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Abstract
Childhood is a critical stage in the development of our individual identities. It is 
precisely the time when a child begins to become increasingly affected by two 
processes that may be acting in a manner that is inversely proportional to their 
educational needs: on the one hand, hyperconnectivity as a cultural reality in child-
hood and, on the other, a nature deficit. Against this backdrop, this article describes 
a research process designed to analyse the ludic and didactic use made in childhood 
of technology and the natural environment, further considering the role played by 
variables such as gender, age, and school year. This process is of a quantitative, 
non-experimental, and cross-sectional nature, adopting an exploratory-descriptive 
and correlational approach. The sample consists of 2,586 schoolchildren aged be-
tween 9 and 13. The findings reveal significant differences depending on gender: 
girls are more engaged with nature, while boys tend more toward technology. There 
are also differences between school years and the children’s ages, with a highlight 
being a steady decrease in the ludic use of nature and its appreciation as children 
grow older, especially between the ages of 10 and 12. The study suggests that 
schools may have a key role to play is reversing these trends, especially using 
active methodologies and curricular proposals that bring the experience of nature 
into the classroom. Finally, the discussion focuses on the importance of designing 
teaching practices that strike a balance between technology and nature with a view 
to fostering children’s sustainable and mindful development in the digital era.
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Introduction

Human beings naturally depend on the material and social environment that sur-
rounds us for our fully rounded development. Over the course of history, this envi-
ronment has been formed through a symbiotic process involving the natural and 
artificial worlds. On the one hand, what occurs and exists in nature responds to bio-
logical criteria expressed in our genes, whereby we cannot escape from it and would 
be remiss to ignore it. On the other hand, we are what we are today, both as a species 
and as individuals, thanks largely to technology, which has certain specific effects 
that shape us, rendering it important to study the extent of their impact at any given 
time (Stiegler, 1998).

The relationship we now have with technology seems to have strengthened in 
detriment to our engagement with nature and, moreover, the instrumental logic that 
defines technological development is also reflected in the way in which we observe 
the natural world and transmit it to the next generations (Alonso del Casar, 2025). 
Hyperconnectivity has become childhood’s new cultural reality. Children now spend 
more and more time surrounded by screens and online (Capaldi et al., 2015). In step 
with the emergence of this phenomenon, Richard Louv (2008) has identified what we 
now know as Nature-Deficit Disorder, a term that refers to children’s growing detach-
ment from nature compared to their parents and grandparents.

The convergence of these two tendencies, compounded by today’s scenario of 
climate crisis, might have substantial long-term repercussions, as the decrease in 
contact with nature and its instrumentalisation weaken the eco-awareness of new 
generations and undermine their commitment to its preservation (Kimmerer, 2020). 
Nevertheless, all is not lost. As the French psychoanalyst and thinker Félix Guattari 
(1999) affirmed some years ago, although a given socioeconomic system appears to 
impose the development of a certain subjectivity, children and young people always 
have ways and means for establishing their own alternative processes of individuali-
sation, above all if their education encourages them to do so.

Faced with this reality, there is a need to develop classroom practices that encour-
age children and young people to become more aware of nature’s importance even 
in a world dominated by artifice; in other words, this research is designed to help us 
advance towards a sustainable future in which technology and nature coexist in har-
mony. We analyse the extent to which children adopt a ludic and didactic approach to 
nature, considering the role played by such variables as gender, age, and school year.

Literature review

Childhood, digital identity and nature deficit

Childhood is a critical stage for the development and meaning of “self”. The experi-
ences we have at this time in our lives have an impact on the building of our own 
identities in terms of values, outlooks, feelings, beliefs, and behaviours (Dewey, 
2021). It is precisely at this stage when a child begins to be increasingly affected by 
two processes that might be acting in an inversely proportional way to their educa-
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tional needs: on the one hand, hyperconnectivity as a cultural reality in childhood, 
with both girls and boys becoming accustomed to going online, being surrounded 
by screens, information, and data (Caballero et al., 2024), and on the other, a nature 
deficit that begins to appear at these ages and is reflected in a weak attachment to their 
natural environment (Gutiérrez-Pérez et al., 2024a, b). Furthermore, recent research 
highlights that digital engagement begins even earlier than previously assumed: the 
use of tablets, smartphones and streaming content is now widespread among pre-
school-age children, generating early patterns of digital attachment that can persist 
into later childhood (Harverson, et al., 2025). Including the preschool stage broadens 
the scope of concern and underscores how deeply technology penetrates children’s 
developmental trajectories from the outset.

