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RESUMEN 

Siguiendo las directrices para la reconfiguración de los espacios de aprendizaje que surgieron de la necesidad de 
desarrollar habilidades del siglo XXI, se intervino un espacio educativo en una institución de educación superior 
portuguesa, transformándolo en un entorno de aprendizaje innovador (EAI). Así, este estudio preliminar se enfoca 
en identificar las percepciones de los estudiantes sobre los atributos de este EAI, según tres dimensiones: espacio 
físico, tecnología y pedagogía. Para ello, se aplicó un cuestionario a estudiantes que utilizaban con frecuencia el EAI. 
Los resultados mostraron que al menos el 60% de los participantes calificaron cada atributo y el impacto de los 
atributos en el desempeño de los estudiantes con las calificaciones más altas. Más del 75% de los estudiantes 
atribuyeron valores más altos del impacto en el enfoque pedagógico experimentado y más del 80% consideró 
adecuado el diseño del EAI para la interacción con los demás.  

Palabras clave: educación superior, entorno de aprendizaje innovador, espacio de aprendizaje, metodologías activas. 

ABSTRACT  

Following the guidelines for reconfiguring learning spaces that emerged from the need to develop 21st century skills, 
a redesign of an educational space was carried out in a Portuguese institution of higher education, changing it to an 
innovative learning environment (ILE). Thus, this preliminary study focuses on identifying students’ perceptions of 
the attributes of this ILE, according to three main dimensions: physical space, technology, and pedagogy. For this 
purpose, a survey was applied to undergraduate students who frequently used the ILE. Findings showed that at least 
60 percent of the participants evaluated each attribute of the ILE and the impact of the ILE attributes on students’ 
performance with the highest ratings. Additionally, more than 75% of students attributed higher values of the impact 
on the pedagogical approach experienced in all features inquired and more than 80% considered the ILE layout 
appropriate for interaction with others.  

Keywords: active methodologies, higher education, innovative learning environment, learning space.  

Cita: Cavadas, B.; Correia, M. (2022). Students’ perceptions of an innovative learning 
environment in higher education: an exploratory analysis. Cuadernos de Psicología del 
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RESUMO  

Seguindo as orientações de reconfiguração dos espaços de aprendizagem que surgiram da necessidade de desenvolver 
competências do século XXI, um espaço de aprendizagem numa instituição de ensino superior portuguesa foi alvo 
de intervenção, transformando-o num ambiente educativo inovador (AEI). Assim, este estudo preliminar tem como 
foco identificar as perceções dos alunos sobre os atributos deste AEI, em três dimensões: espaço físico, tecnologia e 
pedagogia. Para tal, foi aplicado um questionário a estudantes de licenciatura que utilizavam frequentemente o AEI. 
Os resultados mostraram que pelo menos 60% dos participantes avaliaram cada atributo do AEI e o impacto dos 
atributos do AEI no seu desempenho com as classificações mais altas. Para além disso, mais de 75% dos estudantes 
atribuíram os valores mais elevados ao impacto na abordagem pedagógica experienciada em todos os atributos 
inquiridos e mais de 80% consideraram o layout do AEI adequado para a interação com os outros.  

Palavras-chave: ambiente educativo inovador, ensino superior, espaço de aprendizagem, metodologias ativas.  
 
 
INTRODUCCIÓN  
The scope of this study is on learning spaces in higher 
education. The impact of innovative learning 
environments (ILEs) on students’ satisfaction and 
performance has aroused high research interest in 
recent years. The influence of learning environments 
in the educational programs, practices, and students’ 
learning in the 21st century is a problematic that 
requires deeper understanding, as showed by the 
review done by Cleveland and Fisher (2014). In the 
early years of the 21st century many countries invested 
in the transformation of the pedagogical practice 
through the creation of new designs for school 
buildings (Daniels et al., 2009). Universities are also 
facing challenges that put pressure in the creation of 
learning environments better suited to students’ needs 
(McCune & Entwistle, 2011), and more flexible 
learning opportunities (Valtonen et al., 2020). Some of 
those needs are related to learning environments and 
teaching practices able to support the development of 
21st century skills (Valtonen et al., 2020). The 
initiatives related to the change of educational spaces 
followed some guidelines that were summarized in the 
ILEs principles of the Organization for Economic Co-
operation and Development (OECD) (2017).  

The ILEs approach is also carving its path in higher 
education. In many institutions of higher education, 
traditional lecture classrooms are being replaced by 
active learning classrooms, which are designed to 
facilitate student-centred instruction (Clinton & 
Wilson, 2019). This movement is also occurring in 
many teacher training institutions, which are 
transforming their spaces into more flexible and 
technological enriched environments. Nissim et al. 
(2016) stated that an ILE could have a significant 

influence on pre-service teachers’ motivation. For 
instance, the ITELab (Initial Teachers Education Lab) 
project, co-ordinated by the European Schoolnet, 
aimed to develop new approaches to integrate ICT on 
ITE courses under the umbrella of the Future 
Classroom Lab (FCL) project. FCL published 
guidelines for creating or adapting learning spaces in 
innovative ways by rethinking the role of pedagogy, 
technology, and design in classrooms. Therefore, 
following these European initiatives about ILEs in 
higher education, the School of Education of the 
Polytechnic Institute of Santarém initiated a project, 
named CreativeLab_Sci&Math, in 2016. The focus of 
the project is innovation in science and mathematics 
teacher education, within the framework of ILEs 
principles (Cavadas et al., 2019). The main guideline 
of this project is that educational innovation and 
development can emerge through the change of 
spaces, according to the suggestion of Daniels et al. 
(2019). 

