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Abstract

While the central role that technology currently plays in the different domains of society is
acknowledged, it is pressing to understand how it also affects the compulsory education
setting. The increasing technological richness of the world influences everyday life and
brings about higher expectations for schools to take a lead in shaping competent citizens
for the twenty-first century. The aim of this article is to advance knowledge of how
innovation is taking place in schools when it admits the implementation of technology
as a fundamental dimension. This review draws on the Preferred Reporting Items for
Systematic Reviews and covers the period 2017-22 to identify 30 studies for inclusion.
The analyses suggest that innovative practices are highly diverse in nature and that they
target different disciplines and levels of compulsory education. Innovation is sensitive to
place, historicity and time. It is often delayed by infrastructure issues (first-order barriers)
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and beliefs (second-order barriers), while among its key drivers are leadership, support
networks and professional development.

Keywords innovation; technology-based education; compulsory education; systematic
literature review

Introduction

Innovation plays a central role in present-day education (European Commission, 2018; OECD, 2010,
UNESCO, 2023) framed within the context of a fourth industrial revolution (Schwab, 2016). This revolution
is defined by the convergence of physical, digital and biological technologies that change what people
do, how they do it and what it means to be human (Leahy et al., 2019). Hence, it is widely accepted
that information and communication technology (ICT), including digital, mobile and smart technologies,
works as a powerful tool in the innovation landscape (Morgado et al., 2021) and supports the efficiency
of education systems (European Commission, 2018). Although it is clear that innovation in education
practices can go beyond resourcing ICT or fostering technology-enhanced learning (Dron, 2018), recent
policies, both at national and international level, have emphasised the crucial role that ICT and recent
technological achievements play in promoting quality, effective education for all (UNESCO, 2023).

From the beginning of the twenty-first century, schools have experienced the influence of an
increasingly digital world and, despite some scepticism, changes have taken place, both in pedagogical
and curricular dimensions (Baruch and Erstad, 2018). New ways to teach and learn have incorporated
technology, ranging from very basic resources in tools to more sophisticated strategies in which smart
devices are implemented along with cutting-edge ICT oriented to teaching and learning (Jo et al., 2014).
To some extent, all these adjustments in the educational setting have promised change and rebirth, with
the focus now being on the challenge for schools to address what are understood as twenty-first-century
competences and needs (OECD, 2010).

The implementation of technology in schools, in line with societal aspirations towards innovation,
implies that the emergence of new methods requires collaborative cultures to be fostered and
pedagogical and technical training to be provided for teachers, as well as institutional technical support,
if the aim is a sustainable innovative mandate (Chandra and Mills, 2015). Because this array of demands
is complex, innovation in schools might happen at different paces in different contexts. Moreover,
innovation, despite being a ubiquitous topic in policy discussions, seems to remain a concept which
is complex and blurred (European Commission, 2018). Bearing these assumptions in mind, in this
article, we delve into the literature focused on innovation in schools to provide a framework of what it
concretely means when technology is implemented in compulsory schooling. In other words, we clarify
the meanings that innovation upholds and the existing ties with the implementation of technology, that
is, the resource of information and technology tools towards dynamising digital and smart environments,
with the aim of fostering change in school education (OECD, 2010).

Our departure point for the notion of innovation is somewhat broad; we understand it as any
dynamic change intended to add value to the educational process and which results in measurable
outcomes (OECD, 2010). As discussed in this section, technology plays an important role in the
innovation landscape. There is often the perception that technology can address major educational
challenges in a setting where education is often criticised as being slow to change and stuck in the
past (Baruch and Erstad, 2018; UNESCO, 2023). Despite promising results from the use of (digital)
technology and new pedagogical practices, the literature suggests that the recourse to technology has
been mostly superficial and related to prevailing teaching methods (lllomé&ki and Lakkala, 2018). Likewise,
it is recognised that to promote innovation within the implementation of technology demands that
several dimensions that go beyond infrastructure must be addressed. Innovative practices as led by
technology require attention to issues related to teacher training and different instances of pedagogy
- methods, means and organisational culture (Bingimlas, 2009; Chandra and Mills, 2015; Lakkala and
lllomaki, 2015; Orlando, 2014). Set against this background, this review seeks to answer three research
questions to improve understanding of how technology supports innovation in the school arena:
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RQ1: How does the existing literature conceptualise innovation in which the implementation of
technology is a key part?

RQ2: What school practices/activities result from innovation via the implementation of technology?

RQ3: What can be learnt from current practices of innovation based on the implementation
of technology?

Answering these questions is important to help combat myths and exaggerated claims about the
implementation of technology in schools and extend knowledge on the ways in which this change occurs,
in terms of conception and practices. In recent years, several systematic reviews have been performed
on the topic of innovation. While some of them focus on the dimension of innovation as a culture (for
example, Prenger et al., 2022), other discuss the ties with technology, but often within the scope of
specific tools or disciplines (for example, Burden et al., 2019; Olvera-Fernandez et al., 2023). Our review
is original in the sense that it seeks a more comprehensive view of school innovation as fostered by the
integration of technology. Moreover, the decision to problematise innovation is critical, since there is
evidence that it is usually left untheorised (Ellis et al., 2023). By addressing this gap, our work can inform
further action in this field.

Method

The current study is informed by the systematic literature review methodology (Boland et al., 2014; Gough
etal., 2012; Page etal., 2021). Its purpose is to provide an overview of how innovation has been addressed
with the support of technology in the context of schooling up to secondary education. More specifically,
as systematic reviews can facilitate the understanding of a topic as well as help identify common threads
across studies (Tondeur et al., 2017), the aim of this article is to advance knowledge about how innovation
is taking place in schools when it admits the implementation of technology as a fundamental dimension.
Therefore, we address the literature, which is relevant to our research questions, using explicit methods
to identify what can reliably be concluded on the basis of these studies (Gough et al., 2012). To
ensure the quality of the revision process and its replicability, we followed the Preferred Reporting Items
for Systematic Reviews (PRISMA) (Page et al., 2021), in line with the principles established by Boland
et al. (2014). The principles underlying systematic reviews require at least four stages: definition of
the question/problem; identification and critical assessment of the available evidence; synthesis of the
findings; and the drawing of conclusions (Boland et al., 2014; Gough et al., 2012). Once our general
research problem was established, as previously stated, we then established a review protocol that was
not published or registered.

