
buildings

Article

Design Framework and Principles for Learning Environment
Co-Design: Synthesis from Literature and Three
Empirical Studies

Tiina Mäkelä 1,* and Teemu Leinonen 2

����������
�������

Citation: Mäkelä, T.; Leinonen, T.

Design Framework and Principles for

Learning Environment Co-Design:

Synthesis from Literature and Three

Empirical Studies. Buildings 2021, 11,

581. https://doi.org/10.3390/

buildings11120581

Academic Editors: Pamela Woolner

and Paula Cardellino

Received: 13 October 2021

Accepted: 22 November 2021

Published: 25 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Finnish Institute for Educational Research, University of Jyväskylä, P.O. Box 35, FI-40014 University of
Jyväskylä, Finland

2 School of Arts, Design and Architecture, Aalto University, P.O. Box 11000, FI-00076 Aalto, Finland;
teemu.leinonen@aalto.fi

* Correspondence: tiina.m.makela@jyu.fi

Abstract: The need for environments conducive to learning and wellbeing has been broadly recog-
nised. Considering particularly learner perceptions in the learning environment design is known to
improve both their learning and wellbeing. There are no, however, shared theoretical frameworks
guiding the learning environment co-design from the learner perspective. As a response to this
challenge, a learning environment design (LED) framework was developed based on the literature
and co-design involving learners aged 7 to 19 (n = 342) in Finland (n = 266) and Spain (n = 76). The
LED framework entails 53 characteristics grouped under seven constructs. It draws attention to the
importance of balancing communality with individuality, comfort with health, and novelty with
conventionality. Flexibility and functionality are recognised as central enablers for a quality learning
environment. The study suggests a design framework and principles for learning environment
co-design. They can serve as a research-based introduction to the topic after which priorities can be
defined based on the concrete design target and goals, and concrete design solutions can be created
in the participatory design involving learners and other key stakeholders.

Keywords: design framework; design principles; educational design research; learning and wellbe-
ing; learning environments; participatory design; co-design

1. Introduction

In recent years, there has been a growing interest in reconsidering the design of educa-
tional spaces and environments. The need to design environments conducive to learning
and wellbeing has been broadly recognised. For instance, Learning Environments Evalua-
tion Programme (LEEP) by the Organisation for Economic Co-operation and Development
(OECD) was created to support the development of environments leading to “improved
education, health, social and well-being outcomes” [1].

There is already a strong body of research representing the field of education (e.g., [2]),
health science (e.g., [3]), environmental science (e.g., [4]), and architecture (e.g., [5]) con-
tributing to identifying learning environment characteristics supporting both learning
and wellbeing. Earlier research has emphasised the importance of social relations, indi-
vidualisation [6], pleasantness, physical wellness [7], novel and conventional tools and
spaces [8], and flexibility and functionality [9]. Different aspects of learning environments,
such as psychosocial, physical, and technological are, however, most commonly studied
separately [10–12].

Byers and colleagues [13] argue that it is vital to assure that environments support high
quality teacher–student interactions and that pedagogy (e.g., interactive instruction), space
(e.g., student-centric space), and use of technologies (e.g., tablet PCs) are aligned. A similar
attempt towards more holistic visions can be found in a study by López Costa [14] consider-
ing an environmental, pedagogical, and digital-technological dimension in the integration
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of digital devices in early childhood, primary, and secondary school environments. Studies
by Barrett and colleagues [7,15], in turn, have identified a holistic impact of naturalness
(light, sound, temperature, air quality, and links to nature), individualisation (ownership,
flexibility, and connection), and appropriate level of stimulation (complexity and colour)
on learning. Likewise, López-Chao and colleagues [16,17] have identified relationships
between learning outcomes and variables such as ventilation, artificial light, noise, Wi-Fi
coverage, room size, ergonomics, and connection with nature. Further, López-Chao and
López-Pena [18] found that academic results are influenced by the place attachment, the
classroom design as a facilitator of social interaction, social interaction in learning, and the
satisfaction of indoor environmental quality.

Despite these efforts towards a more holistic understanding of the influence of different
learning environment dimensions on learning and wellbeing, research knowledge seems
not to transfer well to frameworks and principles that can guide the learning environment
design process and designers.

The importance of considering particularly learner (pupil or student) perception in
the learning environment design process is supported by the research indicating that the
congruence between learners’ perception of preferred and experienced environments can
impact learning positively [2]. The approach is also supported by learner-centred pedago-
gies promoting learners’ agency in a learning process [19]. However, studies on learners’
opinions seem not to provide useful frameworks that designers and architects could use
in the school design process [10], nor do they commonly gather learner perceptions on
environments fostering both learning and wellbeing. The few studies looking at learners’
views from both learning and wellbeing perspectives are small-scale qualitative studies
(e.g., [8,20]). They also commonly lack a broader theoretical framework [5] and therefore
the results are difficult to apply to different sociocultural contexts. Participatory design
(PD) projects may, therefore, remain isolated and experimental and lack both sustainability
and scalability [21]. On the other hand, there is research on school architecture that is
focusing on the architecture itself, not on the activity taking place in the space. For instance,
Gislason ([12], p. 127) has criticised that research on school architecture typically considers
“teaching and learning apart from architectural settings” or studies are centred on “the
built environment separately from classroom practices”.

This study responded to the identified demand to develop theoretically and practically
significant, empirically tested learning environment design (LED) framework to support
the participatory (re)design of environments conducive to learning and wellbeing. The
study merges perspectives from various theories and disciplines and creates a framework
to support the participatory co-design of environments fostering learning and wellbeing
based on the research literature and empirical studies involving learners representing
different age groups (from 7 to 19 years), genders, and cultural contexts, Finland and Spain,
in the design process. The aim was to create a framework which supports balancing the
use of previous theoretical insights and research-based know-how with learners’ voice in
co-design initiatives. The following research questions were set:

• Q1: What kind of structure can be identified as optimal for the LED framework?
• Q2: What are the relevant learning environment characteristics of the LED framework

based on learners’ views?
In this article, we start by defining the theoretical background of this study. We proceed

by presenting the research design with methodological approach and data collection. After
presenting the empirical results, in discussion, we propose substantive, i.e., content-related,
design principles formulated for co-designing learning environments based on the study
and also supported by other studies in this field.

