 0.43 0.25 0.49 2.17 0.27 −0.06 0.54

S4 2.88 0.90 0.48 0.78 2.09 0.58 −0.01 −0.08

S5 3.73 0.67 0.26 −0.63 2.52 0.61 −0.71 −0.25

S7 3.50 0.71 0.19 −0.23 2.23 0.63 −0.22 −0.60

S9 2.55 0.74 0.35 −0.39 1.95 0.47 −0.16 1.60

S10 3.31 0.78 0.35 −0.16 2.07 0.62 0.11 0.09
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the ELT guidelines, combining experience, perception, cognition and behaviour (Kolb, 1984; Kolb et al., 2000). 
So that, based on experimentation in field activities, analysis and data collection, the student groups could draw 
conclusions. In each part of the process, there was feedback between groups and with the teaching staff to obtain 

TA B L E  3  t-test for independent samples for gender for first- and second-order factors.

Dimensions

Pre-test Post-test

t df p t df p

P −0.38 171 .705 −0.11 171 .909

S1 −0.41 .683 −0.12 .907

S2 −1.39 .166 −0.42 .677

S3 0.83 .409 0.42 .673

S6 −0.07 .944 0.11 .915

S8 −0.35 .730 −0.62 .540

S11 −0.43 .670 0.08 .469

S12 −0.16 .872 0.04 .968

U 0.92 .989 0.16 .874

S4 1.91 .357 0.08 .939

S5 −0.09 .932 0.07 .948

S7 1.22 .223 0.27 .790

S9 −0.71 .480 −0.25 .803

S10 −0.27 .791 0.13 .896

Note: The results show that there are no significant differences based on the gender variable (p < .05) neither in the 
pre-test nor in the post-test.
p < .05.

TA B L E  4  t-test results for paired samples on pre-test and post-test, and effect size.

Dimensions T df p d

P 12.88 172 <.00001 0.56

S1 13.46 <.00001 0.93

S2 5.93 <.00001 0.40

S3 3.94 .00012 0.16

S6 5.71 <.00001 0.33

S8 6.41 <.00001 0.28

S11 5.50 <.00001 0.29

S12 6.54 <.00001 0.38

U −33.19 <.00001 2.87

S4 −10.85 <.00001 1.05

S5 −19.35 <.00001 1.90

S7 −25.17 <.00001 1.90

S9 −13.52 <.00001 0.96

S10 −20.84 <.00001 1.77

Abbreviations: d, Cohen's d; df, degrees of freedom; p, p-value; t, t-test statistics.
p < .05.
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conclusions and reflections on environmental problems. Thus, participation in citizen science activities was taken 
as a real context to carry out the field trips, among whose benefits for the participants are changes in interactions 
with the environment and improvement in knowledge of environmental problems (Bonney et al., 2009; Queiruga-
Dios et al., 2020). Based on the field trips, the students designed their citizen science project for future application 
with young Primary students, promoting quality EE at an early age since this design addresses the dimensions of 
education about, in and for the environment, with an action- and problem-oriented approach (Hoffmann, 1978; 
Moseley et al., 2010; Türkoğlu, 2019). To do this, university students had to conduct their own research, which 
was also subsequently exposed and defended, receiving feedback from classmates and teachers, thus closing the 
ELT learning cycle (Lehane, 2020). This approach is aligned with the vision of UNESCO (2021) indicating that EE 
must be a key component of educational curricula in 2025, and preservice teachers play a key role in this transfer 
(Reid et al., 2021).

Moreover, ELT and the development of outdoor field trips can be considered the basis for lifelong learning. It 
changes students' beliefs about the environment, as they improve their knowledge by interacting with the social, 
cultural, and physical environments around them. This study finds that ELT is an effective model for designing 
outdoor EE programs. Using ELT encourages collaborative practices, enhancing EE's effectiveness. By improving 
interactions between formal and informal educators within the ELT framework, outdoor field trips can become 
more comprehensive experiential learning experiences, thereby enhancing student learning (Moseley et al., 2020).

