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Abstract: The teaching of environmental education must change to promote critical and reflective
engagement with environmental problems. This study introduces a social science question for
primary education focused on pharmaceuticals in surface water. The aims of the paper are to
evaluate: the level of students' performance in arguing their answers in relation to the reference
answer; their use and interpretation of provided materials from which they draw the evidence to
justify their arguments; and the type of solutions they propose. This is done by analyzing the content
of their written reports and the discourse during their group discussions. Statistical tests are also used
to compare their individual and group performance. The results show that students perform at an
intermediate level. They use text and video effectively but struggle with graphs and maps. Their
proposed solutions are contextually appropriate and consider multiple perspectives. Notably, their
performance is similar whether working individually or in groups. All in all, this pedagogical
intervention in the framework of scientific practices and transformative environmental education
supports the development of scientific thinking and sheds light on how students process information
when addressing socio-environmental issues.

Keywords: scientific practices; semiotic modalities; transformative environmental education;
evidence-based problem-solving; one health

1. Introduction

We are facing an unprecedented environmental crisis. This is not surprising, as the planet has
been warning us since the mid-20th century [1]. Despite this, humans have been intensively altering
the planet for more than 200 years, transforming the landscape and making resource use
unsustainable [2]. This situation requires citizens to be able to make critical decisions to solve
environmental problems [3,4]. Therefore, it is urgent to start a process of change from education [5,6].

To this end, it is necessary to reorient the way Environmental Education (EE) is taught, since it
does not respond to current educational needs [7-10]. In fact, historically, EE has only been associated
with environmental literacy from a purely ecological perspective, leaving aside critical and ethical
competencies [6,11-14]. Such competencies are fundamental for students to achieve a systemic
understanding of problems and to make decisions in a critical and reasoned manner [12,15].
Therefore, the didactics of EE would be improved by introducing reflection or adding variables such
as the scale of values or the social, cultural and economic components [16]. In this way, we would
speak of Transformative Environmental Education (TEE) [14,17-20].

Thus, to work along the lines of TEE, it is necessary to include in schools literacy, awareness and
action [21] in order to train citizens capable of identifying, understanding, problematizing and
arguing about environmental injustices and the consequences that these problematic issues have for
society [22]. This should be transferred to the classroom through didactic proposals situated in real-
life contexts that favor the development of multidimensional thinking, reasoned decision-making
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and critical thinking [14,23]. In this sense, argumentation occupies a relevant place among the
scientific practices necessary for science education [24], known as argumentation, modeling, and
inquiry. These play a fundamental role in the development of scientific literacy, which includes
scientific knowledge, procedures, attitudes, and the transfer of learning to different contexts [25].
Thus, skills such as identifying and enumerating data in the face of problems are part of the
construction of the individual and his or her discourse and help to understand reality and act in it
from a collective and critical perspective [22]. In fact, dialogical argumentation, in context and with
real problems, contributes to the development of citizens' critical thinking, to the extent that they
become aware of the complexity of these issues and of all the dimensions involved [11,12,23], putting
into practice skills useful for their personal, social, academic and intellectual development [26].

A didactic tool to transfer these ideas into the classroom and to promote scientific thinking are
socioscientific issues (SSIs) [27]. These are social, complex, and open questions with a scientific
dimension, such as global warming, genetically modified organisms, or the use of pesticides in
agriculture [28-30]. SSIs can also be controversial because they are interpreted from different
perspectives and have multiple solutions depending on personal values and priorities [28,30,31].
Students are likely already familiar with various controversial ecosocial issues because they see them
in the media or even talk about them in class [29], as many of the real problems affecting our society
are related to science [16,23,27,32]. Thus, using this tool requires students to discuss and critically
reflect on their values, consider other perspectives, and make decisions in an argumentative manner
[29,30,33-35]. It also improves understanding of the nature of science [36] and inspires learners to
take action [37].

Regarding the impact and behavioral changes that these interventions can generate, several
studies have shown that environmental awareness decreases in adolescents [38,39], which does not
mean that it is not useful at this stage, but that it is more difficult to cause changes in their behavior
[40]. On the contrary, in the early stages, the impact is greater, and it is easier to create attitudes of
change, so it is essential to implement interventions from early childhood education (ECE) and
primary education (PE) [18,38,41]. In fact, several studies show that, contrary to what some believe
due to the level of cognitive development of students, it is possible to work at this age with didactic
tools that promote scientific thinking through the use of evidence and argumentation [42-45].

In particular, early EE research has been conducted on a variety of topics where students have
demonstrated understanding, awareness, and even action. For example, in a study by Davis et al. [46]
in Australia, 4-year-old children-initiated investigations and actions in their kindergarten and
community about water and water waste. In another study [47] conducted with 4 and 5-year-old
children in the same country, it was found that they were concerned about pollution and the
environment and showed environmental awareness regarding deforestation, global warming, and
littering. Also, in the study conducted by Palmer & Suggate [48] in the United Kingdom, in which
tropical rainforests, deforestation, endangered species, and polar environments were discussed, it
was observed that 4-year-old children made statements about the effects of environmental changes
on living beings and their habitat. In the same study, PE children formulated the same explanations,
increasing their complexity and establishing relationships between habitats, their flora and fauna.
Interventions have also been carried out in which PE students in Cyprus demonstrated their ability
to use evidence, generate arguments and take a position on a socio-political and ethical issue.
Specifically, how to decide which immigrants should be allowed to come and live in their country,
whether based on what they can contribute to the nation or on the basis of the poor quality of life in
their country of origin [23]. In this way, the students had to position themselves before a current
problem, that of immigration, from a variety of perspectives. However, even though scientific
thinking can be worked on in ECE and PE, the presence of research framed within TEE at these ages
is very scarce [7,49].