The study is a synthesis of three sub-studies [22–24] which were also part of doctoral
dissertation in educational science [25]. Unlike the previous publications, this article
synthesises and conceptualises the results in order to also contribute to design research and
practice. This article focuses on presenting the overview of the framework development
based on the literature and shared views amongst the learners representing different
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sociocultural contexts and educational levels. More detailed description of each sub-study,
research instruments, and analysis can be found in the published sub-studies.

Theoretical Background

Guided particularly by Dewey’s [26,27] educational philosophy, the study aimed at
capturing learning environment characteristics fostering highly interconnected cognitive,
emotional, social, and physical dimensions of learning and wellbeing (see also [8,28]).
In line with Dewey [26,27], sociocultural and socioconstructivist paradigms inspired by
authors such as Vygotsky [29], and the ecological model of Bronfenbrenner [30], indi-
vidual and social human activities (i.e., psychosocial environments) are seen as highly
interconnected with physical environments. Further, Dewey’s [27] descriptions of time-
or space-wise immediate and remote environments were connected with more recent
considerations of technology-enhanced learning and virtual-physical or hybrid environ-
ments [31–34].

In this research, learning environments are conceptualised as complex, closely inter-
connected psychosocial and technology-enhanced physical and virtual environments [25].
Therefore, the object of design in a case of learning environment is not only the physical and
virtual spaces and tools, but also individual and social human activities, that is, policies,
practices, services, interactions, etc. connected with the spaces and tools (see also [35]). In
this research, the attention is particularly at the microsystem level (immediate environ-
ment), but mesosystem linking, e.g., home and school environments, and wider societal and
cultural environments are also considered (see [30,36]). In line with Dewey [26,27], individ-
uals are viewed to be in dynamic interaction with their social and (technology-enhanced)
physical environments; while these environments can promote, permit, or hinder human
activities, individuals and groups can also actively influence them.

A literature review [25] was conducted prior to empirical studies towards the construc-
tion of a preliminary conceptual framework (Version 1.0, i.e., V1.0). The aim was to identify
learning environment characteristics frequently presented in the literature and to construct
a conceptual understanding of key characteristics of environments conducive to learning
and wellbeing. Various electronic databases (e.g., ERIC, Google Scholar, JSTOR, and Sci-
enceDirect) were used. The most frequent keywords were “physical or psychosocial or
technology-enhanced learning environment(s)”, “classroom or school or educational envi-
ronment(s)”, “school design or architecture”, and “learning spaces”. Keywords were used
both separately and in various combinations. They were also combined with the keywords
“learning” and “wellbeing”. The literature studied represented various disciplines, mainly
educational and architectural studies but also studies in the field of computer science, envi-
ronmental psychology, and health sciences. It included theoretical and empirical literature
and both qualitative and quantitative studies. There were studies involving learners, and
studies involving various stakeholders and studies not involving any stakeholders in the
design. Earlier literature reviews were also examined. Initially, around 150 publications
were selected based on their relevance in general (e.g., number of citations) and their
relevance in relation to the research objectives. Of these publications, 55 were selected for a
more in-depth analysis.

The main learning environment characteristics of the conceptual framework V1.0
guiding the study were divided into the following three partially overlapping constructs:
(I) overall wellbeing, (II) learning situation, and (III) learning tools and space design
(Figure 1). The three constructs identified based on the literature have similarities with
Cohen’s [28] considerations of school climate consisting of physical and social-emotional
safety, relationships (cf., wellbeing), teaching and learning (cf., learning situations), and
external environment (cf., learning tools and space).
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2. Research Design and Procedure

The methodological approach in this study is one branch of design research (cf.
e.g., design research described by Luck [35]) labelled “educational design research” [68].
It focuses on the design in education and intertwines educational planning, practice, and
theory development. The approach includes design experiments [69,70], developmental
research [71], and design-based research [72]. As typical for such approaches [72], this
study aimed at theoretically significant contributions by creating a framework, whose
content and construct validity is tested in empirical studies. The study was also guided by
the principles of pragmatism and practicality [70,73]: research know-how was employed
in the actual learning environment design process during the study and can be used in the
future (external validity). In addition to the LED framework development, the aim was
to formulate substantive, that is, content-related design principles [68] that can serve as
guidelines in the future design.

The aim was that the framework developed and tested in various contexts balances
both fixed and emerging elements, thus allowing both contextualisation and generalisation
between contexts [69,74,75]. The study consisted of iterations, with each iteration consid-
ered a semi-independent research cycle leading to progressive improvement of the design
framework [76–78]. A mixed-methods approach was employed [69,79] by embedding
statistical methods within predominantly qualitative research. Finally, as typical to educa-
tional design research [75,76,80], various stakeholders were involved in the design research.
The focus was, however, particularly on gathering learning environment characteristics
relevant for learners.

In relation to the learner participation, the present educational design research utilised
some aspects of the participatory design (PD) approach. This approach has commonly
been employed in the design of physical learning environments [38,81–83]. It has also been
employed in instructional design [84] and in the design of educational technology [85].
PD has been used to combine perceptions of designers, teachers, and learners [86] as well
as other school staff members, parents, and the wider community [87], including, e.g.,
policymakers, local authorities, and contractors [88].

PD is in line with learner-centred educational views honouring learners’ epistemo-
logical agency [19,26,27]. Similar ideas have also been expressed in approaches involving
learners as (co)researchers [89] and those focusing on learners’ voices [90–92]. Concepts
“participatory design” and “co-design” are used in this study in a broad sense to refer
to knowledge sharing and creation (in relation to the past, present, and future) between
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participants representing various backgrounds [93]. Smith and Iversen [21] emphasise
the importance of carefully defining the relationships and forms of participation for each
stakeholder group. In this study, learner involvement was particularly important so as to
see what learning environment characteristics they considered as relevant to their learning
and wellbeing. By combining previous research literature with empirical studies focusing
on learners’ perceptions, the aim was to create a framework whose validity was confirmed
by learners.

