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Abstract 

 
There is a consensus that the content of education for sustainability should be 
integrated into the curriculum, engaging students in activities that promote awareness 
and practice of sustainability. To achieve this goal, it is essential to adopt a student-
centered approach that involves creative, stimulating, and challenging activities. This 
research reports a case study in which 8th grade students had the opportunity to 
develop these types of activities. Field activities were conducted on a local river 
combined with a game-based task focused on the role of benthic macroinvertebrates in 
ecosystems. These activities enabled collaborative learning and the social construction 
of knowledge, which are pivotal for more sustainable education. It should be noted that 
students learned how to collect, observe, describe, organize, and classify species to 
make inferences about water quality. The main issue we intended to address was how 
to improve and integrate scientific activities into the students’ curriculum to foster a 
more sustainable education. The specific research questions were put forward: a) Do 
the implemented activities instigate collaboration for a more sustainable education? b) 
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Do the implemented activities increase scientific curiosity and develop critical thinking 
and attitudes? c) Do the implemented activities increase students’ knowledge 
concerning aquatic resources, such as benthic invertebrates? The results confirmed the 
important role of student-centred activities, in this particular case fieldwork and game-
based tasks, in the development of knowledge and scientific thinking skills, which could 
be scaffolded through feedback, rewards and flow states. This study provides a more 
holistic perception of local river ecosystems, their role in improving environmental 
attitudes, and promoting a more sustainable science education.  
 
Keywords: Active learning, education for sustainability, fieldwork, game-based task. 
 

Introduction 
 

Education for sustainable development is therefore defined as a “holistic and 
transformational education that addresses learning content and outcomes, pedagogy 
and the learning environment” (Rieckmann, 2017). Expanding the horizons of both 
educators and learners is essential to guarantee sustainable development within 
educational establishments (Briede & Drelinga, 2020). 

Teaching transcends merely guiding students through activities or lessons within 
the confines of a closed classroom door. Instead, it should be regarded as collaborative 
work taking place across the entire school environment, involving cooperation among 
educators (UNESCO, 2021), mainly for the implementation of environmental 
educational programs targeting young students to contribute to a future generation of 
scientifically literate and environmentally conscious citizens. The development and 
implementation of environmental education activities in schools are also crucial for 
intellectual growth. Furthermore, environmental education enhances awareness of 
environmental problems and promotes students’ behavioral change.  

In the current era, it is challenging to find pristine habitats due to increased 
anthropogenic pressure on the environment (Steg & Vlek, 2009). The global growth of 
the human population, intensive agriculture, and increased industrialization have 
resulted in negative impact on the quality of the environment, particularly on aquatic 
resources (M. M. Azevedo, 2008; Merian & Clarkson, 1991). That is why it is of 
fundamental importance to invest in environmental education regarding the defense of 
aquatic resources. Believing that knowledge is a prerequisite for action, before 
individuals can intentionally act on a particular environmental issue, they must be 
conscious of the existence of that problem (Hines et al., 1987). 

Since river pollution is a great problem, we designed and implemented an activity 
for 8th grade students to determine water quality of a local river, using benthic 
macroinvertebrates. In collaboration with a scientist, we designed a field activity 
followed by a game-based task. The combination of the two activities allows students 
to learn how to collect, organize, and classify the species to make inferences about 
water quality, which are central practices to ensure the sustainability of their learning.  

This study aims to engage students in real-life environmental problems and put 
them in contact with scientists and scientific methodology mainly related to fieldwork 
and taxonomy. Benthic macroinvertebrates have been used as bioindicators of water 
quality since the 1980s (Coimbra et al., 1996). These organisms possess characteristics 
that allow them to react to environmental changes simultaneously and over long term 
(Rosenberg, 1992). Benthic macroinvertebrates have several advantages as 
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bioindicators. They are abundant, relatively easy and inexpensive to collect. They 
constitute heterogeneous communities present in the majority of aquatic habitats, 
displaying different sensitivities to pollutants and reacting quickly. Additionally, they 
have long life cycles that allow for observation of temporal changes caused by external 
disturbances and predominantly sedentary, reflecting the effect of pollutants in a 
restricted area (Metcalfe‐Smith, 1994; Platts et al., 1982). These organisms are 
taxonomically well-defined and relatively easy to identify using simple and appropriate 
identification keys. Taxonomic determination at the family level is a reliable indicator 
of environmental conditions (Graça & Ferreira, 1995).   