Eligibility criteria

We included publications in English, Portuguese and Spanish, published between 2017 and 2022.
Publications in Portuguese and Spanish were eligible, as the authors are fluent in both languages. It
was decided to maintain a six-year time span, as innovation has a mobile character, which is accentuated
when technology implementation is embedded, with tools becoming quickly obsolete within a scenario
of constant change and transformation (Schwab, 2016; UNESCO, 2023). Due to the desire to capture work
led by the field of education, the subject area was limited to ‘education educational research’ on the Web
of Science platform and restricted to the ‘social sciences’ category in the Scopus database. This decision
may have omitted interesting results due to the interdisciplinary character that articles can present, and
by bias related to the narrow subject classification defined by Web of Science. The next decision was
to select only peer-reviewed articles, focusing on open-access materials and acknowledging the quality
inherent in the indexation of the databases (Abelha et al., 2020). Regarding criteria for content, all studies
with an empirical dimension were included, since they addressed the implementation of technology as
part of the innovation strategy in the school context. Articles not centred on the school level of education,
and those that did not discuss the dimension or conceptualisation of innovation and related it to the
implementation of technology, were excluded from the review. Likewise, impact and theoretical studies
were also set aside. The following subsection provides details about these procedures.
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Information sources and search strategies

The included studies were located after a thorough search in the Scopus and Web of Science databases.
These databases were chosen because they host a wide range of quality peer-reviewed publications in
the field of education, and because they are the two most highly valued databases for the international
scientific community, both for evaluation and for funding (Abelha et al., 2020). We performed a
pre-planned search (Tong et al., 2012), employing comprehensive strategies to find all the studies
available (Gough et al., 2012). Search terms were combined using Boolean operators and targeted the
title, abstract and keywords in both databases. Pilot searches using synonyms for each term (for example,
"orimary school’ or ‘elementary education’) were performed until achieving a combination of words
that provided the broadest range of results. The final keywords used in the literature search included
‘innovation’ combined with ‘school’ or ‘elementary school’ or ‘basic education’ or ‘secondary school’, as
well as with ‘technology’ or 'ICT' or ‘information communication technology’ or ‘smart education’ (see
Table 1 for detail).

Table 1. Database search description including Boolean operators

Database Field | Line Keyword Description
1. Article title, abstract, keywords Innovation  Innovation (AND)
Scopus 2. Article title, abstract, keywords School School OR Basic education OR Elementary

school OR Secondary school (AND)

S Technology OR ICT OR Information
3. Article title, abstract, keywords Technology communication technology OR
Smart education

1. Topic (title, abstract and author keywords)  |3novation  Innovation (AND)
Web of 2. Topic (title, abstract and author keywords) School School OR ‘basic education” OR ‘Elementary
Science school’ OR ‘Secondary school’ (AND)

o Technology OR ICT OR ‘Information
3. Topic (title, abstract and author keywords) Technology communication technology’ OR

‘Smart education’

Selection process and data collection

Applying the search strategies, one of the authors carried out searches in Scopus and Web of Science and
identified all available peer-reviewed articles on technology-based innovation in non-tertiary education
published from 2017 to 2022. These articles were exported to EndNote, which allowed duplicates to
be eliminated. After the completion of this first step, 494 records remained. Next, two researchers
read the abstracts to confirm their appropriacy for the review. Discrepancies in opinion were debated
until consensus was achieved. There were several reasons for the exclusion of records. The main one
was that articles did not actually focus on the school level of education (n = 132). Many studies also
failed to link the implementation of technology with the framework of innovation. Some focused solely
on perceptions, beliefs or competences regarding innovative practices, without a critical description of
the action itself or with a vague reflection on its novelty (n = 95), while others targeted the architecture
of certain tools or methods, rather than their implementation (n = 59). Impact studies (many of them
targeting emergency practices during the Covid-19 period), which lacked a discussion on innovation
or substantial data on its implementation rationale (n = 46), and theoretical studies (n = 46) were also
set aside, as they provide no answers about how innovation led by the implementation of technology
crosses over into everyday school practices. A series of studies which discussed innovation without
actually linking it to technology (n = 18) were put to one side as well. Finally, 76 (other) studies were
removed because their argumentation failed to link the dimensions of innovation and technology. In
general, these works focus either on the aspect of innovation or on technology implementation, in line
with other topics. Examples include articles exclusively focused on science, technology, engineering
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and mathematics (STEM) education processes, the impact of leadership in fostering innovation or the
benefits of technology for promoting inclusive education (see Figure 1).

Figure 1. Reporting items for the systematic review (Source: adapted from the
PRISMA statement)

Identification of studies via databases

)
§ Records identified from:
® > Duplicate records removed (n = 34)
£ Web of Science (n = 448)
t Scopus (n = 80)
3
Mo’
— Records excluded (n = 462)
Not school level (n = 132)
Exclusive focus on perceptions, beliefs or
o competences from different educational
g Records screened HEtofs (0 = 90)
9 Exclusive focus on tools, methods or
0 = .
£ (n = 494) — > programmes (n = 59)
@ Impact studies (n = 46)
Theoretical studies (n = 46)
Innovation not linked to technology (n = 18)
Other (n = 76)
N/
SR
£
3 Full-text articles assessed for o
2 eligibiliy Gz =32 Studies excluded because do not establish
w ) ; - ’
a clear relationship between innovation
and technology (n = 2)
~—
)
k]
]
E]
E Studies included in review
= (n=30)
N—

By the end of the title and abstract screening phase, 32 reports had been selected for full review. In
the final stage, the researchers read the full texts, coding broad themes of interest using NVivo12
(Release 1.0). When reading the articles, the researchers took the guidelines of the Critical Appraisal
Skills Programme (CASP, 2018) for assuring quality, although no written evaluation was performed. Two
studies were eliminated as they failed to establish a clear relationship between the implementation of
technology and innovation.