This reality presents a potential conflict when technology becomes a consumer 
item that causes dependency and weakens the building of an individual identity 
(Anitha et al., 2021). In turn, a child’s innate need to engage with nature is gradu-
ally displaced, altering the fundamental link between human beings and their natural 
environment, thereby compromising their rounded development. First of all, a deeper 
understanding of the relationship between hyperconnectivity and childhood identity 
requires drawing on theories of digital attachment and self-extension. Muñoz (2021) 
describe how, in hyperconnected contexts, digital devices become symbolic artefacts 
through which children negotiate autonomy, belonging and (self)recognition. From 
this perspective, tablets and smartphones operate as “transitional objects” that medi-
ate affective security, social presence and self-presentation. Such ideas resonate with 
Stiegler’s (1998) account of technics as constitutive of human individuation: digital 
artefacts do not merely accompany development but actively co-produce subjectiv-
ity. Recent analyses of the “onlife self” further argue that digital technologies act as 
grammars shaping how children perceive and narrate themselves, dissolving bound-
aries between online and offline life. These socio-technical environments mediate 
children’s visibility, relationality and identity construction, making early digital prac-
tices formative rather than merely instrumental (Sánchez-Rojo et al., 2022). From 
an outdoor education perspective, recent work highlights that mobile technologies 
increasingly operate as mediating tools that reshape how children experience, docu-
ment and interpret outdoor and natural settings, rather than simply distracting them 
from such experiences (Beames & Maher, 2024). Integrating these frameworks 
allows us to understand why early digital engagement, which increasingly beginning 
in the preschool years (Harverson et al., 2025), can contribute to stable patterns of 
technological attachment that continue to shape children’s interests and daily prac-
tices in late childhood (Yau & Reich, 2019).

The phenomenon of hyperconnectivity is confirmed by the data on children’s online 
use. According to the UK Office for National Statistics (Stripe, 2020), 89% of children 
aged between 10 and 15 state they go online every day. In turn, the latest survey con-
ducted by EU Kids Online (Smahel et al., 2020) reveals that 80% of children access 
the internet via their smartphones, with boys showing a greater preference for mobile 
technology (Serrate-González et al., 2025). At the same time, an increasing body of 
research is warning of the risk arising from the use of digital devices in childhood. 
Some studies have identified data misuse, and the consumption of harmful or sexual 
content even at the age of nine (Caballero et al., 2024; Torrijos-Fincias et al., 2021), 
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involvement in cases of abuse and cyberbullying (Millan Ghisleri and Caro Samada, 
2021), and even addiction to videogames from the age of 11 onwards (Kilbey, 2017). 
Other studies find that constant access to electronic devices not only transforms the 
way children interact with their environment, as it also impacts upon their cognitive 
and emotional development (Otrel-Cass, 2022). Faced with this scenario, some stud-
ies have begun to address this issue, analysing the possible correlation between the 
intensive use of technology and the shorter time spent in outdoor pursuits (Bezeljak et 
al., 2023; Larson et al., 2019; Selden, 2024; Thorsteinsson et al., 2023).

On the other hand, regarding the importance of our contact with the natural envi-
ronment for our development as human beings, Wilson’s biophilia hypothesis (1984) 
proposes an innate human tendency to affiliate with natural environments, a predis-
position reinforced during childhood through repeated direct contact. Wilson empha-
sises that this predisposition is not fixed, but activated, strengthened or weakened 
through experience. During childhood, the hypothesis, supported by contemporary 
research (Chawla, 2020), suggests that direct, repeated and varied contact with natu-
ral spaces, such as playing outdoors, exploring green areas, interacting with animals 
or manipulating natural materials, acts as a developmental catalyst that reinforces the 
biophilic tendency. These early interactions help children cultivate attentional capac-
ities, emotional regulation, empathy toward non-human life and a sense of belonging 
within natural systems. Building on this foundation and adapting to the new realities 
in which children live (urban environments, limited access to natural settings…), it 
is important to mention that recent studies distinguish between physical nature, refer-
ring to unmediated, sensory-rich interaction with natural settings (Capaldi, et al., 
2015); hybrid nature, which involves structured or tool-supported encounters such 
as school gardens or guided observation (Kelemen, et al., 2025); and digital nature, 
defined as technologically mediated representations of natural environments (e.g., 
videos, apps, Virtual or Augmented Reality) (Kim, et al., 2025). However, in this 
latter case, it is important to clarify that many authors argue that although the natural 
environment can be represented in the digital realm, it cannot replace it, since, to 
date, it does not engage all of our senses in the way that nature itself does (Gutiérrez-
Pérez et al., 2024a, 2024b).

Different forms of children’s engagement with nature

Although the literature has reported the importance of engaging with nature in child-
hood – not only for cognitive and emotional development, but also for fostering 
biophilia and environmental awareness (e.g., Aminpour, 2021; Arola et al., 2023; 
Thorsteinsson et al., 2023; Yeong Choe and Sheffield, 2024), the truth is that new 
generations are increasingly growing up in a way that is further detached from the 
natural environment. What’s more, their reduced contact with nature not only has 
ramifications for their personal development, as it also affects children’s relationship 
with the environment itself (Corrochano et al., 2025). Recent studies suggest that 
the less children are exposed to nature, the more their engagement with it tends to 
decrease with age, following a similar pattern across western countries, such as the 
UK (Hughes et al., 2019), Germany (Liefländer et al., 2013), and Canada (Crawford 
et al., 2017). This aspect in turn compromises their predisposition towards conserva-
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tion (Chiesi et al., 2024). Nevertheless, Aminpour (2021) reports that children aged 
eight and nine use natural environments more often and in more ways than older chil-
dren, which suggests that this stage of primary education is crucial for strengthening 
the link with nature (Chiumento et al., 2018; Larson et al., 2019).