The research results show a significant improvement in environmental attitudes, with a medium effect size 
(d = 0.56) for the second-order factor Preservation, but a large effect size (d = 2.87) for Utilization. Thus, it could be 
indicated that, as a result of the application of the EE program, students have improved scores related to the need 
to preserve nature in its natural state and protect it against the use and alteration of human beings. However, 
the biggest change has occurred in Utilization, that is, the students, after the intervention, consider that it is less 
correct to take advantage of nature and modify it for human purposes. Related to this dimension, large effect sizes 
have been obtained in Conservation motivated by anthropocentric concern (d = 1.05). Therefore, after the educa-
tional intervention, students perceive that environmental policies must prioritise the well-being of nature. Large 
values were obtained for several factors, such as Confidence in science and technology (d = 1.90), that is, science and 
technology can repair and avoid environmental problems; Altering nature (d = 1.90), that is, the environment must 
be preserved in its original state; Human dominance over nature (d = 0.96), that is, the human being is not above 
nature; and Human utilization of nature (d = 1.77), that is, environmental protection is a priority over economic 
development. However, in some studies preservice teachers were reluctant to prioritise nature conservation over 
economic development (Kuvac & Koc, 2019). Regarding the Preservation scales, one of the factors presented a 
large effect size, Enjoyment of nature (d = 0.93), indicating a better attitude of students towards spending time in 
nature after the educational intervention.

Moreover, there is a dimension that has had the smallest effect size: Environmental movement activism 
(d = 0.16). Despite having produced a significant change, which indicates that the effect produced by the ed-
ucational intervention has not excessively enhanced the attitude towards environmental activism, in terms 
of getting involved in organised environmental actions. Nevertheless, this is in line with the fact that pro-
environmental attitudes are not necessarily associated with a high degree of involvement in environmental 
activities (Carmona et al., 2021).

With respect to the gender variable, no significant differences have been found in environmental attitudes 
in any of its dimensions either before or after the educational intervention. However, in the scientific litera-
ture, several studies have been found in which the results show differences depending on the gender variable 
(Bergman, 2016; Domingues & Gonçalves, 2020; Fremerey & Bogner, 2015; Martín-Ezpeleta et al., 2022; Sutton 
& Gyuris, 2015; Tikka et al., 2010), but no significant differences were found in other studies according to gender 
(Carmona et al., 2021). This discrepancy in the results could be due to cultural and social differences between 
the samples participating in each investigation. On the one hand, EE is currently the objective of educational 
programs and as a consequence EA could tend to become homogenised (Carmona et al., 2021). However, many 
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of the research consulted are very recent studies, so more research should be carried out aimed at shedding light 
in this sense and determining if there really are differences in EA based on the gender variable or if there is any 
additional variable associated with it.

The authors want to highlight the benefits of incorporating citizen science in the EE training of preservice 
teachers. In addition to the improvement in the EA of the participants, citizen science projects are often designed 
by research institutions that support the development of the activities, so that the participants are collaborating 
in a global project in which data is obtained from different locations (López-Iñesta et al., 2022; Queiruga-Dios 
et al., 2020). At the same time, through the activities designed in the training program, preservice teachers acquire 
the ability to transfer this active EE to their future students through innovation and reinvention, thus responding 
to the call of the 3R: reimagine, recreate and restore EE (Reid et al., 2021).

In addition to the benefits that have been identified for both teachers and students, the training of EE 
leadership is another consequence of training preservice teachers, because they will be trainers in the fu-
ture. Governments need to incorporate EE leadership into different statements, and this can start by schools. 
Implementing EE requires additional work from school' directors and adequate support from policy makers 
(Gan, 2021).

6  | CONCLUSIONS

This research addresses the gap in the scientific literature on how the participation of preservice teachers in citi-
zen science projects improves the environmental attitudes of participants. But, at the same time, it incorporates 
the methodological keys for its integration into the curriculum of the EE subject, which could be the origin of a 
EE framework.

It has been proven how the incorporation of citizen science activities into EE programs significantly improves 
the EA of preservice teachers. Thus, citizen science can result in a key factor that allows the reinvention and 
updating of EE based on the analysis of specific environmental issues that affect the local community, and local 
communities in other locations, and that allow participants to acquire the knowledge of environmental problems 
as a global issue. In this sense, the recommendations for educational authorities are aimed at studying the creation 
of structures that favour the implementation of citizen science programs for the EE. This should be provided for all 
people and, in particular, for preservice teachers, as well as the creation of frameworks that favour research about 
the results of their implementation. This will also favour the transfer of programs related to the environment and 
citizen science to university education, given the educational potential that they are revealing in non-university 
and non-formal education.

EE must be part of the policy; otherwise, the environment will not be fully integrated into school agendas. 
The concept of EE leadership needs practical implications, such as promoting the implementation of EE in schools 
and the development of a sustainable vision that embraces the principles of sustainability and EE. It is important 
to identify the role of EE as a tool to achieve educational goals, a tool to address the environmental crisis, and a 
means to achieve both goals.