Data analysis process

The reading of the articles enabled us to address the research questions, namely the understanding in the
literature of the concept of innovation, how it is translated into practice and what the related drivers and
barriers are. Data extraction procedures were undertaken in two domains: (1) descriptive data, including
information on the studies’ year of publication, country of origin and methodological approach; and
(2) analytical data, as targeted by our research questions (see Boland et al., 2014; Gough et al., 2012),
comprising articles’ theoretical foundation and the empirical discussion about innovative practices via
the implementation of technology. The data were organised with the support of NVivo12 (Release 1.0).
Descriptive content was addressed via case classification attributes, which benefited from previous
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arrangements of the imported EndNote library; content organisation was also supported by the coding
of articles’ methodological sections. Analytical data are derived from coding based on thematic content
analysis techniques (Vaismoradi and Snelgrove, 2019). After a pilot reading of five studies, the researchers
agreed on a coding system based on three main top-level categories directly related to our research
questions: innovation (including the theoretical standpoint); activity (reflecting on the nature of the
empirical interventions under analysis); and reasoning behind the transformation (including drivers,
barriers and challenges for innovating). Coding was applied to passages as context units, that is,
whenever a passage expressed a full idea in terms of a theme, it would be registered in the respective
category (Vaismoradi and Snelgrove, 2019). In the results section, we explore the syntheses of the
analytical model in detail.

Results

Consistent with our data extraction procedures, our results first address the descriptive data, including
information on studies’ publication date, country of origin and methodological approach. There is then a
focus on analytical data, exploring the included articles’ theoretical foundation and empirical discussion
about innovative practices as activated by the implementation of technology.

Descriptive data: general characteristics of included studies

Publication year

The year with most studies within our search is 2020, with a total of seven. This is closely followed by six
studies in both 2017 and 2019, demonstrating some balance in distribution over the five-year period of
analysis. What really stands out is the publication of only two studies in 2022, which could be an effect
of the Covid-19 pandemic, when schools may have been less able to invest in innovative approaches
beyond emergency resources (Ulla and Perales, 2021). The identification of two articles originating
from the same project is noteworthy (Genlott et al., 2019, 2021). Since these articles comprise different
methodological approaches and involve different study participants, they were acknowledged as two
studies and not two reports of a single study (Page et al., 2021). Table 2 presents a description of all
studies included in our review.

Table 2. General characteristics of the studies

Study short citation bublcation  wes conducied " aperoach o
Baldovi and Alonso 2020 Spain Qualitative
Baltodano-Enriquez 2018 Costa Rica Qualitative
Blanco-Garcia et al. 2018 Spain Qualitative
Charania et al. 2021 India Mixed method
Clark-Wilson and Hoyles 2019 United Kingdom Mixed method
Cranmer and Lewin 2017 United Kingdom Mixed method
Crawford 2017 Australia Mixed method
Genlott et al. 2019 Sweden Quantitative
Genlott et al. 2021 Sweden Qualitative
Hatch et al. 2022 USA and Singapore Qualitative
Hung et al. 2017 Singapore Qualitative
Hutchison et al. 2020 Australia Qualitative
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Table 2. Cont.

Year of Country where the study Methodological

Study short citation publication = was conducted approach

Belgium, Estonia, Ireland,
Greece, Spain, ltaly,
Jeladze and Pata 2018 Cyprus, Malta, Finland, Quantitative
United Kingdom, Georgia,
Russia and Serbia

Jiménez-Becerra and

Segovia-Cifuentes 2020 Colombia Mixed method
Law and Liang 2019 Hong Kong Qualitative
Laya et al. 2020 Argentina Qualitative
Leoste et al. 2020 Estonia Qualitative
Martinez 2019 Spain Qualitative
Nicolete et al. 2017 Brazil Mixed method
Ortega-Rodriguez and Estrada 2022 Belgium Qualitative
Pérez and Garcia 2019 Spain Qualitative
Romeu-Fontanillas et al. 2020 Spain Qualitative
Santos and Moura 2021 Portugal Quantitative
Shamir-Inbal and Blau 2021 Israel Qualitative
Sias et al. 2017 USA Qualitative
Skaftun et al. 2018 Norway Qualitative
Tan and Hung 2020 Singapore Qualitative
Thumlert et al. 2018 Canada Qualitative
Vaughan and Beers 2017 USA Qualitative
Wang et al. 2019 Singapore Qualitative

Geography of studies

Regarding the country where the studies were conducted, Spain has a clear lead, with a total of six articles.
Studies involving Spanish schools are varied in nature, including discussion about integration of ICT
(Romeu-Fontanillas et al., 2020) and the problematisation of organisational cultures in schools (Baldovi
and Alonso, 2020). This lead seems to be related to a vast implementation of regional/national policies
in the country aimed at strengthening the digital dimension of teaching practices (Llorent-Vaquero et al.,
2023; Prieto, 2016). Singapore (n = 4), the USA (n = 3) and the UK (n = 3) follow closely. In the case of
one record, schools from Singapore and the USA are addressed simultaneously by a cross-country study
comparing the evolution of innovative initiatives (Hatch et al., 2022). Similarly, schools in the UK are
targeted by a quantitative study focused on the sustainability of innovation in digitally enhanced schools
involving 12 other countries (Jeladze and Pata, 2018). Then, there is broad dispersion across countries
and regions, suggesting that the approach to educational innovation through technology resources is
a worldwide issue. Schools from different continents are addressed, with studies taking place in Brazil,
Estonia, India and Australia, for example. A full report of countries is available in Figure 2.
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Figure 2. Geographical location where studies were conducted
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As shown in Table 2, the majority of the identified studies (21 of 30) use a qualitative research
methodology. Another 6 articles employ a mixed-methods approach, while 3 are exclusively quantitative.
As regards the general methodological strategy, the scenario is more complex, although case studies
(n = 10) (for example, Law and Liang, 2019) and multi-case studies (n = 6) (for example, Ortega-Rodriguez
and Estrada, 2022) prevail. The diversity in general methodological strategy is reflected in terms of
data collection instruments, which mostly employ a combination of different procedures (observation,
document analysis, questionnaires and so on), but with a common resource of interviews (n = 19). This
range of different techniques is understandable, given the consistency of evidence needed to infer
innovation (Cranmer and Lewin, 2017). Further detail is given in the following sections.

