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1 Background

1.1 SySTEM 2020

People learn science' in a variety of settings throughout their lives. As societies worldwide
have begun to transition away from industrial economies in favour of innovation and
technology based systems, flexible, and adaptive learning opportunities have become a
vital portal of possibility for learners seeking to contribute to and actively participate in the
culture of science.

This paper is a part of a larger venture called SySTEM 2020. SySTEM 2020 is a multi-faceted
project focused on evaluating the impact and delivery of science learning outside of the
classroom. The intention of the project is to map current informal2 learning organizations
and activities across Europe, evaluate a number of existing programmes, and use this
information to design a robust framework for informal science education. This framework is
meant to be utilised by educators and learners alike. During the project, platforms for self-
evaluation will be piloted to examine individual learning ecologies, document informal
science learning experiences, and provide scope for credentialisation. The project will
examine practices in 19 European countries, and learners between the ages of 9-20 years
old in an array of contexts including those from geographically remote, socio-economically
disadvantaged, minority, and migrant communities.

There are five main objectives for SySTEM 2020:

1. To thoroughly assess existing informal and non-formal science learning in Europe.

2. To establish challenges surrounding informal science education, and identify
necessary factors that support fair inclusion and engagement in this field by learners.
This will involve stakeholders and learners through a co-design format.

3. To design consolidated frameworks and tools for facilitating informal science
education, including a technology platform that can be used by STEM learners,
allowing them to gain credentialisation.

4. To reflect on and evaluate the impact of the above outlined pilot studies, and adapt
the learning tools accordingly to improve their efficacy.

5. To disseminate the learnings of SySTEM 2020 via research papers, conferences and
workshops, as well as engage and inform stakeholders, peers, and the general media
to foster public awareness of this field.

L “Science’ here is used for brevity. The scope of the project includes science, technology, engineering, and
mathematics (STEM) and related areas, and STEAM, when the aforementioned includes the arts.

2 As above, ‘informal’ here means ‘outside of the classroom’. Definitions of informal, non-formal, and semi-formal
education to follow.
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1.2 Definitions and Rationale

There exists a stark lack of consensus in identifying those characteristics which define
learning that takes place outside of the classroom (Rogers 2014; Sefton-Green 2004; 2013;
Werquin 2010). The features which delineate a unique and separate pedagogy while often
explored, (Hein, 1998; Hofstein and Rosenfeld, 1996; Jarman 2012) have remained
polemical. Researchers in the early 90’s favoured models which outlined sharp distinctions
between formal classroom learning and that learning which took place outside of school
(Wellington, 1990). These models however, did not allow for the nuanced and cooperative
relationships which in school and out of school learning often share to be fully
acknowledged and examined. Increasingly, researchers have sought to create more flexible
conceptualisations, which sometimes place learning on a spectrum (Werquin, 2007) or
favour broad descriptions which define modes of learning primarily through setting rather
than any distinct pedagogical characteristics or processes.

A number of these expansive models have gained popularity in recent years, including the
boundary defying free-choice learning (Falk & Dierking, 1998; Hall & Schaverien, 2001), and
the panoptic life-long, life-wide, life-deep learning (Banks et al, 2007). Though broadly
useful the growing trend of free-choice learning within formal education institutions, such
as those primary and secondary schools now incorporating a Reggio Emilia approach,
renders free-choice learning conceptually over-encompassing. Life-long, life-wide, and life-
deep presents similar challenges.

Some experts have observed that school based learning, most often described as ‘formal
learning” and the learning which takes place outside of school are becoming so increasingly
intertwined, particularly with the advent of online education, that to define boundaries may
put researchers at risk of creating false distinctions (Eshach, 2007; Marsick, 2009). Rennie
notes in her 1999 paper that, “the notion of distinguishing between informal and formal
learning is unproductive, after all learning is learning” (Rennie, 1999).

The tripartite conceptualisation of informal, non-formal, and formal learning was proposed
most famously by Coombs & Ahmed in 1974, likely in response to a call from UNESCO and
the World Bank to move knowledge making towards notions of lifelong learning. This was
during a time of rapid political, technological, and social change, leading some experts to
suggest that formal education was not equipped to adapt at a reasonable speed, to the
educational needs of society, (Bowles & Gintis, 1976; Field & Leicester, 2000). A new
approach to education which valuated personal motivations, learner-led decisions, flexible
contexts, and speed, thus emerged.

As educators, policy makers, and other stakeholders have become increasingly interested
in the value of such flexible and accessible learning, governmental bodies have stepped
forward to provide their own definitions, with similarly dissimilar results (see Table 1 below).
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European
Commission (2000)

Formal Learning: in education
and training institutions and
leads to a qualification

Deliverable 2.1 : Conceptual Framework g

Informal Learning: from
everyday situation; not
necessarily intentional

Non-Formal Learning:
alongside mainstream system
of education; does not lead
to a qualification

EUROSTAT
(2000/06)

Formal Education: in the initial
education and training
system, below age 20/25

Informal Learning:
intentional, less organised,
less structured than formal
learning

Non-Formal Education:
Organised and sustained; all
ages; within and outside
education institutions;
education programmes for
adults (literacy...)

European Centre for
the Development of
Vocational Training
(2005)

Planned and intentional
learning activities

Not planned and non-
intentional learning activities

Planned and intentional
activities, no learning
objective

QOrganisation for
Economic Co-
operation and
Development
(2007a)

Formal Learning: in an
educational institution, adult
training centre or in the
workplace

Informal Learning: from
daily work, family or leisure
activities. Not organised or
structured. Unintentional

Non-Formal Learning:
programmed but not
assessed and does not lead
to a qualification; intentional

European Centre for
the Development of
Vocational Training
(2008/14)

Learning that occurs in an
organised and structured
environment (e.g. in an
education or training
institution or on the job)

Explicitly designated as
learning (in terms of
objectives, time or resources)

Intentional from the learner’s
point of view. It typically leads
to validation and certification.