Therefore, it is necessary to design, implement and evaluate the effectiveness of didactic
proposals that allow the development of environmental and scientific competences in the framework
of TEE in early stages (ECE and PE). In this sense, a real learning situation that is close to the students'
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context has been designed: the presence of pharmaceuticals in water for human use from domestic
wastewater, which endangers human and environmental health [50,51]. However, the problem is
broader and not new, as it has been known for almost 50 years that pharmaceuticals are present in
water bodies around the world [52-54]. Their presence alters the survival and reproduction of living
organisms, which is evidence of the ineffectiveness of water treatment [55,56], as well as the high
consumption and repeated discharge of pharmaceutical compounds [54]. Overall, the risk to
environmental, animal, and human health (One Health) [57] from the presence of pharmaceuticals in
surface waters is a SSI that relates to several Sustainable Development Goals (SDGs), including health
and well-being (SDG 3), clean water and sanitation (SDG 6), sustainable cities and communities (SDG
11), responsible production and consumption (SDG 12), underwater life (SDG 14), and terrestrial
ecosystem life (SDG 15).

The general objective of this research is to analyze how this proposal, within the framework of
the TEE, promotes argumentation and scientific reasoning in 6th grade students. Specifically, the aim
is to determine the level of students' performance in arguing their answers in relation to the reference
answer. We will also identify the types of materials from which they extract evidence and how they
use them according to their level of understanding. In addition, the different solutions proposed by
PE students when confronted with a SSI within the framework of TEE will be analyzed. Finally, the
development of the activity will be compared in the individual and group phases.

To this end, the following research questions (RQ) will be addressed:

e RQI. What is the level of performance of the students in solving this SSI, comparing their
answers with the reference answer?

¢ RQ2.From what materials do they draw the evidence they use to formulate arguments, and how
do they use it according to their level of understanding?

e  RQ3. What solutions do the students propose to avoid the presence of pharmaceuticals in the
river?

e RQ4. What are the differences in student performance when working individually and in
groups?

2. Materials and Methods

2.1. Context

This study is framed within the multiple case study research method [58]. In this educational
intervention, 24 students in the 6th grade of PE (11-12 years old) from a public school in the
Community of Madrid participated. This center represents a medium-high socioeconomic level, as
the average income per person of its local context exceeds the average income of the Community of
Madrid. During the intervention, the students worked individually and in groups. When working in
groups, the usual classroom work teams were maintained. For this reason, not all groups are made
up of the same number of students. Thus, out of the 6 groups, there are 4 groups of 4 students, 1
group of 5 students, and 1 group of 3 students.

2.2. Activity: “Pharmaceuticals in the River?”

The designed activity has been validated by experts and consists of a case study based on a real
and close situation [51]. This activity shows the presence of pharmaceuticals in surface waters to
promote a One Health approach in the classroom. Its design is based on the case method [59] and
didactic transposition according to Guevara-Herrero, Esquivel-Martin et al. [60]. In addition, it
incorporates didactic tools (storytelling, mediating questions and data in different semiotic
modalities) thanks to which students will be able to construct a reasoned answer to their questions.

This activity entitled “Pharmaceuticals in the river?” has 4 phases. In the first phase, the case is
presented to the students through a video of a scientist. He announces the alarming presence of
pharmaceuticals in the Bodonal Stream (Community of Madrid) and asks the students to investigate
and find out how and why it happened. In a second phase, the students are given a researcher’s
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notebook (supplementary material) with questions to complete and a set of materials from which
they must extract data and use them as evidence to argue their answers to be written in the notebook.
The materials, which present the information in different semiotic modalities (Figure 1), are as
follows:

e A hydrographic map and a satellite map of the area. Students are asked to locate themselves on
the map and identify the source of the river's medicines.

e A bar chart of the medicines most present in the Bodonal Stream and another of the medicines
most sold in the Community of Madrid. Both graphs are useful to know what is polluting the
river and in what quantity, and to relate why the most sold medicines are not the most present
in the river.

e An informative trifold leaflet on the pharmaceuticals presents in the sample area and the most
sold: what they are, what they are for, where they are consumed, etc. This material can be used
to identify the pharmaceuticals prescribed to treat chronic diseases related to mental health.

e A video explaining what a Wastewater Treatment Plant (WWTP) is and how it works.

e A scientific report detailing the findings on carbamazepine as an environmental pollutant: side
effects of carbamazepine, WWTP disposal capacity, etc.

9 Oa LD CARBAMAZEPINE
x’ " DISCOVERIES

LET'S TAKE CARE
OF OUR HEALTH

WHAT ARE THESE?
WHAT ARE THESE FOR?

;‘?‘.c T—‘ ® 0. ‘,’:— :n ‘\

Pharmaceuticals most present in Bodonal Brook

Top-selling pharmaceuticals in Madrid

Nolotil Adro  Paracetamol Enanthyum  Euthyrox srsiisbelahommmaigon Sk St oe

Figure 1. Activity materials given to PE students.

After analyzing all the materials, students must individually answer the questions in their
notebooks: "According to what you read and saw, what is the river polluted with?" (Q1); "According
to what you have read and seen, where do the medicines in the river come from?" (Q2); "What
diseases do these medicines treat?"(Q3); "If the medicines most abundant in the Bodonal River are
not the most sold, how and why do they end up in the river in such quantity?" (Q4); "Is it harmful for
medicines to be in the river?" (Q5); "Would it be better to take medicines or not? Why?" (Q6); and
"What solutions can you think of to prevent so many medicines from entering the river? (Q7). A
reference answer for each of these questions is provided in the Supplementary Material.