Analytical data

The reading of the articles included in the systematic review led to data being organised according to
the three review questions, namely:

RQ1: How does the existing literature conceptualise innovation in which the implementation of
technology is a key part?

RQ2: What school practices/activities result from innovation via the implementation of technology?

RQ3: What can be learnt from current practices of innovation based on the implementation of
technology?

Therefore, three main top-level categories were organised: (1) innovation, including a reflection on
the articles’ conceptualisation of it; (2) activity, which supports the identification of the disciplinary
area in which activities were proposed and the tools mobilised; and (3) the reasoning behind the
transformation, enabling an understanding of the drivers, constraints and challenges involved in the
process of innovation when the implementation of technology is targeted. In the following subsections,
we approach each category in detail.
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Innovation as a concept (RQ1)

The complexity of innovation as a multilayered concept is approached by the studies included in this
review, which highlight different layers of it. Data extraction resulted in the identification of four rationales
(subcategories) concerning the way the topic of innovation was approached in the papers: (1) innovation
as quality education, where the core debate concerns the ways in which change improves learning
environments; (2) innovation as change, with a focus on the processes and actors involved; (3) innovation
as sustainability, including dimensions of scale, diffusion and transformation; and (4) innovation as
technology, for which the potential of the tools represents the added value to innovate. Figure 3 shows
all studies by category.

Figure 3. The rationale of innovation in the reviewed literature
Innovation as quality education (n = 12)

Charania et al., 2021; Crawford, 2017; Hutchison et al., 2020; Martinez, 2019;
Nicolete et al., 2017; Ortega-Rodriguez and Estrada, 2022; Pérez and Garcia, 2019;
Romeu-Fontanillas et al., 2020; Santos and Moura, 2021; Shamir-Inbal and Blau,
2021; Sias et al., 2017; Wang et al., 2019.

Innovation as change (n =9)

Baldovi and Alonso, 2020; Blanco-Garcia et al., 2018; Cranmer and Lewin, 2017;
Hatch et al., 2022; Hung et al., 2017; Jeladze and Pata, 2018; Laya et al., 2020;
Skaftun et al., 2018; Thumlert et al., 2018.

Innovation as sustainability (n = 6)

Clark-Wilson and Hoyles, 2019; Genlott et al., 2019; Genlott et al., 2021; Law and
Liang, 2019; Leoste et al., 2020; Tan and Hung, 2020.

Innovation as technology (n = 3)

Baltodano-Enriquez, 2018; Jiménez-Becerra and Segovia-Cifuentes, 2020; Vaughan
and Beers, 2017.

Innovation as quality education

Studies involving innovation as quality education are generally concerned with enhancement of students’
achievements, and to a greater extent discuss notions of school improvement (for example, Crawford,
2017), meaningful learning (for example, Martinez, 2019) and teacher effectiveness (for example, Sias
et al., 2017). As Nicolete et al. (2017) state, we are now living in new circumstances that demand that
new teaching methodologies be found to connect to the environment shaping the landscape outside
schools, and there is, therefore, a consistent turn to different emerging technologies. Crawford (2017)
exploits the concept of Web 2.0 and its incorporation into formal education, which the author refers to
as School 2.0, for instance.

Creativity is referred to as a key factor when innovation is aligned with the broad goal of improving
education quality (Hutchison et al., 2020). In this sense, active methodologies acquire centrality in
pedagogical practices due to their potential to globally foster the participation of those involved in
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teaching/learning activities (for example, Santos and Moura, 2021; Shamir-Inbal and Blau, 2021). By
enabling such practices, learning results are considered to be more meaningful (for example, Wang et al.,
2019). Yet added responsibility is placed on teachers, who should be prepared to cultivate their students’
motivation to learn (Pérez and Garcia, 2019). When committed to innovation, teachers become vectors
of further innovative action (Romeu-Fontanillas et al., 2020). Much of the rationale in this theme concerns
the idea that learners are not simply consumers of ICT, but creative producers of related artefacts, and
therefore of their own learning and cultural expression (Charania et al., 2021).

Innovation as change

The rationale of innovation as change considers in depth how the school culture works, focusing on the
relationship of the different actors involved (Hung et al., 2017) and embracing the importance of context
and history as important elements for the process of transformation (Skaftun et al., 2018). Therefore, the
particularities of location are examined and assessed as pivotal in understanding the processes of change
(Blanco-Garcia et al., 2018). For the studies which take this perspective, quality education is obviously
also understood as an end to achieve (Baldovi and Alonso, 2020), although their conception of innovation
revolves more strongly around the idea of change. Itis thus important to state that the different rationales
proposed in this analysis are closely connected. Studies are placed into one subcategory or another
according to the weight attributed to the elements that support each rationale.

Considering innovation as processes of change means that the complexity of environments in which
education operates (Jeladze and Pata, 2018) and the role technology plays need to be acknowledged,
prompting the emergence of new practices and approaches in terms of teaching and learning (for
example, Laya et al., 2020). This happens regardless of the fact that what matters is how pedagogy
is shaped rather than the instruments it incorporates (Cranmer and Lewin, 2017). Within this topic,
the issue of educational reforms as a catalyst for change is raised (Baldovi and Alonso, 2020) in light
of the incorporated means of operation, that is, action on a continuum from an empirical rationale
to coercive-power strategies (Thumlert et al., 2018). The various modus operandi of change imply
differences in the way practices are transformed; the diffusion of innovation can be perceived as a process
of becoming in the context of lateral and vertical moves (Hung et al., 2017).

