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Abstract

:

Within the framework of the Sustainable Development Goals, it is necessary to move towards quality education that promotes opportunities based on the principles of equity and equality. For this reason, the environment where the teaching–learning process occurs plays a fundamental role. Our research shows the results of the effects of the environment in the learning processes of university students (N = 33). Using a method of sampling experiences, the students assessed how the new environment learning (NEL) compared to the traditional classroom (TC) encouraged their attention, participation in class, creativity, curiosity, critical thinking, motivation to learn and mood (hedonic tone and activation level). In addition, the students assessed to what extent the class seemed visually appealing to them. The design was of repeated measures, so that the experiences of the same subjects in both classrooms were evaluated over a period of 53 days. Over this period of time, after finishing each of the classes selected for the study, the participants received a message on their mobile phones with a link to a short ad hoc questionnaire that evaluated their experience in relation to the learning environment of the classes they had just attended. In total, we recorded 359 responses in relation to the TC and 209 in relation to the NEL. The results show statistically significant differences in the degree of participation and visual appeal, with higher levels in the NEL. These elements are vital in achieving the education for sustainable development, oriented towards critical thinking, responsibility and social transformation.
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1. Introduction


Today’s society, shaped by information and knowledge, requires understanding education as an integral process through which students acquire skills, capabilities, expertise and attitudes that lead to effective processes of social inclusion. This is one of the aims of the 2030 Agenda for Sustainable Development, reflected in its fourth goal, which calls for equitable quality education that enables not only improved standards of living through the teaching–learning process, but also ensures the process becomes a tool that helps to provide innovative solutions to the major issues facing our society [1].



This new approach to education, encapsulated in the 2030 Agenda for Sustainable Development, should guide students’ instruction process to teach them how to live in society [2]. Education is one of the main resources of personal and professional development. It favours the acquisition of the tools required for social engagement [3] and avoids the processes of exclusion that bar people from a life of wellbeing [4,5] and hinder their ability to transform society.



In order to achieve these goals and purposes, we need agencies, organisations and corporations to take charge of the implementation and dissemination of formal education, over and above voluntary projects or other types of activities of an informal nature, which often constitute the main initiatives responsible for championing the model of sustainability pursued by the actual community or institution [6,7]. One such environment is higher education, which constitutes a cultural legacy and has a major responsibility when integrating sustainability within its curricular development [8,9,10,11,12]; it is a framework that generates a very high socio-environmental impact [13]. In the same vein, the social perspective that higher education moves towards sustainability is a growing line of research in the scientific community [14]. To do so, higher education needs to use a specific methodology and understand the resources and contexts in which educational interactions take place; in other words, to understand that it is an essential part of a whole with a shared purpose, namely, meaningful learning based on motivation and engagement with the process.



The Camilo José Cela University in Madrid has as a reference the pedagogical model called “Intelligent Classroom”, proposed 25 years ago by Segovia, Beltrán and Arias [15]. This paradigm defines education based on eight fundamental dimensions of the teaching–learning processes: (i) goals, (ii) task, (iii) methods, (iv) sequence, (v) teacher’s role, (vi) student’s role, (vii) evaluation and (viii) context. In the eighth dimension (context), the new environment learning (NEL) is integrated. It is named “Learning Lab” by its creator, a term that we ignored in this manuscript to avoid confusion with the methodology developed by Bal [16]. NEL is an environment different from the traditional classroom (TC), due to a remodeling of physical spaces and the adaptation of the environment to generate a pleasant, comfortable and friendly environment [17] and to support the teaching–learning processes that enhance personal development [18].



This is the backdrop for the NEL, an education project headed by the international expert Heppell [19], which is defined as an open space that favours reflection, discussion and the design of hands-on methodologies. The NEL was implemented in 2018 at Camilo José Cela University in Madrid. During construction, they considered aspects such as enhancing exterior views with natural light, adjustable artificial light [20], the height of the environment [21], the absence of physical barriers (open spaces) [22], surrounding the nature space [23,24] and having mobile round tables for collaborative work that allow adaptation to a variety of learning approaches [25].




2. State of Art: Learning Process Environments


A recent World Bank report focused on the setting, or physical context, as a key feature of the NEL, and revealed the benefits of the facilities’ physical aspects and design, which may affect academic performance [26], elements also highlighted by Zubrzycki [27] and Shamaki [28], or reduce dropout rates [29] due to a higher level of attention in the learning processes [30]. However, the importance of further research in this field was stressed [31]. Schneider [32] conducted a literature review of 137 sources and found that aspects such as noise, heat, cold, light and air quality impact upon the learning process. These results were in line with those obtained by Barrett, Zhang, Moffat and Kobbacy [33], which highlighted the positive effect of environmental conditions in a sample of 751 students from 34 primary and secondary schools. In turn, Woolner, Hall, Higgins, Mccaughey and Wall [34] also conducted a literature review of more than 200 sources and found clear evidence the environmental conditions affect learning.