In a third phase of the activity, students must work in groups and solve the case again. They
have to discuss their individual answers and write a single group answer to each question. Finally,
in the fourth phase, a large group debriefing will take place in which students will be guided to the
complete reference answer of the activity (supplementary material).

2.3. Data Analysis

In this study, a qualitative analysis of the content of the students' written responses [61] and an
analysis of the students' discourse when solving the case in groups [62] were carried out by listening
to and interpreting the data. Their individual written responses and their written and oral group
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responses were processed in order to know: a) the level of performance that students achieve when
solving the activity individually and in groups, according to their approach to the reference answer;
b) the number and provenance of the evidence they draw from the materials to argue their answers;
and c) the type of solutions they propose.

For Q1, Q2, Q3, Q4, Q5, and Q6, a deductive categorization was applied (Table 1), defining five
performance levels in terms of proximity to the reference answer and six categories to determine the
origin of the evidence used: report, graphs, maps, trifold leaflet, initial video, and QR video. For Q7,
an inductive categorization was applied, establishing five categories according to the type of
solutions proposed by the students. After the categorization, the absolute frequencies (Q1 to Q6) and
the relative frequencies (Q7) were calculated.

Table 1. Analyze performance levels by question.

Q1: “According to what you have read and seen, what is polluting the river?”
LEVEL DEFINITION EXAMPLE

Doesn't know / no answer / not L . .
Null (1) ) No participant is at this level.
applicable.

The student mentions only
Low (2) things that are not medicines No participant is at this level.

(e.g., garbage, plastics, etc.).

The student mentions that the

Medium- | | ) . 521: “It is contaminated with pharmaceuticals such as
river is contaminated with some . .
low (3) o carbamazepine or venlafaxine”.
medicine.
Medium- The student mentions all the S1: “From medicines: carbamazepine, oxazepam,
high (4) medicines in the river. nordiazepam, venlafaxine, fluoxetine, citalopram”.

The student lists all

pharmaceuticals present in the

) L S7: “From different pharmaceuticals like fluoxetine,
) river, highlighting ) ] ,
High (5) citalopram, venlafaxine, nordiazepam, oxazepam and

carbamazepine. The student ) o .
carbamazepine which is the most common”.

demonstrates proper use of

graphs.

Q2: “According to what you have read and seen, where do the river medicines come from?
LEVEL DEFINITION EXAMPLE
The student indicates that the

pharmaceuticals come from
pharmacies and hospitals (any),
Null (1) from outside Madrid, or that S8: “From outside Madrid”.
people throw them in the river.
The student does not use the
map and the content is incorrect.

The student indicates that they

come from the psychiatric .
S13: “The pharmaceuticals come from Wyeth Farma

hospital or Wyeth Farma (shown ) :
Low (2) PFIZER, as the river ends right next to the

on the map). The student does )
pharmaceutical company”.

not use the map and the content

is wrong.
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The student indicates that the
origin of the pharmaceuticals is

for domestic consumption or
Medium-

low (3)

only indicates that they come

from the WWTP. The student
does not use the map, although
the content is correct, based on

the report or the trifold leaflet.

S9: ” They come from every house, when they go down
the toilet, or when we take any of these medications,

we expel them through urine and feces”.

The student indicates that the
origin of the medicines is Tres
Cantos, Soto de Vifiuelas, from

the Tres Cantos WWTP. The

student makes correct use of the

Medium-
high (4)

map, and the content is not

erroneous but insufficient.

S2: “"These medicines come from hospitals and
pharmacies, where they are disposed of, and end up at
the Tres Cantos sewage treatment plant. There they
are dumped into the Jarama River, and from there they
go down the river to the Bodonal Stream, where they

are now found”.

The student shows that the
origin of the medicines is
domestic consumption, and
indicates the geographical
High (5) location (Tres Cantos, Soto de
Vinuelas, Tres Cantos WWTP).
The student makes good use of
the map and the trifold leaflet,
and the content is correct and

complete.

523: “The pharmaceuticals are produced in all
pharmaceutical laboratories in Spain and are used in
hospitals or prescribed for home use. In this case, the
pharmaceuticals probably come from Tres Cantos or

Soto de Vifiuelas, since they are close to the river”.

Q3: “What diseases do these medications treat?”

LEVEL DEFINITION

EXAMPLE

Doesn't know / no answer / not
Null (1)

applicable.

No participant is at this level.

L ) The student lists medications
oW
rather than diseases.

S16: "Fluoxetine, citalopram, venlafaxine,

nordiazepam, oxazepam, and carbamazepine”.

The student indicates the
pharmaceuticals present (or
absent) in the stream by mixing

) information (in some cases
Medium-

indicating the diseases they treat
low (3)

and in others the type of drug
being treated), or by indicating
only the type of drug (e.g.,
antiepileptic drug).

S8: “Carbamazepine: antiepileptic and antidepressant.

Oxazepam, nordiazepam, and venlafaxine: anxiolytic.

Fluoxetine and citalopram: antidepressant”.

The student makes a verbatim
Medium-

high (4)

copy of the information that
appears on the information

leaflet of the medicines present

d0i:10.20944/preprints202501.1638.v1

518: “Carbamazepine is used to control certain types
of seizures in people with epilepsy. Oxazepam is used
to treat anxiety. Nordiazepam is used to control

anxiety disorders, panic disorders, and certain types of
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in the river (without mentioning

the rest).

phobias. Venlafaxine is used to control various types
of anxiety and panic disorders. Fluoxetine is used to
treat depression and other conditions. Citalopram is

used to treat depression”.