Recent research has shown that ILEs have an impact 
on the way students of primary, elementary, and 
secondary schools learn, and indeed could promote 
pedagogical change (Mahat & Imms, 2020; 
Merriënboer et al., 2017; Mulcahy et al., 2015) related, 
for instance, to the use of more active teaching 
methodologies (Merriënboer et al., 2017). For 
example, in a study about the influence of design on 
the perceptions and actions of students and teachers at 
four UK schools, Daniels et al. (2019) have shown 
design offers a range of possibilities that invites 
pedagogical transformation, when design and practice 
are aligned. The creation of ILEs in higher education 
settings has also motivated researchers to study the 
effectiveness of learning spaces in supporting the 
learning process (Cleveland & Fisher, 2014; Temple, 
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2008). However, the impact of ILEs in pre-service 
teachers’ education is less understood, although they 
face various challenges in their practice when they are 
placed in schools with ILEs (Nelson & Johnson, 
2021), including teaching anxiety (McMinn & 
Aldridge, 2020). Besides, several studies focusing on 
school climate or school environment, a broader 
construct (e.g., Kearney, et al., 2020; Lombardi, et al., 
2019; Tapia-Fonllem, et al., 2020), have shown that 
school facilities have an impact on students’ well-
being, engagement in school activities and academic 
achievement. Therefore, to better understand the 
impact of ILEs on higher education students, a 
research field with little expression in Portugal, this 
study aims to answer the following research questions, 
in the wake of work by Yang et al. (2013): How do 
higher education’ students perceive the physical 
space, the technological and the pedagogical attributes 
of an innovative learning environment? What impact 
do they perceive about those innovative learning 
environment features on their performance? 

THEORETICAL FRAMEWORK 

Research About Learning Spaces in Higher Education 

While learning environment is an expression used to 
refer to the social, psychological, or conceptual 
environment where learning occurs, learning space 
refers to the physical environment or space where 
learning occurs (Cleveland & Fisher, 2014). For the 
purpose of this study, the learning space follows the 
Cleveland and Fisher (2014) approach, which 
considers it a physical space, and not an online or 
blended learning environment, an approach followed 
in other studies (e. g. Yilmaz & Malone, 2020). The 
participants in the working group of the OECD (2006) 
which evaluated quality in educational facilities 
defined learning space as: 

a physical space that supports multiple and 
diverse teaching and learning programmes and 
pedagogies, including current technologies; one 
that demonstrates optimal, cost-effective building 
performance and operation over time; one that 
respects and is in harmony with the environment; 
and one that encourages social participation, 
providing a healthy, comfortable, safe, secure and 
stimulating setting for its occupants. (pp. 1-2) 

Many initiatives were developed concerning the 
evaluation of learning spaces, associated to the 
development of new buildings to support innovative 

approaches to teaching and learning practices (OECD, 
2009). There are many definitions of ILEs in the 
specialized literature; however, for the effects of the 
present work, an ILE is intended as the “product of 
innovative space designs and innovative teaching and 
learning practices” (Mahat et al., 2018, p. 8). 
According to Borba et al. (2020), flexibility, 
technology, furniture, natural elements, and 
environmental aesthetics are attributes that should be 
considered when designing spaces for learning. Those 
initiatives associated to the change of educational 
spaces followed some guidelines that were 
summarized in the innovative learning environments 
principles (OECD, 2017).  Those principles focus on 
social and active learning methodologies in different 
spaces, in which learners’ motivations, emotions, and 
prior knowledge are considered. An ILE should 
provide learners with challenging interdisciplinary 
activities and formative feedback to support learning. 

University, learning, and space are intimately 
connected (Temple, 2008). The research about higher 
education spaces focuses on the impact of technology 
on space use, campus design, specialized spaces and 
the relation with learning spaces and the development 
of a university community (Temple, 2008). In fact, the 
relation between spaces and learning in higher 
education is a rich field of research, albeit complex 
and not well-understood (Cleveland & Fisher, 2014; 
McNeil & Borg, 2018; Temple, 2008). One challenge 
is that the study of higher education spaces and their 
influence on teaching and learning is a 
methodologically difficult area (Temple, 2008) and 
lacks evaluation approaches. Cleveland and Fisher 
(2014) stated that the creation of evaluation 
approaches or tools for assessing the effectiveness of 
physical learning environments in supporting teaching 
practices must be flexible. These evaluation 
approaches should also accommodate the specific 
physical settings and social contexts within which they 
are going to be applied.  For that reason, McNeil and 
Borg (2018) created a framework to shed light on 
connections between space, teaching and learning. In 
the proposed framework, the authors relate space, 
intended as the socio-political and physical-temporal 
context, with teaching, subdivided in teaching 
approach, design and practice. They also represented 
the inter-relationship between these dimensions in 
time, presenting a valuable approach to understanding 
the connections between space, teaching and learning. 
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The Impact of Learning Spaces in Higher Education’ 
Students  

The development of ILEs is part of a broader 
educational approach whose aim is to engage students 
in their learning (Brooks, 2011). Therefore, Cleveland 
and Fisher (2014) have recommended that the research 
about learning environments should seek the opinions 
of students because they are the main users of those 
environments. Another reason is that the perceived 
value attributed to an ILE is an important component 
of students’ motivation (Clinton & Wilson, 2019). 

The evaluation of the impact of classrooms, including 
ILEs, on higher education students has followed 
different approaches. One is the evaluation of the 
impact of classroom attributes on student satisfaction 
and performance. This approach was followed by 
Yang et al. (2013). The authors concluded that 
students’ perceptions are focused on spatial attributes, 
mainly visibility, room layout and furniture, as well as 
ambient attributes, specifically air quality and 
temperature. Some of these findings concur with the 
study by Clinton and Wilson (2019) about students’ 
perceptions of ILEs features. Students valued the 
furniture, specifically the round tables and the 
whiteboard space, appreciated the visibility because it 
allowed them to see their peers during collaborative 
learning, and the ample space of the ILE. However, the 
inadequate size of the tables for group work and the 
uncomfortable seats were criticized by the students 
(Clinton & Wilson, 2019). The findings of Yang et al. 
(2013) also indicate that students’ perceptions could 
be influenced by seating locations and other factors, 
such as classroom size and course time/durations. 
These previous findings express the potential value of 
design, management, and maintenance of higher 
education classrooms (Yang et al., 2013).  