Nonetheless, age is not the only factor that seems to play a crucial role in the rela-
tionship and engagement with nature, as there are also studies that have found signifi-
cant differences in the way children interact with the natural environment. Although 
Serrate-González et al. (2025) have reported that girls say they enjoy nature more 
than boys, they appear to do so in a more controlled or less disinhibited manner. 
It comes as no surprise that some scholars find that boys have a more utilitarian 
approach to the way they engage with nature, simply for play and pleasure, recording 
lower values regarding the care and preservation of the natural environment (Bezel-
jak et al., 2023; Olssen & Gericke, 2017). In this respect, Tilstra et al. (2022) have 
found that boys tend to take part in activities that entail greater risk and adventure, 
which has meant that Outdoor Adventure Education appeals more to them. By con-
trast, girls are more likely to pursue activities in nature in a more controlled and 
risk-free manner. Although this is true, it is worth mentioning studies that have con-
firmed that when given the opportunity girls may behave in a way that is traditionally 
considered masculine in natural settings, which evidences that gender differences in 
the use of nature are informed by sociocultural factors and not innate predispositions 
(Abigail & Morrison, 2021). Some studies along these lines suggest that natural set-
tings may promote gender equality by providing an environment that is devoid of the 
roles traditionally imposed (Änggård, 2011; Decker & Morrison, 2023), as opposed 
to others that indicate that the discriminant use of these spaces may reinforce gender 
stereotypes, restricting girls’ involvement in outdoor activities involving exploration 
and leadership (Bryce et al., 2024; Novella-Cámara et al., 2021; Saldaña Blasco, 
2018). This may undoubtedly be due to the fact that education in nature has histori-
cally focused on promoting masculine values (Bryce et al., 2024).

Regardless of which studies are more accurate in their conclusions, what both 
sets of research clearly demonstrate is that children’s relationship with nature is 
always culturally mediated. For this reason, it is worth distinguishing between a ludic 
approach and a didactic approach to nature. We understand ludic experiences as spon-
taneous, open-ended, and intrinsically motivated interactions with natural elements, 
characterized by autonomy and exploration. In contrast, didactic experiences involve 
structured, adult-guided, or curriculum-based activities such as school gardens or 
guided observation. Although free access to natural environments has been shown to 
influence the quality of children’s play (Antink-Meyer et al., 2026), given the inevi-
table cultural mediation and the potential biases that may accompany it, it is essential 
to promote didactic approaches that help minimize these biases. As Leisure Studies 
have shown, introducing a conscious pedagogical perspective into any human activ-
ity makes such activities more just, inclusive, and respectful of human dignity (Dat-
tilo, 2021). This also aligns with recents contributions in outdoor and environmental 
education, which emphasise that intentional pedagogical design is crucial to ensuring 
that both digital technologies and natural environments are used in ways that promote 
equity, inclusion, and meaningful learning, rather than reinforcing existing social or 
gendered inequalities (Beames & Maher, 2024; Caballero-Julia et al., 2025).
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In short, the literature reports a transformation in the relationship between natural 
and artificial scenarios in modern childhood, where hyperconnectivity and a nature 
deficit have altered the dynamics of development, socialisation, and learning. The 
relationship with technology and nature is mediated not just by individual factors but 
also by sociocultural aspects such as gender and age. These tendencies pose chal-
lenges of a pedagogical nature, stressing the need to promote strategies that strike a 
balance between access to technology and engagement with nature, thereby ensuring 
holistic and sustainable development in childhood. We therefore agree with Serrate-
González et al. (2025) that it is essential to design and implement classroom practices 
that enable us to combine the digital and natural worlds. This will allow restoring the 
link between childhood and nature, without forgetting that digital technology is here 
to stay (Díaz-Romanillos, 2024).

Hypotheses of the study

Based on empirical evidence and current theories, the following hypotheses were 
proposed to guide the analysis; each hypothesis follows the expected results of previ-
ous studies on children's relationship with nature and technology, taking into account 
the possible influence of gender, school year and age.

H1. There are significant gender-related differences regarding children’s engage-
ment with and use of nature and technology. The literature indicates that girls 
tend to feel more connected to and derive greater enjoyment from nature (Ser-
rate-González et al., 2025), whereas boys often display more utilitarian or risk-
oriented behaviours in natural environments (Bezeljak et al., 2023; Tilstra et al., 
2022). Sociocultural factors further shape the ways in which children participate 
in natural spaces (Novella-Cámara et al., 2021; Bryce et al., 2024; Abigail & 
Morrison, 2021).
H2. There are significant school year-related differences regarding children’s 
engagement with and use of nature and technology. Research demonstrates that 
developmental changes in autonomy and cognitive maturity influence children's 
engagement with natural environments (Hughes et al., 2019; Aminpour, 2021; 
Arola et al., 2023). A demonstrable decline in natural connectivity transpires with 
the progression of education (Larson et al., 2019; Liefländer et al., 2013), coin-
ciding with an escalation in digital exposure and technological engagement as 
individuals age (Smahel et al., 2020). These results confirm the expectation of 
differences between academic years.
H3. There are significant age-related differences regarding children’s engage-
ment with and use of nature and technology. Evidence demonstrates that connec-
tion to nature decreases with age (Crawford et al., 2017; Liefländer et al., 2013; 
Hughes et al., 2019), while younger children tend to use natural settings more fre-
quently and in more varied ways (Aminpour, 2021). Conversely, older children 
exhibit greater digital involvement due to increased access to and use of technol-
ogy (Smahel et al., 2020). These developmental trajectories justify expecting dif-
ferences across age groups.
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These assumptions together make up the analytical framework that guides the next 
steps in the research process.