Successful innovation in the dimension of change is rooted in deep reflection on beliefs and
practices (Thumlert et al., 2018), with professional identity being altered (Baldovi and Alonso, 2020),
including that of leadership (Laya et al., 2020). The nature of innovation is context-oriented, although
dialogically related to global history, and contained within a timescale that is likewise locally experienced
(Skaftun et al., 2018) and presupposes a movement of becoming for which the character of the transition is
forged among subjects, rather than aimed at them or their relationships (Hung et al., 2017). Adaptation is
a key feature of the process (Jeladze and Pata, 2018), with innovation being understood not as a product,
but as a new way to do things (Laya et al., 2020). This is why pedagogies are seen as fundamental for
sustainable innovation (Cranmer and Lewin, 2017).

Innovation as sustainability

A group of six other studies approach innovation as sustainability, problematising aspects of scale,
diffusion and transformation of practices. They are strongly informed by Rogers's (2003) diffusion of
innovation theory and they highlight aspects concerning the characteristics of innovation (Genlott et al.,
2021) and the complexity involved in the adoption of new teaching and learning practices (for example,
Law and Liang, 2019), as well as discussing how agendas mediate the incorporation and scaling of
innovation (Leoste et al., 2020). According to Leoste et al. (2020), introducing technological innovations
in education requires novel teaching and learning practices, which can only be achieved if teachers
show readiness to implement technology-enhanced learning. Only then does the issue of sustainability
emerge, a dimension which has been less targeted by research (Clark-Wilson and Hoyles, 2019).

On the grounds of sustainability, Genlott et al. (2019) recall that innovations are not necessarily fixed
entities, but proposals for change that are susceptible to evolving and transforming in related processes
of diffusion. Accordingly, Law and Liang (2019) add that the plastic nature of innovation is somehow
shaped by the pedagogical practices of teachers and is ultimately the result of teachers’ engagement in
processes such as technology-enhanced pedagogical innovation. This means that human agency is at
the core of technological transitions (Law and Liang, 2019). The locale, as observed in the rationale of
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innovation as change, plays a special role in the way in which novelty is translated. In this regard, Tan and
Hung (2020) affirm that schools adapt innovation given their needs and contexts (agendas), investing in
a theoretical framework that reveals language as having multiple, contested meanings, while sustaining
the diverse character of innovation.

The processes of scaling and diffusion in innovation must be considered in light of the different
powers guiding the agendas, with the assumption that more common models of scaling work as
top-down cascades (Clark-Wilson and Hoyles, 2019), a trend which some of the practices discussed in
these studies seem to contradict. Conditions for scaling up innovation are mentioned, with consideration
given to aspects such as change in work processes, investment in technical devices and the need for
applied leadership (Genlott et al., 2021). While Tan and Hung (2020) point out that scaling innovations
involve different levels of education — micro (teachers), meso (school) and macro (structural) — Law
and Liang (2019) corroborate the fact that methodologies which favour the active engagement of all
stakeholders who are part of teaching and learning activities can increase the challenge of achieving
innovation effectiveness.

Innovation as technology

Finally, a set of three studies focus on innovation as technology, meaning that they conceive novelty as
resulting from the direct implementation of technology in educational practices. There is a recognised
divide in the use of technology in school, justified by a sense of students’ intense exposure to digital
devices (Vaughan and Beers, 2017). Nevertheless, digital technologies, such as tablets, are understood in
these studies as tools to foster meaningful learning environments and potentially restructure traditional
teaching styles (Baltodano-Enriquez, 2018). This literature is sensitive to an over-problematisation of
technology as tools. It places ICT as mechanisms which are useful for transforming social practices, with
schools having an important role in promoting change regarding these experiences (Jiménez-Becerra
and Segovia-Cifuentes, 2020). The general rationale seems to revolve around professional development
as being purposefully focused on the resource of targeted tools, thus moving beyond simply envisioning
change in pedagogy (Vaughan and Beers, 2017).

The characteristics of activities resulting from innovation via the implementation
of technology (RQ2)

A founding principle of our systematic literature review, corresponding to our inclusion criteria, was
that studies should cover an empirical dimension in their discussion of innovation, with a focus on
activities or original research implying possible innovative action in the school setting, oriented by the
implementation of technology. In this subsection, we detail the actions centred on by the studies, with
the aim of apprehending what innovation concretely means according to the given literature.

Context of activities

The targeted interventions or research projects carried out are plural in character, with a range of
initiatives or research, from small-scale action focused on one school only (for example, Pérez and Garcia,
2019) to transnational projects involving more than 10 countries (Cranmer and Lewin, 2017). Moreover,
studies were identified for which the innovative projects under analysis encompassed more than one
initiative (Hung et al., 2017), with a few instances of a cross-country perspective (for example, Hatch
et al., 2022). In one very specific case, the innovation investigated was enabled by a central actor, the
teacher, as they were recognised as outstanding (Romeu-Fontanillas et al., 2020).

Most of the innovation initiatives targeted by the studies included in our review involved practices
in more than one school setting (n = 24), either at the municipal level (for example, Skaftun et al.,
2018) or the regional/national level (for example, Jiménez-Becerra and Segovia-Cifuentes, 2020). This
means that only four studies were based on a single school, with a notable common interest in
innovation — implementing technology in order to enhance student outcomes (for example, Santos and
Moura, 2021).

Regarding the (content) area of projects/research under focus, primary education seems to be the
preferred field for experimentation (n = 8). Interventions often include embedding technology into
pedagogical strategies, especially ICT, under the assumption that it can transform practices and improve
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student outcomes. There are actions which target specific content learning, such as literacy (for example,
Genlott et al., 2021), while other projects approached cross-disciplinary learning involving, for example,
English, literacy, ICT, and critical and creative thinking (Hutchison et al., 2020).

Attention across disciplines is also at the core of identified innovative projects that take place during
basic education (primary and lower secondary education, that is, ISCED 1 and 2) (n = 7). In this case,
a number of tools and strategies are set up: implementation of a 1:1 iPad to transform learning of
Grades 4 through 8 via new pedagogical practices (Thumlert et al., 2018); the inception of a network
of schools whose educational activities include programming and robotics in teaching practices (Laya
et al., 2020); and professional development focused on leveraging innovation by showcasing ongoing
practices (Sias et al., 2017), among others.

