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Ecologies shaping technology adoption in early childhood education with multilingual 

children 

 

Abstract  

 

Strategic deployment of the digital world in educational ecosystems inhabited by multilingual 

children (4-6 years old), their teachers and their families is evolving in some communities. 

This study reveals the ‘actors’ and communities that mediate the extent and the nature of 

engagement with new media in contexts of early childhood education, including evidence of 

partnership with teachers. Teachers and parents were found to be the ‘keystone species’, with 

the teacher the most influential mediator for young multilingual children. 

Empirical research into the interacting learning ecologies of young children in six early 

childhood centres and five associated schools is based on interviews with teachers and 

families plus photographs of the linguistic landscapes in these physical and digital 

ecosystems. Fragmented multiple perspectives on the education of young children and 

technology adoption are brought together with Davis’ (2018) Arena Framework of change 

with digital technologies in education.  

One early childhood education centre is mapped in a global arena to expose the co-evolution 

of education with technology that occurs in all levels, local through global. This clarifies the 

need for co-construction of policy and practice in these ecosystems so that that emergent 

bilinguals can have a better start in the digital world.  

Keywords: Technology adoption; teachers; early years education; multilingual; ecosystem; 

co-evolution; linguistic landscape; digital world. 

 

Structured practitioner notes 

What is already known about this topic 

Confusing tensions frame new technology possibilities for practitioners in early years 

education 

Stakeholders have concerns that ‘screen time’ can displace essential experiences of young 

children leading to detrimental cognitive and economic impacts plus unrealised benefits of 

multilingualism 

Linguistic landscapes influence how languages are used and reflect formal and informal 

language policies 

What this paper adds 

Extending the application of ecology to frame the understanding of interacting physical and 

digital ecosystems inhabited by 4-6-year-old children 



 

 

An appreciation of the role of teachers as ‘keystone species’ who purposefully regulate the 

digital world while also improving technology mediation with young children’s families  

Illustrations of strategies that teachers employ to support multilingual language development 

and improve the resilience of vulnerable bilingual children 

Identification of the various actors and communities that mediate the extent and nature of 

engagement with new media in contexts of early childhood education 

Implications for practice and/or policy 

The Arena Framework based on human ecology identifies local through global influences on 

the design of apps and digital services for young children and their technology mediators 

Support development of curricula and guidance about the digital world, including effective 

strategies and resources for young multilingual children (recognising that effective practice 

will vary with culture and digital access) 

Co-construct media, practice and policy with educators, families and communities because 

collective impact in the interacting ecosystems involves changing stakeholder beliefs about 

both multilingualism and the digital world 

 

Introduction 

Background 

Contemporary childhoods evolve in a digital world where computing devices, including 

smartphones, are commonplace in education and homes (Stephen & Edwards, 2018). Policy 

and curricula worldwide promote children’s access to and use of digital media. On the other 

hand, paediatricians and others have expressed concerns about displacement of essential 

developmental experiences in the early years due to overuse of digital media (Donohue & 

Schomburg, 2017; Marsh et al, 2018; Raman et al, 2017; Zhao et al, 2018). Among other 

detrimental outcomes, this over-exposure is contributing to the loss of minority languages 

and cultures (UNESCO, 2010; 2019). This is alarming given evidence that multilingualism 

can have lifelong cognitive, health and economic benefits (Bak, Nissan Allerhand, & Deary, 

2014; Cunningham, 2019). Research also shows that children learn a new language more 

effectively when they continue to use and develop their first language (Cummins, 2000; 

Kirsch, 2018) and that pre-schoolers develop more positive identities as learners and are more 

engaged in literacy activities when their early childhood education centres (ECC) represent 

their home cultures and experiences (Rowe & Miller, 2016, p. 248) Vulnerable children with 

first languages other than English, can be further disadvantaged in monolingual English 

contexts, including many apps and games.  

Reviews of Information Communication Technology (ICT) use by young children indicate 

that learning outcomes generally depended on how children used the digital tools, with 

positive associations between children’s language and literacy development and relevant 

engagement with digital tools and toys (Herodotou, 2017; Hsin, Li, & Tsai, 2014), although 

concerns remain about adverse effect of screen time (Lissak, 2018). Thus, there is a need to 

monitor how changes in the ‘percolating’ physical and digital spaces inhabited by young 



 

 

children are framed for teachers and parents (Gillen & Kucirkova, 2018), as well for 

administrators, policy makers, and media service providers. Taking an ecological perspective, 

we identify actors and communities that mediate the extent and nature of engagement with 

new media in contexts of early childhood education (ECE) in order to inform policy and 

practice so that emergent bilinguals can have a better start in the digital world.  

New Zealand schools have had one of the fastest rates of adoption of cloud-based tools in in 

the world, encouraged by the highly regarded national curricula for schools and ECE which 

recognise that New Zealand is bi-cultural in a multicultural world, acknowledging the 

indigenous Māori people as tangata whenua [people of the land]. However, digital inequality 

exists within New Zealand (Williams, 2013). Children from lower socio-economic areas are 

less likely to have internet access at home, and are more likely to have to share devices and 

access with others in the family (Hartnett, 2017). The Government’s emerging Child 

Wellbeing Strategy (https://dpmc.govt.nz/our-business-units/child-wellbeing-unit) recognises 

that more needs to be done to improve opportunities for Māori and Pasifika children and 

English language learners who have not historically succeeded at school. Drawing on 

National Science Challenge research into a better start for children in one of the most 

deprived localities in the country, this article applies the Arena Framework (Davis 2018) to 

map its layers of ecosystems centred on one ECC. This global Arena identifies various actors 

and communities that mediate the extent and nature of engagement with new media in ECE 

contexts within the global ecosphere to better identify tensions in interacting ecosystems and 

to inform future policy, planning and design.   

Theoretical Framework 

Drawing on the increasing knowledge of change with technology in education and human 

ecology, the first author developed her Arena Framework (Davis, 2018) to clarify the 

worldwide scope of the chaotic complexity of the co-evolution of education and digital 

technologies. Concepts and terminology used in ecology are used extensively within this 

framework. For example, the simple Arena in Figure 1 has as its central ecosystem a class of 

learners, their teacher and their learning resources, including physical and digital spaces. 

