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A B S T R A C T   

Anthropogenic litter is found in all environments, but perceptions of people about this problem depend on the 
context. We examined the cognition and perception of litter in the environment by schoolchildren from the 
Pacific Coast of Latin America. Two studies were conducted, (1) in a daily urban context, and (2) on a natural 
beach; schoolchildren prepared hand-drawn representations of the environment that were evaluated for the 
presence and perception of litter. Litter cognition was low in urban (<6% of hand-drawn maps with litter) but 
high in natural environments (>32% of beach drawings with litter). Perception of litter was highly negative in 
both environments, but information from previous studies suggests that the reasons differ between urban (litter 
as an indicator of neglect) and natural environments (impact on personal and animal well-being). Our findings 
indicate the phenomenon of “litter blindness” in urban contexts, which might be an obstacle to effective litter 
prevention.   

1. Introduction 

Litter is often perceived negatively due to a feeling of unhealthy 
conditions and a reduction of aesthetic value (Al-Khatib, 2009; Ariza 
et al., 2010; Rangel-Buitrago et al., 2017). However, the cognition of 
litter may vary depending on specific environments and circumstances. 
For example, pedestrians in urban areas may prioritize their personal 
safety when using sidewalks (Bahari et al., 2013), and consequently 
might pay less attention to litter. On the other hand, in natural envi-
ronments and in a recreational context, litter is not expected and can be 
very disrupting (Vaz et al., 2009; Wyles et al., 2014, 2015), and 
consequently people may notice it more. 

In urban environments, the presence of litter also affects how people 
perceive public spaces (Bator & Cialdini, 2000; Cialdini, 2003; Drack-
ner, 2005; Keizer et al., 2008; Latkin & Curry, 2003; Miles & Song, 2009; 
Weaver, 2015). One of the many examples are downtown alleys, which 
are perceived negatively when litter is present, because of the 

association with crime and neglect (Seymour et al., 2010). In the natural 
environment, negative perceptions about litter may lead to, for example, 
a reduction in the number of visitors on a hiking trail where litter is 
prevalent (Reynolds et al., 2007). The same holds true in coastal set-
tings, where litter can affect tourism activities (e.g. Williams et al., 
2016). Most people, and especially tourist managers, are primarily 
concerned with the negative impacts of beach litter (e.g. Botero et al., 
2017), although beachcombers and even teachers may regard anthro-
pogenic marine debris on a beach with great interest and curiosity (e.g. 
Hohn, 2011, p. 402; Weiland & Sheffield, 2013). 

Scientific research has approached the litter problem and its 
perception with the help of targeted surveys focusing on environmental 
litter (e.g. Eastman et al., 2013; Hartley et al., 2018; Santos et al., 2005), 
but few studies examine how the problem is noticed and perceived in a 
casual, non-directed manner, and how important litter is compared to 
other elements in the environment. Drawings can be a suitable method 
to identify perceptions because visual thinking connects a thought 
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directly to an image or a symbol, and when drawing, people’s thoughts 
are reflected in their visual art (Özsoy, 2012). Maps of everyday sur-
roundings have been used to examine how children across different ages 
cognize their local urban environment (Matthews, 1984). Béneker et al. 
(2010) investigated perceptions of cities by schoolchildren from 
different countries, obtaining high similarities in the drawings of cities, 
regardless of the country. In another study, Appleyard (2017) used maps 
to gauge the children’s perception of neighbourhoods based on different 
levels of traffic, identifying how traffic can divert the attention of 
schoolchildren away from other elements that they did not include in 
their maps. 

Focusing on natural environments, drawings have also been used to 
evaluate the perception of beaches (Squarcina & Pecorelli, 2019) and 
landscapes in general that included beaches as important natural fea-
tures for schoolchildren (Yli-Panula et al., 2019, 2020). Those studies 
revealed preferences of the schoolchildren for coastal environments and 
activities they enjoy doing there. Research based on drawings has 
enabled us to investigate the knowledge and perceptions of children 
regarding a particular phenomenon in nature (Dove et al., 1999) or 
ecosystem (Bowker, 2007). Pellier et al. (2014) used drawings to 
determine children’s perception of landscape changes, showing that 
they could identify forest destruction, increased urbanization, or species 
extinction. Even young children can engage in a real, albeit primitive, 
form of map-reading, map-making, and map use (Blaut et al., 1970), and 
include basic environmental issues in their drawings (Barraza, 1999; 
Özsoy & Ahi, 2014). Older children show a more complex understanding 
of environmental problems and draw more attention to future conse-
quences (Alerby, 2000; Günindi, 2012; Özsoy, 2012). 

Within their daily surroundings, people (including children) are 
frequently confronted with anthropogenic litter, which is omnipresent, 
not only in the environment, but also in the media. Marine litter has 
spread across all oceans and even reached the most remote locations on 
the planet (Galgani et al., 2015; Iñiguez et al., 2016; Lavers & Bond, 
2017). In general, this type of contamination is a negatively perceived 
topic worldwide (Dauvergne, 2018; Dilkes-Hoffman et al., 2019; Gelcich 
et al., 2014). People are concerned about the increasing quantities of 
plastic litter and how it affects the marine environment (Dilkes-Hoffman 
et al., 2019; Gelcich et al., 2014; Heidbreder et al., 2019). As most litter 
from terrestrial environments ultimately ends up in the oceans 
contributing to marine pollution, a better understanding of how people 
notice and perceive litter in their immediate urban or natural sur-
roundings is an important first step in designing strategies that can help 
to reduce this problem (Löhr et al., 2017). 

Herein, we conducted two studies to examine how schoolchildren 
from Latin America perceive litter in their environment (urban context 
versus natural beach). In Study 1, we examined the contents of hand- 
drawn maps of the daily path to school, and in Study 2 we analyzed 
self-made drawings from their local beaches. We examined (i) whether 
litter elements were noticed in each study (element cognition), and (ii) 
how the schoolchildren interpreted the elements in the respective en-
vironments (element perception). It was expected that (iii) the occur-
rence of litter in the maps and drawings will be in agreement with the 
actual litter situation at the study locations, which was evaluated using 
Google Street View, Google Earth, and beach object collections that 
were gathered by the schoolchildren. 