Figure 2 summarises the research cycles of this study in relation to research aims and sub-
studies (see also [25]). Design cycles numbered as 1 to 6 refer to student (learner) involvement.
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Table 1 summarises the participants, data, and data analysis of each sub-study. For a more
detailed description of the materials, see [25].
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In sub-study 1 (cycle 1), the framework V1.0 was applied in the co-design pilot
sessions with learners (girls: n = 34; boys: n = 46) aged 7 to 14 years (from 2nd grade of
primary school to 2nd grade of lower secondary school) in a Finnish university-affiliated
teacher training school in late spring 2012 and early autumn 2012. The web questionnaire
(numeric and written data) was used as an introductory pair work activity, followed by a
collaborative scale model design and group discussions. In sub-study 2 (cycles 1 and 2),
the same research design was employed in co-design pilot sessions with learners aged 7 to
14 years (from 3rd grade of primary school to 3rd grade of lower secondary school) girls:
n = 40; boys: n = 36) in a publicly financed private school in Spain in late autumn 2012, to
test for the cross-cultural relevance and consistency of framework V1.0. An exploratory
factor analysis was conducted to guide the restructuring of the initial framework with
respect to theoretical constructs. Content elements (learning environment characteristics)
confirmed by the quantitative and qualitative data were grouped under the renewed
constructs, which were further divided into thematic sub-blocks. If the cross-analysis
revealed some apparent discrepancies, a more in-depth analysis was conducted to search
for their possible origin and explain them in light of the overall data. The data analysis led
to the development of framework versions V2.0 and V2.1.

Sub-study 3 (cycles 3–6) was carried out in the same teacher training school in Finland
where the first pilot took place. This school achieved funding for reforming some of their
learning spaces. The aim was to involve upper secondary school students in the redesign
of their natural science classroom and its adjacent hallway. Co-design activities (cycle 3)
were part of a visual arts project course conducted during the autumn term of 2012. For
their final coursework, the participating students (females: n = 8; males: n = 3) created
learning environment designs consisting of 3D models/sketches and colour, furniture,
and technology plan. These designs were displayed in an exhibition (cycle 4), where
other students (females: n = 104; males: n = 61; no information on gender: n = 10) had
an opportunity to express their views on a structured student feedback form. Student
designs and summaries of student suggestions were next presented to teachers and teacher
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students who first evaluated students’ ideas and subsequently gave their own suggestions.
Suggestions from all participant groups were finally communicated to the professional
designers. Before implementing the changes to the actual redesign, the researchers invited
participants of the co-design project course to evaluate the professional design (cycle 5).
Two male upper secondary school student co-designers participated in this activity. After
some final revisions, the reforms took place in summer 2013. After some months of
appropriating the redesigned environments, students were invited to answer an online
student satisfaction survey (females: n = 45; males: n = 37). The survey’s formulation
(cycle 6) was guided by the conceptual framework V2.1 but was based on the learning
environment characteristics highlighted by the students in previous design cycles. The
V2.2 of the framework was then constructed based on the analysis of the results of research
cycles 1–6 (sub-studies 1–3).

Table 1. Participants, data, and data analysis of each sub-study.

Study Participants Data Data Analysis

1 Learners (n = 80) age 7 to 14 years
in a Finnish school

- A web questionnaire (numeric and
written data)

- Scale models/mock-ups
(visuospatial data)

- Semi-structured group discussions
(oral data)

Cross-analysis of

- qualitative data: content analysis,
and

- quantitative data: descriptives
(means and standard deviation)
and group differences
(Independent-Samples t-test).

2
Learners (n = 156) age 7 to 14
years in a Finnish (n = 80) and

Spanish (n = 76) school

- A web questionnaire (numeric and
written data)

- Scale models/mock-ups
(visuospatial data)

- Semi-structured group discussions
(oral data)

Cross-analysis of

- qualitative data: content analysis,
and

- quantitative data: descriptives
(means and standard deviation),
exploratory factor analysis
(principal axis extraction with
direct oblimin rotation).

3
Learners

(n = 186) age 16 to 19 years in a
Finnish school

- Learners’ (n = 11) designs (3D
models)

- Written student feedback (n = 175)
- Professional design evaluation

(oral data) with students (n = 2)
- Student satisfaction survey (n = 83)

Cross-analysis of

- qualitative data: thematic analysis
and content analysis, and

- quantitative data: descriptive
statistics (means, standard
deviation, and frequencies).

In the Results section, we summarise the empirical results of the three sub-studies.
This is followed by the discussion presenting the design principles formulated based on
the sub-studies and supported by the literature.

3. Results

Sub-study 1 [22] employed the preliminary framework (V1.0, see Figure 1) in analysing
Finnish 7- to 14-year-old learners’ (n = 80) perceptions on environments that foster learning
and wellbeing. It tested the consistency of the initial framework (construct validity) and
its relevance (content validity). The focus was on participants’ shared views. The three
main constructs (“overall wellbeing”, “learning situation”, and “learning tools and space
design”) of the framework V1.0 were found to be valid with respect to representation
of relevant learner perceptions. The three constructs appeared, however, to be highly
overlapping and interrelated. In relation to framework content validity, 24 characteristics
included into framework V1.0 were corroborated as the most relevant for participant
learners based on the data.
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In sub-study 2 [23], the consistency and relevance of the initial framework (V1.0,
Figure 1) was further explored based on the analysis of data from 7 to 14-year-old partic-
ipants in both Finland (n = 80) and Spain (n = 76). Participant learners’ views analysed
supported cross-cultural relevance (content validity) of all characteristics included into the
initial framework V1.0. In relation to framework consistency, factor analysis on the student
ratings data supported restructuring of the three constructs of the initial framework into
framework V2.0 with five constructs. These constructs were also subdivided in thematic
clusters or sub-themes: (I) communality (social relations, teaching-learning interaction,
sense of belonging, safety), (II) individuality (privacy and peacefulness, individualisation),
(III) comfort (physical ease, pleasantness), (IV) health (physical wellness, no overload), and
(V) versatile tools and spaces (novel tools and spaces, conventional tools and spaces, flexibil-
ity and functionality). In the data analysis, pairs of concepts of communality–individuality
and comfort–health were first identified. The same idea of thematic equilibrium was also
identified in two of the main themes of the fifth construct, that is, balancing novel and
conventional tools and spaces. Therefore, these two themes were promoted as constructs.
This left the last theme in the fifth construct, flexibility and functionality as a meta-construct
that can be applied to all other constructs. A cross-analysis with other data types and
theoretical, empirical, and practical considerations led to the construction of framework
version 2.1. The revised framework consisted of seven constructs each divided with two to
four sub-themes, and a total of 41 characteristics.