Influences on the learning ecosystem are grouped into five sectors, anticlockwise from the 

top left in Figure 1: family, resource, professional, bureaucratic and political.  

The whole Arena Framework depicts the interaction of education systems as being contained 

within the global ecosphere of education. Within that, layers of ecosystems can be mapped; 

the nationwide ecozones contain the national educational systems of each country, such as the 

USA or New Zealand. Embedded within each of those nationwide ecozones are ecosystems 

inhabited by children and their teachers. Many of the ecosystems are layered, and some are 

nested one within the other. Ecosystems in which digital applications evolve are unlikely to 

be embedded; instead they spread across many ecosystems and often globally. In Figure 1 the 

digital world is depicted as a community of ecosystems that appears like a cloud.  



 

 

 

Figure 1. An Arena with one teacher and her classroom ecosystem in a school at the centre of 

the global ecosphere. 

Key: Teachers (T), Parents (P), Grandparents (G), Learner (L), Executive managers (E), 

technical support staff (IT). Cultural influences are depicted as by a house graphic and 

technologies are depicted by a device graphic.  

The Arena Framework goes beyond human ecology to recognise that behaviour typical of the 

roles that people play when inhabiting an ecosystem evolve in a similar way to the human 

ecologist’s conception of species. The most common species in educational ecosystems are 

teacher, learner, executive administrator, and technician. There is also non-living matter in 

ecosystems, which includes books, furniture, and mobile devices that connect the species 

through cloud-based ecosystems. Thus, educational ecosystems are often a blend of the 

physical and digital worlds; one percolates the other (Gillen & Kucirkova, 2018). The teacher 

is recognized as the ‘keystone species’ in a learning ecosystem because of their influence on 

behaviour in that ecosystem; the learning ecosystem is disrupted when a teacher leaves (or 

another takes over) unless there has been collaboration in that change, but the same is not true 

for a learner or a technician. Other keystone species can be identified in different types of 

ecosystems: the parental role is a keystone species in a family ecosystem. Similarly, the 

executive is a keystone species in a business organisation, whereas a technician is not.  

Davis’ Arena Framework embeds culture within its layers of ecosystems and within each 

ecosystem. Generations of cultural influences on behaviour, including different languages, 

are brought to each ecosystem through the individuals that inhabit it; however, only some of 



 

 

those cultures are expressed in the behaviour exhibited in that ecosystem. The keystone 

species have the most influence on the expression of culture(s) in the ecosystem’s behaviour, 

and these individuals are highly influenced by the organisational cultures (ecosystems) within 

which they reside.  

Arising as it did in the field of educational technology where theories such as Rogers (2003) 

had become misleading, Davis’ Arena Framework was derived independently of 

Bronfenbrenner’s well-known ‘bioecological’ model that aids conceptualising human 

development (Bronfenbrenner, 2009). In contrast to Davis’ Arena, Bronfenbrenner’s 

microsystem at the centre of his model encompasses a large community of ecosystems that 

are nested, each within layers (mesosystem, exosystem, macrosystem).  Despite the fact that 

Bronfenbrenner was multilingual and had migrated from Russia to the USA when he was a 

child, he limited cultural influences to the outermost layer, the mesosystem. This has been 

critiqued by Velez-Agosto et al (2017) who recognised that culture is central to the behaviour 

within each ecosystem including being reified into formal policies and practices over time.  

There are a number of descriptions that apply ecology to young children growing up in a 

digital world. For example, Arnott et al (2016) undertook an ecological exploration of young 

children’s digital play by applying a revised version of Bronfenbrenner’s bioecological model 

to describe the overlapping and interacting elements of two technology-rich ECCs that 

shaped the children’s experiences with technologies. Their analyses included the children’s 

own motives and attitudes, which contributed to their engagement and learning. However, the 

literature has not explored the digital experience of young multilingual children and their 

teachers.  

Aims and objectives 

Globalisation is resulting in a loss of world languages and cultures, and indigenous languages 

are at most risk. Many adults are unaware that lifelong benefits accrue for children who retain 

their multilingualism and of the international recognition of their rights to speak their home 

language(s) and have access to the digital world (Cunningham, 2019). This is challenging for 

parents and educators of young children aged 4-6 years old, particularly those caring for 

vulnerable children (Harris, Davis et al, 2018). Therefore, it behoves ECE teachers and 

leaders to promote quality experiences involving the digital world that incorporate all their 

children’s languages and to do this in collaboration with the children’s families and 

communities. Current empirical evidence and policy advice (e.g. Gillen, Arnott et al, 2018) is 

limited to monolingual children, so this article aims to address multilingual children’s needs.  

This aim was pursued with the following research questions: 

RQ1 Who are the actors and communities that mediate the extent and nature of young 

multilingual children’s engagement with the digital world in ECE? 

RQ2 Given that the digital world has evolved to stretch globally, how are global and national 

actors and their communities impacting the ecosystems of ECE?  

The challenges for emergent bilinguals informed our study of the linguistic landscapes of 

ECE (Harris, Davis, Cunningham, 2018; Harris, Davis Cunningham et al, 2018). This paper 

updates that literature and presents an additional layer of analysis to map the learning 

ecosystem of young children in an ECC within the world globally. 



 

 

 

Methodology 

The case study of one ECC (Copland, Creese, Rock, & Shaw, 2015; Yin, 1993) was 

enhanced by evidence collected from neighbouring ECC, primary schools and a library 

within the same area of one city in New Zealand. Our case-study methodology was 

underpinned by an ethnographic approach. We blended Māori and Western research methods 

and knowledge (Macfarlane & Gillon, 2015), piloted our data collection in a Māori 

immersion ECC (Harris, 2017) and remained mindful throughout of the principles underlying 

Māori practices (Smith, 1999). These principles include respect, collegial relationships with 

research participants and transparency throughout the process in the overarching Vision 

Mātauranga developed with the National Science Challenge. 

The six mainstream ECCs and five primary schools in this study were situated in an area of 

the city purposively selected because of its cultural diversity. The most commonly spoken 

languages other than English are Māori and Samoan, and 22 percent speak more than one 

language, compared with 15.8 percent across the city (Statistics New Zealand, 2013). The 

locality included one of the ten most deprived areas in the country measured by the NZ 

Deprivation Index. Details of the sample and wider research context are provided elsewhere 

(Gillon et al, 2019). 