Method

This is a quantitative, non-experimental, and cross-sectional study that adopts an explor-
atory-descriptive and correlational approach (Hernández et al., 2014). An analysis has 
been conducted of the range of perceptions among children aged between 9 and 13 
regarding the variables affecting their links to technology and nature and the uses, both 
ludic and didactic, they make of them from the perspective of individual and social self-
concept. The aim is to understand the influence they exert on childhood development 
and its immediate context, without interfering with the participants’ natural conditions. 
This non-invasive approach guarantees the gathering of data that are representative of 
the cohort’s everyday reality, thereby strengthening the research’s ecological validity.

Population and sample

Stratified multistage sampling (Hernández et al., 2006; Hund et al., 2015) was applied 
to children aged between 9 and 13 in the last two years of primary education during 
the 2023–2024 school year, with a total population of 2,783,606 pupils (Spain’s Min-
istry of Education and Occupational Training, 2023). Spain’s self-governing regions, 
the Comunidades Autónomas, were grouped into four geographical areas: Centre, 
Northwest, East [Levante], and South. Forty-three schools were selected according 
to their location (rural or urban), socioeconomic position (low. medium, or high) and 
ownership (public or private grant-maintained [concertado]). Criteria of location, 
age, and gender were then applied and the sample was reduced to 2,586 children. The 
sampling error was ± 1.93% with a confidence level of 95.5%. The sample’s final com-
position was as follows: a) Gender: 48.1% girls (n = 1,244), 49.7% boys (n = 1,286), 
1.9% non-specific (n = 50); b) School year: 46.9% in Year 5 of primary (n = 1213), 
53.1% in Year 6 (n = 1373); c) Age (M = 10.8 years, SD = 0.74): 0.5% aged 9 (n = 13), 
30.3% aged 10 (n = 783), 47% aged 11 (n = 1222), 17.8% aged 12 (n = 460), and 1.3% 
aged 13 (n = 34); and d) Urbanisation (DEGURBA): 50.9% cities (n = 1316), 36.3% 
towns and suburbs (n = 940), and 12.8% rural (n = 330).

Instrument

From the perspective of a child’s holistic and sustainable development, it is assumed 
that in late childhood (ages 9–13), too much technology (surplus) and a lack of con-
tact with nature (deficit) affect key aspects of identity, such as a child’s perception 
of their own self, autonomy, and critical thinking (Muñoz, 2021). The variables 
were operationalised in collaboration with research teams on the NATEC-ID proj-
ect, in keeping with the study’s objectives. The categorical variables were age, gen-
der, school year, and location, while the four dimensions (engagement, didactic use, 
ludic use, and parental control) were divided into two blocks: nature and technology. 
Finally, a structured, anonymous, and self-administered 32-item questionnaire was 
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drawn up on paper, involving an eleven-point Likert scale (0–10 points) (Bisquerra 
& Pérez-Escoda, 2015). The following is an example of one of the items: "When I 
am outdoors: (0 I want to go home; 10 I don’t want to go home)". The questionnaire 
was subject to a trial run with 15 schoolchildren aged 9–11 for detecting any errors 
and estimating the time required for its completion, which led to the tweaking of the 
draft, its structure, and the addition of explanatory instructions.

Procedure

The field-work was held at several schools from January to April 2024, with prior 
permission from its leaders, teachers, and parents and guardians. The questionnaires 
were administered in the classrooms, following the same protocol: the children were 
given a clear, straightforward explanation of the research’s aims, stressing the volun-
tary and valuable nature of their participation; the general instructions were read out 
and any questions were answered; in addition, individual support was provided for 
any pupils with special education needs. The self-administered questionnaire took 
around 20 min to complete, which guaranteed a uniform process that upheld the ethi-
cal principles of research involving children.

Data analysis

Microsoft Excel was used to log and process the data, and IBM SPSS Statistics v28 
software was used for the statistical analysis. The analysis involved 24 items from 
the questionnaire, corresponding to three dimensions (engagement, didactic use, and 
ludic use) from each block. The questionnaire’s internal consistency, appraised with 
Cronbach’s alpha, revealed variations between the dimensions studied: engagement 
with nature (5 items, α = 0.689); didactic use of nature (3 items, α = 0.524); ludic 
use of nature (3 items, α = 0.512); engagement with technology (5 items, α = 0.737); 
didactic use of technology (4 items, α = 0.572); and ludic use of technology (4 items, 
α = 0.520). Although some of the dimensions recorded a low internal consistency, 
possibly due to the small number of items, these figures may be considered accept-
able for an exploratory study (Merino & Lautenschlager, 2003).