The activities followed active learning methodologies that included fieldwork, 
game-based tasks, collaboration, peer review, discussion, problem-solving using real 
data, and practical work. Bonwell and Eison (1991) define active learning as 
“instructional activities involving students in doing things and thinking about what they 
are doing”. According to several other studies, active learning strategies increase 
students’ performance and retention (Freeman et al., 2014; Marques et al., 2021). 
Several works emphasized the pertinence of active learning strategies (H. Azevedo et 
al., 2022; M. M. Azevedo et al., 2012; Marques et al., 2021; Sé et al., 2008) mainly 
problem-based learning (Khoo, 2005; Marques et al., 2021; Parikh et al., 2001; Prince 
et al., 2005). Some other works (H. Azevedo et al., 2022; Costa & Rangachari, 2009) 
highlight the importance of students’ collaboration, discussions, and sharing opinions 
to build knowledge. In this line of thought, Tripp and co-authors (2020) also revealed 
the importance of collaborative work between students as they exchange expertise.   

Fieldwork is considered an important tool to improve student attitudes and clearly 
has a positive influence on students’ knowledge (Yıldırım & Şen, 2019). These authors 
hypothesized that fieldwork activities within the school context could be an important 
additional resource for academic success and, more importantly, an effective 
instrument for raising awareness of environmental topics. Additionally, fieldwork is 
important for the development of students’ epistemic practices as they could be 
engaged in significant actions within the context of scientific production and develop 
scientific thinking skills (Kelly & Licona, 2018). Scientific thinking skills must be 
scaffolded via educational and cultural tools, such as feedback, rewards, and flow states 
that could be fostered by challenges and games (Morris et al., 2013). According to these 
authors, “scientific thinking encompasses the set of reasoning and problem-solving 
skills involved in generating, testing, and revising hypotheses or theories” (Morris et al., 
2013, p.2).  

Studies (e.g., Furtak & Kunter, 2012) highlight that fieldwork induces intrinsic 
motivation linked to students’ active and engaged behaviors. Furthermore, hands-on, 
and out-of-class education improve students’ interests, scientific inquiry skills, 
autonomy, and understanding of scientific concepts (M. M. Azevedo et al., 2013; M. M. 
Azevedo et al., 2012; M. M. Azevedo et al., 2020; Khoo, 2005). Finally, providing students 
with autonomy is an additional factor contributing to an increase in their motivation 
(Fonseca et al., 2012).  

Regarding the use of game-based tasks in educational contexts, it is considered a 
strategy for increasing student engagement (Dichev & Dicheva, 2017). This refers to the 
application of elements present in games in other activities outside the usual contexts, 
with great potential in education and training (Deterding et al., 2011; Kapp, 2012), as it 
generates levels of involvement like those achieved during games (Fardo, 2014) and 
promotes higher levels of motivation. The game elements that are considered to have 
high potential in an educational context include complying with rules, establishing clear 
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objectives, rewarding achievements through scoring systems or trophies (reward and 
return system), and presenting challenges, developing actions according to levels of 
difficulty to stimulate performance. 

Game-based tasks have a positive impact on students’ productive engagement, as 
they cand improve specific skills (e.g., observation, data organization, found patterns, 
argumentation, teamwork, among others), which optimize students’ learning (Smiderle 
et al., 2020). Other studies (Ivala et al., 2013) also claim that motivation and 
engagement in learning tasks are the main drivers for the adoption of this kind of 
strategies, since they make learning more attractive, captivating, and consequently 
more effective (Yıldırım & Şen, 2019). According to Fleischman and Ariel (2016), this 
effectiveness arises from the fact that instant and frequent feedback assumes an 
important role in students’ autonomy and self-regulation, leading to positive outcomes. 

Regarding the main topic of this case study, the activities developed are aligned 
with two of the 17 Sustainable Development Goals defined in 2015 by the United 
Nations, namely the objectives number 4 and 12: Quality Education and Sustainable 
Production and Consumption, respectively (Rieckmann, 2017). The activities carried 
out in this study provided a fresh and innovative perspective on sustainable 
environmental education and were conducted using active learning strategies such as 
fieldwork, experimental activities (visualization and manipulation of benthic 
macroinvertebrates), problem-based learning (PBL), gamification, active discussion, 
critical analysis, collaborative work, and creation of visual representations.  

Given this theoretical foundation, our primary objective is to enhance and 
integrate scientific activities into the students’ curriculum, aiming to promote a more 
sustainable approach to education. Besides the fact that this case study is focused on 
the implementation of field activities and gamed-based tasks, and their role in the 
development of students’ knowledge and competences, we also intend to provide 
empirical foundations for school and classroom approaches that can foster a 
meaningful education for sustainability mainly through collaboration among students, 
teachers and scientists. The specific research questions are as follows: a) Do the 
implemented activities instigate collaboration for a more sustainable education? b) Do 
the implemented activities increase scientific curiosity and develop critical thinking 
and attitudes? c) Do the implemented activities increase students’ knowledge 
concerning aquatic resources, such as benthic invertebrates?  
 