Particular attention should be given to the critical role that today's preservice teachers will play, as they 
will be responsible for the education of a significant proportion of young people in the future. Teachers play 
a key role in effective EE in the classroom and can influence children and youth's worldviews and attitudes, 
their interactions with the environment, their participation in decision-making, and their ability to make in-
formed and responsible decisions. If teachers (or preservice teachers) lack knowledge, skills, or commitment, 
they are unlikely to succeed as leaders of environmental change in schools and produce environmentally 
literate students.

If teachers, as role models, are aware of the need to care for the environment, their students will be too. 
According to this research, it is crucial that future teachers reflect in their behaviour what they learn in EE classes. 
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Therefore, they should be trained as EE leaders and promote the idea that nature does not need people, people 
need nature. For a deeper understanding, the projects to be developed can include various activities that help 
future teachers find solutions to reduce environmental pollution.

As future avenues of research lines and with the purpose of reinforcing the results of this research, it would 
be advisable to carry out longitudinal studies to analyse the quality of the EE of the teachers participating in this 
program, when working with children at schools, and, also analyse the results of this education on the youngest 
students. The students participating in this research were preservice teachers and the research has been devel-
oped in the subject of EE. However, authors believe, and this is also a future line of research, that due to the large 
number of topics and themes covered by citizen science projects, as well as its practical and applied nature, citizen 
science can be incorporated into many other university studies. A citizen science project could even be developed 
between different subjects and/or different degrees or different universities so that citizen science would be in-
tegrated into the curricula. Incorporating citizen science into university curricula could also provide a framework 
for addressing the SDG.

AUTHOR CONTRIBUTIONS
MAQD and MDO designed the research. MAQD and MDO designed and implemented the educational program 
and citizen science activities. MDO and MQD conducted the data analysis. MDO wrote the first draft of the manu-
script. All authors contributed to manuscript writing, read and approved the final manuscript.

ACKNOWLEDG EMENTS
The Plastic Pirates—Go Europe! has received funding from the European Union's Horizon Europe research 
and innovation programme under grant agreement no. 10108882. The initiative is coordinated by the German 
Aerospace Center Project Management Agency. The content reflects the opinion of its authors and does not in 
any way represent the opinions of the European Union. The European Commission is not responsible for any use 
that may be made of the information contained. Piratas del Plástico [Plastic Pirates] has also received support from 
the Spanish Foundation for Science and Technology (FECYT) of the Ministry of Science and Innovation and the 
Ministry of Universities under grant agreement FCT-22-18156. Vigilantes del Suelo [Soil Watchers] is a social sci-
ence communication project, promoted jointly by the Ibercivis Foundation and the Aragon Agri-Food Research 
and Technology Center (CITA) and has the collaboration of the Spanish Foundation of Science and Technology 
FECYT—Ministry of Science and Innovation (grant agreement FCT-22-18723). The present study is part of the 
doctoral thesis of María Diez-Ojeda, with the title “Didactic approaches for teaching Environmental Education: 
incorporating citizen science in the Didactics of Experimental Sciences”.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare that there are no conflicts of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on request from the corresponding author. The data 
are not publicly available due to privacy or ethical restrictions.

ORCID
María Diez Ojeda   https://orcid.org/0000-0002-1075-3079 
Marián Queiruga-Dios   https://orcid.org/0000-0002-9476-9376 
Miguel Ángel Queiruga-Dios   https://orcid.org/0000-0001-5444-123X 

T WIT TER
Miguel Ángel Queiruga-Dios   queiruga 

 14653435, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejed.12746 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [14/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-1075-3079
https://orcid.org/0000-0002-1075-3079
https://orcid.org/0000-0002-9476-9376
https://orcid.org/0000-0002-9476-9376
https://orcid.org/0000-0001-5444-123X
https://orcid.org/0000-0001-5444-123X
https://www.twitter.com/queiruga


    |  13 of 16DIEZ OJEDA et al.

R E FE R E N C E S
Ahi, B., Balci, S., & Alisinanoğlu, F. (2017). Exploring Turkish preservice teachers' mental models of the environment: Are 

they related to gender and academic level? The Journal of Environmental Education, 48(3), 182–195. https://​doi.​org/​10.​
1080/​00958​964.​2016.​1267102

Ajdukovic, I., Gilibert, D., & Fointiat, V. (2019). Structural confirmation of the 24-item Environmental Attitude Inventory/
Confirmación estructural del Inventario de Actitudes Ambientales de 24 ítems. PsyEcology, 10(2), 184–216. https://​
doi.​org/​10.​1080/​21711​976.​2019.​1586140

Ajzen, I. (1989). Attitude structure and behavior. In A. R. Pratkanis, S. J. Breckler, & A. G. Greenwald (Eds.), Attitude struc-
ture and function (pp. 241–274). Lawrence Elbaum Associates, Inc.