Four studies report on research centred on action involving both basic and secondary education
(ISCED 1, 2 and 3). They share analysis of innovation deriving from external programmes, meaning that
the authors were not directly involved in any of the projects or interventions, which may explain the
broad cross-level approach. Two of these studies analyse initiatives with the purpose of reflecting on
possible new school models, while being focused on processes of replication and scaling of innovation
(Hatch et al., 2022; Tan and Hung, 2020), although the reason for change seems to be the focus
for one of them (Hatch et al., 2022). Likewise, Law and Liang (2019), after exploring the character
of change in fostering innovative educational action for a network of 10 special education schools,
concentrate on the identification of regime-level changes to examine insights concerning the scalability
of technology-enhanced learning innovations. Finally, Jeladze and Pata’s (2018) work thoroughly
explores the response of school leaders, teachers and students from 13 countries to improvements
needed regarding the use of technologies for teaching and learning.

When specific disciplines are at the core of explored innovation projects, mathematics stands out,
with three instances (for example, Nicolete et al., 2017). Action centred on content is driven by the
purpose of transforming learning into something more meaningful with the mediation of technology.
Different projects foresee the relevance of collaborative work, with teachers’ professional development
being a central aim for successful and sustainable initiatives. Other discipline-oriented innovation action
involves the teaching of Portuguese (Santos and Moura, 2021), music (Crawford, 2017), history (Pérez and
Garcia, 2019) and physical education (Martinez, 2019). They all consistently rely on a view of innovation as
quality education, whereby these actions aim to improve the overall school culture. A full description of
the projects/research area of the interventions (content area, or level of education, if referring to multiple
disciplines) is given in Figure 4.

Figure 4. Projects/research area of intervention
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Technological tools used in activities

An analysis of the technological component underpinning innovation interventions in schools within the
included studies reveals a generalist discourse around ICT (n = 13). Studies tend to corroborate ICT
as a tool that enables (for example, Cranmer and Lewin, 2017), assists (for example, Skaftun et al., 2018)
and, less frequently, fully integrates strategies that nurture change in learning environments (for example,
Baltodano-Enriquez, 2018). Together, they reaffirm the role of technology as a pedagogical means rather
than an end. These studies value the way technology can promote personalised education (Hatch et al.,
2022) and insist on the potential of participatory or active methodologies (Pérez and Garcia, 2019), while
acknowledging that innovation comes up against a level of resistance to change (Shamir-Inbal and Blau,
2021) and that success requires a context-oriented adaptation (Tan and Hung, 2020).

Digital technology is the preferred discourse of another seven cases, the reasoning of which is
not dissimilar to the general reports mentioning ICT. Digital technologies are also tackled regarding
their potential for personalised and student-centred approaches (Law and Liang, 2019; Skaftun et al.,
2018); time is understood as a necessary component in the assimilation of innovation (Vaughan and
Beers, 2017); and professional development remains as a full dimension (Clark-Wilson and Hoyles,
2019), impacting the possibility of rethinking pedagogy to enable effective integration of technology
(Genlott et al., 2019, 2021).

The remaining 10 studies reference technology by way of mobile devices (n = 3) (for example,
Hung et al., 2017), with another two specifying the use of iPads (for example, Vaughan and Beers,
2017). Robotics (Laya et al., 2020; Leoste et al., 2020) is the core of innovation of two other studies.
Finally, one study reports on technology in a broad sense (Sias et al., 2017), one discusses Web 2.0
technologies (Crawford, 2017) and a final case annotates a strategy rather than a tool - the escape room,
as in gamification learning (Santos and Moura, 2021). A full view of the core reference of technology in
the studies is shown in Figure 5.

Figure 5. Technology core reference in the reviewed studies

ICT (n = 13): Baltodano-Enriquez, 2018; Blanco-Garcia et al., 2018; Charania et al., 2021; Cranmer and Lewin, 2017; Hatch et al.,
2022; Hutchison et al., 2020; liménez-Becerra and Segovia-Cifuentes, 2020; Ortega-Rodriguez and Estrada, 2022; Pérez and
Garcia, 2019; Romeu-Fontanillas et al., 2020; Shamir-Inbal and Blau, 2021; Tan and Hung, 2020; Wang et al., 2019

Digital technologies (n = 7): Baldovi and Alonso, 2020; Clark-Wilson and Hoyles, 2019; Genlott et al., 2019; Genlott et al., 2021;
Jeladze and Pata, 2018; Law and Liang, 2019; Skaftun et al., 2018

Mobile technologies (n = 3): Hung et al., 2017; Martinez, 2019; Nicolete et al., 2017

Tablets (n = 2): Thumlert et al., 2018; Vaughan and Beers, 2017

Robotics (n = 2): Laya et al., 2020; Leoste et al., 2020

Web 2.0 (n = 1): Crawford, 2017
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General technology (n = 1): Sias et al., 2017
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Why is innovation relevant? (RQ3)

The reasoning behind innovation within technology-led practices in the literature reviewed is not unique
or new. As discussed in this article, the reasons involve a series of well-established considerations
in the literature in general: the character of innovation is clearer when technology is applied
(Baldovi and Alonso, 2020); technology supports the implementation of active pedagogies and related
methodologies (for example, Baltodano-Enriquez, 2018); technology fosters student agency and
meaningful learning (for example, Jeladze and Pata, 2018); and technology enables broadened networks
of collaboration with different educational stakeholders (parents, communities, industry and so on) (for
example, Shamir-Inbal and Blau, 2021). Moreover, innovation through the implementation of technology
is considered both a need and a consequence deriving from an information society framework which
requires students to adapt to its demands, including acquiring appropriate skills (Jiménez-Becerra and
Segovia-Cifuentes, 2020).