Sub-study 3 [24] aimed at testing and further developing the constructs and contents
of framework V2.1 in an actual co-design project with Finnish upper secondary school
students (n = 186) between 16 and 19 years of age. Framework V2.1 constructs were found
to be feasible for this co-design project. Of the 41 characteristics included in framework
V2.1, 26 characteristics were replicated, 15 characteristics were not directly replicated, and
11 characteristics emerged from this data set. The results were generally in line with the
earlier sub-studies. The framework V2.2 developed based on this study cycle consisted
now of 52 characteristics. In the final analysis, based on the attention participants gave to
colours, aesthetics and colours were yet considered as separate characteristics (cf. Figure 1)
leading to a total of 53 characteristics in the learning environment framework V3.

On a general level, learners representing different sociocultural contexts, ages, and
educational levels had very shared views of environments supporting their learning and
wellbeing. These general, more detailed results for each construct are presented in the
following subsections.

3.1. Communality Balanced with Individuality

Table 2 presents four sub-themes and 14 characteristics related to communality as
well as two individuality-related sub-themes and their 10 characteristics confirmed based
on empirical findings of this study involving 7- to 19-year-old learners in Finland and
Spain (sub-studies 1–3). In relation to communality, most of these characteristics were
confirmed in at least two sub-studies. For instance, in survey responses from Finland
and Spain (sub-study 2), social relations-related items received the highest ratings of all
(M = 4.3–4.5 of 5). Learners considered particularly peer relations and collaborative work as
important and wished, e.g., for group working spaces and furniture and good areas for
socialising and spending time with peers. Further, three new characteristics, namely teacher
visibility, homelike environments, and transparency emerged based on sub-study 3 involving
upper secondary school students. Participants’ concerns related to teacher visibility were
particularly related to the plan of removing the tiered classroom floor in the redesign
process. Participants also wished to have a transparent glass wall separating the classroom
and the hallway. On the other hand, various characteristics were out of the scope of the
specific design goals focusing on the redesign of a natural science classroom and thus were
not replicated in sub-study 3.

Based on the results of sub-studies 1–3, as a whole, participant learners seemed to con-
sider individuality-related characteristics as somewhat less important than communality-
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related characteristics (Table 2). Of these characteristics, only personal relevance of studies
and individual work were amongst the most prominent 24 characteristics identified in the
sub-study 1. In a survey result of sub-study 2 involving Finnish and Spanish learners,
item “individual work” received the lowest ratings (M = 3.4 of 5) of all survey items. In
a sub-study 3 involving Finnish upper secondary school students, individual work was
wished to be supported, e.g., by choosing desktops allowing individual configurations.

Table 2. Communality- and individuality-related characteristics confirmed or emerged in sub-studies.

I Communality Sub-Study II Individuality Sub-Study

(a) Social relations (a) Privacy and peacefulness
Teacher–student relations 1, 2 No noise disturbance 2, 3
Staff–student relations 2 No disorganisation 2, 3
Peer relations 1, 2, 3 No distractions 2, 3
Home–school relations 1, 2 Private spaces 3
Wider community relations 2

(b) Teaching-learning interaction (b) Individualisation
Teacher-led instruction 1, 2, 3 Personalised learning 2, 3
Teacher visibility 3 Personal relevance of studies 1, 2
Collaborative work 1, 2, 3 Personally relevant assessment 2

(c) Sense of belonging Individual work 1, 2, 3
Shared vision 1, 2 Self-regulated learning 2, 3
Involvement and self-expression 1, 2 Studying during the breaks 3
Homelike environment 3

(d) Safety
No behavioural disturbance 1, 2, 3
Transparency 3
Physical safety 1, 2, 3

Furthermore, personalised learning or opportunities to make choices related to one’s
own learning (sub-study 2) and creating various smaller-scale learning stations, enabling
the selection of the working space (sub-study 3), were wished by the participants. In sub-
study 2, participants considered “reducing noise disturbance” as relevant (M = 4.1 of 5).
In sub-study 3, participants wished for concrete solutions such as good soundproofing,
acoustic panels, and textiles to reduce noise. In sub-study 2, a characteristic of no distractions
emerged. In sub-study 2, participants proposed, e.g., that restricting the use of the Internet
may be a good way to reduce distractions. In sub-study 3, dimming curtains were wished
to separate the classroom from the hallway, when in need of full concentration. Further, in
sub-study 3, characteristics private spaces and areas for studying during the breaks emerged.

3.2. Comfort Balanced with Health

As can be seen in Table 3, the comfort construct was divided into two sub-themes
comprising a total of seven characteristics and the health construct included two sub-
themes and eight characteristics. Comfort-related characteristics were viewed as highly
important by different-aged learners participating in this study in Finland and Spain.
Most of these characteristics were confirmed by all sub-studies. For instance, results of
sub-study 2 indicate that in both countries, both primary and secondary school learners
generally considered “spaciousness” as important (M = 4.3 of 5). In the group discussions,
small children explained that they wished for more space to play, whereas adolescents
complained about overly cramped spaces for working.

In sub-study 2, a characteristic comfortable furniture and spaces (e.g., sofa groups and
cushions) emerged. Further, characteristic no overload was divided into rest and leisure
time (cf. Figure 1 and Table 3). In sub-study 3 involving Finnish upper secondary school
students, a characteristic of enough seats, seating, and table space emerged. “Aesthetics”
was not rated high (e.g., in sub-study 2, M = 3.6 of 5) in comparison to other items but
the importance given to decorative elements of scale models indicated that participants



Buildings 2021, 11, 581 10 of 22

valued these characteristics. Participants in all sub-studies gave lots of importance for
colours. In sub-study 3, they wished for, e.g., balancing colours that are stimulating, fresh,
or not depressing, with calming, not disturbing colours. Participants also proposed colour-
changing lamps so as to vary colours. Presence of nature was considered as important by
participants in all sub-studies (see Figure 4). For instance, gardens, park areas, presence of
water (sub-studies 1 and 2), and interior plants (sub-study 3) were wished for.

Table 3. Comfort- and health-related characteristics confirmed or emerged in sub-studies.