In the same vein, the US National Research Council [35] analysed 392 sources related to ecological design, finding that a student’s learning is positively affected by good indoor air quality, a comfortable temperature, good acoustics, well-maintained systems and clean surfaces. Davies, Jindal-Snape, Collier and Digby [36] reviewed 210 sources and stressed the importance of light, heat, sound and the microclimate for generating creativity, with the setting, flexibility and availability of resources also having a significant influence. In addition, they have highlighted the link between design features and teaching issues, which helps to motivate and avoid the disconnection of students [37].



Following an analysis of more than 100 sources, Bluyssen [38] stressed that design features affect the learning process, absenteeism and mainly health. Barrett, Zhang, Davies and Barrett [39] found that the physical characteristics of learning environments have a significant impact on a student’s learning process and could explain up to 16% of variance. This impact was generated by good natural-light conditions, air quality, temperature regulation, acoustics, links to nature, easily navigable connected spaces that may provide additional learning experiences, and environmental stimuli through colour and visual complexity.



The physical environment in which the learning process takes place should also consider two main aspects: the physical layout and the actual environment generated. These aspects either restrict or enhance learning [40]. Participation is a mediating factor between these two aspects; a suitable infrastructure or a positive atmosphere serves no purpose unless there is reflexive thinking, autonomy, dialogue, assertiveness, empathy and other myriad aspects closely related to the educational process that provide a quality education permitting the assimilation of necessary skills and knowledge for a sustainable future [41].



Finally, we should note that the NEL setting and its benefits greatly favour education for sustainable development [42], as the actual environment and its proper use reinforce necessary aspects of learning, such as asking critical questions and learning to clarify one’s own personal values, to imagine more positive and sustainable futures, to think in a systematic manner, to respond based on applied learning and, of course, to explore in pursuit of innovation [43], all of which are mediated by active participation as the enabler of the necessary social transformation toward more sustainable practices [44].



Furthermore, these processes are not, a priori, compatible with the TC model; in other words, a traditional environment that does not consider, as Bonell [40] contends, the physical setting and atmosphere as enablers of the learning process, although there is scant evidence of the development of students’ competencies in sustainability [45,46].



Based on the studies reviewed, which highlight the importance that the physical environment has on learning, and the innovative nature of the NEL setting, this study sought to analyse the possible differences across a series of learning-related variables that depended on whether students attended class in an NEL or in a TC. With regards to the initial hypothesis, higher scores were expected in the research variables in NEL than in TC.



With a view to responding to these questions, a study was conducted according to the experience sampling method. The aim of this method, which is considered highly innovative and recommendable in education research [47], was to evaluate a representative sample of self-reports on students’ experiences in either type of classroom at the same time as they were taking place.



This methodology sought to evaluate the participants’ experience at exactly the same moment as it was taking place (or at least, as close in time as possible, which meant as soon as the class ended) in order to minimise certain biases inherent to self-reporting, such as those arising from how people reconstruct their past experiences [48], and thereby record more reliable answers. Likewise, the experience sampling method enhances a study’s reliability by adding statistical power by increasing the number of measurements per person, which strengthened our study’s ability to detect the effects of interest without having to use a very large sample.




3. Materials and Methods


As shown in Table 1, the study’s sample involved 33 university students (5 males, 28 females, average age M = 20.82, SD = 2.93, with ages ranging from 18 to 34) enrolled in degrees in Communication (n = 1), Education (n = 11) and Psychology (n = 21). Within each subject, the lecturer organized some session in NEL and some in TC. Depending on the lecturer they had during the study (all of whom taught in a NEL and in a TC), the participants were distributed as follows: Lecturer 1 (n = 4), lecturer 2 (n = 1), lecturer 3 (n = 11), lecturer 4 (n = 1) and lecturers 1 and 4 (n = 16). The students took part in the study on a voluntary basis and received a small mark-up in the subjects involved in the study. The study complied with the university’s ethical standards. The participants were told about the study and were explained their rights (e.g., confidentiality, anonymity and the right to withdraw at any time without any form of reprisal), and they signed an informed consent form. Once the study had ended, they were explained the research goals.



To evaluate a NEL’s possible effects on certain variables related to the students’ learning process, use was made of an intensive longitudinal design (or experience sampling method, focusing on a specific event in this case). In other words, the study variables were repeatedly evaluated in all the participants, specifically after each of the classes chosen for the study (in both a NEL and a TC, see Figure 1) over 53 days, obtaining a total of 359 responses in the TC and 209 in the NEL. The data were gathered by sending the participants a message to their mobile phones just before the end of the selected classes with a link to an online questionnaire that immediately assessed their experience in that class, which could correspond to a NEL or to a TC. Figure 2 shows the distribution of the NEL.