The Kolmogorov–Smirnov test produced p < 0.05 across all dimensions, validat-
ing that the data did not conform to a normal distribution and facilitating the applica-
tion of non-parametric statistics (Razali & Wah, 2011). Consequently, the median 
served as the primary measure of central tendency because of its resilience to skewed 
distributions and outliers. Means and standard deviations are given only for descrip-
tive purposes, as is recommended for openness in social and educational research. 
Following the preliminary descriptive analysis of frequencies and measures of cen-
tral tendency, non-parametric tests were employed to examine group differences. We 
used the Mann–Whitney U test to compare two independent groups that were not 
related based on gender and school year. The Kruskal–Wallis test was applied to 
analyse differences among age groups, as it is suitable for comparing multiple groups 
without the assuming normality. When significant effects were identified, pairwise 
comparisons were conducted using Bonferroni adjustments to control for Type I error 
in multiple comparisons.
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Results

Regarding the descriptive analysis of the variables according to gender  The results 
reveal subtle yet significant differences between boys and girls in terms of their 
engagement with and use of nature and technology. Girls are more engaged with 
nature (M = 3.38, SD = 0.691) than boys (M = 3.24, SD = 0.742). In turn, boys engage 
more with technology (M = 3.34, SD = 0.712) than girls (M = 3.03, SD = 0.706). As 
regards ludic use, boys tend to use nature more (M = 3.28, SD = 0.720) than girls 
(M = 3.18, SD = 0.690), while girls make greater ludic use of technology (M = 3.33, 
SD = 0.741) than boys (M = 3.19, SD = 0.792). The didactic use of nature and technol-
ogy differs only slightly between boys and girls, with consistent means of 3.00 for all 
the variables, which indicates a balanced distribution between both groups (Table 1).

H1. There are significant gender-related differences regarding children’s engage-
ment with and use of nature and technology.

The Mann–Whitney U test was used to verify the differentiation and heterogene-
ity of the responses provided by these two groups, considering a 0.05 significance 
level. As regards engagement with nature, the data revealed significant statistical 
differences between girls and boys (p < 0.001), reflecting major disparities in their 
perceptions. Likewise, engagement with technology recorded significant differences 
according to gender (p = 0.000). The ludic use of both nature (p < 0.001) and technol-
ogy (p < 0.001) revealed significantly different patterns, suggesting that recreational 
activities in both cases are perceived and enjoyed differently. In turn, the results for 
didactic use recorded significant differences for nature (p = 0.040), albeit to a lesser 
degree, while no such differences were found in the case of technology (p = 0.492), 
which suggests greater uniformity in this aspect (see Table 2).

Descriptive analysis of the variables according to school year  The figures reveal sub-
tle yet interesting differences between the children in Years 5 and 6. Pupils in Year 5 
record a slightly greater engagement with nature (M = 3.36, SD = 0.718) than those 
in Year 6 (M = 3.26, SD = 0.730). However, this tendency is reversed in engagement 

Variables Gender M SD Mdn
Engagement with nature Girl 3.38 0.691 3.00

Boy 3.24 0.742 3.00
Engagement with technology Girl 3.03 0.706 3.00

Boy 3.34 0.712 3.00
Ludic use of nature Girl 3.18 0.690 3.00

Boy 3.28 0.720 3.00
Didactic use of nature Girl 2.70 0.663 3.00

Boy 2.64 0.732 3.00
Ludic use of technology Girl 3.33 0.741 3.00

Boy 3.19 0.792 3.00
Didactic use of technology Girl 3.26 0.763 3.00

Boy 3.26 0.800 3.00

Table 1  Descriptive statistics 
gender-variables

Girls n = 1,244; boys 
n = 1,286. The responses: 
Very low engagement 1; 
Low engagement 2; High 
engagement 3; Very high 
engagement 4
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with technology, where Year 6 pupils record a higher mean (M = 3.24, SD = 0.703) 
than those in Year 5 (M = 3.13, SD = 0.755). In terms of the ludic and didactic use of 
nature, both years record similar figures, with a slight advantage for Year 5. By con-
trast, Year 6 pupils report a greater use of technology for ludic (M = 3.32, SD = 0.742) 
and didactic (M = 3.31, SD = 0.739) purposes than those in Year 5, indicating increased 
familiarity of use in older pupils. (See Table 3).

Figure 1 presents gender differences across all study dimensions. Girls show higher 
engagement with nature and higher ludic use of technology, whereas boys report higher 
engagement with technology and higher ludic use of nature. Didactic uses display mini-
mal variation between genders, supporting the statistical results previously reported.

H2. There are significant school year-related differences regarding children’s 
engagement with and use of nature and technology.