Albarracín, D., Zanna, M. P., Johnson, B. T., & Kumkale, G. T. (2005). Attitudes: Introduction and scope. In D. Albarracín, 
B. T. Johnson, & M. P. Zanna (Eds.), The handbook of attitudes (pp. 3–19). Lawrence Erlbaum.

Bamberg, S., & Möser, G. (2007). Twenty years after Hines, Hungerford, and Tomera: A new meta-analysis of psycho-
social determinants of pro-environmental behaviour. Journal of Environmental Psychology, 27(1), 14–25. https://​doi.​
org/​10.​1016/j.​jenvp.​2006.​12.​002

Barraza, L., & Cuarón, A. D. (2004). How values in education affect children's environmental knowledge. Journal of 
Biological Education, 39(1), 18–23. https://​doi.​org/​10.​1080/​00219​266.​2004.​9655949

Bergman, B. G. (2016). Assessing impacts of locally designed environmental education projects on students' environmen-
tal attitudes, awareness, and intention to act. Environmental Education Research, 22(4), 480–503. https://​doi.​org/​10.​
1080/​13504​622.​2014.​999225

Bonney, R., Cooper, C. B., Dickinson, J., Kelling, S., Phillips, T., Rosenberg, K. V., & Shirk, J. (2009). Citizen science: A de-
veloping tool for expanding science knowledge and scientific literacy. Bioscience, 59(11), 977–984. https://​doi.​org/​
10.​1525/​bio.​2009.​59.​11.​9

Breckler, S. J. (1984). Empirical validation of affect, behavior, and cognition as distinct components of attitude. Journal of 
Personality and Social Psychology, 47(6), 1191–1205. https://​doi.​org/​10.​1037/​0022-​3514.​47.6.​1191

Calvera-Isabal, M., Santos, P., & Hernández-Leo, D. (2023). Towards citizen science-inspired learning activities: The Co-
design of an exploration tool for teachers following a human-centred design approach. International Journal of Human 
Computer Interaction, 40(14), 3805–3826. https://​doi.​org/​10.​1080/​10447​318.​2023.​2201554

Carmona, B., Loureiro, A., & Aguilar-Luzón, M. C. (2021). Environmental Action Scale: Psychometric properties of 
the Portuguese version (Escala de Acciones Ambientales: Propiedades psicométricas de la versión portuguesa). 
PsyEcology, 12(1), 24–44. https://​doi.​org/​10.​1080/​21711​976.​2020.​1851877

Cohen, J. (1992). A power primer. Psychological Bulletin, 112(1), 155–159. https://​doi.​org/​10.​1037/​0033-​2909.​112.1.​155
Crawley, F. E., & Koballa, T. R. (1994). Attitude research in science education: Contemporary models and methods. Science 

Education, 78, 35–55. https://​files.​eric.​ed.​gov/​fullt​ext/​ED337​351.​pdf
Curtis, V. (2018). Online citizen science and the widening of academia. Palgrave Macmillan. https://​doi.​org/​10.​1007/​978-​3-​

319-​77664​-​4
Dalege, J., Borsboom, D., van Harreveld, F., van den Berg, H., Conner, M., & van der Maas, H. L. J. (2016). Toward a for-

malized account of attitudes: The Causal Attitude Network (CAN) model. Psychological Review, 123(1), 2–22. https://​
doi.​org/​10.​1037/​a0039802

Dewey, J. (1938). Experience and education. MacMillan.
Domingues, R. B., & Gonçalves, G. (2020). Assessing environmental attitudes in Portugal using a new short version of the 

environmental attitudes inventory. Current Psychology, 39, 629–639. https://​doi.​org/​10.​1007/​s1214​4-​018-​9786-​x
Eagly, A. H. (1992). Uneven progress: Social psychology and the study of attitudes. Journal of Personality and Social 