2. Materials and methods 

2.1. School network and recruitment 

In this study we assessed how schoolchildren notice and perceive 
litter in urban and natural environments. The study was conducted in 

the context of an international citizen science project, the “Latin- 
American Network of Litter Scientists” (Red Latinoamericana de Cien-
tíficos de la Basura, ReCiBa for its initials in Spanish). This project is 
based on the successful experiences from Chile and Germany, where 
school groups investigate litter on beaches (Eastman et al., 2014; 
Hidalgo-Ruz et al., 2018) and in rivers (Kiessling et al., 2019; Hono-
rato-Zimmer et al., 2021). In this collaborative research, schoolchildren 
are enrolled in a scientific activity to learn about the natural environ-
ment and the litter that is invading aquatic habitats. They learn the 
methodology and participate in collecting information in the field with 
their classmates, which is an exciting and significant experience for 
them, reflected in their interest to participate in similar activities in the 
future (Hidalgo-Ruz & Thiel, 2013). Schoolchildren also enjoy 
communicating their research results to family and community mem-
bers, becoming agents of change and raising awareness about the litter 
problem (Kruse et al., 2020). 

The participating schoolchildren (aged between 10 and 18 years) are 
from schools along the East Pacific coast between Mexico and Chile, 
which includes countries with similar socio-cultural and language 
backgrounds. In most Latin American countries, governmental in-
stitutions and policies to protect the environment are still in early stages 
of development, which is also true for the rate of recycled waste (Hon-
orato-Zimmer et al., 2019). Specific policies to protect oceans from 
plastic are recently emerging in some Latin American countries (Alfonso 
et al., 2021; Amenábar-Cristi et al., 2020). At the same time, school-
children from these countries have low performance levels in reading, 
math, and science skills in comparison with OECD countries (Flor-
es-Mendoza et al., 2021), generating opportunities to improve these 
skills using alternative education methods with an environmental 
approach (Alò et al., 2020; Garzón-Díaz, 2021; Hormel et al., 2021). The 
international project ReCiBa began in 2018, and one of the goals is that 
members of this school network conduct collaborative research on ma-
rine litter during the three years of the project, providing an opportunity 
for schoolchildren to participate in a real scientific activity thereby 
reinforcing their scientific skills. 

Schools were contacted directly and invited to participate in the 
project. 33 schools were enrolled in this first phase of the study 
(see Appendix A). Upon agreeing to join the project, each school (one 
teacher along with their class) received a set of nine activity guides to 
complete during the second semester of 2018 (Table B1 – Appendix B). 
The first guide was the only one that contained information about ma-
rine litter. It presented what schoolchildren had done in the “Científicos 
de la Basura” program, a previous version of the project in Chile, and 
how collaborative research about litter can generate important infor-
mation to deal with this environmental problem. None of the activities 
in the following activity guides focused on litter. The translated content 
of the guides and the instructions for teachers are included in 
Appendix B. The goal of this set of working guides was to motivate the 
schoolchildren to explore the environment and share their perceptions 
with the project members from the other countries. 

The activities related to the present study were carried out by the 
schoolchildren between October 2018 and February 2019. The results 
(maps, beach drawings, collections of items from the beaches) were 
scanned or photographed, and images were sent to the coordinating 
team in Coquimbo, Chile. For a drawing or school to be included in the 
analysis, the criteria detailed in Fig. 1 had to be fulfilled. 

The entire process was supervised in terms of ethic and confidenti-
ality standards, ensuring the anonymity of all participating school-
children under the permit F.M. Nº10 (September 11, 2018) issued by the 
scientific ethics committee of the Universidad Católica del Norte. Due to 
ethic restrictions, we could not identify schoolchildren individually, and 
thus the participating schools were our sampling units. 
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2.2. Cognition and perception measures 

2.2.1. Conceptualization: urban and natural environments 
For the purpose of this study, we considered the urban environment 

as the built environment, which includes the main streets, shops, mar-
kets, and other public buildings (e.g. Weich et al., 2001). These built 
elements enable us to clearly distinguish this environment from a nat-
ural environment where these structures are absent, or their frequency is 
very low. These urban environments are built by humans to develop 
their day-to-day activities (Roof & Oleru, 2008). On the other hand, 
natural environments considered in this study are beaches with different 
levels of anthropogenic intervention. Even if these beaches have urban 
surroundings, we consider that these environments represent physical 
features molded by natural forces (sand, waves, wind) with many nat-
ural elements (seaweeds, shells, animals) that clearly differentiate these 
locations from urban spaces. 

2.2.2. Cognition 
We received maps and drawings from participating schools. One 

single researcher examined the maps/drawings and recorded the pres-
ence and absence of only those elements that were identifiable. We 
distinguished a total of 47 elements that were grouped into four main 
categories (Appendix C): (i) urban elements (e.g. buildings, parking lots, 
commercial places), (ii) human activities (e.g. shipping, sports, beach 
recreation), (iii) natural elements (e.g. land and seascape, animals, 
plants), and (iv) types of anthropogenic litter (e.g. plastics, glass, ciga-
rette butts). 

2.2.3. Perception 
To determine the schoolchildren’s perception of the elements in their 

pictorial representations of the environment (maps and drawings), we 
asked them to mark those elements that they liked (encircling them) and 
those that they disliked (drawing a square around them); some school-
children identified their preferences using different symbols such as 
thumbs up/down, or in writing. We recorded both negative and positive 
perceptions (liked or disliked) only for clearly identifiable elements 
(using the same list in Appendix C). 

2.2.4. Analysis of accuracy 
Since the evaluation of the maps and drawings could be somewhat 

subjective, we tested our accuracy in the analysis by randomly choosing 
50 maps and 50 beach drawings to be analyzed by three independent 
researchers. The proportion of agreement between the main researcher 
and the assistants was calculated for element cognition and perception 
interpretations. In general, the three experts agreed on > 80% of the 
analyzed cases. In particular, agreement was high for the category of 
litter objects (see Appendix D). 