Methodology and Methods 
 

The schematic description of this case study is presented in Figure 1. In a real-life 
scenario, students had the opportunity for learning about the procedures of sampling 
collection and preservation of the natural initial state of the ecosystem. Also, they 
performed some important scientific practices, such us observation and description, 
identification of species using dichotomous keys and formulating hypotheses about the 
quality of the river water. During the second part of the activity, through the gamed-
based tasks, the biologist “transported” again into the river context and expanded their 
knowledge about classification of species and water quality. This was important to 
systematize the concepts and consolidate some important scientific practices related to 
data organization, found patterns, argumentation, teamwork, and validation of 
knowledge produced.  
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Figure 1 
Project Flowchart – Schematic Description of the In-Class Activity 

 
The activities performed with the students included three steps: first, an invited 

biologist performed a lecture about benthic macroinvertebrates and their effect on 
ecosystems; then, the students went to a branch of a local river, located at the city park, 
near the school, and performed field activities such as collection of water samples and 
observation of the presence/absence of biological indicators. Finally, in the classroom, 
the students were proposed to play a board game with cards, simulating the river 
conditions in order to extend students’ knowledge about the topic of biological 
indicators and also about taxonomy. Each session was developed as described further 
in the paper.   

 
Description of Work Sessions  
The first session of this work was performed by the biologist (a co-author of this 

study) during a Natural Science class with the presence of the science teacher 
(Figure 2). Students from two 8th grade classes attended the class activity namely 
“Benthic Macroinvertebrates: Bioindicators of Water Quality”. 
 
Figure 2 
Lecture About “Benthic Macroinvertebrates: Bioindicators of Water Quality” 
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During the exploration and discussion of PowerPoint presentation and video, the 
students had the opportunity to become familiar with native plant species and 
characteristics of Portuguese riverbanks and riverbeds, recognizing their importance 
for river ecosystems. They also delved into what benthic macroinvertebrates are, i.e., 
small animals that mostly correspond to larval forms of insects and live associated with 
the bottom of the river or aquatic vegetation. Students learned about 
macroinvertebrates’ lifecycle and morphological adaptations. In this stage, students 
had the opportunity to visualize and manipulate benthic macroinvertebrates, like the 
ones presented in Figure 3, which are two exuvias of benthic macroinvertebrates 
specimens (dragonflies). It was discussed that these living beings, in addition to being 
crucial for the river’s food chain, are bioindicators of water quality, as many of these 
organisms are sensitive to pollution and other environmental changes. Thus, through 
active discussion and observation of Petri dishes containing benthic macroinvertebrate 
exoskeletons (exuviae), the students learned that these small animals help to assess 
water quality in rivers. 
 
Figure 3 
Exuvias of Benthic Macroinvertebrates Specimens (Dragonflies): Boyeria irene (Family 
Aeshnidae) and Cordulegaster boltonii (Family Cordulegastridae) 
 

 
 

For second work session, a river branch near the school was selected because it 
was easy to access the riverbed, as well as safety conditions were ensured. Also, the 
environmental condition and level of anthropic intervention were the criteria for the 
selection of this river branch. The students were equipped with appropriate clothing 
(i.e., water boots; fisherman’s suits with chest-high pants for going into the water). They 
also had their own fishing net for capture, like those used for aquarium, and buckets to 
collect the samples (Figure 4).  
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Figure 4 
Several Moments During the Field Activity 
 

 
 

The students were invited to observe the surroundings of the river section, looking 
for native riparian species, macrophytes, and any kind of human activity (e.g., sewer 
pipes, industries, houses). The students were able to identify some native riparian 
species, applying in nature what they learned in the classroom. This interpretation 
allowed for a conversation between the students and the biologist about the importance 
of riparian vegetation and macrophytes as a food source and hiding places for 
macroinvertebrates, as well as the consequences of human activities on the stream’s 
health. 

The biologist explained to the students the working methodology and adopted the 
following protocol: 1) Students collect macroinvertebrates at the provided location in 
the river, using sampling techniques explained at school during the first session; 2) 
students carefully store the macroinvertebrates collected in a tray/aquarium full of 
water; 3) students examine macroinvertebrates under a magnification glass and with 
the assistance of an identification guide, identify the orders of macroinvertebrates; 4) 
students proceed to count the different species; 5) students classify the water quality 
using the available tables; 6) after the observations, all the macroinvertebrates 
collected are to be released back into the river. Sampling has minimal impact on the 
resident biota and rapid assessment protocols were used to qualitatively characterize 
the resource under evaluation, i.e., to establish a score indicating the state of water 
quality. The students utilized an adapted Biological Monitoring Working Party (BMWP) 
table, scored by Alba-Tercedor and Sánchez-Ortega (1988), to evaluate water quality in 
the field. This table allows for quick and simple identification of macroinvertebrates 
based on their Order rather than their Family. Although this adapted scoring system is 
less accurate than the BMWP score, it provided the students with a basic understanding 
of water quality evaluation procedures through macroinvertebrates, which was crucial 
for the third working session, a game-based activity. The most commonly collected 
species were Water Boatmen (Order: Hemiptera), Mayflies (Order: Ephemeroptera), 
Stoneflies, Dragonflies (Order: Odonata), and Caddisflies (Order: Trichoptera). 
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After identification and registration of the collected macroinvertebrates, the 
students assessed the water quality. In this case, they used the simplified BMW, and the 
water quality was qualified as very clean. The reasons justifying this classification were 
discussed with the students. For example, there is a stretch of rapids with a small 
waterfall in the river, so the water is stirred and aerated, which enhances its freshness; 
the samples were collected in the early spring, and the flow is still strong; and the river 
branch was recently rehabilitated using nature-based solutions, such as planting 
willows along the banks.During the third working session, the biologist with the 
presence of the science teacher developed a game-based activity “Classification of 
Water Quality” based on the presence or absence of bioindicators. During this activity, 
a challenge was proposed using a board game (see Figure 5).  
 