Psychology, 63(5), 693–710. https://​doi.​org/​10.​1037/​0022-​3514.​63.5.​693
Eagly, A. H., & Chaiken, S. (1993). The psychology of attitudes. Harcourt Brace Jovanovich College.
Fremerey, C., & Bogner, F. X. (2015). Cognitive learning in authentic environments in relation to green attitude prefer-

ences. Studies in Educational Evaluation, 44, 9–15. https://​doi.​org/​10.​1016/j.​stued​uc.​2014.​11.​002
Gan, D. (2021). Environmental education leadership–the perceptions of elementary school principals as expressed in 

their drawings and explanations. Environmental Education Research, 27(10), 1440–1466. https://​doi.​org/​10.​1080/​
13504​622.​2021.​1959899

Heimlich, J. E., & Ardoin, N. M. (2008). Understanding behavior to understand behavior change: A literature review. 
Environmental Education Research, 14(3), 215–237. https://​doi.​org/​10.​1080/​13504​62080​2148881

Hernández-Sampieri, R., Fernández-Collado, C., & Baptista-Lucio, P. (2015). Metodología de la investigación (5th ed.). 
McGraw-Hill Interamericana.

Hoffmann, A. H. (1978). The intergovernmental conference on environmental education, held in Tbilisi, USSR, 14–26 
October 1977. Environmental Conservation, 5(2), 153–154. https://​unesd​oc.​unesco.​org/​ark:/​48223/​​pf000​0032763

Hudson, S. J. (2001). Challenges for environmental education: Issues and ideas for the 21st century: Environmental edu-
cation, a vital component of efforts to solve environmental problems, must stay relevant to the needs and interests of 

 14653435, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejed.12746 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [14/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1080/00958964.2016.1267102
https://doi.org/10.1080/00958964.2016.1267102
https://doi.org/10.1080/21711976.2019.1586140
https://doi.org/10.1080/21711976.2019.1586140
https://doi.org/10.1016/j.jenvp.2006.12.002
https://doi.org/10.1016/j.jenvp.2006.12.002
https://doi.org/10.1080/00219266.2004.9655949
https://doi.org/10.1080/13504622.2014.999225
https://doi.org/10.1080/13504622.2014.999225
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.1037/0022-3514.47.6.1191
https://doi.org/10.1080/10447318.2023.2201554
https://doi.org/10.1080/21711976.2020.1851877
https://doi.org/10.1037/0033-2909.112.1.155
https://files.eric.ed.gov/fulltext/ED337351.pdf
https://doi.org/10.1007/978-3-319-77664-4
https://doi.org/10.1007/978-3-319-77664-4
https://doi.org/10.1037/a0039802
https://doi.org/10.1037/a0039802
https://doi.org/10.1007/s12144-018-9786-x
https://doi.org/10.1037/0022-3514.63.5.693
https://doi.org/10.1016/j.stueduc.2014.11.002
https://doi.org/10.1080/13504622.2021.1959899
https://doi.org/10.1080/13504622.2021.1959899
https://doi.org/10.1080/13504620802148881
https://unesdoc.unesco.org/ark:/48223/pf0000032763


14 of 16  |    DIEZ OJEDA et al.

the community and yet constantly adapt to the rapidly changing social and technological landscape. Bioscience, 51(4), 
283–288. https://​doi.​org/​10.​1641/​0006-​3568(2001)​051[0283:​CFEEIA]​2.0.​CO;​2

Kolb, A. Y., & Kolb, D. A. (2009). Experiential learning theory: A dynamic, holistic approach to management learning, 
education and development. In S. J. Armstrong & C. V. Fukami (Eds.), The SAGE handbook of management learning, 
education and development (pp. 42–68). SAGE. https://​doi.​org/​10.​4135/​97808​57021​038.​n3

Kolb, D. A. (1984). Experiential learning: Experience as the source of learning and development. Prentice-Hall.
Kolb, D. A., Boyatzis, R. E., & Mainemelis, C. (2000). Experiential learning theory: Previous research and new di-

rections. In R. J. Sternberg & L. F. Zhang (Eds.), Perspectives on cognitive, learning, and thinking styles. Lawrence 
Erlbaum.

Kuvac, M., & Koc, I. (2019). The effect of problem-based learning on the environmental attitudes of preservice science 
teachers. Educational Studies, 45(1), 72–94. https://​doi.​org/​10.​1080/​03055​698.​2018.​1443795

Lehane, L. (2020). Experiential learning—David A. Kolb. In B. Akpan & T. J. Kennedy (Eds.), Science education in theory and 
practice: An introductory guide to learning theory (pp. 241–257). Springer Texts in Education, Springer. https://​doi.​org/​
10.​1007/​978-​3-​030-​43620​-​9_​17

Liu, P., Teng, M., & Han, C. (2020). How does environmental knowledge translate into pro-environmental behaviors? The 
mediating role of environmental attitudes and behavioral intentions. Science of the Total Environment, 728, 138126. 
https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​138126