2.3. Study 1 – Litter in the urban environment 

2.3.1. Maps 
In order to gauge the cognition and perception of the schoolchildren 

about litter in the urban environment and in a daily context, we asked 
them to draw by hand a map of their daily path from home to their 
school, with reference to elements from the environment that they 
considered relevant to describe (see Appendix B for translated in-
structions of this activity). 

2.3.2. Estimation of litter in the school surroundings: Google Street View 
We used Google Street View (GSV) to remotely survey litter present 

in each school’s surroundings. Even though GSV has been used in pre-
vious studies to evaluate different neighborhood features (e.g. Li et al., 
2017), herein we developed a new method to survey litter in the images. 
We analyzed the amount of litter present along four transects with five 
inspection points (sampling sites) per transect in the schools’ sur-
roundings. In cases where GSV was not available for a school’s imme-
diate surroundings, we used images from the center of the city. In total, 
we scored litter at 260 inspection points around 13 schools (10 schools 
with GSV around the schools and 3 schools with GSV from city center; 
see also Table 1, Fig. 3). Each inspection point covered a surface area of 
~80 m2 (see Appendix E for details). 

2.3.3. Data analyses 
The content of the maps was analyzed and cognition and perception 

were recorded as described in section 2.2. In total, 238 maps were 

Fig. 1. Flow chart showing the number of 
samples received from the different schools 
(N in parentheses indicates total number of 
maps, drawings, and collections). Maps and 
beach drawings had to fulfill two criteria, 
they had to be done (1) drawn by hand, and 
(2) individually; in a few rare cases several 
schoolchildren made a collective drawing or 
drawings were done on the computer – these 
were excluded from the analysis. After this 
first filter, we only included those schools 
that submitted at least 3 maps or drawings, 
which was considered the minimum number 
to represent the respective site (=school); 
schools with fewer maps/drawings were 
excluded from the analyses.   
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Table 1 
Number of maps and drawings of the beach before and after the visit, and collections reported by each school that participated in this 
project stage and submitted the respective information; five (CHI7, PE12, PAN22, CR25, CR26) of the 33 schools participating in the 
program during this study did not submit any of these items. Total number of schools submitting correctly materials is indicated in 
brackets in the last row (Total). In light grey we highlight the values for the 15 paired schools that submitted drawings from before and 
after the visit to the beach; *indicates number of drawings that were not included in the analysis due to not fulfilling the selection 
criteria (for overview of these criteria see Fig. 1). GSV indicates availability of Google Street View for each school, GE indicates 
availability of Google Earth data for each beach (availability indicated by X). 

School
Urban Natural

N Maps GSV N Before N After Collections GE
CHI1 13 X 15 0 0 X
CHI2 17 X 17 19 4 X
CHI3 19 X 16 0 7 X
CHI4 1* 1* 10 3 X
CHI5 8 X 7 5 9 X
CHI6 6 X 0 0 0
CHI7 0 0 0 0
CHI8 10 11 10 2 X
CHI9 5 X 4 0 0 X
PE10 24 X 14 21 3 X
PE11 4 X 6 0 0 X
PE12 0 0 0 0
PE13 0 2* 3 1 X

ECU14 18 18 16 3 X
ECU15 0 0 3* 2
ECU16 20 X 22 21 4 X
ECU17 3 X 2* 1* 0 X
ECU18 12 11 10 3 X
ECU19 8 14 12 3 X
COL20 0 23 16 0 X
PAN21 20 16 11 2 X
PAN22 0 0 0 0
CR23 10 7 7 1 X
CR24 7 7 7 1* X
CR25 0 0 0 0
CR26 0 0 0 0

HON27 0 10 0 0 X
SAL28 0 0 13 3 X
GUA29 8 0 0 0
MEX30 0 8 3 1 X
MEX31 7 X 6 6 2 X
MEX32 8 X 3 0 0 X
MEX33 11 X 9(1*) 9 2 X
TOTAL 238 [21] 13 243 [21] 199 [18] 55 [18] 25
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included in this content analysis (Fig. 1). We used descriptive statistics 
to document litter density and frequency in the streets of the different 
cities. Since the occurrence of litter in the maps was very low (14 maps 
from only five schools, of which three schools had GSV available), it was 
not considered meaningful to statistically analyze the relationships be-
tween the frequency of maps with litter and the density of litter in the 
streets (as measured with GSV) for the different locations. In addition, 
we descriptively explored the frequency of positive and negative per-
ceptions about the elements represented in the maps. 

2.4. Study 2 – Litter in the natural environment 

2.4.1. Beach drawings 
As schoolchildren may not regularly visit the beaches, we were 

interested in their representations based on long-term memory and after 
a recent visit to their nearest beach. Schoolchildren were first asked to 
draw their local beach from memory. During the following activity, the 
schoolchildren visited their local beach to conduct several observations 
and collect objects that they considered to be representative of the beach 
(see next section 2.4.2). Finally, after the beach visit, the schoolchildren 
were asked to create another drawing of their beach (see Appendix B for 
translated instructions). 

2.4.2. Beach collections 
In order to document the common items on their local beaches, 

schoolchildren collected objects found on the beach. Instructions were 
to collect all objects that they considered representative of their beach to 
show to the other members of ReCiBa (see Appendix B for translated 
instructions). The schoolchildren were asked to arrange the items on a 
uniform surface and take a photograph of their collection. This exercise 
was for small groups of up to 5 or 6 children, and so there were several 
collections for each school/beach. All objects in the collections were 
counted and assigned to categories based on the type of items, which 
consisted of natural (e.g., feathers, shells, and plants) and artificial el-
ements (e.g., plastic, glass, wood, Styrofoam, metal, and paper). Sub-
sequently, we evaluated these collections to confirm whether litter 
occurred on the beaches or not. 

2.4.3. LiLBI – likelihood of litter on the beach 
Beaches were characterized according to their potential likelihood of 

having anthropogenic litter (see Appendix F for details). We estimated 
indicators of the intensity of human activities on the beach, and the 
distance to potential litter sources that were identified and measured 
remotely using Google Earth tools. Summing up all individual indicator 
scores, one value of LiLBI (Litter Likelihood Beach Index) was obtained 
for each beach. Then, we tested the relationship between the LiLBI 
scores and the proportion of drawings with litter for all beaches. 