Figure 5 
Results From the Board Game Performed Collaboratively (task and score not translated) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The biologist who mediated this activity created a didactic game to determine the 
quality of the water and evoked details and information from the observations made by 
the students during the field activity to the local river. For the implementation of the 
board game, the students were divided into groups of approximately five students and 
received ten cards. Each group had a “real-life simulation” of a stream sampling, with 
different species. Each card represented a family of benthic macroinvertebrates, 



Education for Sustainability Through Field Activities and Game Based Tasks                 127 
 

 

according to the table of BMWP used during the fieldwork with the score system 
published by Alba-Tercedor and Sánchez-Ortega (1988). Working collaboratively, the 
students needed to complete the table according to the cards distributed, based on the 
presence/absence of benthic macroinvertebrate families. Each family was only counted 
once (regardless of the number of specimens), and the points shown in the table were 
assigned. 

Each order has different families with distinct sensitivity/tolerance to pollution 
ranging from 1 (very tolerant) to 10 (very sensitive). After completing the table and 
assigning the correct score to each image (family), students made the final sum. The 
sum obtained rated the water quality of the river section of each group according to the 
scale: I > 150, Very clean water (101–120), non-contaminated water; II (61–100), Some 
contamination effects are evident; III (36–60), Contaminated waters; IV (16–35), Highly 
contaminated waters; V <16, Heavily contaminated waters (Alba-Tercedor & Sánchez-
Ortega, 1988).  
 
Figure 6 
Image From the Table Used by the Students During the Collaborative Task 
 

 
 

Study Design 
This is a qualitative research based on a case study (Cohen et al., 2002), involving 

two classes of 8th grade students (13–15 years old) who participated in activities using 
fieldwork and a gamification approach, where students faced some challenging tasks. 
However, quantitative methods such as questionnaires were also used.  

 
Participants and Context 
The activities that lead to this case study were developed during the school year 

of 2020/2021 and involved thirty-nine 8th grade students (21 male and 18 female) 
from a public low secondary school. This group was selected, since their science 
curriculum includes global issues such as ecosystem protection and management. The 
study was approved by the school management and conducted as part of the activities 
developed at the school STEM Club. 

 
Data Collection and Research Methods  
The students were asked to write a small testimonial and/or produce a visual 

representation about the activities implemented. They also filled a grid for self-
assessment of their knowledge concerning the topic, before and after the activities. 
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Furthermore, the students filled out a pre-validated questionnaire (Poels et al., 2007) 
to evaluate their degree of satisfaction and attitudes towards the tasks proposed.  

The research methods were the following: i) Content analysis (Krippendorff, 
2004) of students’ testimonials collected after the activities; ii) student’s self-
assessment about their achievements, before and after the activities, adopting a Likert 
Scale, where the students expressed their knowledge about the use of bioindicators to 
evaluate the water quality from “None” to “Very Good”; iii) Questionnaire adapted from 
Poels et al. (2007) that assessed the students’ experiences and attitudes towards the 
activities, mainly the ones related with the game-based task proposed.  

These triangulation approaches enhance reliability of the research findings and 
provide a more comprehensive understanding. By combining qualitative (content 
analysis) and quantitative (self-assessment and questionnaires) approaches, we intent 
to achieve diverse perspectives and reduce method bias. This approach enriched the 
analysis and ensured more robust and credible conclusions. Triangulation mitigates 
biases, confirms findings through multiple lenses, and offers a detailed view of the 
impact of educational activities on students’ knowledge and attitudes. 

The results of the content analysis allowed collecting evidence regarding the 
students’ perceptions about pedagogical strategy, students’ knowledge, motivation, and 
development of 21st-century competencies, such as creativity, critical thinking, and 
communication. Also, the triangulation with the grid used for students’ self-assessment 
confirmed the acquisition of knowledge. The results from the questionnaire about 
psychological aspects (Poels et al., 2007) allowed for the identification of the students’ 
feelings, motivations, and engagement in the activity, mainly during the game-based 
task. Content analysis of the students’ testimonials, questionnaires, and results from the 
students’ self-assessment (pre- and post-activity) provided more insights to answer the 
research questions. 