Two linguistic landscapes were collected from each ECC and primary schools separated in 

time by approximately one year. To gather the landscapes, we interviewed staff (typically the 

Head of Centre (HOC) and two other teachers) and, where possible one or two of children’s 

whānau [extended family]. Follow-up interviews were undertaken with two librarians 

mentioned by the ECC. These semi-structured interviews focused on each organisation’s 

language and ICT policies and practices, and on the language, cultural and digital artefacts in 

its landscape. Photos of the physical landscape and screenshots of online sites were used as 

prompts. Interviews also sought to identify the centre’s connections with whānau and 

community directed towards supporting children’s social engagement and language 

development. The conversational quality of the interviews allowed participant(s) and 

researcher to co-construct understanding of language and ICT practices and of the physical 

and digital worlds experienced by the children elsewhere. A draft report of both linguistic 

landscapes of each organisation was shared with the teachers for comment and correction; 

they also valued the report for their own review purposes, as were subsequent publications. 

We also responded to requests for guidance with community workshops and developed a 

resource website for ECC use (see https://ebdwwebsite.wixsite.com/ebdw).  

This paper reports on a further layer of analysis which mapped one ECC at the centre of the 

global Arena. The participants who provided data are listed in Table 1 which describes the 

participants in the case studies (and the other ECC and primary schools); a total of adults 

participated in the case study. The further analysis consisted of splitting the interviews into 

descriptions of different behaviour within their central ecosystems (the ECC and/or the home 

of parents interviewed). All actors (living and non-living matter) were then identified, and 

mapped within the central ecosystems and, where relevant, beyond them in a global Arena 

Framework (Davis, 2018). Around 60 different behaviours were identified; at times it was 

hard to separate interacting behaviours. Eight of the behaviours most pertinent to emergent 

https://ebdwwebsite.wixsite.com/ebdw


 

 

bilinguals in the digital world were identified and further analysed to illustrate the behaviour 

in the ecosystems, especially the behaviour of the teachers and parents as keystone species 

(see Appendix 1). 

Table 1: Number of adults interviewed over the data collection period.  

 

 2016 2017 2018 Total number 

interviewed  

     

Number of adults 

interviewed in ECC case 

study 

(Number of adults 

interviewed in all 6 ECC) 

3T +1P  

 

(17T +6P) 

3T +1L 

 

(11T +1L +1P) 

0 

 

(1L) 

6T +1L +1P 

 

(28T +2L +7P) 

(Number of adults 

interviewed in all 5 

primary schools) 

 (8 T*)  (8T +1L +2P)  (17T +1P +1L)  (33T +2L +4P) 

     

Key: T: teachers including HOC; P: parents or other family members; L: librarian (two in 

total). 

* These teachers were interviewed as part of the additional study that did not include the 

Y0/1 classes. In the total, each adult was counted each year interviewed.  

 

Findings 

In order to identify the various actors and communities that mediate the extent and nature of 

engagement with new media in ECE contexts, one Arena centred on the ecosystem of an 

ECC was mapped as shown in Figure 2. Evidence that informed the identification of the two 

central ecosystems was drawn from interviews of eight adults (teachers, parents and a 

librarian) who spent time in the ECC (see Table 1), linguistic landscapes and online 

information including the organisation’s web sites. Evidence from the wider project also 

informed our identification of the living and non-living matter in the ecosystems within 

which they were set, including the national ecozone and global ecosphere. 

One ECC at the centre of an Arena Framework 

The ECC depicted at the centre of the Arena in Figure 2 was selected from the six ECC 

studied because it was the only one rated at the highest level of quality assurance by the 

national agency responsible for quality assurance and its data set was the most 

comprehensive. There were three teachers on the floor most of the time educating and caring 

for around 20-30 young children aged 2-6 years old. The 2018 inspection report listed 

attendance by 15 boys and 13 girls of 10 ethnicities, including 8 Māori and 3 Pasifika; it was 

licenced for a maximum of 40 children over the age of two. As in any ECC the children and 

their parents came and went during the day and many attended less than 5 days per week.  



 

 

 

 

Figure 2. An Arena with an ECC in New Zealand as the central ecosystem including its three 

teachers the young children attending, set within the global ecosphere in 2016-7.  

Key: Teachers, parents, grandparents and learners with only one, or two or more languages 

T1 T2 P1P2 G1G2 L1L2. Executive E1, technical support staff IT1, librarian Li1, professional 

learning and development (PLD. Cultural influences depicted by a house graphic, 

technologies depicted by a device graphic. 

In addition to family members who dropped into the ECC at various times, the teachers also 

invited community members to support cultural activities such as Samoan language week and 

Diwali. Other visitors included a weekly visit from the community nurse, a monthly visit by 

an outreach librarian, and less regular visits by two staff from the national franchise of which 

this ECC was a member. Thus, this ecosystem was inhabited by around 31 people in total 

across the day, three of whom were teachers who collaboratively set the expectations for 

behaviour and regularly rearranged resources to achieve their goal of high quality ECE. 

While visiting adults were present in the ECC ecosystem, their behaviour was regulated by 

the teachers, as was the behaviour of the children attending the ECC. Thus, the teacher was 

clearly the keystone species for the children inhabiting the ECC ecosystem. 

A wide range of resources (non-living matter) was observed and in the interview the teachers 

described the technology that children were supported to use: two iPads, one camera, and one 

photocopier. At times a teacher also used her smart phone or other device to take photos or 



 

 

access online resources that were shared with the children through the device’s screen or by 

its connection to a large screen, such as YouTube videos of songs in English, Māori and 

occasionally Samoan. Other notable resources included the displays on the walls and online 

and each child’s portfolio of learning stories on paper and in the ePortfolio. Finally, there was 

a range of children’s books and some eBooks and apps on the two ECC iPads. The ECC 

franchise extended the landscape to FB and one of its web pages and the whole franchise had 

adopted a New Zealand domiciled ePortfolio service called Educa. 