The Mann–Whitney U test was again used to study the differences and heterogeneity 
between these two groups, and it revealed significant differences in several dimen-
sions. Engagement with nature (p < 0.001) and with technology (p < 0.001) differ sig-
nificantly between the years. Likewise, the didactic use of nature (p < 0.001) and of 
technology (p = 0.024) also record significant differences, which suggests that the 
inclusion of these resources in the learning process is perceived differently from one 
year to the next. In turn, the ludic use of technology (p < 0.001) recorded a consid-
erable variation between years, whereas the ludic use of nature (p = 0.142) did not 
record any significant differences, which indicates a uniform experience in recre-
ational, outdoor pursuits (see Table 4).

Variables Year M SD Mdn
Engagement with nature 5 3.36 0.718 3.00

6 3.26 0.730 3.00
Engagement with technology 5 3.13 0.755 3.00

6 3.24 0.703 3.00
Ludic use of nature 5 3.25 0.698 3.00

6 3.21 0.719 3.00
Didactic use of nature 5 2.72 0.717 3.00

6 2.64 0.684 3.00
Ludic use of technology 5 3.18 0.806 3.00

6 3.32 0.742 3.00
Didactic use of technology 5 3.20 0.831 3.00

6 3.31 0.739 3.00

Table 3  Descriptive statistics 
school year-variables

Year 5 n = 1,213; Year 6 
n = 1,373. The responses: 
Very low engagement 1; 
Low engagement 2; High 
engagement 3; Very high 
engagement 4

 

Variable U-statistic Z p-value
Engagement with nature 710974.500 −4.623  < 0.001
Engagement with technology 718893.500 −11.391 0.000
Ludic use of nature 729159.000 −3.532  < 0.001
Didactic use of nature 668978.000 −2.056 0.040
Didactic use of technology 682580.500 −0.687 0.492
Ludic use of technology 649933.000 −4.598  < 0.001

Table 2  Statistical differences 
between genders

The Mann–Whitney U test was 
used to compare girls and boys. 
Statistical significance was set 
at p < 0.05
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The children’s age  An analysis of the data reveals significant age-related tenden-
cies in the pupil’s relationship with nature and technology. Engagement with nature 
records a slight drop with age, peaking among 10-year-olds (M = 3.36, SD = 0.720) 
and then decreasing to its lowest point in 13-year-olds (M = 3.00, SD = 0.707). By 
contrast, engagement with technology records more stable figures, peaking among 
12 year-olds (M = 3.29, SD = 0.688). The ludic use of nature decreases sharply with 
age, from a high point among 9-year-olds (M = 3.60, SD = 0.516) to a low point 
among 13  year-olds (M = 3.04, SD = 0.676). In turn, the ludic and didactic use of 
technology follows a rising trend, peaking among 13-year-olds (M = 3.40, SD = 0.763 
and M = 3.44, SD = 0.768, respectively) (see Table 5).

Figure 2 summarises the differences between Year 5 and Year 6 pupils. Year 5 
pupils show slightly higher engagement with nature, whereas Year 6 pupils demon-
strate higher engagement with technology and greater ludic and didactic use of tech-
nological tools. These patterns visually complement the statistical results reported 
above.

H3. There are significant age-related differences regarding children’s engage-
ment with and use of nature and technology.

Variable U-statistic Z p-value
Engagement with nature 710974.500 −3.561  < 0.001
Engagement with technology 718893.500 −3.302  < 0.001
Ludic use of nature 729159.000 −1.467 0.142
Didactic use of nature 668978.000 −4.192  < 0.001
Didactic use of technology 682580.500 −2.253 0.024
Ludic use of technology 649933.000 −4.366  < 0.001

Table 4  Statistical differences 
between Years 5 and 6

The Mann–Whitney U test was 
used to compare Years 5 and 6. 
Statistical significance was set 
at p < 0.05

 

Fig. 1  Gender differences in children’s engagement and use of nature and technology
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The results of the Kruskal–Wallis analysis show significant differences between the 
age groups in several dimensions related to the use of nature and technology. Spe-
cifically, statistically significant differences were found in the ludic use of technol-
ogy (p = 0.003), the didactic use of technology (p = 0.029), the didactic use of nature 
(p = 0.038), engagement with technology (p = 0.005), and engagement with nature 
(p = 0.005). Subsequent pairwise comparisons indicate that these differences are more 
acute between certain age groups. For example, engagement with technology records 
significant differences between 10- and 12-year-old boys (H = −138.819; adjusted 
p = 0.003), with those aged 12 being more engaged. Engagement with nature recorded 
a significant difference between 10- and 12-year-old boys (H = 118.736; adjusted 
p = 0.019), with those aged 12 also being more engaged. The ludic use of technology 
recorded a significant difference between 10- and 12-year-old boys (H = −142.866; 
adjusted p = 0.002), and here, too, those aged 12 reported a greater use. The didactic 
use of technology also recorded a significant difference between these two age groups 
(H = −116–332; adjusted p = 0.022) (See Table 6).