2.4.4. Data analyses 
A total of 243 and 199 beach drawings from before and after the visit 

to the beach, respectively, were included in the content analysis as 
described in section 2.2. Our sampling unit for analyses was the school, 
and thus, we calculated the proportion of drawings that contained 
cognition and perception of litter. For all the schools that had submitted 
the required number of drawings (n ≥ 3 drawings for each occasion; 
Table 1), we calculated the proportions of beach drawings with litter per 
school per visit. We received drawings before and after the visit from 15 
schools. We labelled these schools “paired schools” because they 
allowed us to compare the proportions of drawings with litter before and 
after the visits. Similar to the effect that educational activities may have 
on the schoolchildren’s concern and knowledge about marine litter 
(Hartley et al., 2015), it was expected that the occurrence of drawings 
with litter increased after the visit. A Student’s t-test for paired samples 
was conducted to test the hypothesis that the proportion of drawings 
with litter was significantly higher after the beach visit than before the 
beach visit. We also ran a linear regression model to compare the 

proportion of drawings with litter (paired and unpaired) before and after 
the beach visit. 

Furthermore, in order to relate the actual litter situation of the beach 
environment to the element cognition of schoolchildren, a linear 
regression model was conducted to examine whether there is a rela-
tionship between the litter risk (the LiLBI value determined for each 
beach) and the proportion of drawings with litter. If the paired drawings 
were available for a school, the average between the two paired values 
was used for the analysis. In cases where the drawings were only sub-
mitted from either before or after the visit, we used the unique, unpaired 
value that was available. 

A total of 55 photographs of beach collections from eighteen schools 
(Table 1, Fig. 1) were evaluated for the presence and quantity of litter 
items. We calculated the proportion of litter items in each collection, the 
average number of litter items for the school, and the proportion of each 
litter type in relation to the total litter items collected by each school. 

Finally, we examined what type of elements on beaches were 
preferred by schoolchildren and how litter was perceived. We descrip-
tively represented differences in element perceptions (positive or 
negative) of the four element categories in drawings (urban, human 
activities, natural, litter) before and after the visit to the beach. Some 
drawings did not identify perceptions (i.e. schoolchildren did not mark 
the elements that they disliked and liked with a square or circle, 
respectively). The proportion of likes and dislikes in drawings were 
calculated in relation to the total drawings that contained each type of 
element. 

3. Results 

3.1. Study 1 – Litter in the urban environment 

3.1.1. Litter cognition in maps vs GSV 
Most of the maps received from the schools (224 of the 238 maps, 

representing 94%) did not feature litter in the streets and only 14 maps 
(6%) contained litter items (see map examples in Fig. 2). GSV was 
available for 13 of the 21 schools that sent maps (Table 1, Fig. 3). The 
GSV analysis of these cities confirmed that litter is ubiquitous in the 
urban environments, being present at 241 of the 260 inspection points 
and homogeneously distributed, with only two exceptions: one city in 
Peru (PE11) and Chile (CHI5) each presented high values and high 
variability due to the presence of dense accumulations of litter at specific 
inspection points (Fig. 3). The transects in the Peruvian city (PE11) had 
the highest average litter density of 0.22 ± 0.18 items m− 2 for the 
twenty inspection points along the four transects surveyed. 

Despite the large proportion of GSV images with litter in the streets, 
litter appeared in only 14 maps from 5 of the 21 schools (Table 1, Fig. 3). 
The urban surroundings of three of those five schools were available in 
GSV, offering a qualitative comparison between litter cognition and 
litter presence in the streets: a Chilean school (CHI1) presented the 
highest proportion of maps with litter (9 out of 13 maps), followed by 
another Chilean school (CHI9: 2 maps with litter out of 5 maps). For 
those two schools, litter densities determined with GSV were not espe-
cially high in comparison with other schools that did not report maps 
with litter (Fig. 3). Finally, the Peruvian school (PE11), which had high 
litter densities in the streets, sent one map with litter, out of a total of 4 
maps (Fig. 3). 

3.1.2. Litter perception in maps 
In 13 of the 14 maps that contained litter, schoolchildren marked the 

elements based on their perception, which were negative in all cases (see 
Table 2). A total of 77 urban-based maps had elements identified as liked 
or disliked by the schoolchildren, which represented 32% of all received 
maps (n = 238). Urban elements, such as football fields, small stores, 
green areas, and public squares received the most positive perceptions, 
while dislikes were less frequent and, generally, also assigned to ele-
ments from the urban category. 
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Fig. 3. Box plots of litter densities in the streets surrounding the schools, based on GSV images and the proportion of maps with litter (black dots). Litter densities for 
each school are based on 20 inspection points, and tabulation below x-axis shows whether GSV images were available from the immediate surroundings of the schools 
or estimated based on the nearby city centers. 

Fig. 2. Maps drawn by students. (A and B) México, (C) Costa Rica, and (D) Chile. Litter appears in map D, accumulated in the corner between the streets and 
highlighted as “Basura” (“Litter” in English). 
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3.2. Study 2 – Litter in the natural environment 

3.2.1. Drawings and LiLBI 
Many beach drawings contained different types of litter (e.g., plastic 

bottles, plastic bags, cans, cigarette butts, and shoes). Of the 442 beach 
drawings that passed the selection process (Fig. 1), 32% contained litter 
elements in different locations, including on the sand, floating in the 
water, or submerged. For the paired schools (n = 15, Table 1), no sig-
nificant differences in the proportion of drawings with litter before and 
after the visit were found (Student’s t-test for paired samples; t =
− 1.8702, df = 14, p-value = 0.082), indicating that even before visiting 
the beach, the schoolchildren were aware of litter present on their local 
beaches. The average proportion of drawings with litter before and after 
the visit was 28% ± 24% and 35% ± 28% (mean ± std), respectively, 
and there was a linear relationship between the before and after pro-
portions (R2 = 0.63; p < 0.001; Fig. H1). 