 
Results 

 
According to the students’ self-assessment, before and after the activities, it is 

possible to infer learning gains. As Figure 7 highlights, the number of students who 
increased their knowledge is considerable. After the activity, all students confirmed 
that they increased their knowledge concerning the topic of benthic 
macroinvertebrates, their roles in ecosystems concerning water quality. A progressive 
knowledge gain was observed throughout the study.  

At the end of the activities, the number of students who self-assessed their 
knowledge as “Good” and “Very Good” increased substantially (Figure 7).  

After the sessions, the students wrote about their perceptions/opinions about the 
work sessions and expressed their thoughts, feelings, and ideas. The content analysis of 
the students’ testimonials allowed for identification of some categories that emerged 
from the data. The content analysis was data-driven, and the research team identified 
important categories concerning motivation, engagement, feelings, perception of the 
pedagogical strategy, student learning, critical thinking, and creativity.  
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Figure 7 
Students’ Self-Assessment (Pre- and Post-Activity) 
 

 
 

The results of the content analysis are presented in Table 1 along with a brief 
description and some examples from the students’ writing testimonials. Some students 
complemented their writing with drawings and visual representations. The content of 
the drawings and visual representations are presented in Table 2, which also allows us 
to infer about students’ knowledge, since some of them are illustrations of the benthic 
macroinvertebrate species. The students elaborated figurative representations of the 
river and its landscapes, and more abstract representations such as a sectional view of 
the river highlighting the ecosystem and their biodiversity. This last representation 
includes some magnification and the “visualization” of the bioindicator species in the 
river. However, some students included drawings of other species, even not related 
with benthonic macroinvertebrates.  

These drawings are important to understand students’ misconceptions about 
benthonic macroinvertebrates and their use to evaluate water quality, since they are 
not in line with the topic of the activity. Moreover, the students’ draws and visual 
representations showed a positive perception of the river’s ecosystem and biodiversity. 
The illustrations of the fly (Diptera) and a ladybug (Coleoptera) allow understanding 
that in some cases there are some misconceptions that persist. Although ladybugs are 
not considered benthic macroinvertebrates, it shows that the students acquired the 
concept related with order Coleoptera as benthic macroinvertebrates families (e.g., 
Haliplidae). 

After analyzing the questionnaire, the first factor that emerged was “Sensory and 
Imaginative Immersion” (Table 3).  The results obtained were very positive since the 
mean value for all the tested items was above 3.0 (ranging between 3.13 and 3.72). 
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Table 1 
Content Analysis: Results and Examples from Students’ Testimonials 
 

Categories Description Examples from students’ testimonials 

Motivation Expression of 
enthusiasm to learn and 
appreciation about the 
work developed.  

“The activity was 5 stars”; “This class was great”; “It 
was very interesting to go to the river and the game 
was fantastic”; “The game was fantastic/spectacular”; 
“It was an incredible experience being at the river”; “I 
was motivated that have someone else to teach us”; “I 
found that the names of benthic macroinvertebrates 
are very funny”; “These activities should be done more 
often in schools”. 

Engagement  Refers to the degree of 
attention, curiosity, 
interest, optimism, and 
passion. 

“I was very engaged in the work”; “The contents were 
very interesting”; “I was very enthusiastic about the 
river activity”; “I really enjoyed the group work”; “My 
team was fantastic”; “I really enjoyed seeing and 
manipulate the benthic macroinvertebrates”; “The 
game was fun”. 

Students’ 
feelings  

Expressions of 
happiness, amusement, 
excitement, satisfaction, 
joy, contentment. 

“I felt happy”; “It was very funny”; “I really enjoyed this 
activity”. 

Perception 
about 
pedagogical 
strategy 
(game) 

Students understanding 
about context, 
resources, teacher 
language and actions, 
etc. 

“The game was very realistic and was like being in the 
river again”; “Field work allowed us to learn some 
methods”; “The contents were transmitted in a very 
clear way”; “With the game I felt familiar with the 
contents discussed in the river”; “I didn’t think the 
rivers were so complex”; “The strategies used were 
very interesting”; “The PowerPoint presentation, the 
photos and the questions done during the activities 
helped me to understand”; “The game was very 
important since allowed to know if we had noticed the 
matter”; “The game allows testing the knowledge 
transmitted”. 

Student 
learning  

Students’ perceptions 
about abilities, skills, 
achievements, attitudes, 
among others.  
 

“I learned to classify river waters as to their purity”; “I 
learned more about rivers, the animals that live there 
and their functions”; “I learned how I can use living 
beings to classify river waters”; “The activity made me 
aware of the importance of rivers and the need for 
their preservation”; “I found that I have a lot to learn”; 
“I learned many things that I was not aware”. 