Through his own speech and
based on the information in the
) trifold leaflet, the student points
High (5) .
out the illnesses that can be
treated with the medicine found

in the river.

S19: “All these pharmaceuticals treat: epileptic
seizures, bipolar disorder, anxiety, panic and anxiety
disorders, various types of phobias, depression,
obsessive-compulsive disorder, eating disorders and

panic attacks”.

Q4: “If the pharmaceuticals most present in the Bodonal stream are not the best sellers, how and

why do they enter the stream in such large quantities?”

LEVEL DEFINITION

EXAMPLE

Doesn't know / no answer / not
Null (1)

applicable.

S8: “Because they are not from Madrid”.

The student answers with some
Low (2) data, but without establishing a

valid relationship.

No participant is at this level.

The student only refers to the

ineffectiveness of the wastewater

S1: “’Because the WWTP fails to remove these
drugs.”.

Medium- .
treatment plant (WWTP) in
low (3) o :
eliminating pharmaceuticals. The
student uses the report.
The student adds to the above
the relationship between the
most and least sold
Medium- .
. pharmaceuticals and how they
high (4)

are disposed of at the WWTP.
The student makes appropriate
use of the report and graphs.

S11: “The pharmaceuticals present in the river are not
the best sellers because they are not easily removed by

the treatment plants, such as carbamazepine, which is
only filtered by 7%. he [...] most sold in Madrid are

effectively removed by the treatment plants”.

The student also considers that
the pharmaceuticals most
present in the river are used for
High (5)  chronic treatments and therefore
their discharge is constant. The
student makes appropriate use of

the report and graphs.

No participant is at this level.

Q5: “Is it harmful for the pharmaceuticals to be in the river, why?”

LEVEL DEFINITION

EXAMPLE

Doesn't know / no answer / not
Null (1)

applicable.

No participant is at this level.

The student indicates that it is
Low (2)  good, with or without justifying

the answer with available data.

S16: “No, otherwise the river would not be healed”.

d0i:10.20944/preprints202501.1638.v1
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Medium-
low (3)

The student states that it is
harmful, without providing any
data to support this, and without
demonstrating an assimilation of

the One Health concept.

S17: “Yes, because local aquatic animals can be

intoxicated and also pollute the environment”.

Medium-
high (4)

The student points out that it is
harmful and justifies this with
evidence but does not
demonstrate any approach to
One Health. The student makes

appropriate use of the report.

S13: “Yes, it is harmful for two reasons. On the one
hand, it has been shown that some fish and chickens
cannot reproduce because of changes in the
functioning of their sexual organs. It has also been
shown to cause problems and abnormalities in the fetal
development of these animals, in their pregnancy and

in their development”.

High (5)

The student takes the position
that it is harmful and justifies
this with a statement that it is
moving towards the One Health
concept (contaminated
water/environmental health,
animal health and human
health). The student makes

appropriate use of the report.

S14: “Yes, because these medicines end up in animals
(fish, chickens, cows...) or plants and in the water we
drink. When they reach animals and plants, they drink
it or ingest it, in the case of plants, and/or die from
poisoning, or it affects them in a way that causes them

a lot of problems”.

Q6: “Would it be better to take medication or not? Why?”

LEVEL

DEFINITION

EXAMPLE

Null (1)

Doesn't know / no answer / not

applicable.

No participant is at this level.

Low (2)

The student takes a position

without justifying his answer.

S13: “It would be better to take medication”.

Medium-
low (3)

The student takes a position
without properly justifying his

answer.

S20: “It would be better to take medicines, because we
might need them to cure diseases or many other

things, but we could not throw them into the river”.

Medium-
high (4)

The student takes a stand and
justifies its response by
mentioning the benefits of
pharmaceuticals or by starting to

offer alternatives.

S5: “No, only that 100% effective debugging

mechanisms should be in place”.

High (5)

The student positions and
justifies his answer by
mentioning the benefits of
medicines or by starting to
mention alternatives. The ideas
of avoiding self-medication, the
need for prescription and/or
responsible use should be

present.

S11: “Yes, we should take medicines, but only the ones
we need. We should not self-medicate if we are not
100% sure that it is the right medicine for us, and if
we are not sure, we should seek medical advice.
Overdosing on medicines can affect your immune
system as the viruses they are treating get used to
them and the next time you need them they will be

useless”.

d0i:10.20944/preprints202501.1638.v1
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Q7: “What solutions can you think of to stop so many medicines ending up in the river?”
SOL. DEFINITION EXAMPLE
52: “Modify medicines so that they are easier to

Changes or improvements in the o o
A ) o eliminate when they pass through the purification
design of medicines or WWTP. Int”
plant”.

Responsible consumption, not o o
o _ S14: “Try to limit your use of these medicines and
B self-medicating or reducing the
. only use them when absolutely necessary”.
use of pharmaceuticals.

S1: “Do not make too many of these medicines as they
C Political or legislative measures. .
are harmful to the river and are the least sold”.

Not content-related or generic to , . )
D ) ) S16: “Don't pollute the environment, do not litter”.
environmental protection.

E He does not offer solutions. No participant is in this category.

2.3.1. Categorization of the Use of Materials

To analyze the level of comprehension of textual materials (report and trifold leaflet), the
taxonomy of Barret [63] was used, which is currently used for different assessments such as PISA or
PIRLS [64]:

e Level 1. Reading comprehension: recognizing explicit information in text, identifying dates.

e Level 2. Reorganize information: establish logical relationships between ideas, synthesize,
classify.

e  Level 3 Inferential or interpretive: integrating new implicit meanings from the text.

e  Level 4. Critical or evaluative judgement: reflecting critically, comparing the ideas in the text
based on personal experience or other external sources of authority.

e Level 5. Reading evaluation: evaluating the language, style of the text and the sensations or
effects of the text on the reader.