Learning resulting from daily
activities related to work,
family or leisure.

Not organised or structured
in terms of objectives, time
or learning support.

In most cases unintentional
from the learner’s
perspective.

Learning embedded in
planned activities not
explicitly designated as
learning (in terms of learning
objectives, learning time or
learning support).

Non-formal learning is
intentional from the learner’s
point of view.

International
Standard
Classification of
Education 2011

Formal Education:
institutionalised, intentional,
and planned through
organisations and recognised
private bodies and, in their
totality, constitute the formal
education system of a
country.

Informal Learning:
intentional, or deliberate but
are not institutionalised.
Consequently less organised
and structured than either
formal or non-formal
education

Non-Formal Education: is
institutionalised, intentional,
and planned by an education
provider. Defining
characteristic is that it is an
addition, alternative, and or
complement to formal
education, lifelong learning.

National Centre for
Vocational Education
Research (2013/17)

Learning that takes place
through a structured program
of instruction which is
generally recognised by the
attainment of a formal
qualification or award (for
example, a certificate,
diploma or degree).

Learning resulting from daily
activities related to work,
family or leisure. It is not
organised or structured (in
terms of objectives, time or
learning support). Informal
learning in most cases is
unintentional from the
learner's perspective. It
typically does not lead to
certification.

Any organised and sustained
educational activity that does
not correspond exactly to the
definition of formal
education.

Non-formal education may
therefore take place both
within and outside
educational institutions, and
cater to persons of all ages.

United Nations
Educational,
Scientific, Cultural
Organisation (2015)

Learning that results from
daily activities

Structured learning that lies
outside of the formal system

Table 1:

Definition of Terms
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While continuously refined and redefined, this three-pronged approach allows researchers
to explore and operationalize the distinct circumstances in which science learning occurs,
while acknowledging the porous boundaries and tensions between contexts (Coombs &
Ahmed 1974).

The purpose of this paper is to conduct a systematic literature review of recent publications
exploring and creating informal and non-formal science learning frameworks, to categorise
these, identify gaps in the field, and to propose a consolidated framework which will provide
the basis for future work. The paper will also consolidate the viewpoints of our analysed
literature and create a consensus definition for formal, non-formal, and informal learning to
be used as a reference for future work.

1.3 Research Questions

The research questions were developed to be practical, specific, and answerable, following
the guidelines suggested by Jensen and Laurie (2016) along with best practices from the
Campbell Collaboration, an international network which publishes systematic reviews of
social and economic interventions since 2000 (Campbell Collaboration, 2015).

The research questions are:

1. How does the academic literature classify science learning activities which take
place outside of the classroom?

2. What are the most common frameworks used to analyse science learning outside the
classroom?

2 Methods

2.1 Systematic Literature Review

A systematic literature review was carried out to establish the breadth and depth of existing
conceptual frameworks used to explore informal science learning. Sometimes these
reviews can be basic narrative-style interpretations of the existing literature. The difference
between a systematic literature review and these other type of basic reviews is that
systematic literature reviews require a well-defined and rigorous approach when appraising
literature in a specific area (Fink, 2005; Budgen & Brereton, 2006). Basic reviews may
provide useful context, but are of little scientific value. In contrast, systematic literature
reviews provide a definitive assessment of a field of work and can then guide future research
within a particular area of research. Gough, Oliver, and Thomas (2017) point out that
“reviews of research are themselves pieces of research and so need to be undertaken
according to some sort of method” (p. 4). If research is undertaken in an area without the
existence of a systematic literature review, that research runs the risk of being redundant
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and misleading. Therefore, a systematic literature review is an ideal way to summarise the
best current research into existing conceptual frameworks in informal science education.

Building on the established processes for systematic reviews (Khan, Kunz, Kleijnen, & Antes,
2003; Cronin, Ryan, & Coughlan, 2008; Denyer & Tranfield, 2009; Okoli & Schabram, 2010),
this systematic literature review will:

e Identify relevant primary studies in the field

e Search through the available literature using clear, well-defined, and transparent
search criteria

e Explicitly highlight and justify the inclusion and exclusion criteria to minimise bias
and error

e Collate these studies with any other relevant research conducted in this area

e Systematically analyse gathered content

e Summarise the available evidence based on the review.

2.2 Inclusion & Exclusion Criteria

The inclusion criteria are the rules of selection, used to determine which studies or
publications are to be included in the systematic review. The starting point for choosing the
selection criteria are the research questions themselves, which are unpacked to establish
the boundaries of the search process and how extensive it must be. For this review, the
inclusion criteria extended to both theoretical and empirical peer-reviewed scholarly
articles. Commissioned reports from reputable organisations - known as “grey literature”
(McAuley, Tugwell, & Moher, 2000), and books were included if frequently referenced in the
core texts. In order to cover fresh ground, publications preceding 2007 were excluded, as
a thorough literature review, (Phipps, 2010) was conducted, covering publications from
1999 through 2007. Works which were not published in the English language were also
excluded from this systematic literature review due to time constraints and limited
resources.

Two Boolean searches were carried out for each listed database found in appendix 1. The
terms for these searches are outlined in Table 2.