The majority of the 24 evaluated beaches received medium and high 
values of the LiLBI score (Appendix G), and only two beaches presented 
values lower than 9, indicating that most of the beaches have many 
potential sources of litter (tourism infrastructure, shipping, beach ac-
cess, river mouth, etc.). The linear regression model between LiLBI and 
the occurrence of litter in drawings (using the average for schools with 
paired samples) revealed a weak, significant correlation (Fig. 4). Only 
one school in Costa Rica (CR24) had no litter in any of the drawings (nb 
= 7 drawings before and na = 7 drawings after the visit to the beach). 
The largest paired sample difference was obtained from a school in 
Colombia (COL20), with a 40% increase in the proportion of drawings 

with litter after the visit (Fig. 4). Photographic records sent by this 
Colombian school showed very high quantities of litter during the beach 
visit (Fig. 5). 

3.2.2. Beach collections 
Different types of items (natural and artificial; Fig. 6) were present in 

the schoolchildren’s beach collections. The number of items present in 
the collections varied substantially. For example, schoolchildren from 
one of the Ecuadorian schools (ECU16) collected a total of 170 items that 
were distributed across four collections. In contrast, one school from 
Costa Rica (CR23) had the lowest number of items, nine items in total in 
only one collection. 

Almost all collections (96%; 53 out of 55 collections from 18 schools) 
contained litter, and litter was collected on all of the 18 surveyed bea-
ches. The average proportion of litter in each collection was 65% ± 29% 
(mean ± std) of all items (n = 1047 items from N = 55 collections). 
Plastic represented ~61% of all litter items. All other anthropogenic 
materials (wood, cigarettes, glass, paper, metal, and other) were 
considerably less abundant with proportional values of less than 9% 
each (Fig. 7). Fifteen schools submitted drawings after the beach visit 
together with their beach collections; litter was present in all of these 
collections and appeared in at least one of the drawings submitted by 14 
of these schools. 

3.2.3. Litter perception on the beach 
Perceptions of elements were expressed for a total of 162 beach 

drawings illustrated before the visit (67% of the total 243 drawings 

Table 2 
Number and percentage of maps that feature elements (grey shading) and that are marked as liked or disliked 
in the urban environments of Study 1; highest value for each column is marked bold. Percentages of likes and 
dislikes are based on the total number of maps or drawings that contained the respective elements. 

Fig. 4. Relationship between the Litter-Likelihood 
Beach Index (LiLBI) and the proportion of drawings 
with litter for all schools that sent beach drawings. If 
schools submitted before and after drawings (codes 
for these paired schools marked bold), the corre-
sponding data points are connected by a thin line, and 
the x marks the average value. The insert figure 
shows a weak but significant relationship between 
LiLBI and the average of drawings with litter across 
all participating schools (y = 2.10 x + 1.8, R2 =

0.197, F = 5.398, d.f. 22, p = 0.0298).   
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received) and 105 beach drawings after the visit (53% of 199). Litter was 
the element that was perceived most negative in both the drawings 
before and after the visit to the beach (Table 3). Natural elements 
received the most likes, with the most common being seabirds, palm 
trees, and other animals. In addition, some drawings included the 
interaction between animals and plastic litter (see an example in 
Fig. 8A). Finally, schoolchildren showed positive perceptions toward 
human activities on the beach (e.g., recreational sports such as playing 
football or swimming), while other activities related with littering 
behavior or pollution (e.g. shipping or fishing) were highlighted as 
negative. 

4. Discussion 

4.1. Litter cognition in urban environments 

Litter in the streets is a common part of the urban landscape, but 
people are not always attuned to its presence. In our study, most of the 
maps drawn by the children of their daily journey to the school con-
tained no litter. Instead, the maps of urban environments were domi-
nated by buildings and streets, highlighting shops, malls, restaurants, 
parks, and football fields, which is in agreement with the results of 
Béneker et al. (2010), who found similar elements in city drawings made 
by schoolchildren from four northern hemisphere countries. Also, 

Fig. 6. Examples of beach collections. (A) Ecuador, (B) Peru, (C) Mexico and (D) Panama.  

Fig. 5. Drawing of a Colombian beach after the visit. The drawing contains many litter objects, some of which are easy to recognize in the photograph taken by the 
teacher during the visit, including shoes or wood. Despite the high densities of litter (see photograph), one of the 16 drawings made after the visit to this Colombian 
beach did not contain any indication of litter elements. 
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drawings made by English schoolchildren mapping their journey to 
school were dominated by shops, buildings, and other functional ele-
ments, while natural elements were lacking or appeared in very low 
frequencies (Matthews, 1984, 1985). Nevertheless in the study by 
Béneker et al. (2010), even though litter was uncommon, other envi-
ronmental issues such as air pollution appeared in 24% of their draw-
ings. In our study, no other types of urban pollution sources were 
represented; we cannot assert the reasons, but the schoolchildren might 
have preferred not to share this kind of information in their maps. 

The low proportion of maps with litter in Study 1 suggests limited 
litter cognition in urban environments, which could be a consequence of 
a lack of attention towards this element in cities, where an excess of 
stimuli affects how schoolchildren perceive their surroundings during 
their daily routines. Cities contain numerous stressors that require 
attention such as advertising, traffic, crowding, dogs, homeless people, 
drug use, or crime (Ekblad, 1993; Hwang, 2015). Appleyard (2017) 
detected this effect of selective attention for children living in neigh-
borhoods with high traffic levels, who had difficulty describing any 

detail of the surrounding environment in their drawings. Cities are 
generally perceived as dangerous locations for children, negatively 
influencing their lifestyle (Tranter, 2015; Wridt, 2010), and, while urban 
litter can be a health risk for children (Al-Khatib, 2009), it might be 
socially considered much less dangerous than car traffic or violence. In 
general, Latin American cities present high levels of street violence 
compared with cities from other continents (Glebbeek & Koonings, 
2016), which could also be true for certain cities in our study. For 
example, teachers from one of the schools in Mexico informed us that a 
subset of schoolchildren were afraid of sharing the address of their 
family home on maps. 