III Comfort Sub-Study IV Health Sub-Study

(a) Physical ease (a) Physical wellness
Spaciousness 1, 2, 3 Quality of meals 2
Enough seats, tables, and table space 3 Indoor air quality 2, 3
Comfortable furniture and spaces 2, 3 Indoor air temperature 3

(b) Pleasantness Ergonomics 3
Aesthetics 1, 2, 3 Good outdoor areas 1, 2
Colours 1, 2, 3 Physical exercise 1, 2

Luminosity 1, 2, 3 (b) No overload
Presence of nature 1, 2, 3 Rest 2, 3

Leisure time 2, 3
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In relation to characteristics grouped under health construct, 7–14-year-old learners
both in Finland and Spain rated health-related survey items as generally high (M < 4).
Scale model constructions and group discussions revealed that learners in both countries
viewed possibilities for physical exercise as important. For instance, Finnish participants paid
attention to good ice hockey rinks and Spanish participants to football camps (Figure 4).

Characteristics of quality of meals, good outdoor areas, and physical exercise were not
replicated in sub-study 3, possibly because they were out of the scope of the specific
redesign project focusing on natural science learning environments. On the other hand,
characteristics of optimal indoor air temperature and ergonomics (e.g., adjustable desks and
chairs, science lab furniture) emerged based on participants’ wishes.
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3.3. Novelty Balanced with Conventionality

As can be seen in Table 4, the five novelty-related and five conventionality-related
characteristics are divided into two sub-themes. Most of the characteristics were confirmed
as relevant by participant learners in sub-study 2 analysing Finnish and Spanish 7- to
14-year-old learners’ perceptions. For instance, in a survey, “use of technology” and “use
of books” were rated equally highly (M = 4 of 5). In sub-study 2, ubiquitous learning
environment was divided into informal (e.g., beach, city), non-formal (e.g., libraries, muse-
ums, science centres), and formal (e.g., classrooms) learning environments (cf. Figure 1 and
Table 4). Characteristics of informal, formal, and non-formal learning environments were
not replicated in sub-study 3 as its focus was on the formal school design. On the other
hand, characteristics of educational design elements (e.g., planetarium ceiling, solar system
model, or colour-changing lamps for teaching colour theory) and inspiring and motivating
spaces emerged in sub-study 3.

Table 4. Novelty- and conventionality-related characteristics confirmed or emerged in sub-studies.

V Novelty Sub-Study VI Conventionality Sub-Study

(a) Novel tools (a) Conventional tools

Use of technology 1, 2, 3 Use of books and other traditional
materials 1, 2, 3

Educational design elements 3

(b) Novel spaces (b) Conventional spaces
Informal learning environments 2 Sustainable design 2
Novel design 1, 2, 3 Non-formal learning environments 2
Inspiring and motivating spaces 3 Formal learning environments 2

Conventional design 1, 2, 3

3.4. Flexibility and Functionality

Finally, construct flexibility and functionality entailed four characteristics (see Table 5).
In the survey results of sub-study 2 involving Finnish and Spanish learners, “versatile
materials”, “functionality and practicality”, and “adaptability” were rated as relatively
high (M = 3.8–4 of 5). In sub-study 3, these characteristics were given an important weight
by the Finnish upper secondary school students. Moreover, versatile methods emerged as
a new characteristic. Participant students wished, for instance, varying learning stations
both inside and outside the classroom as well as furniture allowing multiple configurations.

Table 5. Characteristics related to flexibility and functionality confirmed or emerged in sub-studies.

VII Flexibility and Functionality Sub-Study

Versatile use of tools and materials 1, 2, 3
Versatile methods 3
Adaptability 2, 3
Functionality and practicality 2, 3

4. Discussion

The aim of this educational design research was to develop a shared design framework
for co-designing psychosocial and technology-enhanced physical and virtual environments
fostering learning and wellbeing. The framework was developed based on the theoretical,
empirical, and practical considerations, focusing particularly on learners’ perceptions. The
research questions were related to the LED framework’s constructs and contents. Results
of this study suggest that there are specific structures that can be used to classify and
gather characteristics improving learning and wellbeing when practicing co-design of
learning environments. Furthermore, findings revealed several characteristics that were
found relevant by learners. The framework guides particularly towards identifying the
balance between communality and individuality, comfort and health, and novelty and
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conventionality, while giving flexibility and functionality a centric role in the design. To
synthesise the findings from literature and the three empirical studies, it is possible to
present a design framework (Figure 5) that can be utilised in design processes.
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In relation to the LED framework constructs (Q1), to our knowledge, there are no
previous frameworks that have consistently been built around the idea of maintaining
equilibrium between various learning and wellbeing needs. However, some of the earlier
models also consider the notion of “balancing”. The pair of constructs “communality”
and “individuality” are closely related to the dimensions “relationship” and “personal
development” in Moos’ (e.g., [101]) human environment model. Gee’s [102] “human-
centred design guidelines” include dimensions “communality” and “solitude”. The model
by Barrett and his colleagues [7] balances “open” with “private”. Comfort and health,
in turn, are notions typically reflected in architectural designs. Comfort, for example,
was chosen as one of the main constructs in Sulonen and Sulonen’s [103] characteristics,
while Gee’s [102] guidelines include the construct “healthful”. Further, the concept of
balancing novelty with conventionality is reminiscent of Moos’ model’s [101] dimension,
“system maintenance and system change”, i.e., an equilibrium between stability and re-
sponsiveness to change. The construct of “novelty” shares properties with the design
principle of “stimulation”, which Barrett and his colleagues ([7], p.681) described as an
indicator of “the degree to which the school provides appropriate diversity (novelty)”.
The conventionality-construct shares similarities with the construct “durability” used in
other conceptualisations [103,104]. Finally, the conceptual decision to place “flexibility
and functionality” as the centric construct of framework is supported by both architec-
tural [7,38,102,103]) and educational [61,104] literature.

In relation to contents of the framework (Q2), in addition to confirming the importance
of each characteristic for participant learners in at least one of the three sub-studies, there
is a wide body of literature confirming their relevance and transferability to various
educational contexts. Example literature has already been presented in the theoretical
background (see Figure 1).

In the following, we present each construct with 15 general design principles and their
sub-principles that are delivered from the sub-studies 1–3 and the literature. Substantive
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design principles are formulated for each construct and learning environment characteristic.
The generalisability of the design principles in other educational contexts are strengthened
by research literature. The assumption is that the simultaneous design of psychosocial
environments with physical and virtual environments will lead to improvements: on one
hand, the individual and social human activities, practices, and services will be adequate
for the designed spaces and tools. On the other hand, the designed spaces and tools will
better enable the desired activities, practice, and services.