1 | Education {Semi Formal OR Non-formal OR Informal OR outside the classroom OR out of
school} AND {Learning OR Education} AND {Science}

2 | Extra {Extra curricular OR after school OR Maker} AND {Programmes OR Course OR
Curricular Clubs OR Activities} AND {Science}

Table 2: Boolean search terms for publication databases
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2.3 Database Searching

A number of databases were targeted to ensure a comprehensive search was undertaken in
line with the recommendations of Papaioannou et al., (2010). These included a series of
bibliographic databases outlined in Appendix 1. Once a paper or study was found that fit the
search criteria, its reference list was searched as well as any publications that had
subsequently cited the work. This is commonly referred to as the “pearl growing” method
(Ramer, 2005). Pearl citations were then subjected to the same inclusion and exclusion
criteria outlined above.

A comprehensive list of all included literature has been provided in Appendix 2. Once the
studies had been collected, they were systematically evaluated. This process was carefully
documented to ensure that the way in which the studies were collected and assessed was
transparent and could be replicated. All of the studies were collected and assessed between
July 2018 and September 2019. The first step in the evaluation process consisted of a review
of the publication’s title and abstract. If, following this initial appraisal, the work was
determined to have met the inclusion criteria, then the rest of the publication was examined
in detail. Following this secondary appraisal, attributes such as the paper’s approach
(theoretical, empirical, etc.) were documented, as was their framework.

This further examination qualified the work for analysis subject to a further set of
inclusion/exclusion criteria. Exclusion criteria included publications whose pearl citations
were predating 1998, and publications whereby a critique or point of view on a referenced
framework was not delivered. Papers in which informal education evaluation frameworks
were provided without adequate definition were also excluded.

Inclusion criteria included those works in which a critique, discussion, or definition of
informal, non-formal or any alternative moniker, e.g. free-choice learning, or lifelong, life-
wide, or life-deep learning were provided. Publications which had not been peer-reviewed
but were repeatedly referenced throughout the literature were also considered for
inclusion.

3 Results

3.1 Core Literature

The studies that met the inclusion criteria were appraised and indexed chronologically (as
shown in Table 3) by: title of the study, the year of its publication or release, the country in
which the work was conducted, whether it resulted in an empirical, or theoretical study,
report or review, and the theoretical or conceptual framework used whenever it was stated
by the authors, or identifiable.

10
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Evaluating Informal STEM [2019  [USA Evaluation in [Report Allen, Sue & Learning ecologies
Education: Issues and Informal Peterman, Karen
Challenges in Context STEM (2019)

education
Guerilla Science: Mixing (2019 [USA Leonardo: Empirical Rosin, Mark & Wong, [Theory of change
science with art, music, MIT Press Jen & O’Connell, Kari
and play in unusual & Storksdieck, Martin
settings & Keys, Brianna.

(2019)
The Relationship between|(2018 |Brazil Science Review Menezes, Isadora Sociocultural
Formal Education and Education Moutinho Carvalho
Non-Formal Education: A International A.; Ovigli, Daniel
Descriptive and Fernando Bovolent;
Analytical Review of the Colombo, Pedro
Publications about Donizete, Jr. (2018)
Astronomy Education in
Journals and Events
Related to Science
Teaching in the Brazilian
Context
The formality of learning [2018 [Denmark Nordic literature Dohn, Niels. (2018). |Compares free
science in everyday life: Studies in review choice, lifelong, and
A conceptual literature Science hybrid learning
review. Education resulting in original
conceptual
framework

Research trends and 2018 [Thailand International |Review Pinthong, Tanwarat &|Sociocultural and
issues in informal science conference Faikhamta, Chatree. |constructivist
education for science (2018). theories identified as

educators most common

and teachers

(conference

paper)
Science in the learning  [2018 [USA International |Theoretical |Williams et al, (2018) [Motivational
gardens a study of Journal of framework and self-
students’ motivation, STEM determination theory
achievement, and Education
science identity in low
income middle schools
A Framework 2018 |[USA Bioscience |Theoretical |Struminger, R. et al. |Inquiry based

for Informal STEM
Education Outreach at
Field Stations

(2018)

learning followed by
original conceptual
framework

(adapted from
learning ecologies)

11
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Integrating Academic 2018 [Canada Technology |Theoretical [Lewin, C., Lai, K. W., [Learning
and Everyday Learning Netherlands|Knowledge van Bergen, H., environments
Through Technology: New and Learning Charania, A., framework
Issues and Challenges for Zealand Ntebutse, J. G.,
Researchers, Policy India Quinn, B. & Smith, D.
Makers and Practitioners UK (2018).
USA

Students’ perceptions of |2018 |USA International |Empirical Roberts, T., Jackson, [Theory of situated
STEM learning after Journal of C., Mohr-Schroeder, |learning
participating in a summer STEM M. J., Bush, S. B.,
informal learning Education Maiorca, C.,
experience Cavalcanti, M.,

Cremeans, C. (2018).
When Makerspaces Meet |2018 |Norway Journal of Empirical Tan, Michael, (2018) |Constructivist
School: Negotiating Science
Tensions Between Education
Instruction and and
Construction Technology
Eight-Legged 2018 |USA Insects Empirical Hebets, E. A., Welch- [CML (Contextual
Encounters--Arachnids, Lazoritz, M., Tisdale, |Model learning)
Volunteers, and Art help P., & Wonch Hill, T.
to Bridge the Gap (2018).
between Informal and
Formal Science Learning
"Some Explanation Here": 12017  |USA Instructional |Empirical Stewart, O. G., & Socio-constructivist
A Case Study of Learning Science Jordan, M. E. (2017).
Opportunities and
Tensions in an Informal
Science Learning
Environment
Use of the concept of 2017 |[Germany |Studiesin Theoretical |Sjostrom, Jesper; Critical Bildung
Bildung in the Science Frerichs, Nadja; Zuin, [framework
international science Education Vahia & Eilks, Ingo  |(metatheory)
education literature, its (2017) Transformative
potential, and learning theory
implications for teaching
and learning
Beyond the Classroom 2016 [USA Delta Kappa |Empirical Ponners, P., & Asim, [Socio-constructivist
Walls: Technology Gamma S. (2016).
Infusion Advancing Bulletin
Science Education
Enacting Informal 2016 |UK British Empirical Clapham, A. (2016). |Grounded theory
Science Learning: Journal of Enacting informal approach
Exploring the Battle for Educational science learning:
Informal Learning Studies exploring the battle

for informal learning.