Critical 
analysis 

Recognition of the 
importance of the 
epistemic pathway from 
practices to theories. 

“Science should start by manipulation and practical 
activities, and then move on to theory”. 

Creativity Students expressed 
their thoughts through 
artistic production, 
demonstrating different 
levels of abstraction and 
conceptual 
understanding. 

The evidence from this category is expressed in the 
students’ drawings (see Table 3). 
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The second factor that emerged was termed “Tension” (Table 3). The item loadings 
ranged between 0.13 and 1.00, and the mean value was 0.44. The minimum values were 
never observed for this category.  
 
Table 2 
Students’ Visual Representations 
 

Categories Students’ visual representations 
Illustrations of 
macroinvertebrates species 
not related to the activity.  
This could be understood as 
students’ low achievement 
about the topic, or even some 
misconceptions.  
 

 

Figurative representations of 
river and river landscapes.  
This representation includes 
the representation of 
macroinvertebrates on the 
water, but the level of 
abstraction and cognition is 
low.  

 

Sectional view of the river 
with representation of 
ecosystem and biodiversity, 
including macroinvertebrates.  
This representation includes 
some abstraction and 
magnification of some species.  
 

 

 
For the third category analyzed “Competence”, four items were selected (Table 3). 

All the items had factor loadings above 3.0, with loadings ranging from 3.03 to 3.25, 
which is demonstrative of the skills developed. 

For the fourth category “Flow”, five items were selected (Table 3).  The results 
obtained are very positive, since the mean attained was 2.8. Only the item “I forgot 
everything around me” was less scored, the mean was 1.72. 
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Table 3 
Results for All Categories of Psychological Effects Regarding the Activities 
 

Category Questions Mean  
(question) 

SD 
(question) 

Min 
(question) 

Max 
(question) 

Mean  
(category) 

SD 
 category) 

Sensory 
and 
Imaginative 
Immersion 
 

I was interested in 
the activity 3.72 0.46 3.00 4.00 

    3.38 0.74 

I felt that I could 
explore things 3.13 0.83 1.00 4.00 

I found it 
impressive 3.25 0.88 1.00 4.00 

It felt like a rich 
experience 3.44 0.80 2.00 4.00 

Tension I felt restless 1.00 1.19 0.00 4.00 

0.44 0.69 I felt annoyed 0.44 0.84 0.00 3.00 
I felt irritable 0.13 0.35 0.00 1.00 
I felt frustrated 0.19 0.40 0.00 1.00 

Competence I felt skilful 3.06 0.72 2.00 4.00 

3.13 
 

0.70 
 

I was good at it 3.03 0.78 2.00 4.00 
I felt successful 3.25 0.76 2.00 4.00 
I was fast at 
reaching the 
targets 

3.13 0.70 2.00 4.00 

Flow I felt completely 
absorbed 3.03 0.59 2.00 4.00 

2.80 0.32 

I forgot everything 
around me 1.72 1.05 1.00 4.00 

I lost track of time 2.84 1.39 0.00 4.00 
I was deeply 
concentrated in the 
tasks 

3.22 0.79 2.00 4.00 

I was fully 
occupied with the 
tasks 

3.19 0.69 2.00 4.00 

Positive 
Effects 

I felt content 3.56 0.62 2.00 4.00 

3.62 0.04 I felt good  3.59 0.71 1.00 4.00 
I enjoyed it 3.66 0.70 1.00 4.00 
I thought it was fun 3.66 0.70 1.00 4.00 

Negative 
Effects 

I thought about 
other things 0.78 0.87 0.00 3.00 

   0.53 0.11 I was distracted 0.47 0.67 0.00 2.00 
I found it tiresome 0.34 0.70 0.00 3.00 

Challenge I felt that I was 
learning 3.75 0.44 3.00 4.00 

 2.33 0.20 

I thought it was 
hard 0.81 0.90 0.00 3.00 

I felt stimulated 2.75 0.88 1.00 4.00 
I felt challenged 2.81 0.86 1.00 4.00 
I had to put a lot of 
effort into it 1.53 0.88 0.00 3.00 

Scale Range from 0 to 4   
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Concerning the fifth category “Positive Affects” (Table 3), it demonstrates the 
feeling of fun and enjoyment of gaming. All the items were very well scored, the 
minimum score for the item was 3.56 and the maximum 3.66.  

In the sixth category “Negative Effects” (Table 3), the items loaded low on this 
factor (Mean= 0.48). This implies that most of the students enjoyed the tasks with the 
game and that they understood how to play it. 

The last category was termed “Challenge” (Table 3) and most of the students felt 
they were learning (Mean= 3.75), and a large percentage of students felt stimulated and 
challenged (Mean 2.75 and 2.81, respectively). A small number of students thought it 
was hard (Mean= 0.81) and few had put a lot of effort into it (Mean=1.53). 
 