Variables Age (in years) M SD Mdn
Engagement with nature 9 3.30 0.823 3.00

10 3.36 0.720 3.00
11 3.30 0.707 3.00
12 3.22 0.779 3.00
13 3.00 0.707 3.00

Engagement with technology 9 3.20 1.033 3.00
10 3.13 0.725 3.00
11 3.18 0.741 3.00
12 3.29 0.688 3.00
13 3.16 0.688 3.00

Ludic use of nature 9 3.60 0.516 3.00
10 3.23 0.719 3.00
11 3.23 0.690 3.00
12 3.18 0.762 3.00
13 3.04 0.676 3.00

Didactic use of nature 9 3.00 0.816 3.00
10 2.70 0.709 3.00
11 2.66 0.688 3.00
12 2.62 0.704 3.00
13 2.76 0.723 3.00

Ludic use of technology 9 3.10 1.286 3.00
10 3.17 0.809 3.00
11 3.27 0.766 3.00
12 3.37 0.723 3.00
13 3.40 0.763 3.00

Didactic use of technology 9 3.10 1.197 3.00
10 3.17 0.830 3.00
11 3.27 0.764 3.00
12 3.34 0.739 3.00
13 3.44 0.768 3.00

Table 5  Descriptive differences 
age-variables

9-year-olds n = 13; 10-year-olds 
n = 783; 11-year olds n = 1,222; 
12-year-olds n = 460; 13-year-
olds n = 34. The responses: 
Very low engagement 1; 
Low engagement 2; High 
engagement 3; Very high 
engagement 4
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Figure  3 provides an overview of age-related trends, showing that people are 
increasingly disconnected from nature and make greater use of technology. It sum-
marizes the developmental trajectories identified in the statistical analyses, with a 
progression toward more digitized activities during preadolescence.

Discussion and conclusions

The literature reports the importance of children’s engagement with nature on a per-
sonal level (identity, development, health) and for biophilia (caring for the planet, 
respect for animals, the fight against climate change, for example). Furthermore, the 
literature also finds differences in both age (importance of spending time outdoors 
from an early age) and gender (the way boys and girls use and enjoy nature). Never-
theless, we cannot ignore the presence of digital technology in our lives both now and 

Variables X2 df p Significant pairwise 
comparisons

Engagement with 
nature

14.965 4 0.005 Ages 10 - 12 (Sig. 
adjusted p = 0.019)

Engagement with 
technology

14.726 4 0.005 Ages 10 - 12 (Sig. 
adjusted p = 0.003)

Ludic use of nature 3.884 4 0.422 Overall sig. adjusted 
p = 1.000 - Non-sig

Ludic use of 
technology

16.049 4 0.003 Ages 10 - 12 (Sig. 
adjusted p = 0.002)

Didactic use of 
technology

10.797 4 0.029 Ages 10 - 12 (Sig. 
adjusted p = 0.022)

Didactic use of 
nature

10.129 4 0.038 Ages 10 - 12 (Sig. 
adjusted p = 0.050)

Table 6  Statistical differences 
between age groups

Significant pairwise 
comparisons following a 
Bonferroni adjustment. 
χ2 = Kruskal–Wallis statistic; 
df = degree of freedom; 
p = significance level

 

Fig. 2  Differences between Year 5 and Year 6 pupils in engagement and use of nature and technology

 

1 3



Journal of Outdoor and Environmental Education

in the future. Along these lines, our study provides evidence that can be considered 
for the design of teaching practices in childhood.

Firstly, the descriptive analysis of the variables according to gender suggests that 
girls tend to feel more engaged with nature, while boys are more interested in tech-
nology; this notion is consistent with prior studies (Bezeljak et al., 2023; Olssen & 
Gericke, 2017). The results for H1 show that gender does influence childhood expe-
riences with nature and technology, especially in play contexts. Girls felt more con-
nected to nature, boys to technology. Additionally, boys reported using nature more 
for play, while girls used technology more, revealing clear gender-based patterns in 
play behaviour. However, the differences found in pedagogical uses were minimal or 
nonexistent, indicating that school contexts generate more uniform patterns between 
boys and girls. These findings are consistent with previous research on gender dif-
ferences in outdoor play, affective connection to nature, and technology use (Serrate-
González et al., 2025; Bezeljak et al., 2023; Tilstra et al., 2022; Bryce et al., 2024; 
Novella-Cámara et al., 2021).These findings reveal that there is room to incorporate 
nature into educational practices, given the connection that both boys and girls feel 
with it; in other words, nature is underused didactically and would likely be well 
received by students.

Secondly, the data analysis revealed a significant change in the way the children 
interacted with nature and technology during the final stages of primary education. 
The results for H2 show that the school year makes a substantial difference in these 
interactions. Fifth graders felt more connected to nature, whereas Year 6 students 
reported a stronger engagement with technology. Sixth-grade pupils also demon-
strated higher recreational and educational use of digital tools, while Year 5 students 
performed slightly better in the educational use of nature. These results suggest an 
evolution as students approach the end of primary school, characterised by greater 
autonomy, increased exposure to digital resources and rising academic demands. 
These findings align with previous research documenting a decline in nature con-
nectedness as schooling progresses (Larson et al., 2019; Liefländer et al., 2013) and 
increased technological engagement with age (Smahel et al., 2020). Overall, these 

Fig. 3  Age-related differences in children’s engagement and use of nature and technology
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results emphasise the need to consider school progression when designing learning 
environments that integrate both nature and technology.