British Journal of

Educational Studies,

64(4), 485-501.
STEM learning ecologies: |2016  |USA Connected |Theoretical |Bevan, Bronwyn. Learning ecologies
Relevant, responsive, and Science (2016). framework informed
connected. Learning by

Funds of knowledge

12
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Social media and 2016 [USA, UK Learning Theoretical |Greenhow, Christine |Connectivism and

education: Media and & Lewin, Cathy social constructivism

Reconceptualizing the Technology (2016)

boundaries of formal and

informal learning

The Organization of 2016 |USA Review of Theoretical |Rogoff, B., Callanan, [Scribner and Cole,

Informal Learning Research in M., Gutierrez, K. D., &|Greenfield and Lave,

Education Erickson, F. (2016). |Followed by LOPI,

(Learning by
Observing and
Pitching In)

An investigation of the 2015 |USA International |Empirical Kelly Riedinger & J.  |Social practice

role of learning Journal of Randy theory and identity

conversations in youth’s Science McGinnis (2017) theory

authoring of science Education

identities during an

informal science camp

Benefits of Informal 2015 [USA Journal of Empirical Denson, C., Austin, [Grounded theory

Learning Environments: A STEM C., Hailey, C., & approach

Focused Examination of Education Householder, D.

STEM-based Program (2015).

Environments.

A Non-Formal Student 2015 |Germany Education Empirical Affeldt, F., Weitz, K., |Green chemistry,

Laboratory as a Place for Sciences Siol, A., Markic, S., & |[Model of

Innovation in Education Eilks, 1. (2015). differentiated

for Sustainability for All learning

Students environments

Informal science 2014 |USA PLOS Biology |Theoretical |Sacco, K., Falk, J. H., |Life-long life-wide

education: Life-long, life- & Bell, J. (2014). life-deep

wide, life-deep

Science Education 2014 |Brazil Cultural Theoretical |Kim, M., & Dopico, E. |Sociocultural,

through Informal studies of (2016). Collaborative

Education science framework

education

Equity in informal science|2014 |UK Studies in Theoretical |Dawson, Sociocultural-

education: developing an Science Emily (2014) constructivist

access and equity Education approach, adapted

framework for science porter’s access

museums and science framework, a new 3

centres part equity
framework

The role of informal 2014  |lsrael Journal of Empirical Sasson, Irit. (2014)  |Original framework

science centers in Technology to characterize

science education: and Science learning

attitudes, skills, and self- Education environments:

efficacy

organizational,
psychological, and
pedagogical

Not explicit but
sociocultural

13
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Reframing researchon (2014 [USA Journal of Theoretical |[Rahm, J. (2014). CHAT, network

informal teaching and Research in theory, social

learning in science: Science practice theory

Comments and Teaching

commentary at the heart

of a new vision for the

field

Summer science camp  |2013  |Turkey Journal of Empirical Sezen Vekli, G. Constructivist though

for middle school Turkish (2013) not explicitly stated

students: A Turkish Science

experience Education

Where it gets interesting: |2013  |USA Afterschool |Theoretical [Bevan, Bronwyn, and |Additive model of

Competing models of Matters Michalchik, Vera. learning,

learning in after-school. (2013) CML(Contextual
model of learning),
and
Learning Ecologies

School and out-of-school (2013 [UK Studies in Theoretical [Fallik, O., Rosenfeld, |Activity theory for

science: a model for Science S., & Eylon, B. S. organisations

bridging the gap Education (2013). (expanding learning
framework) and a
design-based
research (DBR)
framework

STEM Clubs and Science [2013 [USA Journal of Empirical Sahin, Alpaslan. Facilitative learning

Fair Competitions: STEM (2013). social learning theory

Effects on Post- Education

Secondary Matriculation

Deepening Students' 2012 |USA Journal of Empirical Gutwill, Joshua & Framework based on

Scientific Inquiry Skills Learning Allen, Sue. (2012). zones of proximal

During a Science Science development (socio-

Museum Field Trip constructivist)

Science Learning 2012 |lreland International |Empirical Jarman, R. (2012). sociocultural

through Scouting: An Journal of

understudied context for Science

informal science Education

education

Mapping the informal 20M USA Public Theoretical |Falk, J. H., Randol, S., |[Community of

science education Understandin & Dierking, L. D. practice

landscape: An g of Science (2012).

exploratory study

The roles of the formal 2010 |Australia, [Studiesin Theoretical |Stocklmayer, S. M., |CML( Contextual

and informal sectors in UK Science Rennie, L. J., & model of learning)

the provision of effective Education Gilbert, J. K. (2010). [though never

science education explicitly stated

The 95 Percent Solution |2010 |USA American Report Falk, J. H., & None

Scientist Dierking, L. D. (2010).
Research Trends and 2010 [USA Visitor Literature  [Phipps, Molly. (2010).|Describes
Findings From a Decade Studies Review Behaviourist,