Other approaches focused on the influence of ILEs in 
collaborative learning. About that relation, some 
studies indicated that higher education students 
perceived ILEs, or active-learning classrooms, better 
suited for collaborative learning and group work than 
traditional learning environments. For instance, Borba 
et al. (2020) highlighted the importance of the physical 
space as a factor that connects both students and 
teachers in an active learning process and contributes 
to student engagement. Higher education students also 
manifested a more favourable attitude for 
collaborative learning in ILEs than in traditional 
lecture classrooms (Clinton & Wilson, 2019). One 

reason that justifies this different value attributed by 
higher education students to collaborative learning in 
both environments is the fact that ILEs were 
purposefully designed to facilitate students’ 
collaboration, with movable chairs around round 
tables (Clinton & Wilson, 2019). This different seating 
arrangement and classroom layout enabled 
interactions between the students, and opportunities to 
move around the space which also promoted students’ 
contact (Clinton & Wilson, 2019). The same results 
were achieved in Borba et al.’ (2020) study, in which 
students stated that the wheeled furniture allowed 
more contact with their peers and teachers. Another 
aspect that students value is informal learning 
environments in higher education contexts for study or 
just relaxing (Valtonen et al., 2020). This was the 
approach followed by Rämö et al. (2019) who 
transformed the main hallway of the department into a 
vibrant, collaborative learning workspace between 
students and tutors. The increasing opportunities for 
the support of students by teaching personnel were 
also a feature appreciated by them in flexible learning 
environments (Valtonen et al., 2020). This could also 
have other benefits apart from better learning. In fact, 
McMinn and Aldridge (2020) have shown that a 
learning environment where students are able to give 
their opinions and freely discuss ideas with others can 
reduce learning anxiety.  

The impact of the technology present in the ILE on 
students’ performance is also an important field of 
study (Temple, 2008). For example, Brooks (2001) 
concluded that students taking a course of Biology in 
a technology-enhanced environment, outperformed 
their peers who were taking the same course in a 
traditional learning environment, keeping the other 
parameters controlled. Technology was also an aspect 
highlighted by Valtonen et al. (2020) in whose study 
students stated the need for learning environments that 
allow communication and participation without 
coming to the campus for face-to-face meetings and 
supportive ICT resources. 

Other studies have demonstrated that the flexible 
layouts of ILEs contribute to motivation to attend 
class, engagement in class (Nissim et al., 2016),  
lowering the failing rates (Borba et al., 2020), changes 
in the social context of the classes (Borba et al., 2020; 
Nissim et al., 2016), improved 21st century skills, such 
as creativity (Nissim et al., 2016) and problem solving, 
increased conceptual understanding (Borba et al., 
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2020) and ability to achieve higher grades (Nissim et 
al., 2016) in higher education students. 

RESEARCH METHODOLOGY 

Research Design 

The research design used was an exploratory study 
(Fraenkel et al., 2012) because it was the most suitable 
approach to achieve the general goal of this work. The 
purpose of this study is to contribute to the 
understanding of the satisfaction of higher education 
students with the attributes of the 
CreativeLab_Sci&Math ILE, and their perceptions 
regarding the impact of these attributes on their 
performance. Concerning technical procedures, a 
questionnaire was applied. Questionnaires are useful 
to present inferences about a population based on 
information collected from a sample (Swain, 2007). In 
this case, higher education students’ responses to 
quantitative items concerning the dimensions of an 
ILE and qualitative data from an open question were 
analysed. Data analysis was descriptive. 

Participants 

A total of 56 higher education students participated in 
the study. Most of the students are female, and their 
age is mainly comprised between 18 and 21 years. 
Students were attending an undergraduate programme 
in Basic Education, a first step to become professional 
teachers in Portugal. Concerning ethics, all 
participants were clearly informed of the purpose of 
the study and authorized the use of their collected data 
for research purposes, through written informed 
consent. Participants were informed that their data 
would be anonymized during data analysis and would 
remain strictly confidential and used only for the 
purposes of this research. This study complies with 
ethical principles of the authors’ research centres. 

The innovative learning environment features 

The higher education students surveyed had the 
opportunity to have their classes in an ILE named 
CreativeLab_Sci&Math. This ILE consists of two 
spaces (CLab1 and CLab2). Both have laboratorial 
equipment and educational resources, and one is 
dedicated to biology and geology classes (Figure 1) 
and the other to physics and chemistry classes. Each 
space is organized in four main areas. The first one is 
the teacher area, and includes a whiteboard, a 
laboratorial table and projection equipment. The 

second area has mobile chairs facing the board and is 
used by the students for presentations and to discuss 
information imparted by the teacher. The third area has 
three large, fixed laboratory tables, used mainly for 
laboratorial or other practical activities. The last area, 
constituted by small tables and comfortable puff 
cushions, is located at the back of the space and is 
adapted for discussion and collaboration. This area is 
quite important, because a learning environment 
where students are allowed to give their opinions and 
discuss ideas with their peers can reduce learning 
anxiety (McMinn & Aldridge, 2020). Cosy, 
comfortable, and informal learning environments were 
also valued by higher education students in Valtonen 
et al.’ (2020) study. 

 

 

Figure 1. CreativeLab_Sci&Math 1, an ILE dedicated 
to biology and geology classes 
(CreativeLab_Sci&Math 2 has a similar layout). The 
pictures present area 1, with ICT and the teacher space, 
area 2, where students are usually seated, and area 3, a 
working area for laboratorial or other practical tasks 
are visible.  

Starting from traditional laboratories, the space of this 
classrooms has been continuously transformed into an 
ILE, since 2016. Table 1 presents the specifications of 
those spaces, using Yang et al.’s (2013) criteria. 
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Table 1. Specifications of the CreativeLab_Sci&Math spaces 

Criteria CLab_1 CLab_2 

Layout 

Organized in four working areas: a first area 
corresponding to the teacher space; a second 
area with mobile seats for students; a third area 
with three large, fixed tables for laboratorial or 
other practical work; a discussion area with 
comfortable seats. 