The classic scheme proposed by Curcio [65] was used to classify the type of student responses

when working with graphs:

e Level 1. Read the data: no data interpretation, the answer may be a literal copy of the graph title
or axis.

e Level 2. Reading between the data: how to interpret the data, how to make comparisons between
the values.

e Level 3. Reading beyond the data: it requires inference and extrapolation of data, linking the
interpretation of the graph to students' prior knowledge or concepts present in the graph.

e Level 4. Reading behind the data: it involves critical analysis of the graph and the quality of the
data, linking the values in the graph to context.

2.3.2. Individual and Group Performance Analysis

To compare the individual and group performance of the study participants, the mean values of
the group performance level from Q1 to Q6 were statistically compared with the mean values
obtained for the individual cases. A non-parametric statistical analysis of means comparison (Mann-
Withney U test, p<0.05) was performed on these data. In Q7, data were analyzed using the non-
parametric test of 2 (chi-square test, p<0.05). In all cases, descriptive and inferential analyses were
performed using statistical tools from Microsoft Excel TM and IBM® SPSS® Statistics 19 2010.

3. Results and Discussion
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The overall average of the students in the activity is 3.44. As shown in Table 1, there is one high
level (level 5) and two lower levels (1: zero and 2: low), so we could say that the average performance
level of the activity is at an intermedjiate level (3-4).

3.1. Analysis of Student Performance Level and Use of Materials

In the individual answers to Q1 (Figure 2), 9 students achieved a medium-low level, 9 a medium-
high level and 6 a high level when comparing their answers with the reference answer. When
working in groups, they all reach a medium-low level because they give a less detailed answer (Table
1, Q1), mentioning only that the river is polluted by some pharmaceuticals without listing them all
and without highlighting carbamazepine.
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Figure 2. Performance levels and materials from which evidence is taken for Q1.

Regarding the origin of the evidence used in the individual work (Figure 2), 11 students use only
graphs, 6 supplement them with other materials, 4 use only the scientist's video and 3 use other
materials. On the other hand, 4 groups use graphs and 2 do not specify which material they have
used. To reach the highest level of performance, it is sufficient to use the graphs and the scientist's
video can complement the information. In the other materials they used (trifold leaflet or report) the
names of the pharmaceuticals appear, but not the data necessary to give a high-level answer,
including which pharmaceuticals are in the river and in what quantities. Therefore, all these results
indicate that more than half of the students used the graphs correctly.

According to the taxonomy of Curcio [65] for the comprehension of the graphs, 6 high level
students respond at level 2 (read between the data) because the question asks them to know what
pollutes the river and they must choose the bar graph that gives them this information and compare
the values of each pharmaceutical. The rest of the students gave a level 1 answer (reading the data),
because they mentioned some (9 medium-low students) or all (9 medium-high students) of the
pharmaceuticals that appear on the "Y" axis of the graph. The students do not seem to have had any
difficulty with this question. This may be because graphs (especially bar graphs) and activities that
require reading the data and reading between the data (levels 1 and 2) are very present in Spanish
textbooks [66]. This means that students are used to reading graphs literally and making
comparisons, while they tend to have more difficulty making inferences or critically evaluating them
[67].

Regarding Q2 (Figure 3), 8 students show a null performance level, 6 a low level, 6 others a
medium-low level, 3 a medium-high level and 1 student a high level. When working in groups, 1
group scores zero, 2 low, 2 medium-high and 1 high. This question is the one in which the students
show the lowest level of performance, as the vast majority do not know how to extract information
from a map. This is evidence of the problems that PE students have in interpreting this type of
material and achieving a good level of performance. In order to understand why students have so
many difficulties in using maps appropriately, it is necessary to review their presence in the Spanish
curriculum and how they are used in the classroom. For example, the relevance of maps in national
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and regional educational legislation is insufficient [68]. In the third cycle of the PE, the contents are
the location of the rivers of the Iberian

"non

defined as "the location of the relief units on the map of Spain”,
Peninsula on the map of Spain, their sources, mouths and main tributaries" and "graphic, visual and
cartographic representation using analogue and digital resources". Thus, only the memorization of
the names and location of the rivers on the map is required, but not the interpretation and use of
maps in everyday situations. Similarly, the standardized regional assessment tests (Essential Skills
and Competencies Test) do not include maps. These tests assess four competences: linguistics in
Spanish, linguistics in English, mathematics and science and technology. None of the tests
administered since 2015 have included maps in the science and technology competence. Armas-
Quinta et al. [69] point out that this situation leads to a transmissive teaching model that prevents the
critical and reflective teaching of geography, since the curricula aim to have students name, locate or
define. They also point out that maps are only used in the classroom to confirm or illustrate
knowledge. To solve this problem, we currently have digital tools (Google Earth, Google Maps,
Google Street View) and it is advisable to use them, as they allow the development of critical and
creative thinking, and different layers of geographical information can be combined to improve the
understanding of physical and human factors [69]. Therefore, in this activity, two maps of the same
geographical area are presented, one with a satellite view and the other with a hydrographic view.
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Figure 3. Performance levels and materials from which they draw evidence for Q2.

Moreover, knowing how to use maps is essential for understanding the world around us and
interpreting all kinds of spatial information, from any point in the world to the place where each
individual lives [70,71]. However, little work has been done in classrooms and it is also a rare topic
in educational research [71]. There are exceptions, such as the study by Bugdayci & Selvi [70] in
Turkey, which identified the need for proper map work in classrooms and initiated a project to design
an atlas for PE that includes different types of maps.