(1997-2007) of Research
on Informal Science
Education and Free-
Choice Science Learning

constructivist, CML,
sociocultural, and
experiential

14
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Learning Science in 2009 |[USA National Report National Research Behaviourist,
Informal Environments. Research Council. (2009). cognitive and
People, Places and Council sociocultural are
Pursuits. described
Framework for Evaluating |2008 |USA National Report Allen & Campbell et [None
Impacts of Informal Research al. (2008)
Science Education Council
Projects
Research on Learning in {2007 |UK International |Editorial Osborne, Jonathan & |Sociocultural
Informal Contexts: Journal of Dillon, Justin (2007)
Advancing the field? Science
Education
Bridging in-school and 2007 |lsrael Journal of Theoretical |Eshach, Haim. Compares CML
out-of-school learning: Science (2007). (Contextual model of
Formal, non-formal, and Education learning) and three
informal education and factor model
Technology
The Value of “Dialogue (2007 [UK International |Theoretical |Lehr, Jane, L et al Compares 3 new
Events” as Sites of Journal of 2007. frameworks of
Learning: An exploration Science dialogue events as
of research and Education sites of learning in
evaluation frameworks non-formal PEST
contexts
Learning in a personal 2007 |[Israel Science Empirical Bamberger, Yael., & |[CML (Contextual
context: Levels of choice Education Tal, Tali. (2007). model of learning
in a free choice learning
environment in science
and natural history
museums

Table 3: Studies that met the inclusion criteria

3.2 Limitations

Similar to the warnings of Booth, Sutton, and Papaioannou (2016), the greatest constraints
on this systematic review, were those of time, resources, expertise, and data (p. 37-38).
Moreover, the results that were returned from the queries represent recent practices in the
field, and theoretical approaches based on these practices; however, no pure policy-based
databases were searched for definitions and frameworks. The searches and analysis were
also limited by language, having been conducted in and resulting exclusively English
language results.

These limitations stem from the scope of SySTEM 2020 which is focused on mapping
current practice and reflecting upon it, as opposed to conducting a review of the policy
landscape. An additional limitation resulting from the above is that of the geographical
distribution of empirical evidence. It was often found that some countries or regions had far
more results in the queried searches than others. In addition, several of the results were
focused on areas other than those outside of the scope of the SySTEM 2020 project, such
as teacher training and curation practices. The project is primarily concerned with those
frameworks which are inclusive and applicable to diverse learner groups and learning
contexts.

15
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4  Discussion

4.1 How does the 1literature categorise science

learning outside the classroom?

The literature uses four primary means of categorisation for science learning outside of
school; setting, learning process or pedagogical approach, qualifications, and intention. In
this section we will examine each of these in more detail.

Setting: The literature continues to place a large emphasis on classifying learning by
location (Eshach, 2007; Osborne & Dillon, 2010; Falk 2010; Gutwill, 2012). While this practice
of categorisation by setting can be useful, it may also serve to oversimplify the distinctions
between formal, non-formal and informal learning. Though setting is perhaps the most
common feature used to distinguish between these modes of learning, it does not address
the nuances, pedogeological perspectives, assessment tools, or research parameters found
within each approach and is often used as a proxy for other more determinate features such
as learner autonomy, degrees of structure, and time spent engaged in learning practice.

Setting has sometimes been linked directly to a learner’s level of control over their learning
environment including how freely they may move through a physical space (Bamberger,
2007). It has also been used to illustrate the degree of procedural structure, including to
what degree a learner may interact with peers or an instructor if present, and to refer to the
size of learner group (Hebets, 2018). Setting may also be a way to explore the temporal limits
of a learning opportunity, distinguishing formal learning as something that occurs in
repetitive and scheduled instances, where non-formal learning may be episodic, and
informal learning is “...fluid and sporadic” (Stocklmayer, 2010).

When setting as a feature refers to location, the distinctions are usually institutional; does
the activity or experience take place at a school, a museum, or in the home (Allen &
Peterman, 2019; CAISE, 2019; Clapham, 2016; Romi, 2009). The primary complication with
this approach is that while a learner may have certain psychological associations with a
place (i.e. a school is where learning is meant to happen) those associations can be
superseded by pedagogical approaches, and organizational objectives. In addition, it does
not address the hybrid nature of events like field trips, or science fairs, where a cohort of
students, organised in a formal setting, are presented with a semi-structured learning
opportunity outside of the classroom (Gutwill & Allen, 2012; Sahin, 2013).

Learning approach: Though considered the default approach of classroom based
instruction, didactic teaching methodologies are giving way to more inquiry based and
dialogic techniques, leveraging the interests and unique identities of the learner (Voet &
Wever, 2018). A didactic mode of teaching is to be understood as one which is lecture-based
learning, or a teacher-centred pedagogical approach in which learning is derived from the
instructor (Cope & Prosser, 2005).
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Comparatively, non-formal science learning opportunities most often utilise a dialogic
approach lead by a qualified facilitator who is trained to encourage critical thinking,
exploration and, critically, reflection. (Affeldt et al, 2015; Sasson, 2014; Struminger, 2018).
Dialogic learning is a pedagogical approach that involves students in the collaborative
construction of meaning and is characterized by shared control over the key aspects of
learning discourse (Gregory & Reznitskaya, 2013). A mixed method approaches to science
education, those which allow for both dialogic and autonomous subject exploration are also
commonly within non-formal learning opportunities (Eshach, 2007; Sezen, 2013).