The proportion of maps with litter was very low, even though the GSV 
analysis confirmed that litter is ubiquitous in the vicinity of the partici-
pating schools. A study from Tacna, Perú suggested that street litter is not 
a priority in comparison with other socioeconomic problems (Drackner, 
2005), and consequently litter may actually be common in the streets, 
which is confirmed by our GSV analysis. The accumulation of litter in 
harbors of coastal cities (Aguilera et al., 2016) seems to be a reflection of 

Table 3 
Number and percentage of drawings that feature elements (grey shading) and that are marked as liked or disliked in the beach 
drawings of the Study 2; highest value for each column is marked bold. Percentages of likes and dislikes are based on the total 
number of maps or drawings that contained the respective elements. 

Fig. 7. Litter in beach collections. (A) The proportion of litter items in the collections in relation to natural items (e.g., shells, stones, feathers or seeds), and (B) the 
proportion of the different litter types in the collections from each school; all collections from a school were combined for this analysis. 
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high litter densities in urban environments, likely caused by the generally 
poor waste management in Latin American countries (Hettiarachchi 
et al., 2018). In general, litter is so ubiquitous that most people do not 
notice it as something misplaced, particularly when they have never 
witnessed a pristine environment (Kahn & Friedman, 1995). This “inat-
tentional blindness” (sensu Simons, 2000) towards litter is thus analo-
gous to car drivers who notice a person standing at a crosswalk but who 
overlook a litter bin in the same location (Pammer et al., 2018). 

4.2. Litter cognition in natural environments 

The fact that many of the beach drawings from Study 2 contained 
litter shows that schoolchildren recognized its presence on the beaches. 
This finding is uncommon for an activity where schoolchildren were 
invited to share personal impressions of their local beaches. For 
example, Squarcina and Pecorelli (2019) reported a high frequency of 
natural elements and human activities (e.g. sports) in beach drawings, 
but their study showed that schoolchildren perceive the beach primarily 
as a recreational space, and the appearance of litter was very low (<1% 
of their drawings), contrasting with our results. While schoolchildren 
participating in our study illustrated very realistic representations of 
their beach (confirmed by the significant correlation between the litter 
likelihood index LiLBI and the proportion of drawings with litter), the 
beach drawings in Squarcina and Pecorelli (2019) took a more imagi-
nary perspective. The differences between the two studies’ findings 
could be a result of methodologies, as both studies had very different 
instructions to introduce the drawing activities; the schoolchildren in 
our study were asked to share impressions of their beach with other 

network schools. The schoolchildren also know that the ReCiBa project 
is focused on marine litter along the coast. In addition, as the school-
children curated collections of items from the beach, the litter might 
have caught their attention, thus affecting their element cognition, as 
suggested by the slightly higher proportion of beach drawings with litter 
after the visit to the beach. 

Human activities and natural elements, such as marine animals or 
coastal plants were most commonly represented in the beach drawings 
in our study. Beaches appeared among the preferred landscapes, related 
to vacations and social experiences, which also coincides with the 
findings of Squarcina and Pecorelli (2019). When drawing natural 
spaces that they would prefer to conserve, Swedish and Finnish 
schoolchildren commonly portrayed coastal environments (Yli-Panula 
et al., 2019). In a similar study, Mexican children frequently drew 
beaches and highlighted the importance of nature, drawing animals and 
using bright colors that were associated with a positive outlook of these 
natural landscapes, typically without any litter (Yli-Panula et al., 2020). 
Beaches were shown as natural environments that children enjoy, and 
since their attention was focused on social interactions and enjoyment, 
they might have overlooked litter and other negative elements. Those 
studies differed from our study where schoolchildren were asked to 
remember and describe the physical appearance of their local beaches. 
Even though litter was broadly represented, the drawings of Study 2 also 
contained many other elements related to nature and typical beach ac-
tivities, showing that schoolchildren enjoy these natural environments 
in many different ways. 

Our results support the findings of other studies that litter is broadly 
recognized by schoolchildren as an environmental issue caused by 

Fig. 8. Examples of beach drawings made by the schoolchildren with expressions of positive (encircled) and negative (boxed) perceptions. Some of these drawings 
are so detailed that they allowed us to identify the site via Google Maps (see the correspondence between the plastic whale in the beach drawing (C) and the real 
plastic whale in the image from Google Maps (D)). 
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humans. Schoolchildren from particular countries have demonstrated 
high awareness about the problem, which could be emphasized by the 
issue’s high presence in media (Oturai et al., 2022). Among the different 
types of environmental problems, litter seems to appear most 
commonly, possibly as it is easier for children to describe litter than 
other environmental problems such as, for example, climate change. 
Interestingly, when young children (7–9 years of age) from the UK and 
Mexico were asked to draw the natural environment from the perspec-
tive of an invisible extra-terrestrial being, most of their drawings con-
tained natural elements, but 37% also represented at least one 
environmental problem, including pollution and litter (Barraza, 1999). 
When asked about their vision of the future, children’s drawings 
generally reflected a worsening of environmental problems (Barraza, 
1999; Pellier et al., 2014). Similarly, two other studies motivating 
schoolchildren to draw about the environment reported that “polluted 
environments” or “the bad world”, respectively, frequently included 
litter (Alerby, 2000; Özsoy, 2012). 

The beach collections assembled by the schoolchildren showed that 
there is a high likelihood in finding litter on almost all the beaches 
included in this study. Large quantities of litter, mainly from local 
sources, had also been confirmed for many beaches along the Pacific 
Coast of Latin America (Delvalle de Borrero et al., 2020; Gaibor et al., 
2020; Garcés-Ordóñez et al., 2020; Hidalgo-Ruz et al., 2018; Rech et al., 
2014; Silva-Iñiguez & Fischer, 2003). If litter is present on the beach, 
schoolchildren are generally able to identify it. In contrast with our re-
sults, the lack of litter in the drawings of Scandinavian beaches (Yli--
Panula et al., 2019) could also be due to the lower abundance of litter on 
beaches from North-West Europe compared with Latin American bea-
ches (Gaibor et al., 2020; Honorato-Zimmer et al., 2019). 