Organized in four working areas: a first area 
corresponding to the teacher space; a second 
area with mobile seats for students; a third area 
with three large, fixed tables for laboratorial or 
other practical work; a discussion area with 
comfortable seats. 

Dimension 
(Width*depth*height) 25m*8m*3ma) 25m*8m*3m a) 

Capacity Average occupancy (25 – 45) Average occupancy (25 – 45) 
Lighting Natural light Natural light 
Windows Large windows across two walls Large windows across the major wall 
Temperature Controlled by two air-conditioning Controlled by two air-conditioning 
Ventilation Mechanical and natural ventilation Mechanical and natural ventilation 

Furniture First and third areas have low flexibility 
Second and fourth areas have high flexibility 

First and third areas have low flexibility 
Second and fourth areas have high flexibility 

Technology 
Projector; Laptop; Promethean ActivPanel®; 
Laboratory equipment for biology and geology 
classes 

Projector; Laptop; Promethean ActivPanel®; 

Laboratory equipment for physics and chemistry 
classes 

a) m = meters 

 

Data Collection and Analysis 

An online questionnaire was administered to students 
that regularly use the CreativeLab_Sci&Math, through 
a Google Form®, in the first semester of the academic 
year of 2020/2021. The questionnaire was adapted 
from the one Yang et al. (2013) validated and applied 
to higher education students. However, knowing that 
other characteristics of physical learning spaces affect 
teacher cognition and behaviour (Merriënboer et al., 
2017), and therefore how students learn, additional 
questions were added. The final questionnaire is 
organized in six sections (Figure 2). 

The first section asked students to provide 
demographics information, such as their gender and 
age. The second and third sections of the questionnaire 
focused on students’ satisfaction with the ILE’ 
attributes and their perceptions of the impact of these 
attributes on their performance, using the same Likert 
scale questions of Yang et al.’ (2013) questionnaire. 
Concerning attributes, students had to assess the 
environment (temperature, air quality, artificial 
lighting, daylight, acoustics related to hearing the 
teacher, visibility concerning the ability to see the 
visual aids), space (furniture and global layout) and 
technology (hardware and software) of the ILE. 

Students were also inquired about the previous 
attributes’ impact on their performance, according to 
Yang et al. (2013), excluding software, because in the 
classes that students attended, they did not use specific 
software for science learning. According to Yang et al. 
(2013), respondents were also asked to identify the 
predefined conditions for ILE attributes, with a focus 
on furniture and the ILE layout, in the fourth section, 
selecting their answers from a set of options presented.  

An addition to the questionnaire used by Yang et al. 
(2013) was the evaluation of the ILE’ impact on the 
pedagogical approach experienced by students. They 
were inquired about their perception of the impact of 
the ILE on the use of active learning methodologies 
(such as inquired-based learning approaches), 
development of interdisciplinary activities, use of 
technologies, their interest in science subjects, and the 
development of pedagogical content knowledge 
(PCK). The definition of PCK presented to them was 
adapted from the proposed by Loughran et al. (2012): 
“PCK is the knowledge that teachers develop over 
time, and through experience, about how to teach 
particular content in particular ways in order to lead to 
enhanced student understanding” (p. 7). Since the 
survey was being applied within an ILE dedicated to 
science & mathematics education, it was added that 
PCK is a type of knowledge that goes beyond the 
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domain of scientific content knowledge and requires 
the domain of pedagogical strategies which facilitate 
the learning of scientific content.   

The final section included an open question about 
additional comments regarding the ILE. This final 
question was only applied to second year students 

because these students have used the 
CreativeLab_Sci&Math for a longer time in the 
semester that corresponds to the application of the 
questionnaire.  The questionnaire was applied to 
students at the end of their science classes. 

 

 

 
Figure 2. CreativeLab_Sci&Math ILE survey design. 

Data Analysis 

The collected data were exported to a Microsoft 
Excel® worksheet for quantitative analysis, a 
procedure also followed in other studies (e.g., Prasad 
& Usagawa, 2014). Data from questions Q1 to Q28 
were quantified using a relative frequency 
distribution. The answers to the open question (Q29) 
were coded. The open question was not compulsory, 
and only 25 students answered it. Each of the students 
was anonymized using a number (S1 to S25). Excerpts 
from the answers to the open question were used to 

add more information and clarify the qualitative data. 
To analyse the qualitative data, an inductive strategy 
of content analysis was used (Miles & Huberman, 
1994). 

RESULTS 

CreativeLab_Sci&Math attributes 

The results of the higher education students’ 
satisfaction with the attributes of the 
CreativeLab_Sci&Math are presented in Figure 3. 
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Figure 3. Higher education students’ satisfaction with the 
attributes of the CreativeLab_Sci&Math. 

Each attribute of the ILE was evaluated positively 
(with a rating of 4 or higher) by at least 60% of the 
participants, except for temperature. The attributes 
that received the highest rating (5 – Very satisfied) by 
a greater proportion of participants were hardware and 
natural lighting. Indeed, both CreativeLab_Sci&Math 
spaces have enough didactic equipment to support 
learning activities, such as the ActivePanel®. 
However, in their open question answers some 
students also highlighted that the ILE has other 
resources, in quantity and diversity, which facilitate 
laboratorial and other activities. 

The ILE layout was also appreciated by the students, 
as shown in this statement: “The 
CreativeLab_Sci&Math is very useful because it is 
divided in several areas appropriate for different 
tasks” (S8). It was considered “excellent” (S3), 
“interactive” (S7), “dynamic” (S12), “warm” (S16), 
“innovative” (S22) and “different” (S23). 