The teachers limited and regulated all the children’s access to the digital world, as indicated 

by the limited overlap with the cloud ecosystem in Figure 2. The landscape of the ECC was 

deliberately ‘technology lean’, rather than ‘rich’; it included only five of the 24 technologies 

observed by Arnott (2016) in the two preschools of that study.  The teachers saw the iPads as 

just another tool within their programme, and regulated access to the iPads through a self-

booking system, and children helped one another to use the iPads. In 2017 one teacher said in 

the interview, “It’s just another part of the programme and, usually if somebody wants [the 

iPad] too, they only have to wait for a short time. A lot of [children] will be there together so 

they help each other to swipe and [use the] code. We’ve got the code over there (for some of 

the younger ones they will bring them to us) ... We try to make everything as self-sufficient 

as possible.”  

Appendix 1 provides a sample of eight of the 58 behaviours analysed from our multiple 

sources of evidence of the role of one keystone species in two ecosystems: teachers in the 

ECC; parents in the children’s homes. Given the aim of this paper, selected behaviours 

focusing on the digital world, languages and their interaction, particularly behaviour relating 

to emerging bilinguals are now presented.  

The Whānau Tree display in the foyer (Figure 3) was designed and constructed of mixed 

media, including the child’s digital photo with their name and a short narrative for that child 

solicited from the family, word-processed by a teacher and popped into a small basket hung 

on the tree for each child, so that anyone visiting the centre could access them; some included 

cultural and linguistic aspirations. The construction and the display required the building of 

trust with families and it also influenced behaviour by communicating that every child and 

their extended family were included in the ECC ecosystem; also that children’s photos were 

part of ECC practice.   

 



 

 

 

Figure 3. The Whānau tree set in the foyer; constructed during 2017 by the teachers on an 

ongoing basis as children joined and left the ECC. 

 

In common with almost all ECC in New Zealand (ecozone), the formative and summative 

narrative assessment of young children was through Learning Stories (Carr, 2001) 

documented in a book and/or ePortolio. One hour per story was allocated in a teacher’s 

workload and most stories included an action photo(s) or video. In 2017 the HOC reported 

“…we have been filming tamariki [children] leading waiata and haka [songs and dance] … 

children have been leading …  And I posted it on Educa [ePortfolio] to send to whānau 

around the world [ecosphere] and they really enjoyed that… so everyone can see that and 

revisit that;… we have found the best aspect of Educa is that families extending outside of 

[this city] easily share, whereas they can't with the actual physical profile books.” She also 

explained the approach to select a topic for learning stories “[I aim to] send a message to a 

family about what I value the most and what this place is all about, it's certainly about being 

able to get confident about getting off the ground and jumping and knowing how to jump 

safely, rather than how to use a screen.” In other words, the teachers wished for both 

ecosystems to complement one another. 

The ECC invited whānau contributions to learning stories (MOE, 2004) and teachers 

encouraged parents to include the child’s home language(s) occasionally sending a picture 

home for annotation by hand and/or online. However, it was notable that after introducing the 

ePortfolio, the ECC had reinstated the hardcopy portfolio books because some parents had 

stopped reviewing stories with their children.  

Families within the wider project’s survey reported that 6.8% of children did not engage with 

any digital media while 32% engaged with digital media for more than five hours per week 

(Harris, Davis et al, 2018); the teachers were concerned about excessive screen time. The 

bilingual parent interviewed described her management of the Digital World (DW) in her 

home ecosystem showing that as a parent she was acting as the keystone species. She found 

her children squabbled over iPad turn-taking and so when that happened she took it away 

from them. The iPad was rarely connected to the internet and this restricted family 



 

 

engagement with the ePortfolio. She did not permit her children to use her smart phone, but 

she did use it to show her child’s ePortfolio to her Afrikaans-speaking parents.  

The teachers valued the monthly visits of the outreach librarian saying “she'll tell stories and 

sing songs… integrates technology, she'll be using iPad to tell stories and for songs in a really 

exciting way. So she's supporting us a lot of the time.” They and the families received and 

acted on the librarian’s advice on what to use. The librarian appreciated how hard it was to 

find and select good resources saying “don't use a substandard app in another language just 

because it's in another language.” She also recognised that eBooks and apps take more 

preparation than other books saying “So you have to customise it before you start, and then 

you have to read it yourself a couple of times, and you have to check to see where all the 

hotspots are… your enhancements are around the storytelling and where you put the hotspots 

within the text.” 

External influences from other ecosystems at the local, national or global level were also in 

evidence from a number of sources. Those mentioned were the curriculum Te Whāriki 

(MOE, 2017), teacher self-review to enable retention of Teachers’ Council accreditation, and 

a similar annual review of the ECC by its franchise. Individuals’ engagement depended on 

their priorities, relevance and access. In the group interview one teacher explained, “We're 

doing our ECC self-review on The Pasifika Education Plan.” (MOE, 2013) She explained 

that the updated curriculum has “multi lens about Pasifika” and during her monthly 

professional development activities she had been “getting to know Pasifika aiga, families…” 

The HOC expressed her pleasure when she heard this, confirming such behaviour fit the ECC 

ecosystem. A similar approach had been taken two years previously for ICT professional 

learning and development (PLD) expanding teachers’ practice with the digital world. Some 

of the PLD provided by the franchise was not online, including its annual meeting for 

teachers.  

As in other studies (e.g. Steven & Edwards, 2018), most teachers and whānau mentioned 

their need for guidance in the use of digital world to support emergent bilingual children. 

Researcher engagement with ECC participants included exploring how displays and language 

practices could be enhanced through the use of technologies. Teachers were directed to the 

instructional videos on our Emergent Bilinguals in a Digital World (EBinDW) website to 

support their use of digital technologies in their language practices with emergent bilinguals.  

For example, how to make a QR code (https://ebdwwebsite.wixsite.com/ebdw/qrcodes). 

In summary, in this ECC and all the others studied (ECCs and schools), the digital landscapes 

we observed were designed to strategically support their young children’s physical landscape 

and to extend learning strategies into homes and communities, while also addressing 

concerns over too much screen time.  