It is true that children often have difficulties in reading and interpreting maps, and for this
reason they should be familiarized with maps and use them for orientation throughout the PE phase.
According to Graesli & Lien [72], they have the ability to work with all types of maps, but due to their
cognitive development, it would be advisable to start in the early grades with perspective maps (more
intuitive representations of the real world, with concrete, tangible, recognizable details) and progress
until they are able to work with symbolic maps (constructions of reality that require the ability to
abstract and decode symbols and information). Therefore, it would be advisable to include this type
of representation from an early age (from 5 years) [71,72]. In the case of our activity, the two maps
presented are symbolic, as children should be able to understand them without much difficulty in
the last years of PE.

To achieve a high level of performance in Q2 (Table 1, Q2), one must use the maps and the trifold
leaflet. Figure 3 shows that only 3 students use data from both materials as evidence, 3 students use
maps, 4 students use trifold leaflets, 9 students use other materials (of which only the report or the
video can give them useful information) and 5 students do not specify which material they use. In
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terms of the use of materials, when students work in groups, materials that are not useful are
discarded. Thus, 5 groups use maps and 1 group the trifold leaflet, although in no case are they able
to integrate these two materials, which are necessary to achieve the maximum level of performance
in relation to the reference answer. Even in some cases, the students who use the map and the trifold
leaflet (S2, S19) do not reach a high level because they only look at the map data and ignore the
relevant information in the trifold leaflet, probably because they make decisions too quickly and do
not read the whole text carefully [11]. Nevertheless, we observe that working in groups improves the
choice of material (map) and its interpretation. According to Ciineanu et al. [73], this may be due to
the fact that in a group they can exchange ideas, identify the elements of the map better and achieve
a better understanding of the material than when working individually.

In Q3 (Figure 4) more than half of the students reach the medium-high level, 4 are at lower levels
and another 4 at a high level. According to Barret's taxonomy [63], these 4 students (high level) are at
level 2 (reorganizing information) in terms of the majority of their use of the trifold leaflet, because
they are able to interpret the information, synthesize it and create their own discourse in which they
understand that all illnesses are related to mental health (Table 1, Q3). On the contrary, 16 students
(intermediate level) would be at level 1 (literal comprehension) because they copy the information
about the medicines in the river that are used to treat some diseases. This reflects the tendency to
copy the information literally, as the activities in the books usually do not encourage interpretation,
but rather require a textual reproduction of the content [74]. In contrast, two of the six groups reached
a medium-low level, two reached a medium-high level and another two reached a high level.
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Figure 4. Performance levels and materials from which they draw evidence for Q3.

To reach the high level, it is enough to use the trifold leaflet. For this question, the students
demonstrated a strong ability to select the appropriate material, since 21 students used the trifold
leaflet, 1 also combined it with the graph and 2 students did not specify which data they used (Figure
4). All the groups used the trifold leaflet in the same way. The students did not have any difficulties
in choosing the trifold leaflet and selecting the information, which could be due to the fact that they
tend to prefer visual and synthesized data [11]. In addition, it is an expository text, and students are
usually used to working with them in the social and natural sciences, as they are the most used texts
in these areas, because they deal with topics of interest for understanding the society in which we
live [64].

In the individual responses to Q4 (Figure 5), 11 students score at a medium-high level, 6 at a
medium-low level and 7 at a null level. When working in groups, 2 groups reach a medium-high
level and 4 groups reach a medium-low level, with zero responses disappearing. In no case is a high
level of performance reached, where the answer should include the relationship between the most
and least sold pharmaceuticals, how they are eliminated and specify that the most present
pharmaceuticals are used for chronic treatments, being their dumping constant (Table 1, Q4).
According to Barret's taxonomy of levels [63], this high-level response requires a reading
comprehension level of 3 (inferential or interpretive). On the other hand, the highest level achieved
by the students (individually and in groups) is medium-high, giving a text comprehension response
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at level 2 (reorganizing information), as they combine the information by establishing relationships
between the most and least sold pharmaceuticals. Similarly, 6 students (medium-low level) reach
level 1 (literal comprehension), identifying only some data from the text (Table 1, Q4).
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Figure 5. Performance levels and materials from which they draw evidence for Q4.

With regard to the origin of the evidence used in the individual work (Figure 5), 6 students use
two materials (report and graphs), 17 use only one (report in all cases, except for two students who
use the maps and one who uses the trifold leaflet) and 1 does not specify. Both the omission of data
and their inadequate use show a zero level of performance. When working in groups, in all cases they
use only one source of information (the report). However, they were expected to use the graphs and
the report in order to respond with a high level of performance, so students seem to have difficulties
in integrating evidence from different sources. We can also interpret that they prefer texts to graphs,
possibly because of their regular use [64] and the ease of their analysis and interpretation compared
to graphs. In fact, according to Curcio's taxonomy [65], the 11 students who use graphs in their answer
(medium-high) reach level 2 (read between data) as they compare the most and least sold
pharmaceuticals (Table 1, Q4). And, as mentioned above, no student performs at a high level on this
question, so the student body is not able to perform level 3 graph comprehension (read beyond the
data).