The CreativeLab_Sci&Math spaces also have large 
windows across the major walls, which provides 
enough natural light, a feature appreciated by students. 
Although the spaces have air conditioning, the 
temperature was the attributed that caused more 

dissatisfaction, as in the case of this student: “It’s a 
comfortable, albeit cold environment” (S22). One 
element that may explain this result is the fact that the 
spaces were very cold at the beginning of classes, and 
the survey was applied in the winter. About the 
furniture, the higher education students were also 
inquired concerning the predefined conditions for that 
attribute (Figure 4). 

 

Figure 4. Higher education students’ factor description of 
the CreativeLab_Sci&Math furniture. 

Most students (64%) considered the furniture within 
CreativeLab_Sci&Math ILE comfortable but 
highlighted its reduced mobility. One aspect that may 
explain this perception is the fact that the ILE space 
has three large, fixed tables for laboratory activities 
(see Figure 1). Additionally, in classes with a higher 
number of students, there are not sufficient chairs in 
area 2 for all (see Figure 1), and they must seat in other 
areas of the ILE. Three students commented that the 
chairs are uncomfortable for writing: “The feature that 
I least like are the chairs because they are not suitable 
for writing” (S19) and sitting for long periods of time: 
“the seating places were small” (S24).  

 

 

 

0% 20% 40% 60% 80% 100%

Temperature

Air

Furniture

Artificial lighting

Visibility

ILE layout

Acoustics

Natural lighting

Hardware

Software

1 - Very dissatisfied 2 3 4 5 - Very Satisfied
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39%
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Furniture mobility

Number of chairs and desks
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The impact of the CreativeLab_Sci&Math on students’ 
performance 

The results of the students’ evaluation of the impact of 
the CreativeLab_Sci&Math ILE attributes on their 
performance are presented in figure 5. 

 

Figure 5. Higher education students’ evaluation of the 
impact of the attributes of the CreativeLab_Sci&Math on 
their performance. 

The impact of each one of the ILE attributes on 
students’ performance was evaluated with the highest 
ratings (4 and 5) by at least 60 percent of the 
participants, except for furniture and air. The two 
attributes that received the highest rating (5 – Very 
satisfied) by a greater proportion of participants were 
natural light and visibility. The 
CreativeLab_Sci&Math ILE is constituted by two 
large spaces with enough space for many students and 
a good visibility of the whiteboard and projection 
equipment. The students can also see their colleagues 
easily when they are talking or doing practical work. 
Air and furniture received the lowest values regarding 
impact on their performance.  

About the ILE layout one student mentioned: “It 
allows us to study in the different areas” (S1). Another 
student related the areas with the perception of 
different teaching moments: “The 
CreativeLab_Sci&Math is a classroom with different 

areas which allows us to distinguish different teaching 
moments” (S25). The large space of the ILE was also 
considered an asset for students’ performance: “(…) 
it’s a large space with all the suitable resources for 
practical activities” (S21); “It allow us to carry out 
several activities in the same space, we do not need to 
move to another place” (S25).  

Students considered that hardware had a significative 
impact on their performance, as stated by this student: 
“The ILE is an asset for learning because it has an 
interactive board (ActivePanel®)” (S20). 

When questioned about their opinion on the 
CreativeLab_Sci&Math, many students considered 
that enriched and facilitated their learning. This is 
evident in the case of these statements: “The space 
facilitates learning because is interactive, and we 
participate in all tasks” (S6); “(…) we learn the 
scientific content better (S15); “It contributes to more 
efficient learning and learning with more quality for 
the students” (S17). 

CreativeLab_Sci&Math’s impact on the pedagogical 
approach 

The results of the students’ evaluation of the impact of 
the CreativeLab_Sci&Math ILE on the pedagogical 
approach experienced are presented in figure 6. 

 

Figure 6. Higher education students’ evaluation of the 
impact of the CreativeLab_Sci&Math ILE on the 
pedagogical approach experienced.  

The results show a high impact of the 
CreativeLab_Sci&Math ILE on the different features 
of the pedagogical approach experienced by the 
students. More than 75% attributed higher values of 

0% 20% 40% 60% 80% 100%

Temperature

Air

Furniture

Artificial light

Visibility

ILE layout

Acoustics

Natural light

Hardware

1 - No impact 2 3 4 5 - Large impact

0% 20% 40% 60% 80% 100%

Interest for scientific
content

Use of technologies

Development of PCK

Facilitation of active
teaching methodologies

Facilitation of
interdisciplinary activities

1 - No impact 2 3 4 5 - Large impact
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impact (4 and 5) to all the features inquired. About the 
interest of this space regarding scientific content, one 
student considered that “innovative resources [of the 
CreativeLab_Sci&Math] allow a better understanding 
of the scientific content” (S2). Another student 
highlighted in the open question that the “ILE 
facilitates the interaction between teacher and 
students” (S10), a consequence of the active teaching 
methodologies used, centred on the students’ work. 
The facilitation of active teaching methodologies was 
one of the features with the highest ratings. One aspect 
that explains that impact is the room layout, as 
expressed in figure 7.   

 
Figure 7. Higher education students’ factors used to 
describe the layout of the CreativeLab_Sci&Math ILE. 

More than 80% of students considered the ILE layout 
was appropriate for interaction with others, while 
approximately half thought it has sufficient space for 
moving around and is an appropriate layout for the 
course tasks proposed. About these factors, one 
student said: “On the large tables we can do the tasks 
with more comfort and space” (S4). 

DISCUSSION 

The findings presented in the previous section suggest 
a positive perception of the higher education students 
of the majority of the CreativeLab_Sci&Math 
attributes pertaining to physical space (temperature, 
air quality, light, acoustics, visibility, space 
organization, furniture). Students reported higher 
satisfaction values to attributes which received lower 

scores in Yang et al. (2013) such as daylight, air 
quality, acoustics, and room layout. In fact, in the 
present study, the students attributed high satisfaction 
scores to daylight and acoustics. This is quite relevant 
because Yang et al (2013) stated that lightning and 
acoustics have a high impact on students’ 
performance. Visibility was also an attribute 
appreciated by the students inquired in the study 
carried out by Clinton and Wilson (2019). 