 

Discussion 

The ecosystems documented in this study showed an increasing presence of Māori, the 

indigenous language of New Zealand, and of the additional home languages of the young 

children who inhabited them (Harris, Davis, Cunningham et al, 2018). There was indirect 

evidence from teacher interviews that a few multilingual families thought it was best for their 

https://ebdwwebsite.wixsite.com/ebdw/qrcodes


 

 

children to focus on English, until advised otherwise. Our study has illustrated some of the 

challenges of the ECE teachers and the families of young children, particularly those who had 

limited access to devices connected to the internet and time to manage them.  

The Arena Framework was applied successfully to map the actors and communities that 

mediate the extent and nature of young multilingual children’s engagement with the digital 

world in the ecosystems of ECE (RQ1). Many actors (living and non-living matter) are 

identified in Figure 2. Within the physical educational ecosystems the teachers and the 

children’s peers are the mediators with some visitors adding to that mediation at times, 

particularly the outreach librarian and parents. Mediation by teachers and peers is expected, 

see for example Arnott et al’s (2016) ecological exploration of young presumably 

monolingual children’s digital play observed several instances of scaffolding between peers 

when using technologies. Scaffolding and Guided Interaction (Plowman & Stephen, 2007) 

was part of the librarian’s pedagogic repertoire modelled to the teachers.  

While our evidence did not explore the achievements of multilingual children compared with 

others; other research does indicate that the enrichment provided in multilingual homes may 

have the potential to extend these children compared with monolingual peers. Gillen and 

Kucirkova (2018, page 842) provide a useful illustration that includes the active building of 

trust and partnership with a bilingual family; by engaging in Sign Language in the child’s 

home and taking photos there, the teacher also added that home language to that ECC 

landscape. 

The ePortfolio provided an ecosystem in the cloud that spread across the education and home 

environments with relevant materials, including Learning Stories (MOE, 2004) that 

occasionally had embedded performances. This research confirms Beaumont Bates’ (2017) 

findings that an ePortfolio improved communication with families enabling them to 

contribute more. Children’s agency and reflection was supported when they were shared with 

the extended family, particularly if multilingual children engaged in the conversation using 

all their home languages. While this was not specifically reported, it had been observed 

elsewhere in the city by the librarian and it was likely during the regular Skype of a Samoan 

boy with his father who was overseas in Samoa reported in a teacher interview.  

The teachers were the keystone species in these educational ecosystems who purposefully 

limited opportunities in the digital world while also enabling more skilful peers to support 

children with less ability. Teachers were supported in that mediation by some visiting staff 

most notably the outreach librarian. Teachers knew that there were more opportunities but 

they were very busy with competing demands and they also needed more time to develop a 

wider range of mediation behaviour; time to select and set up resources on the two ECC iPads 

and time to develop skills and more resources, including resources to serve the needs of 

particular multilingual children in partnership with their families and their ethnic 

communities. The ECC teachers welcomed an outreach librarian who directly provided 

engaging opportunities for the children plus advice for teachers and families.  

The parents were the keystone species in the children’s home but those ecosystems varied a 

great deal due to interest and engagement of those who lived in each ecosystem with the 

quality spanning the spectrum from exemplary parental support for children’s learning in the 

physical and digital world, to the opposite, including blocking all access. Danby et al (2018) 



 

 

found that the social nature of playing computer games can support language and literacy 

development in kindergarten as well as at home. While the playing of computer games in 

some homes in this study was reported, the educational ecosystems did not have the capacity 

to capitalise on those activities due to lack of experience by keystone species (teachers and 

parents); the librarian recognised that as an opportunity for future development.  

Beyond the ecosystems inhabited by young children, we have investigated how actors and 

their communities in the national ecozones and global ecosphere were impacting the 

ecosystems of ECE (RQ2). The most influential actors in the national ecozone were the 

curriculum documents, which influenced the ecosystem both directly and indirectly through 

professional development, accreditation of the teachers and quality assurance of the schools. 

In addition, the ECC ecosystem was highly influenced by the national franchise within which 

it sat. Parents tend to be more engaged in their children’s learning when portfolios are 

presented accessibly online (Page, 2012). Educa had only an English-language interface and 

recommended that teachers use online services and Apps for translations where necessary. 

Goodman and Cherrington’s (2015) study of Educa users nationwide found that it was able to 

support and enhance teacher practices and engagement of some parents and grandparents; 

although some ECC continued to use a paper portfolio for equity reasons. However, the use 

of analytics and exposure of learning stories outside the ECC brings risks that are likely to be 

underestimated at this time. Gallagher (2018), deploying her experience as a full-time 

working mother and interviews of two businesses that provide ePortfolio services, argues 

from a post-structural viewpoint that spaces created in ePortfolios enable closer observation 

and regulation of educators as well as parents, and they also open children’s lives to more 

scrutiny. Such legitimate concerns about data analytics were not raised in our evidence and 

would have been unlikely, given that the adoption of the ePortfolios was recent. 

As can be seen in the Arena in Figure 2, actors identified at the global level included Google, 

FB, eBooks and Apps. Companies providing digital services for ECE rarely have a policy 

that includes all the children’s languages. Greenwood, Te Aika and Davis (2010) describe the 

early evolution of the DW for the Māori language, including a case study within which 

sponsorship from Microsoft was refused because such funding could have compromised the 

evolution of indigenous practices. 

 

Recommendations and conclusion 

The Arena Framework can extend understanding of the interacting global ecosystems that are 

inhabited by vulnerable 4-6-year-old children, their teachers and their families. Teachers as 

‘keystone species’ do purposefully regulate the digital world and work with others including 

to strengthen connections between homes and educational organisations; this is a particular 

strength of ECC. This article is one of the first to map influences beyond the home and 

education to stretch globally.  

This research has confirmed that teachers and parents are the keystone species setting up 

mediation of the digital world to benefit and protect young children and that they must 

partner with others to access quality resources and professional development. Therefore, 

research and development are best co-constructed with communities of ecosystems that 

vulnerable children inhabit, including ECC, schools, libraries and other services. We also 



 

 

recommend the application of an ecological model like Davis’ Arena Framework to better 

understand the evolution of such policy and practice and theories of change with digital 

technology in education. 