4.3. Element perception in urban and natural environments 

Litter was by far the most negatively perceived element in our study, 
regardless of the type of environment. This result coincides with other 
studies that also highlighted how litter has a negative impact on people’s 
perception of the environment (e.g. Dorwart et al., 2009). For example, a 
visual experiment that used specially prepared pictures with different 
litter amounts in a recreational area showed the negative effect that 
litter has on people (Budruk & Manning, 2006). In another study, people 
related the presence of litter in waterscape pictures with low water 
quality (Wilson et al., 1995). These negative associations related to the 
presence of litter are similarly reported for urban areas, where litter or 
graffiti are interpreted as signs of vandalism and crime (Ford, 2001; Wei 
et al., 2005). 

In urban environments, litter is mainly associated with dangerous or 
neglected spaces (Herzog & Chernick, 2000). Schoolchildren and teen-
agers preferred areas where they feel safe and can play or share with 
others, such as public places, fields, or green areas (Alarasi et al., 2015; 
Carroll et al., 2015; Spencer & Woolley, 2000; Woolley, Spencer, et al., 
1999; Zhigaltsova, 2018). In contrast, children are afraid of intoxicated 
people and gangs, and avoid certain areas that they relate to their own 
negative experiences or with warnings from adults (Carroll et al., 2015). 
Children frequently perceived litter and graffiti as negative elements, 
associating these elements with feelings of insecurity (Woolley, Dunn, 
et al., 1999). When children were asked about litter in cities and 
neighborhoods, they identified it as an indicator of neglect (Christensen 
& O’Brien, 2003). Herein, only a few of the maps showed areas that are 
known to generate negative associations, but when litter appeared in the 
maps it was marked as negative, possibly because the schoolchildren 
associate the presence of this litter with low quality urban environments 
(Alarasi et al., 2015). 

The schoolchildren showed an overall positive perception of coastal 
environments in their drawings, often related to vacations, boating, 
swimming, and other recreational activities, which coincides with the 
findings of other studies (Squarcina & Pecorelli, 2019; Yli-Panula et al., 
2019). Coastal environments have important psychological benefits 

providing a restorative effect for people (Ashbullby et al., 2013; Wyles 
et al., 2014), which can be disturbed by the presence of litter (Wyles 
et al., 2015). In agreement with those studies, our results indicate that 
positive recreational experiences on the beach are impacted by litter, 
explaining the negative perception that an important number of 
schoolchildren had regarding this element in the beach drawings from 
our study. 

Natural elements were very common in the beach drawings and 
received the most positive marks by the schoolchildren, which seems 
comparable with the large number of drawings of underwater life re-
ported by Squarcina and Pecorelli (2019). At the same time, litter in the 
natural environment was also perceived highly negatively (in Study 2), 
probably because the children related it with pollution and damage to 
their favourite natural elements (e.g., marine animals), which corre-
sponds with other studies (Barraza, 1999; Özsoy, 2012). This negative 
perception of litter effects on marine life could be motivated by previous 
knowledge about the impacts of marine litter, similar to how personal 
experiences and concepts obtained from the media might induce chil-
dren to draw natural elements and vacation experiences within a posi-
tive context (Squarcina & Pecorelli, 2019). In drawings of polluted 
environments, humans often are depicted as littering or cars as polluting 
the air (Özsoy, 2012), which could be analogous to the negative 
perception of ships as polluting agents in our study. On the other hand, 
litter bins or recycling points are perceived positively because they are 
associated with actions to take care for the environment as reported by 
Barraza (1999). 

The above considerations suggest that litter is perceived as a negative 
element everywhere, but the underlying reasons for this negative 
perception appear to differ between urban and natural environments. In 
urban environments, litter is an indicator for neglect and dangerous 
locations (Herzog & Chernick, 2000), generating an association of 
insecurity and risk (Ford, 2001; Wei et al., 2005), while in natural en-
vironments litter may disturb the feelings of pleasure and recreation 
(e.g. Budruk & Manning, 2006), causing negative impacts on 
positively-perceived natural elements, especially when it interferes with 
animal welfare. 

5. Conclusions and outlook 

Our results showed very few maps with litter, indicating that litter 
cognition in urban environments (here represented by the daily path 
between home and the school in Study 1) was substantially lower than 
for natural environments (here represented by a local beach in Study 2), 
where a large proportion of drawings (from before and after the visit to 
the beach) contained variable types and amounts of litter. While 
cognition of litter differed between the urban and natural context, the 
perception of litter was highly negative in both environments. 

Litter is ubiquitous, but schoolchildren seem to overlook it in the 
urban environment, probably because cities provide stimuli related with 
consumption and entertainment, as well as multiple stressors that 
require attention. In contrast, in natural environments such as sandy 
beaches, litter is noticed more easily and recognized as a disturbing 
element, most likely because it interferes with recreational activities and 
the beauty of the seashore. Based on these findings, we suggest that 
children (as well as adults) suffer from inattentional blindness (Simons, 
2000) towards litter in urban environments, which we propose to call 
“litter blindness” (sensu “plant blindness” as defined by Bowker, 2007). 
In future studies, experimental approaches could be used to examine 
litter cognition in different types of environments, socio-cultural con-
texts, or among different population groups. 

Coastal cities are major sources of litter to the ocean (e.g., Willis 
et al., 2017), with rivers functioning as the main conduits of litter be-
tween cities and the sea (e.g., Honorato-Zimmer et al., 2021; Lebreton 
et al., 2017). Thus, improving our understanding of the mechanisms that 
cause litter blindness in urban environments could be an opportunity to 
design better strategies to reduce marine litter. 
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Özsoy, S., & Ahi, B. (2014). Elementary school students’ perceptions of the future 
environment through artwork. Educational Sciences: Theory and Practice, 14, 
1570–1582. 