However, students attributed lower satisfaction scores 
to features such as furniture and temperature. Some 
qualitative answers provided insights into the 
discomfort caused by some furniture elements, e.g., 
the chairs. However, the results also demonstrated that 
students considered these features had only a minor 
impact on their performance, a perception also aligned 
with the findings of Yang et al.’ (2013) research.   
Nevertheless, the quality of the seating places is an 
aspect that deserves further attention in the 
CreativeLab_Sci&Math because students that use this 
ILE also reported that the chairs became quite 
uncomfortable after long periods of time seating on 
them.  The discomfort of seating was also noted in 
other studies (e.g., Clinton & Wilson, 2019) and could 
significatively diminish the comfort level of the ILE 
perceived by students. One strategy that could reduce 
this discomfort is to alternate tasks performed with 
students sitting with others that can be performed 
standing up, for example, some tasks that imply the 
use of laboratorial equipment. 

Concerning the technological attributes (hardware and 
software), the higher education students were quite 
satisfied. In fact, the CreativeLab_Sci&Math was 
equipped during the last years with equipment for 
facilitating teaching and learning, such as projection 
equipment or interactive boards. It has also many other 
resources, such as a large diversity of laboratory 
equipment and other materials. Recently, it was also 
equipped with Arduinos, drones and different types of 
robots for robotics and programming activities. The 
diversity of resources was noted by one student who 
commented: “(…) we have at our disposal different 
resources which allow us a better understanding of the 
content” (S2). The development of ICTs and related 
pedagogical practices is a central element of 21st 
centuries skills development, as stated by Valtonen et 
al. (2020). These results suggest that an ILE should 
have diversified technology, but this technology must 
have a clear pedagogical purpose and effective usage. 

82%

48%

59%

Layout for interaction and collaboration with others

Sufficient space for moving around the classroom

Layout for carrying out the tasks
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The CreativeLab_Sci&Math has a strong focus on 
innovative educational methodologies.  Therefore, in 
this study a first insight of students’ perceptions of the 
ILE was also evaluated concerning the pedagogical 
approach they have experienced. The results show 
high scores in the perceived impact in the use of active 
teaching methodologies, application of 
interdisciplinarity activities, development of students’ 
pedagogical content knowledge, use of diversified 
technologies to support teaching and learning. 
Students also stated that the ILE promoted their 
interest for the scientific content addressed. A reason 
that can explain the previous perception is the 
investment on a transformation of traditional learning 
environments into ILEs, a process which characterizes 
the CreativeLab_Sci&Math ILE. As Merriënboer et al. 
(2017) emphasized, the successful implementation of 
educational innovations depends not only on the 
instructional design but also on the arrangement of the 
physical environment in which instruction and 
learning take place. However, as acknowledged at 
other educational levels, there does not seem to exist a 
causal link between learning spaces and pedagogical 
change (Mulcahy et al., 2015). Pedagogical change 
could be enacted and experienced in ILEs but it is 
driven by a multiple set of relations and multiple forms 
of practice (Mulcahy et al., 2015). Therefore, we 
believe this perception could be the result of the 
science and mathematics teachers’ effort for the 
creation, implementation, and evaluation of 
innovative and interdisciplinary activities with a focus 
on students’ work and learning, as highlighted in the 
ILE learning principles (OCDE, 2017). The current 
study also suggests that the interaction between 
teacher and students and the support that teachers give 
to students in the CreativeLab_Sci&Math is also 
perceived by them as important for their learning 
process and outcomes, a relation also presented in 
similar studies (e.g., Valtonen et al., 2020). The 
benefit of the ILE’s features for students’ 
collaborative learning was also found in other studies 
(e.g., Borba et al., 2020; Clinton & Wilson, 2019; 
Rämö et al., 2019; Valtonen et al., 2020). These results 
suggest that a strong collaboration between teachers, 
and between teachers and students should characterize 
the work and the educational approaches of ILEs in 
higher education. 

Some students mentioned that the ILE layout 
facilitates interaction, such as in this statement: “We 
are closer to the teacher, and classes are different”. 

This process of collaboration between teachers and 
students results in higher levels of student satisfaction 
and is aligned with the idea put forward by Borba et 
al. (2020) that “the classroom becomes a collaborative 
space in the generation of knowledge” (p. 62). It is also 
aligned with the ILE learning principle which 
mentions that the nature of learning is social and 
therefore the learning environment should actively 
encourage cooperative learning (OECD, 2017). These 
results suggest that the layout of the ILE should 
facilitate the movement and the social interaction 
between teachers and students, with pedagogical 
purposes. Adding to that idea, Brøns (2020) noticed 
that is the mobility of people that leads to 
collaboration, and not the flexibility of the furniture or 
the architecture.  

This study was developed in the context of the 
COVID-19 pandemic, while strong restrictions of 
movement and hygiene were in place in all school 
spaces. Although these circumstances were mentioned 
in students’ comments, we highlight that a student 
reported the CreativeLab_Sci&Math is “(…) a place 
where we can safely implement experiments (…)”. 
This perception could be the result of the layout and 
the general perception of the hygiene of the space.  

Temple (2008) suggested that providing flexible and 
comfortable spaces could act as part of the learning 
support. In this study it was also noted that some 
students considered the space welcoming and warm, 
which could also contribute to generalized satisfaction 
with the ILE’ attributes. This is probably due to the 
genuine concern of the CreativeLab_Sci&Math 
teachers for attending to students' motivations and 
emotions, which play a key role in the success of 
learning and should, therefore, be considered in the 
learning process, according to ILE learning principle 
three (OECD, 2017).  