Increasing opportunities in ECE for young children to engage in their families’ languages and 

cultures is important because these encapsulate heritage and enhance the children’s mana 

[power, prestige, acumen, and efficacy]. Our research confirms that the presence of signs in 

more than one language and of culturally-based artefacts prompts and supports the use of 

multiple languages, enabling children and adults to co-build multilingual language and social 

skills (Cenoz & Gorter, 2006; Cunningham, 2019), and that educators who build strong 

relationships with the children and their extended family are better able to develop informal 

and then formal language policies in ECC, along with professional development for 

themselves (Gorter, 2017).  

This co-evolution of education with the digital world raises particular concerns about the 

behaviour of organisations that develop digital media and services for children. Their 

executives are responsible for the behaviour of their institution and brand. More companies 

must fulfil their moral obligation to young children; this is reinforced by international 

conventions. We recommend that they, like ECC teachers, recognise that they need to build 

trust and treat teachers and parents as keystone species. 

Play and creativity will remain key drivers for children’s use of apps (Marsh et al, 2018) and 

learning stories in ePortfolios are central to educational practice, at least in New Zealand. 

ePortolios can provide an effective bridge between the educational and home ecosystems, but 

companies offering cloud-based services must be encouraged to improve the design of their 

services and policies (company culture and ethics) to improve their quality and relevance for 

multilinguals, as well as safeguard users’ intellectual property and mana. The U.N. 

International Year of Indigenous Languages in 2019 reminds us that there is no time to delay; 

intergenerational language transmission is threatened locally and globally. This study 

provides some new knowledge about the co-evolution of education and digital technologies, 

which we see as part of this vicious cycle. Research can be applied to transform the vicious 

cycle into a virtuous circle to aid resilience globally. 

 

Acknowledgements 

The study was part of the project “Eke pānui, eke tamaiti: Braiding health and education 

services to ensure early literacy success and healthy well-being for vulnerable children” co-

led by Gail Gillon and Angus Macfarlane. We acknowledge our collaborative community of 

researchers, particularly our colleague Lia de Vocht van Alphen. We thank all the 

participants in the study, including ECC leaders in the organisations studied and the Ministry 

of Education. This research was supported by funding from the New Zealand Ministry of 

Business and Innovation (MBIE) grant number 15-02688 and PhD University of Canterbury 

scholarships. 

Statement on open data, ethics and conflict of interest 

Ethical approval was granted by the University’s committee for human ethics 

(2016/21/ERHEC) and within the National Science Challenge Vision Mātauranga. More 



 

 

specifically, having received an expression of interest in participating, we obtained consent 

from the leader of each educational organisation as well as the adult participants. No data was 

collected directly from children. 

The agreed-upon consent stipulated that only the researchers would have access to full 

interview transcripts to protect the participants, who are recognized as a vulnerable 

population. There is no conflict of interest. 

 

References 

Arnott, L. (2016). An ecological exploration of young children’s digital play: framing 

children’s social experiences with technologies in early childhood. Early Years, 36(3), 271-

288. doi: 10.1080/09575146.2016.1181049 

Arnott, L., Palaiologou, I., & Gray, C. (2018). Digital devices, internet‐enabled toys and 

digital games: The changing nature of young children's learning ecologies, experiences and 

pedagogies. British Journal of Educational Technology, 49(5), 803-806. 

doi:10.1111/bjet.12676 

Bak, T. H., Nissan, J. J., Allerhand, M. M., & Deary, I. J. (2014). Does bilingualism influence 

cognitive aging? Annals of Neurology, 75(6), 959–963. 

Beaumont-Bates, J. R. (2017). E-portfolios: Supporting collaborative partnerships in an early 

childhood centre in Aotearoa New Zealand. New Zealand Journal of Educational Studies, 

52(2), 347–362. doi:10.1007/s40841-017-0092-1 

Bronfenbrenner, U. (Ed.) (2005). Making human beings human. Bioecological perspectives 

on human development. Thousand Oaks, CA: Sage.  

Carr, M. (2001). Assessment in early childhood settings: Learning stories. London: Paul 

Chapman. 

Cenoz, J., & Gorter, D. (2006). Linguistic landscape and minority languages. International 

Journal of Multilingualism, 3(1), 67–80. doi:10.1080/14790710608668386 

Copland, F., Creese, A., Rock, F., & Shaw, S. (2015). Linguistic ethnography: Collecting, 

analysing and presenting data. Los Angeles: SAGE. 

Cummins, J. (2000). Language, power, and pedagogy: Bilingual children caught in the 

crossfire. Clevedon: Multilingual Matters Ltd. 

Cunningham, U. (2019, In Press). Growing up with two languages. A practical guide for the 

bilingual family. (4th ed.) Oxford: Routledge. 

Danby, S., Evaldsson, A. C., Melander, H., & Aarsand, P. (2018). Situated collaboration and 

problem solving in young children's digital gameplay. British Journal of Educational 

Technology 49(5), 959-972. 

Davis, N. (2018). Digital technologies and change in education: The arena framework. New 

York, NY: Routledge. 

Donohue, C. & Schomburg, R. (2017). Technology and interactive media in early childhood 

programs. Young Children, 72(4), 72–78. 



 

 

Gallagher, A. (2018). E-portfolios and relational space in the early education environment. 

Journal of Pedagogy, 9(1), 23–44. doi:10.2478/jped-2018-0002 

Goodman, N., & Cherrington, S. (2015). Parent, whānau and teacher engagement through 

online portfolios in early childhood education. Early Childhood Folio, 19(1), 10–16. 

Gillen, J., Arnott, L., Marsh, J. Bus, A., Castro, T., Dardanou, M., Duncan, P., Enriquez-

Gibson, J., Flewitt, R., Gray, C., Holloway, D., Jernes, M., Kontovourki , S., Kucirkova, N., 

Kumpulainen, K., March-Boehnck, G, Mascheroni, G., Nagy, K., OConnor, J., ONeill, B., 

Palaiologou, I., Poveda, D., Salomaa, S., Severina, E., Tafa, E. (2018). Digital Literacy and 

young children: towards better understandings of the benefits and challenges of digital 

technologies in homes and early years settings. Policy briefing of DigiLitEY COST Action 

IS1410 and the Digital Childhoods SIG of the European Early Childhood Research 

Association.  

Gillen, J. & Kucirkova, N. (2018). Percolating spaces: Creative ways of using digital 

technologies to connect young children’s school and home lives. British Journal of 

Educational Technology, 49(5), 834–846. 