Liu, S. C., & Lin, H. S. (2015). Exploring undergraduate students' mental models of the environment: Are they related to 
environmental affect and behavior? The Journal of Environmental Education, 46(1), 23–40. https://​doi.​org/​10.​1080/​
00958​964.​2014.​953021

López-Iñesta, E., Queiruga-Dios, M. Á., García-Costa, D., & Grimaldo, F. (2022). Citizen science projects: An opportunity 
for education in scientific literacy and sustainability. Metode Science Studies Journal, 12, 33–39. https://​doi.​org/​10.​
7203/​metode.​12.​17824​

Martín-Ezpeleta, A., Martínez-Urbano, P., & Echegoyen-Sanz, Y. (2022). Let's read green! A comparison between ap-
proaches in different disciplines to enhance preservice teachers' environmental attitudes. Environmental Education 
Research, 28(6), 886–906. https://​doi.​org/​10.​1080/​13504​622.​2022.​2050186

Martín-Ezpeleta, A. L., & Echegoyen-Sanz, Y. (2020). Actitudes medioambientales de maestros en formación en el aula de 
literatura. Profesorado, Revista de Currículum y Formación del Profesorado, 24(1), 184–202. https://​doi.​org/​10.​30827/​​
profe​sorado.​v24i1.​8504

Mason, H. L., & Langenheim, J. H. (1957). Language analysis and the concept “environment”. Ecology, 38(2), 325–340. 
https://​doi.​org/​10.​2307/​1931693

Merenlender, A. M., Crall, A. W., Drill, S., Prysby, M., & Ballard, H. (2016). Evaluating environmental education, citizen 
science, and stewardship through naturalist programs. Conservation Biology, 30(6), 1255–1265. https://​doi.​org/​10.​
1111/​cobi.​12737​

Milfont, T. L., & Duckitt, J. (2010). The environmental attitudes inventory: A valid and reliable measure to assess the 
structure of environmental attitudes. Journal of Environmental Psychology, 30(1), 80–94. https://​doi.​org/​10.​1016/j.​
jenvp.​2009.​09.​001

Moseley, C., Desjean-Perrotta, B., & Utley, J. (2010). The draw-an-environment test rubric (DAET-R): Exploring pre-
service teachers' mental models of the environment. Environmental Education Research, 16(2), 189–208. https://​doi.​
org/​10.​1080/​13504​62090​3548674

Moseley, C., Summerford, H., Paschke, M., Parks, C., & Utley, J. (2020). Road to collaboration: Experiential learn-
ing theory as a framework for environmental education program development. Applied Environmental Education & 
Communication, 19(3), 238–258. https://​doi.​org/​10.​1080/​15330​15X.​2019.​1582375

Newman, G., Graham, J., Crall, A., & Laituri, M. (2011). The art and science of multi-scale citizen science support. Ecological 
Informatics, 6(3–4), 217–227. https://​doi.​org/​10.​1016/j.​ecoinf.​2011.​03.​002

Queiruga-Dios, M. Á., López-Iñesta, E., Diez-Ojeda, M., Sáiz-Manzanares, M. C., & Vázquez Dorrío, J. B. (2020). Citizen 
science for scientific literacy and the attainment of sustainable development goals in formal education. Sustainability, 
12(10), 4283. https://​doi.​org/​10.​3390/​su121​04283​

Rachmatullah, A., & Minsu, H. A. (2018). Does experiencing fieldwork strengthen or dampen Indonesian preservice biology 
Teachers' attitude and self-reported behavior towards environment? Journal of Turkish Science Education, 15(2), 39–53.

Reid, A., Dillon, J., Ardoin, N., & Ferreira, J. A. (2021). Scientists' warnings and the need to reimagine, recreate, and re-
store environmental education. Environmental Education Research, 27(6), 783–795. https://​doi.​org/​10.​1080/​13504​
622.​2021.​1937577

Samuelsson, I. P., & Kaga, Y. (2008). The contribution of early childhood education to a sustainable society. UNESCO. https://​
unesd​oc.​unesco.​org/​ark:/​48223/​​pf000​0159355

Serrano-Sanz, F., Holocher-Ertl, T., Kieslinger, B., Sanz García, F., & Silva, C. G. (2014). White paper on citizen science for 
Europe. https://​ec.​europa.​eu/​futur​ium/​en/​system/​files/​​ged/​socie​ntize_​white_​paper_​on_​citiz​en_​scien​ce.​pdf