Table 4 
Basic Indicators for All the Categories 
 

 Mean SD Min Max 
Sensory and Imaginative Immersion 3.38 0.74 1.00 4.00 
Tension 0.44 0.69 0.00 4.00 
Competence 2.80 0.32 0.00 4.00 
Flow 3.44 0.80 2.00 4.00 
Positive 3.62 0.04 1.00 4.00 
Negative 0.53 0.11 0.00 2.00 
Challenge 2.33 0.20 0.00 4.00 
Scale Range from 0 to 4   

 
Scores on most items were high to moderate and ranged the full scale (Table 4). 

The highest scores were obtained in the categories “Sensory and Imaginative 
Immersion”, Flow” and “Positive Affect”. Scores for “Negative Affect” and “Tension” 
were low. 

 
Discussion 

 
The idea of sustainable development emerged during the 1970s and 1980s as a 

response to global acknowledgment of challenges in social and scientific progress, finite 
natural resources, and environmental concerns. Sustainable development was defined 
as progress that ensures present actions and the fulfilment of contemporary societal 
needs do not jeopardize future generations, but rather strike a harmonious balance 
between them (Brundtland, 1987). In this scenario, Trusina and co-author (2024, p.) 
believe that education plays an essential role in the life of every person and especially 
in the understanding of sustainable development in its broadest sense. 

A transformative education for sustainable development needs both skills and 
knowledge. As outlined by Bedford (2022), it encompasses students’ experiences, 
fosters awareness of social and environmental concerns, and encourages active 
engagement in the teaching and learning process. Students need to develop skills 
through result-oriented, creative, stimulating, and challenging activities. Such 
educational approaches must emphasize motivation, collaboration, curiosity, critical 
thinking, and positive attitudes as fundamental components.  
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We believe that the lack of motivation is a decisive factor for failure and 
consequent school dropout. Therefore, it is essential to keep students motivated by 
using innovative practical activities (Marques et al., 2021) in order to increase their 
knowledge.  

Considering the progression of students’ knowledge throughout the study, the 
results of their self-assessment revealed that at the beginning, only a few students had 
good knowledge about the role of benthic macroinvertebrates to evaluate water quality. 
However, after the implemented activities, most students self-assessed their 
knowledge as “good” or “very good”. While these qualitative results are indicative of 
relevant learning gains, they are in line with literature that highlights the importance of 
implementing innovative practical activities in environmental education (H. Azevedo et 
al., 2022; M. M. Azevedo et al., 2015). 

Environmental education within schools can be fundamental for intellectual 
growth. By presenting social alternatives and exposing their advantages and 
disadvantages, environmental education ultimately enhances awareness of 
environmental problems, promoting a change in students’ attitudes and competences 
(Steg & Vlek, 2009). Providing activities wherein students engage with their own region 
and its natural resources is crucial for developing local knowledge and fostering 
collaboration aimed at protecting the local natural heritage, as claimed by Chen and 
Kitagawa (2023). Furthermore, activities that involve hands-on learning encourage 
student motivation, improve the quality of science education and promote 
environmental awareness (H. Azevedo et al., 2022), which are crucial to promote 
education for sustainability. This is essential in the context of basic education, which is 
the focus of our study, as “important concepts may be integrated into the core learning 
areas, especially within the Science curriculum” (Maimad et al., 2023). 

The findings of this study clearly show a noteworthy improvement in learning 
regarding environmental science, as reflected in the content analysis of students’ 
sentences, for example: “I learned to classify river waters according to their purity”; “I 
learned more about rivers, the animals that live there, and their functions”; “I learned 
how I can use living beings to classify river waters”.  

The students involved in this study were motivated and satisfied with engaging in 
scientific activities, both in the field and in the classroom, as well as with completing a 
game-based task. The results are very positive, as a strong collaborative 
teaching/learning process was observed between the biologist/students and 
students/students. Students participated dynamically in information exchange and 
collaborative work, asking questions, interpreting data, and solving problems. In this 
case, the implementation of hands-on activities is a great element for student 
motivation, not only by improving the quality of science education but also by 
awakening environmental and ethical awareness. The opportunity of direct contact 
with living organisms provides information and experiences that are not accessible by 
reading, viewing pictures, or examining models (Deterding et al., 2011). The results of 
this study are in line with the ones reported by H. Azevedo et al. (2022) who claimed 
that fieldwork improved students’ attitudes toward environmental protection and 
knowledge construction.  

For the development of a deeper understanding of the nature of scientific 
knowledge and the process of their construction, it is pivotal that students have the 
possibility to be engaged in epistemic practices, as claimed by some authors 
(Aleixandre & Crujeiras, 2017; Berland et al., 2016). For that reason, it is important that 
learning about scientific concepts should not be separated from learning about the 
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practices used in the construction of scientific knowledge (Duschl & Grandy, 2013), as 
considered in this study.  