Gillon, G., McNeill, B., Scott, A., Denston, A., Wilson, L., Carson, K., & Macfarlane, A. H. 

(2019). A better start to literacy learning: Findings from a teacher-implemented intervention 

in children’s first year at school. Reading and Writing.  doi:10.1007/s11145-018-9933-7 

Gorter, D. (2017). Linguistic landscapes and trends in the study of schoolscapes. Linguistics 

and Education, 44, 80–85. doi.org/10.1016/j.linged.2017.10.001 

Greenwood, J., Te Aika, L.H. & Davis, N.E. (2010). Māori virtual marae – bicultural 

adoption of digital technologies within Aotearoa New Zealand: Cultural reconstruction and 

hybridity. In P.R. Leigh (ed.) International Explorations of Technology Equity and the 

Digital Divide: Critical, Historical and Social Perspectives. (58–79) Charlotte, NC: 

Information Age Press.  

Harris, L. (2017). An ethnographic case study of the linguistic landscape of an award-

winning Māori immersion early childhood education centre. Unpublished M.Ed. thesis. 

Harris L., Cunningham U. & Davis N. E. (2018). Languages seen are languages used: The 

linguistic landscapes of early childhood centres. Early Education, 64, 24–28. 

Harris L., Davis N., Cunningham U., de Vocht L., Macfarlane S., Gregory N., Aukuso S., 

Taleni T. & Dobson J. (2018). Exploring the opportunities and challenges of the digital world 

for early childhood services with vulnerable children. International Journal of Environmental 

Research and Public Health, 15(11), http://dx.doi.org/10.3390/ijerph15112407 

Hartnett, M. (2017). Differences in the digital lives of young people in New Zealand. British 

Journal of Educational Technology, 48(2), 642–652. 

Herodotou, C. (2018). Young children and tablets: A systematic review of effects on learning 

and development. Journal of Computer Assisted Learning, 34(1), 1-9. 

Hsin, C.-T., Li, M.-C., & Tsai, C. C. (2014). The influence of young children’s use of 

technology on their learning: A review. Journal of Educational Technology & Society, 17, 4, 

85–99. 

Kirsch, C. (2018). Young children capitalising on their entire language repertoire for 

language learning at school. Language, Culture and Curriculum, 31(1), 39–55. 

http://dx.doi.org/10.3390/ijerph15112407


 

 

 

Lissak, G. (2018). Adverse physiological and psychological effects of screen time on children 

and adolescents: Literature review and case study. Environmental research, 164, 149-157. 

Marsh, J., Plowman, L., Yamada-Rice, D., Bishop, J., Lahmar, J., & Scott, F. (2018). Play 

and creativity in young children's use of apps. British Journal of Educational 

Technology, 49(5), 870–882. doi:10.1111/bjet.12622 

Ministry of Education. (2004). Kei tua o te pa: Assessment for learning: Early childhood 

exemplars. Wellington, New Zealand: Learning Media. 

Ministry of Education. (2013). The Pasifika Education Plan 2013 – 2017. Retrieved from 

https://www.education.govt.nz/assets/Documents/Ministry/Strategies-and-

policies/PEPfoldup12Feb2013.pdf 

Ministry of Education. (2017). Te Whāriki: He whāriki matuaranga mō ngā mokopuna o 
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Appendix 1. Evidence of the behaviour of keystone species: teachers in the ECC 

ecosystem and parents in their home ecosystem. 

Key: Teachers (T), Parents (P), Grandparents (G), children (C), librarian (Li), early childhood centre (ECC), 

Franchise of which ECC was a member (Franchise) 

Behaviour Evidence Sources Role 

(s) 

Eco-

system(s) 

Use of 

children’s 

photos and 

cultural 

artefacts 

Teacher B: … in our front entrance way is a 

whānau tree where each child has got a kete 

[child’s basket]. Did you see that? And inside that 

some of the parents have described aspects of their 

culture in that as well, I am particularly thinking 

about [name's child] there is a thing in there 

because they are Buddhists.  There is a thing in 

there, a description of them going to the temple. So 

they are putting it in there for other members of the 

community to share that information. … they give 

[the information] to me, because it needs to be the 

size to go in the kete. So I type it out and laminate it 

so that it's durable and put it in. So it is up to 

them what they want to share with the community. 

 But I notice there are a couple of families have 

actually put in cultural information. Anyone that 

comes in can take it out and read it. 

See Figure 3. 

Interview of 

teachers 

including HOC 

Observations of 

landscape 

T P C ECC 

Teachers’ 

management of 

2 iPads 

HOC: “It’s just another part of the programme and, 

usually if somebody wants [the iPad] too, the 

[child] only has to wait for a short time. A lot of 

[children] will be there together so they help each 

other to swipe and [use the] code. We’ve got the 

code over there (for some of the younger ones they 

will bring them to us) ... We try to make everything 

as self-sufficient as possible.”  

Librarian: “Every day when those children come 

into a preschool environment, they've [teachers 

have] actually changed things around, they've put 

different things on the tables, they've put different 

things in the sensory bins, they've put different 

climbing objects outside, you would do the same 

with your digital media, … a kind and loving way 

to complete, usually getting them [children] to look 

at the whole thing.  If you have too much on there, 

Interview of 

teachers 

including HOC  

Librarian 

interview  

T C ECC 



 

 

they aren't taught anything. They do this with their 

environment on a daily basis, why would you not 

do it with your iPad [in the ECC]? “ [The teachers 

took that advice.]  

Librarian 

advising and 

modelling iPad 

HOC: the outreach librarian [the city library] comes 

in once a month and she'll tell stories and sing 

songs but she integrates technology, she'll be 

using iPad to tell stories and for songs in a really 

exciting way. So she's supporting us a lot of the 

time.  

Teacher B: We're going to ask her aren't we for 

some more suggestions about what can go on to 

the iPad because we have about $50 left of what we 

can use … 

HOC: …So, it's really getting that balance … 

getting our librarian who has some good ideas. 