4.1. Communality

Principle 1: Design environments fostering good social relations.
Principle 1.1: Facilitate staff–student relations. Virtual and physical spaces should

allow encounters for developing particularly good teacher–student relations (sub-studies 1
and 2; [18,54]) but also other staff–student relations (sub-study 2; [41]). These entail, e.g.,
the school direction [105], teaching assistants, and non-teaching staff working in the office,
catering, and maintenance [41].

Principle 1.2: Support peer relations. Good peer relations can be supported by
physical and virtual areas for socialising and spending time with peers (sub-studies 1–
3; [40]). Social activity may be also encouraged by “open space and the school’s compact
interior” ([12], p.141). Literature (see [18]) indicates that that social interaction, particularly
in relatively small groups, may be beneficial for learning.

Principle 1.3: Enable encounters with parents and other stakeholders. It is im-
portant to have time and spaces to get together and communication to promote good
home–school relations (sub-studies 1 and 2; [6]) as well as to open the school to the wider
community (sub-study 2; [3,50]).

Principle 2: Design environments for quality teaching–learning interaction.
Principle 2.1: Promote interaction. Collaborative work may be supported by group

working tables and small and large group areas (sub-study 3; [12,65]), as well as by tech-
nological tools allowing collaboration [85]. While tiered classroom floors may support
teacher-led instruction and teacher visibility (sub-study 3; [12,49,65]), they may not be
recommendable as more passive presentation activities and didactic teaching should be
limited [32], for instance, for introducing new topics for learners and when gradually
guiding them towards more self-regulated forms of learning (see [29]). Teacher scaffolding
may also be supported by novel technological tools [85]. Students may perceive both
social and physical (instructions, tags, signs, labels, information boards) scaffolding as
useful [106,107].

Principle 3: Design environments enhancing sense of belonging.
Principle 3.1: Support creating a shared vision. Efforts need to be made to create a

shared vision about schooling (sub-studies 1 and 2; [32]). Shared vision can be fostered in
different gatherings, ceremonies, and celebrations both physically and virtually. Presenting
school symbols on the walls may also foster shared vision [38].

Principle 3.2: Promote self-expression, involvement, and cosiness. Providing possi-
bilities for self-expression and involvement by means of co-design (sub-studies 1–3; [94])
and creating homelike environments and inviting, welcoming, and cosy areas (sub-study
3; [8,10,65]) may also enhance learners’ sense of belonging and overall wellbeing. Present-
ing student works on the walls may foster a sense of ownership of learning space and
equipment, as well as cosiness [38].

Principle 4: Design environments promoting safety.
Principle 4.1: Reduce behavioural disturbance. Behavioural disturbance such as

bullying (sub-study 1), troublemaking, or vandalism (sub-study 3) may be reduced by
creating pleasant environments increasing sense of ownership, belonging, and school-liking
(sub-study 1–3; [38]). As argued in other studies [54], democratising classrooms, allowing
for greater choice, and including the use of ICT may increase particularly adolescent
students’ engagement levels and positive attitudes towards schooling and school rules.
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Principle 4.2: Promote transparency of activities. Transparency and openness [7,9]
can be supported by transparent surfaces, e.g., glass walls or doors (sub-study 3) and good
communication design. They also augment feelings of safety [38].

Principle 4.3: Ensure safe environments for all. Physical safety (sub-study 1–3) may
be promoted by increasing security (sub-studies 1 and 2; [6,81] and by designing safety
working areas for experiments (sub-study 3). Social and physical scaffolding may also
increase students’ feelings of safety [106]. Safety can also be increased by assuring that it is
easy to find one’s way around at school [11].

4.2. Individuality

Principle 5: Design environments for privacy and peacefulness.
Principle 5.1: Ensure good acoustics and noise control. Noise disturbance (sub-

studies 2 and 3; [42]) may be reduced by good soundproofing, acoustic panels, and textiles
(sub-study 3). Noise disturbance may also be related to a specific type of learner be-
haviour [16]. For instance, while learners participating in this study representing two
sociocultural contexts generally seemed to value environments free of noise disturbance,
more intensive conversational style in Spain in comparison to Finland may require particu-
larly good acoustic design.

Principle 5.2: Promote good organisation. Disorganisation (sub-studies 2 and 3; [46])
may be avoided by providing good storage spaces (sub-study 3; [108]).

Principle 5.3: Support managing possible distractions. Both pleasant and unpleas-
ant distractions (sub-study 2; [12,34,109]) may be reduced, e.g., by restricting the use of the
Internet (sub-study 2) or providing dimming curtains (sub-study 3) to prevent getting dis-
tracted by too much transparency. Study by López-Chao and colleagues [16] also suggest
that views from the windows may cause distractions.

Principle 5.4: Provide privacy for all. The right for privacy may be supported by
designing private spaces (sub-study 3; [32,65]) and time to be and work alone. Moreover,
possible age, individual, and sociocultural differences in the need for privacy should be
taken into account.

Principle 6: Design environments supporting individualisation.
Principles 6.1: Create possibilities for choosing personal preferences of studying.

Personalisation of learning (sub-studies 2 and 3) may be supported by creating oppor-
tunities to make choices related to one’s own learning (sub-study 2; [94]) and creating
various smaller-scale learning stations enabling the selection of the working space based
on personal preferences (sub-study 3).

Principle 6.2: Promote personal meaningfulness of studies and assessment. Per-
sonal relevance of studies (sub-study 1 and 2) and assessment (sub-study 2) can be pro-
moted by increasing connectedness with students’ real-life aspirations [54], e.g., by means
of real-life projects. Learners should be able to connect their studies also with personally
relevant environments, and there should be both physical and virtual spaces where to
receive personal feedback from teachers of one’s progress.

Principle 6.3: Enable individual work and configuration. Individual work (sub-
studies 1–3; [46]) requires desktops allowing individual configurations (sub-study 3). It is
important to provide areas for reading, reflection, and quiet time for individual work [3,65].

Principle 6.4: Support self-regulation and studying during the breaks. Self-regulated
learning (sub-studies 1–3; [37]) may be fostered by providing spaces for studying during
the breaks (sub-study 3) entailing spaces for informal learning outside the scheduled
classes [63]. In addition, physically mediated guidance such as clear, well-structured
spaces, and technological devices proving guidance to one’s work may support students’
self-regulation and sense of autonomy [107].