 14653435, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejed.12746 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [14/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1641/0006-3568(2001)051%5B0283:CFEEIA%5D2.0.CO;2
https://doi.org/10.4135/9780857021038.n3
https://doi.org/10.1080/03055698.2018.1443795
https://doi.org/10.1007/978-3-030-43620-9_17
https://doi.org/10.1007/978-3-030-43620-9_17
https://doi.org/10.1016/j.scitotenv.2020.138126
https://doi.org/10.1080/00958964.2014.953021
https://doi.org/10.1080/00958964.2014.953021
https://doi.org/10.7203/metode.12.17824
https://doi.org/10.7203/metode.12.17824
https://doi.org/10.1080/13504622.2022.2050186
https://doi.org/10.30827/profesorado.v24i1.8504
https://doi.org/10.30827/profesorado.v24i1.8504
https://doi.org/10.2307/1931693
https://doi.org/10.1111/cobi.12737
https://doi.org/10.1111/cobi.12737
https://doi.org/10.1016/j.jenvp.2009.09.001
https://doi.org/10.1016/j.jenvp.2009.09.001
https://doi.org/10.1080/13504620903548674
https://doi.org/10.1080/13504620903548674
https://doi.org/10.1080/1533015X.2019.1582375
https://doi.org/10.1016/j.ecoinf.2011.03.002
https://doi.org/10.3390/su12104283
https://doi.org/10.1080/13504622.2021.1937577
https://doi.org/10.1080/13504622.2021.1937577
https://unesdoc.unesco.org/ark:/48223/pf0000159355
https://unesdoc.unesco.org/ark:/48223/pf0000159355
https://ec.europa.eu/futurium/en/system/files/ged/socientize_white_paper_on_citizen_science.pdf


    |  15 of 16DIEZ OJEDA et al.

Stapp, W. B., Bennett, D., Bryan, W., Fulton, J., MacGregor, J., Nowak, P., … Havlick, S. (1969). The concept of environmen-
tal education. Journal of Environmental Education, 1(1), 30–31. http://​www.​hidde​ncorn​er.​us/​html/​PDFs/​The_​Conce​
pt_​of_​EE.​pdf

Steele, R. (2010). Reorienting teacher education to address sustainable development: Guidelines and tools environmental pro-
tection. UNESCO. https://​unesd​oc.​unesco.​org/​ark:/​48223/​​pf000​0189062

Sutton, S. G., & Gyuris, E. (2015). Optimizing the environmental attitudes inventory: Establishing a baseline of change in 
students' attitudes. International Journal of Sustainability in Higher Education, 16(1), 16–33. https://​doi.​org/​10.​1108/​
IJSHE​-​03-​2013-​0027

Tikka, P. M., Kuitunen, M. T., & Tynys, S. M. (2010). Effects of educational background on students' attitudes, activity 
levels, and knowledge concerning the environment. The Journal of Environmental Education, 31(3), 12–19. https://​doi.​
org/​10.​1080/​00958​96000​9598640

Türkoğlu, B. (2019). Opinions of preschool teachers and pre-service teachers on environmental education and environ-
mental awareness for sustainable development in the preschool period. Sustainability, 11(18), 4925. https://​doi.​org/​
10.​3390/​su111​84925​

UNESCO. (2021). Learn for our planet: A global review of how environmental issues are integrated in education. UNESCO. 
https://​unesd​oc.​unesco.​org/​ark:/​48223/​​pf000​0377362

West, S. E. (2015). Understanding participant and practitioner outcomes of environmental education. Environmental 
Education Research, 21(1), 45–60. https://​doi.​org/​10.​1080/​13504​622.​2013.​879695

West, S. G., Finch, J. F., & Curran, P. J. (1995). Structural equation models with nonnormal variables: Problems and reme-
dies. In R. H. Hoyle (Ed.), Structural equation modeling: Concepts, issues, and applications (pp. 56–75). Sage.