She's a great resource … Advises both the ECC and 

families what to purchase  

 

Teacher 

interview 

T C 

Li P 

ECC  

Homes  

 

Mother 

managing 

limited access 

to iPad and 

smart phone 

Mother: I do have a smartphone which they don't 

get to play with but I think that for me that's mainly 

a social thing connecting up with a few friends 

because otherwise I would never leave the house 

that's how I would arrange playdate somethings 

would be through Facebook groups and things like 

that so they don't see a lot of that. 

… we have an iPad but they don't use it very often 

because I can't stand the fights so I imagine most of 

that for them will be at kindy and we don't really 

have an Internet connection so that limits that a fair 

bit as well I'm sure they'll get more experience of it 

once they get to school and with the grandparents 

and things that's about the extent of it  

Researcher: so when you say these fights how 

would you manage that  

Mother: “you just ask them to share and you have 

to suggest that you're going to have to take it away 

if they don't but they usually quite good actually 

dealing with that. 

Parent interview 

 

P C G Home 

Reinstatement 

of profile book 

alongside 

ePortfolio 

Researcher:  How do ePortfolios work for you? 

HOC: Not very well.  A lot of our families 

don't have access or they might have device like 

their phone, but actually reading a learning story on 

a phone is really difficult. 

Teacher B: It's so squincy people can't see what’s 

happening.  

Teacher 

interview 

T P C ECC 

Homes 



 

 

HOC: And the data, to respond.    

Teacher A: They don't have the money to even look 

it up. 

Teacher B: So it become a very one way thing.  We 

were giving them the information but the 

information that was coming back in response to 

the stories, like Whānau voice or telling us where 

they would like to go, their future aspirations of 

their child or making suggestions, all that, as soon 

as we started making it using it electronically, all 

that just dried up immediately.  

Teacher A: Kanohi kanohi for us, face to face is 

important in this community.  To get their voice, to 

talk about what's happening in the story and to get 

their voice and their culture. 

Teacher B: A parent told me, quite specifically, that 

when she used to take the book home with the story 

in it, she would immediately sit down, after 

kindergarten they would have a cup of coffee and a 

drink together and sit on the couch and read, share 

the book together.  But, as soon as it started coming 

through electronically she doesn't access her 

computer until after the children have gone to bed. 

So then she would read the story and then lose that 

opportunity to share it with her child.  So, we've 

gone back to redoing them, we are still loading 

them electronically, but we are doing it in the book 

as well. 

 

ePortfolio, 

photos, Google 

translate 

HOC: “Well, in our learning stories and children's 

profile books, we're really encouraging the 

partnership between whānau, the teaching team and 

the kindergarten. So that we are encouraging them 

to contribute photos of things that are of cultural 

significance to them, things that are important to 

their family. So, photos are a really good way of 

doing that. We're trying to use greetings as we are 

writing the story and maybe some images.  But, I'm 

personally not that great at it. …  Because we are so 

time bound, by the workload … I've got an hour to 

do a learning story. Actually then trying 

to research and to get the language in the right 

context and to make sure that you've got the right 

dialect and the right...takes quite a lot of time. I was 

writing a story for some Filipino children last week 

and I googled some greetings that I just popped into 

here.  But, is that the right greeting?  And then I've 

got to now try and go back to that whānau and 

check in with them. ‘Am I using this right?’ … And 

the Filipino family that I have just written a story 

with, I gave them some photos of their two 

children, two boys, gave them photos of things that 

they were doing and then asked them to take them 

Teacher 

interviews 

including HOC 

 

T C P ECC 

Home 



 

 

home and talk to the boys about those.  So they've 

come back with some of their own...what's their 

dialect [Tagalog]… This is some stuff from the 

Filipino boy that I was doing, it did this story and 

this is mum's put these photos in which is rather 

beautiful, and then I've just done the story where 

I've tried to put the greeting in. And then mum's 

written here, but she also sent me in through Educa 

(the electronic ePortfolio), a story with photos and 

some feedback about [names child]. The book has 

only just come in now. I haven't loaded that in 

there.” 

HOC: … write a story I want to share and send a 

message to a family about what I value the most 

and what this place is all about, it's certainly about 

being able to get confident about getting off the 

ground and jumping and knowing how to jump 

safely, rather than how to use a screen.  

 

Video of 

children used in 

ECC and on 

ePortfolio, 

viewed abroad 

Techer A: “…we have been 

filming tamariki leading waiata and haka (songs 

and dance) … children have been leading …  And I 

posted it on Educa [ePortfolio] to send to whānau 

around the world and they really enjoyed that.  … 

so everyone can see that and revisit that. … that's 

what we have found is the best aspect of Educa, is 

that families who have got extending outside of 

[this city] easily share whereas they can't with the 

actual physical profile books.” 

Teacher B: “we had a family that came 

from Romania and they use to send it obviously 

back to family at home. … Then a Nana 

[grandmother] in [another town in New Zealand], 

she replies quite often.  … she quite likes being 

interested in what they are learning.  Yeah, just a 

few [at a distance]; it depends on how 

techno savvy these parents are.  If they are not 

that they won't really then these parents don't 

understand what it's all about.” 

 

Teacher group 

interview 

 

T C P 

G 

ECC 

Homes 

Experience 

needed to have 

a conversation 

about the 

children’s 

experience in 

the DW 

HOC: …that's what I see with some of our children 

when they are playing outside, especially some of 

our boys. [names two boys] the other day when you 

had the hospital stuff out, they had the computers 

and things, well, they weren't part of the hospital 

play they were gaming.  And they were talking to 

each other about their games …, I don't know what 

it was, but then somebody else came along and 

couldn't enter into that play and he couldn't enter 

that game because he had no knowledge of what 

they were doing… Because there is a whole new 

language that coming out of all of that and unless 

you know the games and the language then you are 

Teacher 

interview in 

2016  

Librarian 

interview 

T C P 

G Li 

ECC 



 

 

actually ostracized socially as well. That's why I 

watch some of the programs with my grandson so I 

can relate to some of these children when they talk 

about some of them.  I don't want to watch them all 

the time but it lets me have those conversations. 

Librarian: But it's [teachers] not actually sharing 

with them [children] their experiences of the digital 

worlds that they're experiencing. Because the 

teachers don't know the games that they're playing, 

so children will talk about a character or something 

that's happening in the game, but then the 

conversation can't develop … 

 