For Q5, 12 students are at a medium-high level, 8 at a medium-low level, only 3 at a high level
and 1 at a low level. All groups are at a medium-high level, except for 1 group at a medium-low level
(Figure 6). Thus, half of the students (medium-high level) are able to take a position on whether the
presence of pharmaceuticals in the river is harmful or not and to justify it with evidence, showing a
level of reading comprehension 2 (reorganizing information) according to Barret [63]. On the other
hand, 9 students (medium-low and low level) did not justify their answers, reaching level 1 (literal
comprehension). This fact is not surprising since, as Pefia-Garcia [75] mentions, in classrooms more
work is done on identifying information in descriptions and making summaries, and less on arguing
about a text. It is worth noting that 3 students (high level) are capable of addressing the One Health
approach. An example of this is shown in this extract: “Yes, one of the causes why it is harmful is to all
living things that live in or near the river. Because if they ingest it, it could be very harmful to them [animal
and environmental health]. It would not be harmful to us to drink because we do not usually drink from that
water. But on the other hand, that water is used for irrigation. And those plants could die, or worse, they could
get infected, and we would eat those plants [environmental and human health]” (S7). In this way, a level 4
understanding of the text (critical or evaluative judgment) is achieved, since they reflect critically on
the complexity of the environmental problem from a vision that is close to the concept of One Health.

Therefore, some manage a complete vision of One Health. However, others do not reach it
because to fully assimilate this concept it is essential to address the three dimensions in an integrated
manner and not separately (animal-human health, environmental-human health, animal-
environmental health) [76]. In any case, this activity on the presence of pharmaceuticals in waters
does seem to promote the systemic vision and the acquisition of an environmental competence that
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can prepare students to face environmental challenges in a critical and argued way. With this type of
didactic proposals, we bet on a TEE [14,18-20,60,76].
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Figure 6. Performance levels and materials from which the evidence for the Q5 is drawn.

In this case, all students except 3 have extracted the evidence from the report, which is the
material that allows them to reach a high level (Table 1, Q5). Similarly, all the groups used this
material (Figure 6). Although they made a very good choice of material, this did not allow them to
reach the maximum level of performance. As with the use of the trifold leaflet in Q2, the students do
not read the texts carefully and therefore do not extract all the information necessary to argue their
answer.

Q6 does not require students to use data to justify their answers because it is a social science
controversy. Students have to take a position on whether it is better to take medication or not and
why. As this activity is designed, students can do this reflection on scientific concepts without having
any prior knowledge of them, using only the knowledge they have learned during the activity [11,60].

One student achieved a low level, 7 a medium-low level, 8 a medium-high level and another 8 a
high level (Figure 7). Thus, 16 students were able to give a reasoned answer and 8 of them included
in their answers the ideas of avoiding self-medication, the need for medical prescription and/or
responsible consumption (Table 1, Q6). When working in groups, 1 group achieved a low level, 3
groups an intermediate level and 2 groups a high level.
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Figure 7. Performance levels and materials from which they derive evidence for Q6.

Students were able to critically discuss this question on the basis of what they had learned.
Therefore, in our view, the teaching of experimental sciences should focus on working on scientific
practices from an early age so that students can connect science to everyday life [25,77,78] and apply
scientific knowledge, attitudes and skills to realistic contexts [23,79], as happened in this activity
through argumentation.
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In Q7 (Figure 8), all students propose individual solutions (sometimes more than one), mainly
type A "pharmaceutical design and WWTP" (35.14%) and type B "responsible use" (24.32%). To a
lesser extent, solutions of type C "political-legislative measures" (8.11%) and numerous solutions of
type D "not in line with content or generic" (32.43%) also appear (Table 1, Q7). When working in
groups, type A (50.0%), B (33.33%) and C (8.33%) solutions increase, while type D solutions decrease
(8.33%). Although group work seems to favor the decrease of type D solutions and the increase of
proposed solutions, no statistically significant differences were found (chi-square test, x2, p<0.05).
Nevertheless, in this way, students include dimensions in the discussion of solutions that they had
not previously considered [23].

Q7: Proposed solutions
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Figure 8. Relative frequencies of types of solutions proposed by students working individually and in groups.

Therefore, we see that all PE students participating in the study are able to propose solutions to
controversial environmental problems. However, they usually do not assess the consequences of the
impacts caused by the proposed solutions, which are solutions constructed from a simplistic view of
the problem [23,35].

Moreover, we can see that they deal with different perspectives in their solutions [35,80], mainly
scientific (S5: 'Try to improve the purifiers so that the urine is filtered properly’, type A solution) and
ethical (S9: 'Reduce the consumption of pharmaceuticals, do not self-medicate and only take the
absolutely necessary pharmaceuticals prescribed by the doctor', type B solution), but also, although
to a lesser extent, social and political (523: 'Ban this type of drug’, type C solution). In fact, according
to Esquivel-Martin et al. [11], secondary school students also considered scientific and economic
solutions to avoid the toxic risk caused by pesticides, but not ethical or political solutions, as is the
case here in PE. Similarly, when solving an SSI on the production and consumption of avocados in
Spain, teacher education students also consider more the health and environmental perspectives and
less the ethical perspective [12].

3.2. Analysis of the Level of Individual and Group Performance

An analysis was conducted to determine if there were differences in the level of performance
achieved individually and in groups, as group or collaborative work has traditionally been associated
with improved student performance [81,82]. Furthermore, collaborative environments tend to
enhance cognitive, social and metacognitive skills as students engage in dialogue, share ideas and
make collective decisions [83,84]. In particular, according to Pefia-Garcia [75], working on a text in a
group improves reading comprehension and synthesis of ideas.

For this analysis, a comparison of individual and group performance levels (Table 1) was made
in two different ways: 1) by analyzing the level of individual and group performance presented by
each of the 6 groups in the different questions, and 2) by analyzing the overall level of individual and
group performance per question.
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In the first place, with regard to how each of the groups behaved individually and as a group
during the development of the whole activity, there are no significant differences in any case (Table
2).