The reasons enumerated for promoting innovation in the school setting are reflected on, in tandem
with the distinct projects/research goals, and against a scenario where drivers, constraints and challenges
are sometimes identified as well. Importantly, as recognised by Law and Liang (2019), technological
innovation is only one element in the complex web of changes in a given landscape. However, as our
review corroborates, it has been very frequently used in schools, possibly because of its plastic nature,
that is, the fact that technology can be applied to different school levels and distinct disciplines.

Technology-led innovation: a word on drivers

The studies covered in this systematic review suggest three key drivers of innovation via the
implementation of technology: leadership, support networks and professional development.

The debate on leadership is a central one, and it has distinct aspects in light of the interventions
under focus. According to Genlottetal. (2021), when innovation is at stake, sustained leadership requires
going beyond individuals' leadership skills to create and nurture shared goals throughout developmental
processes (see also Ortega-Rodriguez and Estrada, 2022). Top management needs to be motivated
(Genlott et al., 2019) and confident in the quality of the adopted methods, and must commit to all
stages of implementation (Genlott et al., 2021; Law and Liang, 2019). Wang et al. (2019) call attention
to leadership playing a role, not only concerning the provision of resources, but also providing room for
experimentation, considering issues of time and teachers’ autonomy. Finally, Hung et al. (2017) associate
the diffusion of innovation with the identity projected by a particular innovation and the leaders in charge
of it, who, together with teachers, are responsible for enacting it.

Support networks make up another distinct aspect of sustainable innovation. These networks are
depicted as groups with whom teachers can discuss ongoing practices, exchange ideas and obtain
feedback and support, both in terms of pedagogy and technical issues (for example, Leoste et al.,
2020; Thumlert et al., 2018). These networks are forged within working groups, and they include key
figures such as the school's technologist (Leoste et al., 2020), initiative champions (Thumlert et al., 2018)
or ultimately other teachers, who together engage in movements of collegiality, sharing experiences
(Vaughan and Beers, 2017) and safe spaces for experimentation (Tan and Hung, 2020). These networks
support professional development, which is believed to favour teachers’ engagement in innovative
practices, through building agency and competences (for example, Wang et al., 2019). As Crawford
(2017) puts it, the provision of professional development, such as continuing training, can help teachers
increase their skills and confidence to apply changes in their work culture.

Technology-led innovation: a word on constraints and challenges

As regards constraints and challenges concerning the implementation of innovation in education, the
core barrier concerns infrastructure issues. Poor internet connection (for example, Charania et al.,
2021), insufficient devices (for example, Shamir-Inbal and Blau, 2021) and insufficient technological
infrastructure (Hung et al., 2017; Nicolete et al., 2017) are some of the examples. Following this
sense of precarity, a possible lack of expertise (technical and pedagogical) comprises yet another issue.
Baltodano-Enriquez (2018) states that both teachers and students have a mismatch between their regular
use of technology and its appropriation in learning, while Law and Liang (2019) mention participants
having difficulty in solving emerging problems concerning the tools used in implementing innovation.
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Notwithstanding the technological dimension, there are reports of innovation being overdue because
of pedagogical difficulties in applying student-centred approaches (Hatch et al., 2022), or in literally
embedding technology into pedagogy (Wang et al., 2019).

Considering that innovation takes time, this is pointed out as another major dimension of challenge.
Genlott et al. (2021) refer to teachers’ hesitation to join an innovation initiative due to being concerned
about time/workload. The time-consuming aspect of transformation in teaching is also found in reports
of teachers limiting experimentation in favour of faster testing (Leoste et al., 2020), and that without
addressing a different distribution of activities in space and time, changing methodologies becomes
harder (Blanco-Garcia et al., 2018). The problem of time may even be extrapolated to the school
environment when other agents, such as parents, are targeted to become more engaged in the learning
processes too, with frustration arising in terms of participation (Hutchison et al., 2020).

Overall, the literature addressing innovation in schools via the implementation of technology seems
to present a certain balance between first-order (tools infrastructure, technical support and so on) and
second-order barriers (beliefs, pedagogical practices and so on) to integrating technology (Genlott
et al., 2019). These barriers are felt differently in each context — as discussed, innovation is forged in
situ (Hung et al.,, 2017). Being aware of their existence and variety might support further innovative
intervention, with a contingency plan in place. Moreover, an awareness of global factors is critical to
achieve innovation as desired. Rather than resistance to change (Sias et al., 2017), there is evidence that
the meaningful transformation of practices involves apprehending how local change can be achieved
without compromising systemic policies and pressures concerning curriculum and evaluation regulations
(Blanco-Garcia et al., 2018; Hatch et al., 2022; Hung et al., 2017; Thumlert et al., 2018). Without perceiving
technology-led innovation as added value to quality education, it is very unlikely that teachers and
other stakeholders will adhere to the paradigm of change, with all its nuances (Jiménez-Becerra and
Segovia-Cifuentes, 2020; Leoste et al., 2020; Shamir-Inbal and Blau, 2021).

Discussion

The major contribution of this review lies in its potential to answer concretely how technology-led
innovation is adopted into everyday life in schools. Having examined the nature of the action in
the projects/research discussed, and their related features, as well as rationales for innovation, the
architecture of such innovation processes can now be outlined. Not surprisingly, there is no stable
definition of innovation. The definition is not exactly blurred as suggested in the related literature
(European Commission, 2018), but it encompasses diverse, context-oriented contours, as proposed by
Orlando (2014). Innovation, as this review suggests, does not translate into tools per se, although they
facilitate the development of new practices, as argued by Jo et al. (2014).

First, innovation tends to emerge from a concrete, identified need in work contexts and the
desire to promote change, either on a small or a large scale, as argued by Rogers (2003). In line
with other studies (Baruch and Erstad, 2018; Chandra and Mills, 2015; Dron, 2018; OECD, 2010), the
works included in this review suggest that innovation is usually driven by the intention to enhance
students’ results through changes in the school culture (Leoste et al., 2020; Ortega-Rodriguez and
Estrada, 2022), regularly encourages active methodologies and favours active interaction among
stakeholders in teaching and learning (Law and Liang, 2019; Santos and Moura, 2021; Shamir-Inbal
and Blau, 2021). It is thus not surprising how often inquiry-related vocabulary is used in the literature
(inquiry-based learning, inquiry-driven learning, teacher-as-inquirer) (Hung et al., 2017; Hutchison et al.,
2020; Thumlert et al., 2018).