Thirdly, and in keeping with the previous conclusion, the data also reveal a gradual 
change in the children’s interests and habits as they grow older. Again, this is con-
sistent with prior studies (Crawford et al., 2017; Hughes et al., 2019; Liefländer et 
al., 2013). This means that age has a key role to play in the way boys interact with 
nature and technology in both ludic and didactic contexts. This may have significant 
implications for the design of classroom and recreational activities adapted to differ-
ent age groups. It is particularly interesting to observe that engagement with nature 
increases significantly between the ages of 10 and 12, which indicates that the devel-
opment of the relationship with nature is not necessarily compromised by a greater 
use of technology. This may be due to factors such as children’s gradual acquisition 
of autonomy in the use of their leisure time or their exposure to dynamics of social 
digitalisation. We therefore agree with Chiumento et al. (2018) and Larson et al. 
(2019) that childhood is a crucial time for developing educational practices that foster 
an engagement with nature.

In addition, the results for H3 also show a clear age-related trend in the opposite 
direction for technology. While engagement with nature decreases from ages 10 to 
13, recreational and educational uses of technology increase linearly, and engage-
ment with technology remains stable or even rises slightly around age 12. This sug-
gests a gradual shift in children’s preferences during preadolescence, characterised 
by greater digital immersion and reduced outdoor engagement. These developmental 
patterns are consistent with previous research indicating a decline in nature connect-
edness with age and an increase in digital involvement as children grow older (Sma-
hel et al., 2020). Taken together, these findings underscore the need for pedagogical 
approaches tailored to different developmental stages to sustain children’s relation-
ship with nature in an increasingly digitalised world.

A more hermeneutic reading of didactic and ludic uses prompts a number of inter-
esting insights. In terms of didactic use, there is an assumption that schooling has 
a homogenising effect on children’s relationship with nature and technology. An 
analysis of the didactic uses of nature and technology according to gender does not 
find any significant differences, as instead the disparities are between school years, 
reflecting the importance of these contexts as learning resources. We may therefore 
reflect upon the question of whether schools are turning their backs on nature. This 
renders it expedient to study the role played by teachers’ training and professional 
development –and their relationship with nature and technology- in the pursuit of 
teaching–learning processes (Corrochano et al., 2025). This focus on teachers may 
provide a further angle to supplement the ones presented here. In addition, another 
future line of research could address curricular aspects by analysing both the con-
tent related to the presence of nature and technology (Guardeño & Monsalve, 2023) 
-potentially attributing part of the responsibility to the design and development of the 
syllabus at this stage- and the role that active methodologies might play in a greater 
didactic use of nature for working on core competencies.

In terms of ludic use, the differences reflect a decrease in the ludic use of nature 
with age (and school year). This is consistent with the study’s epistemological frame-
work based on the premise that childhood is impacted by a process of hyperconnec-
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tivity (which may be an effect of children’s overexposure to the digital ecosystem). 
Reducing children’s digital exposure might lead to greater engagement with nature. 
This is a conclusion that might be supported by our results, which have shown that 
a reduced ludic use of nature goes hand-in-hand with a lower engagement with it.

At this point, it is also important to acknowledge several methodological consid-
erations that frame the scope of these findings: a) since this was a cross-sectional 
design, the results represent a specific snapshot of the phenomenon, and longitudinal 
studies would be appropriate to analyse its evolution; b) although the sample is large 
and varied, participation was contingent on the voluntary collaboration of the cen-
tres, which could lead to an under-representation of certain educational contexts; c) 
contextual variables such as family resources, the availability of natural spaces, and 
access to technology at home were omitted; these elements should be considered 
in future research to achieve a deeper understanding of the factors influencing chil-
dren’s experiences.

In sum, to avoid losing our way in the digital forest we should rethink the relation-
ship between childhood and screens and nature. This redefinition directly involves 
the education system, calling upon schools to redefine their role in response to the 
exponential growth of social digitalisation (Monarca et al., 2025) processes and 
requiring teachers to adopt a critical and responsible attitude towards such processes. 
This task brings together and calls upon teachers (training focused on the benefits of 
nature for knowledge acquisition), researchers (analyses of the relationships between 
schools, teachers, families, and nature), and professionals (on the one hand, incorpo-
rating a pedagogical lens into the design of playful and educational digital products, 
and on the other, increasing the presence of environmental education in the official 
curriculum). The redefinition we refer to must take into account the risks posed by 
digital artifacts in the construction of children’s subjectivity (Sánchez-Rojo et al., 
2022; Muñoz, 2021) as well as the benefits provided by early interactions with nature 
(Chawla, 2020). Schools, families, the media, technology companies, and policy-
makers must consider the pedagogical perspective when integrating children into 
nature so that this educational, pedagogical, and cultural practice is as equitable and 
fair as possible in socio-economic and gender terms.

In conclusion, and from a broader perspective, it is essential to emphasise the need 
to critically integrate mobile technologies into outdoor learning experiences, rather 
than positioning them as opposing forces. Such approaches highlight the central role 
of pedagogy in mediating children’s relationships with both nature and digital media 
within increasingly hybrid educational landscapes (Beames & Maher, 2024).
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