Pammer, K., Raineri, A., Beanland, V., Bell, J., & Borzycki, M. (2018). Expert drivers are 
better than non-expert drivers at rejecting unimportant information in static driving 
scenes. Transportation Research Part F: Traffic Psychology and Behaviour, 59, 389–400. 
https://doi.org/10.1016/j.trf.2018.09.020 

Pellier, A., Wells, J. A., Abram, N. K., Gaveau, D., & Meijaard, E. (2014). Through the 
eyes of children: Perceptions of environmental change in tropical forests. PLoS One, 
9. https://doi.org/10.1371/journal.pone.0103005 

Rangel-Buitrago, N., Williams, A., Anfuso, G., Arias, M., & Gracia, A. (2017). Magnitudes, 
sources, and management of beach litter along the Atlantico department coastline, 
Caribbean coast of Colombia. Ocean & Coastal Management, 138, 142–157. https:// 
doi.org/10.1016/j.ocecoaman.2017.01.021 

Rech, S., Macaya-Caquilpán, V., Pantoja, J. F., Rivadeneira, M. M., Madariaga, D., & 
Thiel, M. (2014). Rivers as a source of marine litter - a study from the SE Pacific. 
Marine Pollution Bulletin, 82, 66–75. https://doi.org/10.1016/j. 
marpolbul.2014.03.019 

Reynolds, K. D., Wolch, J., Byrne, J., Chou, C. P., Feng, G., Weaver, S., & Jerrett, M. 
(2007). Trail characteristics as correlates of urban trail use. American Journal of 
Health Promotion, 21, 335–345. https://doi.org/10.4278/0890-1171-21.4s.335 

Roof, K., & Oleru, N. (2008). Public health: Seattle and King County’s push for the built 
environment. Journal of Environmental Health, 71, 24–27. https://www.cdc.gov/ 
nceh/ehs/docs/jeh/2008/july-aug_w_case_studies/jeh_jul-aug_08_seattle.pdf. 

D. De Veer et al.                                                                                                                                                                                                                                

https://doi.org/10.1177/095624789300500210
https://doi.org/10.1177/095624789300500210
https://doi.org/10.3389/feduc.2021.632289
https://doi.org/10.2747/0272-3638.22.3.268
https://doi.org/10.1016/j.marpolbul.2020.111068
https://doi.org/10.1016/j.marpolbul.2020.111068
https://link.springer.com/book/10.1007/978-3-319-16510-3
https://link.springer.com/book/10.1007/978-3-319-16510-3
https://doi.org/10.1016/j.envpol.2020.115495
https://doi.org/10.1016/j.envpol.2020.115495
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref39
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref39
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref39
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref39
https://doi.org/10.1073/pnas.1417344111
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref41
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref41
https://doi.org/10.1016/j.sbspro.2012.09.541
https://doi.org/10.1016/j.sbspro.2012.09.541
https://doi.org/10.1016/j.marpolbul.2018.05.061
https://doi.org/10.1016/j.marpolbul.2018.05.061
https://doi.org/10.1016/j.marpolbul.2014.10.049
https://doi.org/10.1016/j.scitotenv.2019.02.437
https://doi.org/10.1016/j.scitotenv.2019.02.437
https://doi.org/10.1006/jevp.1999.0151
https://doi.org/10.1006/jevp.1999.0151
https://doi.org/10.3390/recycling3020019
https://doi.org/10.3390/recycling3020019
https://doi.org/10.1016/j.marpolbul.2017.11.014
https://doi.org/10.1016/j.marpolbul.2017.11.014
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref49
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref49
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref49
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref50
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref50
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref50
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref51
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref51
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref51
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref51
https://doi.org/10.1016/j.marpolbul.2018.11.048
https://doi.org/10.1525/cse.2021.1434937
https://doi.org/10.1525/cse.2021.1434937
https://doi.org/10.1177/0002716215579823
https://doi.org/10.1177/0002716215579823
https://doi.org/10.1016/j.rser.2016.06.031
https://doi.org/10.1016/j.rser.2016.06.031
https://doi.org/10.1111/j.1467-8624.1995.tb00942.x
https://doi.org/10.1111/j.1467-8624.1995.tb00942.x
https://doi.org/10.1126/science.1161405
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref58
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref58
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref58
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref59
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref59
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref59
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref59
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref59
https://doi.org/10.2307/1519814
https://doi.org/10.1073/pnas.1619818114
https://doi.org/10.1073/pnas.1619818114
https://doi.org/10.1038/ncomms15611
https://doi.org/10.1007/978-3-319-57336-6_24
https://doi.org/10.1016/j.cosust.2017.08.009
https://www.jstor.com/stable/621869
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref66
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref66
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref66
https://doi.org/10.1111/j.1467-9906.2009.00457.x
https://doi.org/10.1111/j.1467-9906.2009.00457.x
https://www.sciencedirect.com/science/article/pii/S0048969721059921
https://www.sciencedirect.com/science/article/pii/S0048969721059921
https://eric.ed.gov/?id=EJ981833
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref72
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref72
http://refhub.elsevier.com/S0272-4944(22)00026-3/sref72
https://doi.org/10.1016/j.trf.2018.09.020
https://doi.org/10.1371/journal.pone.0103005
https://doi.org/10.1016/j.ocecoaman.2017.01.021
https://doi.org/10.1016/j.ocecoaman.2017.01.021
https://doi.org/10.1016/j.marpolbul.2014.03.019
https://doi.org/10.1016/j.marpolbul.2014.03.019
https://doi.org/10.4278/0890-1171-21.4s.335
https://www.cdc.gov/nceh/ehs/docs/jeh/2008/july-aug_w_case_studies/jeh_jul-aug_08_seattle.pdf
https://www.cdc.gov/nceh/ehs/docs/jeh/2008/july-aug_w_case_studies/jeh_jul-aug_08_seattle.pdf


Journal of Environmental Psychology 81 (2022) 101781

14

Santos, I. R., Friedrich, A. C., Wallner-Kersanach, M., & Fillmann, G. (2005). Influence of 
socio-economic characteristics of beach users on litter generation. Ocean & Coastal 
Management, 48, 742–752. 

Seymour, M., Wolch, J., Reynolds, K. D., & Bradbury, H. (2010). Resident perceptions of 
urban alleys and alley greening. Applied Geography, 30, 380–393. https://doi.org/ 
10.1016/j.apgeog.2009.11.002 
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