As demonstrated by the targeted literature, innovation in schools is sensitive to the place, its
history and its own time (Skaftun et al., 2018; Tan and Hung, 2020). The same processes have different
outcomes in distinct spaces, with adaptation being a key feature in scaling innovation (Clark-Wilson and
Hoyles, 2019; Genlott et al., 2019). Employing innovation can emerge as a strategy to transform learning
environments in vulnerable contexts (Thumlert et al., 2018), or as an intention to provide quality education
to schools in rural or remote areas (Crawford, 2017). Innovation is thus also strongly inclusive in nature.

Moreover, the approach to working initiatives in the literature seems to prove that there is no such
thing as a one-size-fits-all project. On the contrary, the interventions studied illustrate a huge diversity in
topic and strategy — albeit with a similar approach in methodology. The methodologies play a vital role,
as there is an understanding that what counts is changes to pedagogy within a technological rationale
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(Baldovi and Alonso, 2020; Blanco-Garcia et al., 2018; Cranmer and Lewin, 2017). In this regard, despite
some criticism in the specialised literature about technology resourcing in education being mostly
superficial (Illomaki and Lakkala, 2018), this review encompasses several initiatives in which reflection
on intrinsic features of pedagogy extends beyond tool selection, integrating reasoning into either the
epistemological or the practical aspects of teaching and learning issues (Skaftun et al., 2018; Tan and
Hung, 2020), and thus showing potential to sustainably foster innovation (OECD, 2010; UNESCO, 2023).

The identification of drivers and barriers is not a surprising feature of this review. The
literature addressed highlights aspects in line with previous studies which suggest that collegiality and
interdisciplinary networks of support promote better outcomes for technology-led innovation (Lakkala
and lllomaki, 2015; Orlando, 2014), while barriers can be systematised as first order (infrastructure) and
second order (values and beliefs) (Bingimlas, 2009; Chandra and Mills, 2015). In this respect, it should
be noted that innovation in schools is highly dependent on human agency, as argued by Dron (2018),
which may explain the extensive concern that many studies showed with professional development
(Clark-Wilson and Hoyles, 2019; Crawford, 2017; Martinez, 2019; Vaughan and Beers, 2017).

For this review, our search was limited to two databases, and we concentrated on articles emerging
from the fields of social sciences and educational research, as well as aiming for open-access materials.
We are aware that this decision may have hindered the inclusion of other eligible literature. Nevertheless,
our chosen approach envisaged including publications from fields closely related to that of educational
sciences and broadly available to the scientific community. Notably, a consistent number of publications
persisted despite our decision to limit the field areas. The option to exclude materials such as theses,
books, book chapters, proceedings or similar may also be viewed as a constraint. This decision is in
tandem with the open-access factor, which informs our eligibility criteria. Finally, the reason for restricting
publications to a period of six years could be questioned. This was based on the belief that innovation
is ever-changing in character (UNESCO, 2023), especially when technology is involved. Thus, a shorter,
recent period of time was chosen due to the wish to capture the most cutting-edge aspects of innovation.
Also central in this review is that we were not interested in action taken exclusively in the context of the
Covid-19 pandemic (Ulla and Perales, 2021). Such activities were understood as being emergency in
character and not sustained enough in the framework of innovation.

Conclusion

This article corroborates the idea of innovation as a complex and multidimensional concept. Despite
differences identified concerning the focuses of the diverse interventions covered, there are a few
characteristics that help shed light on how technology-led innovation in schools can be implemented.
It is promising that innovation mostly seems to emerge as a response to challenges identified in
local/regional contexts. It means that action is underpinned by concrete needs and embraces the
human factor that forms the unique character of the school environment. Moreover, rather than
relying on simplistic notions of change, innovation in schools, as reported by the literature reviewed
here, acknowledges and scaffolds central aspects for promoting new ways to conduct teaching and
learning processes. Specifically, the exploitation of innovation, as based on technology, appears
to imply a thorough reflection on the role of pedagogy and the active engagement of different
education stakeholders, including those outside the core school structure, such as parents, communities,
enterprises and politicians.

The other positive aspect revealed in this review is related to the assumption that innovation in
school is sensitive to a place, its history and time. Probably because the debate on scaling and diffusing
innovation has matured sufficiently to affirm that there is no such thing as a one-size-fits-all solution to
emerging challenges in education, initiatives around sustainability garner considerable attention to the
role played by specificities within general architectures of change. The activities under focus proved to
be diverse, involving various levels of education and a considerable amount of interdisciplinary work,
probably fostered by the flexible character of technology, which can be mobilised in different ways
according to the profile of targeted audiences.

Innovation, as led by the implementation of innovation, seems to be a growing phenomenon.
While constraints mainly concern infrastructure issues, successful action appears to benefit from the
combination of three central aspects: sustained leadership, guiding transformation processes; support
networks, providing room for collective collaboration; and professional development, fostered by the
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qualification of teachers in terms of skills and confidence. The advancement of novel practices implies
the recognition of added value for pedagogical practices, broadly implying the feeling that implemented
changes do not compromise systemic policies. Overall, innovation is a process that encompasses
the entire educational community, and technology-led educational innovation is just one — notably
strong - side of the coin. Our systematic literature review opens avenues to an understanding of the
ways in which implementing technology may support processes of innovation, showing the diversity
of current practices in terms of discipline and level of education, while revealing a growing maturity
in the pedagogical thinking that feeds rationales for transformation in education. The fact that we
focused only on peer-reviewed articles may have hindered access to other interesting actions in this
domain. Future research involving a broader context could also feed this debate by digging into the
interrelatedness of drivers for innovation and the barriers to enhancing it. An in-depth analysis of the
nature of drivers, barriers and challenges, for example, could lead to a framework for supporting further
innovation prompted by the implementation of technology.
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