Table 2. Analysis of the difference between individual and group performance by group for all questions (Mann-

Withney U test, p<0.05).
Mean + Variance Individual Mean + Variance
Group
Gl 4.04 +0.65 3.67 +0.27
G2 3.33+1.54 3.00 +1.60
G3 3.63+1.20 3.83 +0.57
G4 3.50+1.21 3.33 +1.47
G5 3.13+1.29 350+1.10
G6 3.13+1.59 3.83 +0.57

On the other hand, Table 3 shows that there are no differences between individual and group
performance for questions Q2, Q3, Q4, Q5 and Q6 (Mann-Withney U test, p<0.05), so we could
confirm that students’ performance level does not depend on whether they work individually or in
groups. In Q1, however, we found significant differences (Mann-Withney U test, p<0.05). In this
question, working in groups limits or even impairs students' performance. We have observed that
when they work individually, they give more detailed answers, while in a group they answer
superficially, without giving details about the types of pharmaceuticals that pollute the river and in
what quantities. This may depend on many other factors, such as the nature of the question, the
materials used, the social interactions within each group or the role of each member within the group.
Even the sense of belonging to social groups and the desire to feel accepted can guide the decision-
making process [32], so this aspect can also influence the outcomes of the activity. This was seen in
some cases where, for example, G6 did not accept the suggestions of one of its members (523), even
though they were correct:

—  S21: “Question number six. So... Would it be better not to take medicines? I don’t think it would be better
to take medicines because they heal the problems we have, but we should try not to throw them into rivers
or sewers to avoid contamination”.

—  523: “The problem is that with the feces... it is expelled and some of the medicine goes away. I think it
would be best to take medication only when it is really necessary and not just for any reason”.

—  524: ”So we say no because it helps us avoid disease, but we shouldn't throw it in the rivers either”.

—  S23: “But, but... you have to try to consume them properly. You have to consume them a little [...] You
have to consume them a little. You have to use them a little bit, OK?”.

- 8§22: “Mmm, no, no”.

—  S23: “And it doesn’t make any sense, because the sewage [...] When we expel the feces, some of the medicine
comes out”.

—  521: “Yes, but only part of it comes out and not all of it. In the meantime, there are people who take it and
throw it away. So, I think the correct answer is...”

—  523: “No, I think... We can’t be so stupid as to flush the medicine down the toilet”.

—  521: “No, we should not stop taking medicines because they help us avoid disease, but we should take them
correctly”.

Table 3. Analysis of the difference between individual and group performance on each question. An asterisk (*)

indicates statistically significant differences (Mann-Withney U test, p<0.05).

Q1* Q2 Q3 Q4 Q5 Q6
I G I G I G I G I G I G

Mean 388+ 3.00 299+ 3,00+ 396 400 288 330 371 380 396 4.00

+ + + + +
Variance 064 0.00 145 240 048 080 1.68 027 056 0.17 082 1.20

+ + + + + + +
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4. Conclusions

Based on our results, PE students are able to deal with practical cases based on a SSI and solve
them at intermediate levels of performance, using different materials and proposing solutions
considering different perspectives such as scientific, ethical, social or political. In addition, some
students were able to link the three dimensions of health (One Health). Thus, through this proposal,
they begin to interpret environmental and social challenges from a systemic and critical point of view.

Furthermore, this study has allowed us to conclude that in this activity the level of performance
of the students does not improve when they work in groups. We can understand this situation
because if there are many students who individually do not know how to interpret information on a
map, graph or text, they will not be able to do so in a group when they are in the same group, even if
they have had previous experience in cooperative learning, so it is impossible for them to improve
their learning. On the other hand, if we can get a greater number of individual students to improve
their performance in handling the materials, there is a greater chance that there will be an exchange
of knowledge in the same group, and this will lead to an improvement in learning for all.

It is also important to note that students have used all the materials, but in different ways. The
materials they use the most are texts and videos, followed by graphs, and finally maps. They have no
problems working with texts, as they only have to read the information, try to understand it (even
literally) and, if necessary, reorganize it. However, they still have difficulties in selecting and
synthesizing information. A similar situation occurs with graphs, since, although it is a visual and
apparently attractive material, students do not manage to infer or extrapolate data, but only make
comparisons or copy data from the graph, showing a lack of mastery in the handling of this material.
Finally, we can affirm that maps are the material which causes the most problems for PE students in
extracting information. In this respect, they have difficulties in their use and interpretation because
they are not used to working with them, and if they do so, it is by rote and only in some aspects of
the Social Sciences (rivers, mountains, mountain ranges, capitals, countries, regions, etc.). This in turn
shows the fragmentation of the teaching of EE, making it difficult to incorporate specific tools to
develop an interdisciplinary vision of EE. Thus, it is evident that students establish the order of
preference of the materials they use according to their skills in understanding and interpreting them.

This leads us to reflect on the need to work with maps and graphs in the classroom from an early
age, so that students reach higher levels of understanding and are able to extract and interpret
information from any type of material. In this way, they will be able to face current socio-
environmental and other everyday challenges with less difficulty, as they will be able to critically
analyze any type of information and propose solutions in a reasoned way.

The results presented in this article are the first data obtained from an educational intervention
that is part of a larger teaching sequence. On the basis of this intervention, we have been able to find
out how a group of PE students deal with a SSI on environmental health, which contributes to the
development of their environmental competences. In this sense, our work contributes something
unusual to the frame of reference of studies analyzing students' performance in relation to scientific
practices: it focuses on the group of PE students. However, it is too early to generalize these results,
and it would be interesting for future research to analyze how PE students in other educational
contexts solve SSI individually and in groups, how they use the materials and what solutions they
propose. These and other findings would be key to contributing to the improvement of One Health
teaching in the context of EE with a transformative perspective.
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