LIMITATIONS AND FUTURE DIRECTIONS 

A limitation of the study is that some students have 
used the ILE with the constraints imposed by the 
COVID-19 pandemic, which may have impacted their 
global appreciation of the attributes of the 
CreativeLab_Sci&Math. Further research should 
focus on studying how ILE can better adapt to distance 
or hybrid (b-learning) learning modalities. In addition 
to the descriptive statistics carried out in this study, 
inferential statistics could strengthen the results. 
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Therefore, this complementary approach could be 
performed on the near future. 

One important implication of this work is that it 
suggests ILEs could have a significative impact on 
higher education students’ satisfaction with the space 
they use for learning. This initial evidence could be 
used by other higher education institutions to develop 
projects of transformation of traditional learning 
environments into ILEs. 

About the impact of school environment on physical 
education, the lack of modern sport facilities was 
mentioned in the study of Osokina et al. (2020) as a 
constraint to physical training of upper secondary 
students. However, there is a lack of studies in the 
literature about how the ILE’s features impact on 
physical education in higher education, although some 
approaches have studied the impact of technology 
learning environments on physical education teacher 
education (e.g., Mondaca-Fernandez, 2019). 
Therefore, the present study could also engage other 
inquiries about the impact of ILE on physical 
education. 

CONCLUSIONS AND IMPLICATIONS 

The purpose of this research was to investigate higher 
education students’ perceptions of the features of the 
CreativeLab_Sci&Math ILE and the impact on their 
performance. Globally, students were satisfied with 
the ILE physical space (temperature, air quality, light, 
acoustics, visibility, space organization, furniture), 
technological attributes (hardware and software) and 
pedagogical approach (active teaching methodologies, 
interdisciplinarity, pedagogical content knowledge, 
technologies, and interest in scientific content). These 
results show that the transformation of the 
CreativeLab_Sci&Math from a traditional learning 
environment to an ILE was successful, according to 
the higher education students’ satisfaction survey. 
These encouraging results could trigger similar space 
and educational transformations in our and other 
higher education institutions.   However, as Temple 
(2008) mentioned, we need a better understanding of 
the role of space in learning and more research about 
the creation of more productive higher education 
communities. For example, further research is needed 
to identify how higher education teachers valued the 
distinct characteristics of the CreativeLab_Sci&Math 
ILE, and their impact on teaching.   

REFERENCES 
 
1. Borba, G.S., Alves, I.M. & Campagnolo, P.D.B. 

(2020). How Learning Spaces Can Collaborate 
with Student Engagement and Enhance Student-
Faculty Interaction in Higher Education. 
Innovative Higher Education, 45, 51–63. 
https://doi.org/10.1007/s10755-019-09483-9 

2. Brøns, M. G. (2021). The mobility of people, not 
furniture, leads to collaboration. In W. Imms & T. 
Kvan (Eds.)., Teacher transition into innovative 
learning environments. A global perspective (pp. 
129-138). Springer. https://doi.org/10.1007/978-
981-15-7497-9_11  

3. Brooks, D. C. (2011). Space matters: The impact 
of formal learning environments on student 
learning. British Journal of Educational 
Technology, 42(5), 719-726. 
https://doi.org/10.1111/j.1467-
8535.2010.01098.x 

4. Cavadas, B., Correia, M., Mestrinho, N., & 
Santos, R. (2019). CreativeLab_Sci&Math | Work 
Dynamics and Pedagogical Integration in Science 
and Mathematics. Interacções, 15(50), 6-22. 
https://doi.org/10.25755/int.18786  

5. Cleveland, B. & Fisher, K. (2014). The evaluation 
of physical learning environments: a critical 
review of the literature. Learning Environments 
Research, 17(1), 1-28. 
https://doi.org/10.1007/s10984-013-9149-3 

6. Clinton, V., & Wilson, N. (2019). More than 
chalkboards: classroom spaces and collaborative 
learning attitudes. Learning Environments 
Research, 22, 325–344. 
https://doi.org/10.1007/s10984-019-09287-w 

7. Daniels, H., Tse, H. M., Stables, A., & Cox, S. 
(2019). Design as a social practice: the experience 
of new-build schools. Cambridge Journal of 
Education, 49(2), 215-233. 
https://doi.org/10.1080/0305764X.2018.1503643  

8. Fraenkel, J. R., Wallen, N. E., & Hyun, H. H. 
(2012). How to design and evaluate research in 
education (8th ed.). McGraw Hill. 

9. Kearney, C. A., Sanmartín, R., and Gonzálvez, C. 
(2020). The school climate and academic mindset 
inventory (SCAMI): confirmatory factor analysis 
and invariance across demographic groups. 



Cuadernos de Psicología del Deporte, 22, 2 (abril) 

 
 
 
 

Entornos educativos innovadores en la educación superior 

 
 

13 

Frontiers of Psychology, 11, 303-304. 
https://doi.org/10.3389/fpsyg.2020.02061  

10. Lombardi, D. Traficante, R. Bettoni, I. Offredi, M. 
Giorgetti, M. Vernice (2019). The Impact of 
School Climate on Well-Being Experience and 
School Engagement: A Study with High-School 
Students. Frontiers in Psychology, 10, 2482. 
https://doi.org/10.3389/fpsyg.2019.02482  

11. Loughran J., Berry A., & Mulhall P. (2012). 
Pedagogical Content Knowledge. In J. Loughran, 
A. Berry, & P. Mulhall (Eds), Understanding and 
Developing Science Teachers’ Pedagogical 
Content Knowledge. Professional Learning (Vol. 
12). Sense Publishers. 
https://doi.org/10.1007/978-94-6091-821-6_2 

12. Mahat, M., Bradbeer, C., Byers, T., & Imms, W. 
(2018). Innovative Learning Environments and 
teacher change: Defining key concepts. 
University of Melbourne, LEaRN. 
http://www.iletc.com.au/publications/reports 