This feature is also sometimes used to refer somewhat tangentially to the degree of
autonomy that the learner is able to exercise over the learning experience. It has also been
heavily shaped by Falk and Dierking’s free-choice learning framework (Falk & Dierking,
1995). Free choice learning should be understood as a relative concept in which the crucial
point is whether the learner feels that they have free choice and autonomy: “Ultimately...
what one person sees as a ‘free-choice’ learning situation may be perceived by another
person as ‘compulsory’: free-choice learning is a psychological construct and thus cannot
be defined a-contextually” (Falk, 2005).

Assessment and qualification: Qualification, or the certification of a learning experience is
one of the few features most researchers and practitioners can agree upon as a determining
characteristic for whether a learning opportunity is formal, non-formal, or informal. Formal
learning, which is understood to be mediated by a pre-set curriculum, is regularly assessed
through standardised tests, meant to measure the vertical knowledge gains of the learner
(Sacco, 2014). These assessments are also intended to provide feedback for both the learner
and instructor, though primarily they are intended to document and certify the knowledge
acquisition of the leaner.

Alternatively, non-formal learning does not typically feature assessment. If an assessment is
conducted, it is not used to evaluate the learner, but to provide insight on the ability of a
workshop, exhibition or other activity of intervention to meet institutional objectives
(Phipps, 2010). Evaluations may measure attitudes, values, enjoyment, inspiration, skills and
knowledge. Some research has revealed that a lack of formal rubrics such as course grades
may have a positive impact on knowledge retention and application in various real world
settings. A recent meta-analysis suggests that intrinsic motivation predicts the quality of an
individual’s performance with higher validity than the presence of external incentives like
formal marks. (Cerasoli, Nicklin, & Ford, 2014). Informal learning, by its serendipitous and
incidental nature is understood to be un-assessed (Clapham, 2016; Eshach, 2006).

Intention of the learner and organization or institution: Many of the authors included in the
core literature divide formal, non-formal, and informal learning by intentionality. The first
level of distinction is between learning that is determined and initiated by the learner or is
“learner-led’ (usually classified as non-formal or informal), and learning that is designed to
meet certain externally defined subject requirements or instructor-led (usually classified as
formal). It is worth noting that the distinction relates mainly to the extent to which learning
is the prime and deliberate focus of activity as opposed to enjoyment, inspiration or skill
acquisition (Dohn, 2018).
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The literature categorises most non-formal learning experiences as those which are self-
directed (Clapham, 2016; Menezes et al, 2018; Tan, 2018), referring to those opportunities
when the learner exercises a large degree of control over the learning situation. Broadly,
this suggests that the learner not only has the power to decide what and how to learn, but
that other decisions, such as when and how much to learn are also implicit (Dohn, 2018).
The learner not only selects but may also reject learning topics and resources at will, and
crucially, has the authority to determine the satisfaction of the outcomes (Affeldt et al, 2015;
Lehr, 2007). Whereas Informal learning, is often seen as a by-product of another activity,
like interpersonal interaction, experimentation, or even formal education and is
unintentional (Dohn; 2018).

These values may be compared and contrasted with the intentions and formal objectives
set by the organisation or institution which provides the learning opportunity throughout
the literature. The two are sometimes set at odds with one another, in that the institution
wishes the learner to gain knowledge that the learner feels is not relevant to them.
Institutional intentions are generally planned and determined far in advance of the learning
opportunity, and often reflect the policy consideration, institutional values or mandates, and
at times funding concerns. The result is often a list of outcomes or objectives by which the
“success” of the learning opportunity may be measured and determined (Allen & Peterman,
2019; Terrazas-Marin, 2018).
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Figure 1: Approaches to informal & non-formal science learning in
the literature

4.2 What are the most common frameworks used to
analyse science learning outside of the

classroom?

Sociocultural is a term which may be applied to a number of theories and frameworks, which
have their origins in developmental psychology, first coming into prominence between 1920
and 1934 through the works of Lev Vygotsky. These identified the role that social
interactions and cultural context play in the development of knowledge construction,
language, and skill acquisition (Rogoff 1990). Studies which utilise this approach tend to
focus on qualitative changes in behaviour over time in an attempt to explain unseen
processes in development of thought. Often researchers taking a sociocultural approach to
their work evaluate levels of participation (Jarmon, 2012; Menezes et al, 2018) collaboration,
(Stewart, 2017), and degree of independent learning, (Gutwill, & Allen, Sue, 2012). Just over
14% of the publications included within the core literature utilise a sociocultural framework.
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This approach is utilised in both empirical and theoretical works, and was consistently
referenced and analysed in previous literature reviews.

Sociocultural theories have remained popular throughout the 2000s, and have been
frequently employed to describe broad trends over time (Dawson, 2014; Menezes, 2018;
Phipps, 2010) Studies that examined non-formal science learning from a sociocultural
perspective typically investigated how learners use cognitive tools to mediate their thinking
such as language (Osborne & Dillon, 2007). The literature shows a shift around 2013 towards
adaptive sociocultural models, such as the learning ecologies perspective. We see these
frameworks most often in papers which examine museums, science centres and other non-
formal learning spaces.

Constructivist approaches are interested in tracking changes in learner’s expectations and
understanding of phenomena. This approach is focused on a learner’s ability to apply
previous knowledge in an unfamiliar situation, demonstrating understanding and creating
new knowledge (Hendry, 1996). Reflection, following the experience of new or unfamiliar
information is a key component of evaluating this reconing of new and previous knowledge.
This approach assumes that learning is active, built and evaluated against previous
knowledge (Greenhow & Lewin, 2016; Tan, 2018). Constructivist approaches comprise just
under 10% of the core literature within this paper.