Teaching and learning science require significant and productive engagement in 
social practices for knowledge construction (Engle & Conant, 2002; Mortimer et al., 
2014). Students must have opportunities to elaborate theories and models, to argument 
and to use different forms of communication and representation of concepts or 
phenomena (Duschl et al., 2013). Furthermore, students need to have opportunities for 
learning how to observe and describe, formulate hypotheses, collect, and organize data, 
interpret and discuss results. Such practices are grounded in the efforts of scientists in 
generating scientific knowledge. Throughout this study, the students had the chance to 
engage in essential scientific practices mirroring those employed by scientists for 
investigating and constructing knowledge in this field. The students’ engagement in 
scientific practices grants them greater authority and enhances their competence in 
applying scientific knowledge in real-world contexts (Lopes et al., 2011), as verified in 
this study. 

In the same way, the integration of collaborative work through a board game 
fosters the development of students’ knowledge and competences, playing a crucial role 
in promoting the growth of critical thinking, interpretation, analysis, and problem-
solving skills (Brockmyer et al., 2009; Ijsselsteijn et al., 2007; Norman, 2013). 
Additionally, this activity consolidates the epistemic practices related to data 
organization, identifications of patterns, argumentation, teamwork, and validation of 
knowledge.  

A previous study conducted by Dichev and Dicheva (2017) also stressed that game 
strategies used in the educational context increased engagement by incorporating game 
elements into the educational environment. Some studies similarly highlight the 
importance of implementing game approaches in educational contexts in terms of 
retention, knowledge, engagement, and cooperation (Hakulinen & Auvinen, 2014; 
Tvarozek & Brza, 2014). The study performed by Smiderle and co-workers (2020)  
shows that integrating games into education can increase students’ engagement, 
enhance fundamental skills, thus optimizing the learning process. The game strategy 
employed in this study maintains the task as a challenge, resulting in positive effects on 
student engagement, as claimed by Cunha et al. (2014). 

Moreover, the games offer stimulating experiences, aiming to promote 
competitiveness and dedication, thereby rendering the task both challenging and 
exhilarating (Pires, 2018), as reflected in this study. The experience with games goes 
far beyond playfulness and encompasses other determining factors, such as continuous 
feedback, a taste for competition, the possibility to evolve quickly, the search for 
rewards, and obtaining pleasing results (Pires, 2018). Another important aspect of this 
study is the fact that the game was played in groups. Using games that entail 
collaboration, such as team-based activities, elicits emotions more frequently and with 
greater intensity compared to individual games (Lazzaro, 2009), which aligns with our 
findings. 

The students enrolled in this study showed enthusiasm and satisfaction in 
carrying out scientific activities, both outdoors and in class, including taking part in a 
game-based task. These results are important for integrating local content into the 
curriculum and promoting sustainability education, emphasizing the significance of 
sustainability within education. 
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Conclusions 
 

The findings of this study have reaffirmed the effectiveness of these pedagogical 
strategies (i.e., fieldwork, collaboration, gamed-based tasks) in nurturing knowledge 
and fostering scientific thinking skills, which can be further enhanced through 
constructive feedback, incentives, and immersive learning experiences. The utilization 
of benthic macroinvertebrates not only instils fascination among students due to their 
novelty, morphology, and life cycle, but also serves as a valuable tool for introducing a 
multitude of ecological concepts, including adaptations, food webs, bioindicators, and 
aquatic ecology. Moreover, it offers an avenue for discussing pollution impacts, the 
significance of pristine aquatic ecosystems, and the management of natural waters, 
thereby promoting an understanding of environmental sustainability. 

Fieldwork provides students with immersive experiences and opportunities to 
develop essential hands-on skills, enabling them to grasp scientific practices within the 
context of ecological research methodologies. Similarly, the integration of a board game 
in the classroom serves to reinforce learning by “transporting” students back to the 
river environment, consolidating their fieldwork experiences and deepening their 
understanding of data organization, interpretation, and taxonomy. The overwhelmingly 
positive feedback from students regarding the impact of this learning activity 
underscores its effectiveness in promoting critical and scientific thinking concerning 
aquatic ecosystem monitoring, techniques, and their broader implications for public 
health. Thus, these integrated approaches not only enhance academic achievement but 
also underscore the significance for a more sustainability education in preparing 
students to address real-life environmental challenges. 

 
Limitations 
This research is a qualitative study, based on a case study, which led to significant 

results. However, for more consistent results, this strategy should be conducted in more 
classes, schools, and countries, since the number of students of this study is limited. The 
time for the development of these activities should also be extended. The absence of 
control group is another constraint of this work. 

 
Ethics Statement: The consent for students’ participation in the study was 

obtained from the students’ guardians, on their behalf.  They were informed about the 
use of their data and were told they could terminate their participation at any point and 
gave their consent before the study. All data were anonymized. Also, the study was 
approved by the School Board in January 2020. There were no further ethics 
requirements from our institution. 
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