13. Mahat, M., & Imms, W. (2020). One journey, 
many pathways: Teachers’ transformative journey 
into innovative learning environments. In W. 
Imms and M. Mahat (Ed.), Proceedings of 
International Symposium Transitions19: One 
journey, many pathways (pp.1-5). Melbourne 
Graduate School of Education, The University of 
Melbourne. 
https://doi.org/10.46580/11343.241885  

14. McCune, V., & Entwistle, N. (2011). Cultivating 
the disposition to understand in 21st century 
university education. Learning and Individual 
Differences, 21(3), 303-310. 
https://doi.org/10.1016/j.lindif.2010.11.017 

15. McMinn, M., & Aldridge, J. (2020). Learning 
environment and anxiety for learning and teaching 
mathematics among preservice teachers. Learning 
Environments Research, 23, 331–345. 
https://doi.org/10.1007/s10984-019-09304-y 

16. McNeil, J., & Borg, M. (2018). Learning spaces 
and pedagogy: Towards the development of a 
shared understanding. Innovations in Education 
and Teaching International, 55(2), 228-238. 
https://doi.org/10.1080/14703297.2017.1333917 

17. Merriënboer, J. J. G. van, McKenney, S., & 
Cullinan, D. (2017). Aligning pedagogy with 
physical learning spaces. European Journal of 

Education Research, Development and Policy, 
52(3), 253-267. 
https://doi.org/10.1111/ejed.12225 

18. Miles, M. B., & Huberman, A. M. (1994). 
Qualitative data analysis: An expanded 
sourcebook (2.ª ed.). Sage Publications. 

19. Mondaca-Fernandez, F. (2019). Technology 
Enhanced Learning Environments within Physical 
Education Teacher Education: Application of 
Self-Regulated learning and Self-Determination 
Theory [Doctor of Philosophy thesis]. School of 
Education, University of Wollongong, Australia. 
https://ro.uow.edu.au/theses1/560 

20. Mulcahy, D; Cleveland, B; Aberton, H. (2015). 
Learning spaces and pedagogic change: 
envisioned, enacted and experienced. Pedagogy 
Culture and Society, 23(4), 575-595. 
https://doi.org/10.1080/14681366.2015.1055128 

21. Nelson, E., & Johnson, L. (2021). Addressing the 
socio-spatial challenges of innovative learning 
environments for practicum: Harmonics for 
transitional times. In W. Imms and T. Kana (Eds.), 
Teacher Transition into Innovative Learning 
Environments (pp. 291-303). Springer. 
https://doi.org/10.1007/978-981-15-7497-9_23 

22. Nissim, Y., Weissblueth, E.; Scott-Webber, L., & 
Amar, S. (2016). The effect of a stimulating 
learning environment on pre-service teachers' 
motivation and 21st century skills. Journal of 
Education and Learning, 5(3), 29-39. 
http://dx.doi.org/10.5539/jel.v5n3p29 

23. OECD (2017). The OECD Handbook for 
Innovative Learning Environments. OECD 
Publishing. 
https://doi.org/10.1787/9789264277274-en  

24. OECD (2009). International pilot study on the 
evaluation of quality in educational spaces 
(EQES). User manual. Final version. OECD 
Centre for Effective Learning Environments 
(CELE, formerly PEB). 
https://doi.org/10.1787/220802117283  

25. OECD (2006). Working Group Meeting on 
Evaluating Quality in Educational Facilities. 
OECD. https://doi.org/10.1787/journal_dev-v6-
sup1-en  



Cuadernos de Psicología del Deporte, 22, 2 (abril) 

 
 
 

Cavadas, B. y Correia, M. 

 14 

26. Osokina, E., Le-van, T., Zudin, A., & Gotskaya, 
A. (2020). Investigation of student engagement in 
physical training classes at school. Journal of 
Sport Psychology, 29(2), 193-199. 
https://www.rpd-
online.com/index.php/rpd/article/view/7 

27. Prasad, D., & Usagawa, T. (2014). Scoping the 
Possibilities: Student Preferences towards Open 
Textbooks Adoption for E-Learning. Creative 
Education, 5, 2027-2040. 
https://doi.org/10.4236/ce.2014.524227 

28. Rämö, J., Reinholz, D., Häsä, J., & Lahdenperä, J. 
(2019).  Extreme Apprenticeship: Instructional 
Change as a Gateway to Systemic Improvement. 
Innovative Higher Education, 44, 351–365. 
https://doi.org/10.1007/s10755-019-9467-1 

29. Swain, J. (2017). Designing research education. 
Concepts and methodologies. SAGE Publications. 

30. Tapia-Fonllem, C., Fraijo-Sing, B., Corral-
Verdugo, V., Garza-Terán, G., & Moreno-
Barahona, M. (2020). School Environments and 
Elementary School Children’s Well-Being in 
Northwestern Mexico. Frontiers in Psychology, 
11(510). 
https://doi.org/10.3389/fpsyg.2020.00510 

31. Temple, P. (2008). Learning spaces in higher 
education: An under-researched topic. London 
Review of Education, 6, 229–241. 
https://www.scienceopen.com/hosted-
document?doi=10.1080/14748460802489363 

32. Valtonen, T., Leppänen, U., Hyypiä, M., Kokko, 
A., Manninen, J., Vartiainen, H., Sointu, E., & 
Hirsto, L. (2020). Learning environments 
preferred by university students: a shift toward 
informal and flexible learning environments. 
Learning Environments Research, 24, 371-388. 
https://doi.org/10.1007/s10984-020-09339-6 

33. Yang, Z., Becerik-Gerber, B., & Mino, L. (2013). 
A study on student perceptions of higher 
education classrooms: Impact of classroom 
attributes on student satisfaction and performance. 
Building and Environment, 70, 171-188. 
https://doi.org/10.1016/j.buildenv.2013.08.030 

34. Yılmaz, Ö., & Malone, K.L. (2020). Preservice 
teachers perceptions about the use of blended 
learning in a science education methods course. 
Smart Learning Environments, 7(18). 
https://doi.org/10.1186/s40561-020-00126-7

 