Social/socio-constructivist frameworks also make up around 10% of the approaches found
in the core literature. Social constructivist approaches build on the idea of the learning
process as one which is active and collaborative put forth by constructivists by emphasising
the importance of cultural context (Vygotsky, 1978). It goes on to assume that learning is
more than the process of acquiring new information, but is a way in which learners are able
to engage with a larger knowledge community. Greenhow and Lewin may have put it best
in their work with social media and informal education, stating that, “What is known resides
not only in the individual, a position advanced by cognitive constructionists, but also in the
collaboration and interaction among many”, (Greenhow & Lewin, 2016). The majority of the
works which employed this theoretical lens focused on the ways group interaction impacted
an activity.

CML (Contextual Model of Learning) is not a theoretical framework, but a highly adaptive
model of informal and non-formal learning. It was the most common model within our core
literature and was employed across non-formal and informal contexts, though originally
developed for application in non-formal contexts such as science centres and museums. It
posits that three contexts; personal, sociocultural and physical work to shape a learner’s
experience (Falk & Storksdieck, 2005). In doing so, it neatly compartmentalizes several
contexts that may impact the learning experience. However, the strength of this approach,
may also be its weakness, in that some authors suggest that organising the contexts in such
a way does not allow for the relationships between them to be adequately explored. Around
14.3% of the core texts used CML to frame and analyse their work.

Learning ecologies or an ecosystems perspective has become one of the most widely
adopted modern approaches to understanding science learning. Nearly 10% of the
publications included within the core literature employ a learning ecologies framework. All
of these studies were conducted in a non-formal learning environment.
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An ecological perspective on informal science learning environments builds on socio-
cultural frameworks, and contextual model of learning. This approach is based on the
assumption that learning takes place throughout a learner’s life, across many settings and
that these learning moments are contextually and historically influenced.”A learning
ecology is the physical, social, and cultural context in which learning takes place” (Bevan,
2016). One of the framework’s most unique features is its acknowledgement of history’s
impact on a learning opportunity. This approach is informed in part by the Funds of
knowledge theory which posits that, “cultural resources such as language, traditions, and
other social practices, are the means by which we engage with the world (Molly &
Greenburg, 1990).

Building on the knowledge, and applications of these frameworks, SYSTEM 2020 proposes
the following definitions for formal, non-formal, and informal science learning as presented
by the National Centre for Vocational Education Research of Australia (NCVER 2013/17). The
definitions have been chosen for their universality, and inclusiveness with regard to
subjects, levels, and contexts. That is, these definitions are functional for a variety of ages,
countries, activities, abilities, and STEM topics.

National Learning that takes Learning resulting from daily Any organised and sustained

Centre for | place through a activities related to work, family | educational activity that does not
Vocational [structured program of |or leisure. It is not organised or |correspond exactly to the definition
Education instruction which is structured (in terms of of formal education.

Research generally recognised by |objectives, time or Iearn.lng. Non-formal education may therefore
(2013/17) the attainment of a support). Informal learning in

take place both within and outside
educational institutions, and cater to
persons of all ages.

formal qualification or most cases is unintentional from
award (for example, a the learner's perspective. It
certificate, diploma or typically does not lead to
degree). certification.

Table 4: NCEVER (2013/17) Definitions

As the project is focused on learning outside the classroom, we are interested in the
definitions of informal and non-formal learning in themselves as much as we are interested
in their contrast with formal learning. The use of qualifiers such as “mostly”, or “generally”,
result in a definition which allows for the porous reality of these fields. They are not
completely distinct, but often share spaces and features. In addition, the inclusive language
of NCVER referring to institutions, age groups, instruction and qualifications, corresponds
with the breadth of our project, which strives to identify criteria for fair inclusion in science
learning outside the classroom.
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5 Conceptual Framework

Having reached a conclusion about the definitions of formal, informal, and non-formal
education, we turn to their applications within SySTEM2020. The scope of this project
encompasses STEM learning which takes place outside the classroom across 19 EU nations.
A number of consistent attributes have been identified through the literature review,
allowing for broad categorization of an initiative as more or less formal, non-formal or
informal. These have then been placed on a spectrum which allows for a more nuanced
understanding of the interrelated nature of these learning modalities.

The primary attributes, according to the literature review, are as follows:
1. Institutional Learning objectives

This dimension refers to the learning planning process from the point of view of the learning
institution. The institution may have planned specific learning objectives for the learners, or
identified broader, non-specific goals. Often a combination of processes is applied in
practice.

e Formal learning has learning objectives
¢ Non-formal learning has specific learning objectives
¢ Informal learning does not have learning objectives

2. Learner Intention

This dimension discusses the intentionality to learn from the learner’s point of view. The
literature did identify that intention may be oriented towards a goal such as compliance,
rather than learning itself.

e Formal learning is intentional from the learner’s point of view
e Non-formal learning is intentional
¢ Informal learning may or may not be intentional (generally not)

3. Learning Approach

This dimension addresses the broad pedagogical approach of the learning opportunity
whether didactic, or lecture based, dialogic, or autonomous and led primarily by the needs
and interests of the learner.

e Formal learning is didactic
e Non-formal learning is dialogic or didactic
¢ Informal learning is autonomous
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4. Assessment and Qualification

The information gathering during the mapping tasks of the WP may reveal better what the
practitioners perceive as such. It is also important to note that as a part of the SyYSTEM2020
project, researchers will be piloting tools which may necessitate a reassessment of this
dimension’s role in categorizing formal, non-formal, and informal learning.

e Formal learning usually leads to a qualification
¢ Non-formal learning does not lead to a qualification
¢ Informal learning does not lead to a qualification

Formal Non-Formal Informal

Institutional Specific objective(s)

Objective
Learner Intentional
Intention

Didactic
Approach

Qualification Leadsto
qualification

Figure 2: The spectrum of attributes and modes of learning

Figure 2 above reveals how a learning experience can be understood along a spectrum of
educational modes through the examination of four core attributes. The modes and
attributes of learning can be considered in a three by four spectrum matrix. Though the
three modes of learning are represented as distinct and separate from one another, there
are no firm divisions drawn between them. This allows practitioners, researchers, policy
makers and other stakeholders the ability to place attributes in the interstitial spaces along
the spectrum. For example, if a workshop includes approaches of both roundtable
discussion and individual reflection, this attribute can be recorded between informal, and
non-formal learning.