4.3. Comfort

Principle 7: Design environments to nurture feelings of physical ease.
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Principle 7.1: Design enough comfortable spaces and furniture for all. It is impor-
tant to ensure environmental spaciousness (sub-studies 1–3; [65]) and that there are enough
seats, seating, and table space for different purposes (sub-study 3; [110]). Likewise, possible
age, individual, or sociocultural differences should be considered in the need for space.
Providing comfortable furniture and spaces, e.g., sofa groups and cushions (sub-studies 2
and 3; [8,65] is likely to foster physical ease in learning environments. Excessive comfort
may, however, be unergonomic and even detrimental to learning [16,17]. This calls for the
design carefully balancing comfort with health.

Principle 8: Design pleasant environments.
Principle 8.1: Design aesthetically pleasant spaces. It is important to pay attention to

aesthetic interior design and colours (sub-studies 1–3; [7,10,46]), e.g., by balancing colours
that are stimulating, fresh, or not depressing, with calming, not disturbing colours or by
colour-changing lamps so as to vary colours (sub-study 3).

Principle 8.2: Design for control of light. It is important to ensure that spaces are
luminous (sub-studies 1–3, [8]), e.g., by designing wide windows, glass surfaces, and good
lighting (sub-study 3). Good artificial light control and quantity have been associated to
better learning outcomes [16]. Further, the need for good artificial light design is likely to
be more important in geographical areas such as Finland with shorter periods of daylight
during the winter.

Principle 8.3: Design spaces entailing elements of nature. Learning environments
should include elements of nature (sub-studies 1–3; [11,16]), e.g., gardens, park areas (sub-
studies 1 and 2) and interior plants (sub-study 3). Natural environment can also be seen to
entail daylight, connection of the classroom with the outside, and natural ventilation [17].
There may also be more need to focus on the presence of nature in highly urban areas in
comparison to areas that are exposed to nature.

4.4. Health

Principle 9: Design environments promoting physical wellness.
Principle 9.1: Provide high quality meals. Physical wellness may be nurtured by

the healthy and tasty school meal (sub-study 2; [46]). Literature [11,104] supports the
importance of paying attention to the type and quality of school canteen and catering,
having sufficient time for eating, and access to water.

Principle 9.2: Design for good indoor air quality and temperature. It is important to
pay attention to optimal indoor air quality (sub-studies 2 and 3; [20]) and temperature (sub-
study 3; [42,111]). In countries such as Finland with long winters and low temperatures,
good insulation and heating is an important requirement. In warmer countries such as
Spain, in turn, there may be a need to focus on preventing overheating but also extreme
cold, e.g., due to manual window-airing in the cold season [16].

Principle 9.3: Provide opportunities for exercise, play, and hanging out with peers.
Good outdoor environments (sub-study 2; [63]) and opportunities and spaces for physical
exercise (sub-studies 1 and 2; [44]) are known to support physical wellness.

Principle 9.3: Design for good ergonomics. There is a need to consider good er-
gonomics and provide ergonomic furniture, e.g., adjustable desks and chairs (sub-study
3; [34,110]). It is important to consider not only body measurements but also the adequacy
of furniture ergonomics for different learning situations [16] such as teacher-led instruction
and practical work.

Principle 10: Design environments that help to avoid overload.
Principle 10.1: Provide possibilities for rest and leisure time. Provide time and

spaces for rest (sub-studies 1–3; [43,65]) and for more active recreation and leisure time
(sub-studies 1–3; [3,20,104]). Separate leisure zones as well as loft beds, niches for quiet
reflection, “caves” or shallower places under the stairs (see [81]) may be employed during
the breaks.
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4.5. Novelty

Principle 11: Design environments with novel tools.
Principle 11.1: Design use of technological tools so that there is easy access to them

and support needed for their use. It seems recommendable to use technology (sub-studies
1–3; [9]) together with support for teachers for their use (sub-study 3; [31]). Tanner [65]
recommended that technological equipment be placed so that its use is easy to integrate
with curriculum, teaching, and learning. Likewise, it is important to design and select
technological tools based on the specific requirements of each educational level [14]. The
layout of hardware and technical support materials should also be designed so that they do
not limit the flexible use of spaces [16,112,113]. Attention should also be paid to issues such
as the Wi-Fi coverage and the placement of sockets, power strips, and wires [14,16]. There
may also be local differences in the quality of ICT infrastructure that need to be considered
in the design and use of technology

Principle 11.2: Design educational elements to the spaces, indoor and outdoor. Ed-
ucational design elements, e.g., planetarium ceiling, solar system model, or colour-changing
lamps for teaching colour theory (sub-study 3) may be used so as to consider the whole
school building as a tool for learning (see also [63,104]). Spaces with visible infrastructure
provide a possibility to use the building structure as a learning tool [104] and walls may be
used as display areas for subject material or products of research activity [63].

Principle 12: Design environments entailing novel spaces.
Principle 12.1: Promote informal learning. It is good to take advantage of informal,

outside school environments and create connections between formal and informal learning
(sub-studies 1 and 2; [9]). Novel mobile technology may also be used to augment physical
spaces and expand activities outside the classroom [85].

Principle 12.2: Foster inspiration and motivation. It seems beneficial to design
spaces with novel, inspiring, and motivating interior design (sub-study 3; [7]) with exciting
and surprising elements such as different textures, shapes, or untraditional furniture. There
should be “an atmosphere of excitement for learning” ([65], p. 453). The importance of
novel, inspiring, and motivating environments is also supported by studies highlighting the
importance of satisfaction, joy, and happiness for student learning and wellbeing [6,8,109].

4.6. Conventionality

Principle 13: Design environments allowing the use of conventional tools.
Principle 13.1: Design by building on tradition. Instead of abandoning books and

other traditional materials (sub-studies 1–3; [8]), it is recommended to balance novel tools
and, e.g., computer access with adequate space for books and other non-digital learning
materials [34].

Principle 13.1: Design for sustainability as a model for others. It is important to con-
sider sustainability in the design (sub-study 2; [46]). As recommended by Nuikkinen [38],
the school building can serve as a physical model of ecologically, economically, socially,
and culturally sustainable design.