Zacharia, Z. (2003). Beliefs, attitudes, and intentions of science teachers regarding the educational use of computer 
simulations and inquiry-based experiments in physics. Journal of Research in Science Teaching, 40(8), 792–823. https://​
doi.​org/​10.​1002/​tea.​10112​

AUTHOR BIOG R APHIE S

María Diez Ojeda (MDO): training in Experimental and Didactic Sciences, she is a Wastewater Management 
Engineer in Aquatic Ecotechnology, Master's Degree in Compulsory Secondary Education Teacher and a 
Bachelor's Degree, Doctor in Experimental Sciences, Environmental Science and Engineering, and a PhD can-
didate in the Education program. She works as a trainer at various educational levels and has developed and 
collaborated in projects and associations to promote the teaching of science in an experimental way available 
to all through her personal project, “real science program”, in which she develops projects, design of didactic 
sequences and teaching, with the aim of learning experimental sciences and educational robotics. Coordinator 
of projects such as Science Saturdays, generating scientific vocations in boys and girls, with students of the 
Primary Teaching degree. She is a collaborator and researcher in different projects such as BOTSTEM Robotics 
and STEM education for children and primary schools, Gender equality in scientific subjects-technological: 
comparative analysis in students participating in STEM teaching. She is currently also an associate professor 
in the Department of Specific Didactics of the University of Burgos and a professor with the title of STEAM 
University Expert with Programming and Educational Robotics.

Marián Queiruga-Dios (MQD) obtained her PhD at the Pontifical University of Salamanca. She is currently 
an Assistant Professor and mentor at the Francisco de Vitoria University. She is the head of research at 
the Institute of Accompaniment at that university and has published several papers in the fields of so-
cial responsibility, active methodologies, and personal competences through educational innovation. Her 
recent papers are related to different mentoring or accompaniment programs in Spanish universities, to 
the impact and acquisition of competences through project-based learning, to assessment methods for 
service-learning in Engineering degrees or game-based learning. She has participated in several teach-
ing innovation projects, and she is currently participating in the Erasmus+ project GIRLS (Generation for 
Innovation, Resilience, Leadership and Sustainability. The game is on!), which involves eight institutions 
from four different countries.

 14653435, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejed.12746 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [14/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.hiddencorner.us/html/PDFs/The_Concept_of_EE.pdf
http://www.hiddencorner.us/html/PDFs/The_Concept_of_EE.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000189062
https://doi.org/10.1108/IJSHE-03-2013-0027
https://doi.org/10.1108/IJSHE-03-2013-0027
https://doi.org/10.1080/00958960009598640
https://doi.org/10.1080/00958960009598640
https://doi.org/10.3390/su11184925
https://doi.org/10.3390/su11184925
https://unesdoc.unesco.org/ark:/48223/pf0000377362
https://doi.org/10.1080/13504622.2013.879695
https://doi.org/10.1002/tea.10112
https://doi.org/10.1002/tea.10112


16 of 16  |    DIEZ OJEDA et al.

Miguel Ángel Queiruga-Dios (MAQD). Degree in Physics from the University of Salamanca and Doctor 
in Physics Teaching from the University of Burgos. He linked to European projects: Scientix, Erasmus+, 
Europeana, PLATON, STEM Alliance and EU Code Week Leading Teacher. Coordinator of many projects with 
students creating team content, encouraging participation, posing problems and solving them; offering his 
students the possibility of obtaining different experiences based on effort and essential in society. This effort 
has led many of the teams of students and teachers to obtain prizes and distinctions in national and interna-
tional educational competitions, in addition to the publication of several books and magazines. He is a member 
of the Board of Directors of the Royal Spanish Physical Society (Division of Teaching and Dissemination of 
Physics). He has received an Acierta recognition (Confederation of Scientific Societies of Spain) and the in-
ternational recognition Global Teacher Awards, and recently the Prize of Teaching and Dissemination of the 
Physics Foundation BBVA-RSEF. At present, he is a PhD Assistant Professor in the Department of Specific 
Didactics at the University of Burgos. He has worked on the development of the Royal Decree of Education 
(LOMLOE) for the disciplines of Physics and Chemistry.

How to cite this article: Diez Ojeda, M., Queiruga-Dios, M., & Queiruga-Dios, M. Á. (2024). Changing Spanish 
preservice teachers' environmental attitudes with a citizen science program integrated in Environmental 
Education subject. European Journal of Education, 59, e12746. https://doi.org/10.1111/ejed.12746

 14653435, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejed.12746 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [14/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/ejed.12746

	Changing Spanish preservice teachers' environmental attitudes with a citizen science program integrated in Environmental Education subject
	Abstract
	1  |  INTRODUCTION
	2  |  THEORETICAL FRAMEWORK
	2.1  |  Environmental education
	2.2  |  Environmental attitudes
	2.3  |  Citizen science

	3  |  METHODOLOGY
	3.1  |  Context
	3.2  |  Sample
	3.3  |  Instruments
	3.4  |  Data analysis

	4  |  RESULTS
	5  |  DISCUSSION
	6  |  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	TWITTER
	REFERENCES