Along the vertical line are the core attributes identified in the literature as the most
dependendable in characterising educational modalities. Along the horizontal line is the
spectrum of educational modalities.

This matrix connects the broad spectrum of learning which takes place outside of the
classroom, identifying those attributes which are powerfully diagnostic of informal and non-
formal learning. Over the course of the project the feedback and data from the map and
learner profiles will be explored and interconnections evaluated and integrated into the
conceptual framework.
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6 Implications

This revised conceptual framework has a number of implications for the project,
researchers, practitioners, and policy makers. Firstly, the framework itself is agnostic to
defining non-formal or informal education. The framework acknowledges the porous and
often shared and mixed processes which characterise the various modalities of learning.

The spectrum approach of the framework allows those science educators and other
practitioners to choose additional or mixed-approach attributes. For example, activities
which include both dialogic aspects like roundtable discussions and individual reflections
may place their activity between informal and non-formal learning along the “approach”
portion of the spectrum.

Similarly, qualifications and metrics may be understood in a way that is new and
complements the common definition as derived from the literature. In literature
‘qualification” was almost always understood as a combination of credentialing and
accreditation, though there is potential for the two to be separated.

Overall, flexibility and inclusiveness are the primary working principles of this conceptual
framework. This adaptability may create a ‘bottom-up’ fluidity as opposed to classifying
initiatives ‘top-down’ in rigid categories, and will allow for a comprehensive and informative
categorisation. This document will further benefit from the analysis of over 1000 informal
and non-formal learning activities collected through the map portion of SyYSTEM202. These
data points will help elucidate how the identified attributes from the literature review appear
in practice and how they may be operationalised in a research context.

7 Gaps 1n the literature

A number of gaps were identified over the course of the literature review. Many of these
gaps were related to the serendipitous and personal nature of informal learning. For
example, personalised learning outcomes can be difficult to assess, and success should be
determined largely by the learner and the goals they have set for themselves. Interfering
with this process, while helpful to researchers, may be an unwelcome intrusion on the
learner’s pursuit and enjoyment of science learning.

In addition, a number of empirical publications, while providing utilising a strong theoretical
framework, do not define their objectives, or outcomes clearly. The field of informal science
learning is at an exciting stage, where new theoretical traditions are emerging, and
practitioners are sharing ground-breaking approaches to learning “in the wild”. However,
taking care to elucidate the goals of a research project is essential. The parameter of what
it means to be a learner though often referenced are also rarely defined. When does one
become a learner? Under what circumstances? Many studies do not provide operational
definitions.
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Theoretical underpinnings are becoming increasingly common but are sometimes not
explicitly stated or described in detail. Conceptual frameworks and models are often
conflated as well. Models make predictions, whereas frameworks help us scaffold our
expectations and bridge theory and practice. Finally, informal learning remains an
understudied and under-theorised topic. All but one of the empirical studies listed here are
non-formal in nature. Currently the most popular frameworks (CML, Sociocultural-6,
Constructivist-4, Socio-Constructivist-4, and Learning ecologies/ Ecosystems-4) are
sometimes used interchangeably. CML is the only model consistently used across learning
outside of school and is informed by in part by sociocultural theory. It may be beneficial to
further investigate the way these common theories have shaped or given rise to one
another. This may mitigate their conflation across empirical and theoretical works.

8 Future Work

Several areas are marked as requiring future work during the remainder of the SySTEM 2020
project. As the scope of this document was to conduct a literature review and derive a
conceptual framework concerning formal, informal, and non-formal education, it has not
conducted an analysis of specific parameters of the papers such as specific demographics
or pedagogical practices. This analysis will be useful for several work packages in SySTEM
2020. Additionally, outlining the areas of further work of the reviewed papers in order to
identify future research directions will be interesting, as there was little consensus in the
articles about areas to be explored further: a comparative analysis between this outline and
our proposed approach can inform us about the project. In addition, the actual use of the
defined attributes and the additional dimensions that comprise the framework as a practice
in the SySTEM 2020 project will be defined, and refined in an iterative fashion throughout
the lifecycle of the project.

Out of the five objectives set out at the beginning of this paper, the current deliverable fulfils
the first three, while it leaves the last two as future work. That is, the deliverable conducted
a literature review of the existing informal science education frameworks in Europe, it
outlined the current frameworks of informal science education research and identified
existing gaps and definitions mismatch, and it constructed a categorisation technique to
employ on existing frameworks for informal science education programmes. Throughout
the project, it will continue to identify current strengths and challenges faced by existing
informal science education programmes.

The literature review has unearthed a number of interesting questions within the scope of
the SySTEM2020 project. If informal learning is, by its nature, unassessed, how might its
classification and characterisation change if project researchers seek to evaluate it?
Similarly, if non-formal learning and informal learning are characterised in part by their lack
of credentialisation, how might their classification be impacted by researcher’s future
efforts to accredit these learning efforts?
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