Principle 14: Design environments including conventional spaces.
Principle 14.1: Provide opportunities to integrate non-formal and formal learning.

Attention should be paid to creating connections between non-formal learning environ-
ments, e.g., libraries, museums, science centres, and formal learning environments, e.g.,
classrooms (sub-studies 1 and 2; [8]).

Principle 14.2: Respect conventions. Conventional design, but also spaces that retain
reversibility or convertibility to the traditional classroom may satisfy both learner-centred
and traditional, teacher-led instruction (sub-studies 1–3; [32]). As Frelin and Grannas [81]
remind us, chance does not necessarily mean improvement: well-functioning arrangements
should not be abandoned only for the sake of change.

4.7. Flexibility and Functionality

Principle 15: Design flexible environments with high functionality.
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Principle 15.1: Design versatile environments. It is important to employ versatile
tools and materials and versatile methods (sub-studies 1–3), supported e.g., by varying
learning stations both inside and outside the classroom (sub-study 3). Learner-centred
activities such as presentations; large, medium, or small interactive activities; creative work
(e.g., art, laboratory); and reflection (reading, writing, research) require a wide range of
different spaces: classrooms, commons, meeting areas, fixed areas, spaces for outdoor
learning, and so on [32].

Principle 15.2: Ensure that environments are adaptable, functional, and practical.
There is a need for adaptable, functional, and practical tools, spaces, and ways of working
that can be easily modified, e.g., furniture allowing multiple configurations (sub-study
3) and adapting the learning environment design in accordance with context-specific
requirements (sub-studies 1–3). There is also a need for fluidity or adaptability, i.e., the
space capacity or agility for flow and change between activities [32]. It is important also to
support adaptation to, e.g., open and flexible learning environments [112]. All members
of the learning community need to be supported in the transition to innovative learning
environments [81] in order to assure their functionality and practicality.

5. Limitations and Future Directions

This study focused on shared perceptions of learners representing different socio-
cultural contexts, ages, and educational levels with the aim of constructing a generic design
framework and principles which considers learners’ perceptions and is also supported
by the literature. There are, however, differences between contexts as well as purposes of
spaces (e.g., classroom, art class, laboratory) that need to be considered when applying
these principles in the learning environment design (see also [14,16,17]). As stated by
Veloso and Marques ([113], p. 246), it is important to consider “the specific needs of the
schools, such as its organisational, social environment, space uses, and learning aims”.
As proposed by Woolner and Cardellino ([114], p. 14), PD can be seen as a way to avoid
excessive generalisation or “uncritical transfer of practices, curricula, and school buildings
between differing contexts”. We encourage, however, to also use the LED framework to
reflect if there are some challenges in the context that should be tackled. In this way, the
co-design can lead to changes in the existing context, instead of only adapting the design
into the context.

While this study focused on shared views, some differences were also identified.
Particularly in sub-study 3 focusing on the co-design of natural science learning spaces
with upper secondary school students, various new characteristics emerged. In addition to
focusing on a specific type of space, it is also likely that older learners were more aware
and able to express particularly more abstract ideas related to their learning environment
preferences. It is, indeed, important to adapt co-design goals and methods to participants’
age and educational context. In future studies, more attention could be given to identify
the contextual differences that need to be considered in the design in order to respond to
specific needs of each learning community.

It is also good to bear in mind that the LED framework synthesising a wide range of
characteristics conducive to learning and wellbeing is limited in its capacity to consider
each characteristic individually. For example, within the subtheme “teaching–learning
interaction” or “individualisation”, there could be a long list of activities that could be
employed in learning situations. We think that the role of the LED framework is to provide
general directions, which can then be specified in each co-design process.

This study did not focus on interrelations or dependencies between different learning
environment characteristics, nor did it measure the impact of these characteristics on
learning outcomes (cf. [7,15–18]). In addition to focusing on interrelations between various
characteristics or their effects on learning outcomes, in the future, it would be interesting
to collect wellbeing data, e.g., by means of wearable sensors (see [115]) in order to evaluate
the impact of learning environments on wellbeing, for instance, balance between stress and
recovery during the day.
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Furthermore, the framework presented in this article focuses particularly on the
learner perceptions. In future research, the aim is to employ and further develop the
framework in a learning environment co-design with teachers. There is also need to
facilitate collaboration between teachers contributing pedagogical ideas and, e.g., interior
architects contributing to comfort, work stations, furniture, and so on [81]. Views of other
internal stakeholders such as non-teaching staff should also be considered [114].

The aim is also to adapt the framework to early childhood and higher education.
Furthermore, the COVID-19 pandemic has brought to light various challenges that need to
be addressed in the learning environment design, particularly related to remote learning
in home environments but also to needs such as enabling a safe distance in face-to-face
learning situations. In the future studies, the aim is also to ensure that the LED framework
responds to the design of hybrid or blended learning environments.

6. Conclusions

This study responded to the need to create both theoretically and practically significant
design framework and principles gathering psychosocial and technology-enhanced physi-
cal and virtual learning environment characteristics fostering learning and wellbeing. The
focus was particularly on ensuring that characteristics relevant for learners are considered
in the framework. As a new, both theoretical and practical contribution, in comparison to
earlier models, particularly the need for balancing and reaching the equilibrium between
varying needs and preferences is now more strongly emphasised.

The empirically and theoretically grounded LED framework and principles devel-
oped in this study can be used for planning, gathering information, classifying data, and
structuring the evaluation of individual co-design initiatives. The framework can be used
as a check-list guiding design research and in organizing co-design workshops with stake-
holders. The seven constructs of the framework are interlinked and should all be discussed
and dealt concurrently in relation to each other. The design framework and principles
may help designers in the design process to recognise design opportunities, challenges,
and constraints. They can serve as a research-based introduction to the topic after which
priorities can be defined based on the concrete design target and goals and concrete design
solutions can be created in the co-design sessions.

In addition to individual co-design initiatives, the LED framework and principles
can be used to compare and generalise findings between different learning environment
co-design projects. In each co-design case, depending on the target, some characteristics
are expected to be confirmed as relevant while some may not. It is also possible that some
new characteristics, that could be added to the framework, emerge. We view, however, that
the LED framework and principles can serve as a research-based starting point creating
awareness of the issues identified as important in international body of literature. After
that, PD efforts are made to concretise the contextual needs and design decisions.
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