This assessment covered the level of attention, the degree of participation in class, the degree of visual aesthetics perceived regarding the classroom, creativity, curiosity, critical thinking, motivation to learn and mood state (hedonic tone and level of activation). Table 2 lists the items specifically designed for this study, which assessed each one of these variables on a five-point Likert-type scale ranging from 1 = Not at all to 5 = Completely.




4. Results


The data analysis was performed using SPSS version 22.0. Table 3 shows the descriptive statistics for the 33 students, as measured for all the variables on the questionnaire administered according to the type of classroom.



The assessment of the differences between the possible effects of the NEL and the TC on the study’s dependent variables involved a repeated measures paired sample t-test, which compared the scores recorded by the 33 students in all the study variables, either in the NEL or in the TC. The results are reported in Table 4.



The results recorded statistically significant differences in two dimensions. In terms of the degree of participation, there were statistically significant differences (t(32) = 2.23, p = 0.033, d = 0.398), with a moderate effect size, whereby the students in the NEL recorded higher scores (M = 3.32, SD = 1.07) than the students in the TC (M = 2.89, SD = 1.15), which means that students considered they were more involved in the NEL than in the TC.



On the other hand, statistically significant differences were also found in the visual appeal perceived by the students in the classroom (t(32) = 2.24, p = 0.032, d = 0.446), with a moderate effect size, whereby the students in the NEL recorded higher scores (M = 3.64, SD = 1.04) than in the TC (M = 3.16, SD = 1.11), which means that the students found the NEL aesthetically more pleasing than the TC. No statistically significant differences were found in any of the other dimensions. Figure 3 and Figure 4 show the differences between the TC and the NEL in terms of participation and degree of visual appeal.




5. Discussion


The results obtained partially ratify our hypothesis, as the students in the NEL recorded a higher participation than their peers in the TC, where the space and conditions favoured greater interaction. These results are consistent with the observations recorded by Woolner, Hall, Higgins, Mccaughey and Wall [34], Schneider [32], Zubrzycki [27], Shamaki [28] and Barrett, Zhang, and Moffat y Kobbacy [33], who found that environmental aspects, such as noise, heat, cold, light and air quality affect the learning process, with participation being a major factor in its success. Our results about the positive effect of open spaces in learning are also consistent with those observed by Gilavand and Espidkar y Gilavand [49], or Scott-Webber, Strickland and Ring Kapitula [50], who conducted a study at four US universities and found that most of the students surveyed gave a higher rating to the design of a nontraditional classroom (open-plan layout rather than a cellular arrangement) influencing factors such as collaboration, participation, physical movement and the creation of an enriching experience. These results are in line with the principles defining the innovative learning environments proposed by the Organisation for Economic Co-operation and Development (OECD) [51], one of which establishes that these settings should be based on the social nature of learning and should foster teamwork and peer learning. All these data show how this novel environment [45] helps learning processes.



We should not forget that education for sustainable development requires a transformative-type pedagogy, one geared towards action that favours both participative learning and interpersonal and group learning among its members [52,53,54] in order to acquire the tools that pave the way for hands-on involvement in society. In turn, these premises coincide with that competency of conformity, or Gestaltungskompetenz, highlighted by De Haan [55], which acts as a framework competency in sustainability that allows problem-solving and direct action on difficulties, and which in turn encompasses several subcompetencies where participatory skills are essential.



On the other hand, the achievement of hands-on involvement also means a change in approach when understanding and developing the teaching–learning process [56]. It is precisely that change that the NEL seeks to effect: to modify educational interaction based on the context, whereby students encounter a suitable learning climate, an environment where they feel active members of the educational community, based on a series of rights and responsibilities [54] for favouring a more sustainable lifestyle.



The figure of the teacher/lecturer is also crucial for achieving a participatory process that leads to quality, sustainable and critical education [57], where those who work in satisfactory spatial conditions have more positive attitudes than those that do so in unsuitable facilities [58], thereby playing a vital role in interactions and opportunities for discussion. These factors have already been addressed by scholars in classical educational psychology, such as Ausubel [59]. As we have already noted in the introduction, the NEL itself works thanks to the teacher’s pivotal role, acting as mentor, mediator and promotor for the students’ required involvement, with a view to understanding the problems existing in the environment, their possible solutions [60] and the way of engaging with the world. All this is possible if we overcome approaches that still use antiquated teaching methods [61], and if we focus on interaction and relationships with others in an environment shaped by information, knowledge and new technologies [62] that enable students to live according to their more progressive beliefs and values, together with the mastery of new ways of gaining knowledge [42].



In conclusion, this study shows how the students rated the NEL as visually more attractive than the TC. These results coincide with the studies by Plass, Heidig, Hayward, Homer and Um [63], in which they reported that visually attractive objects are considered more valuable and reliable, and the perceived value of this is important for young adults. They are also consistent with the research by Heidig, Müller and Reichelt [64], which reported how a visually attractive setting favours positive emotions, which may in turn foster an intrinsic motivation to learn. The NEL stands in contrast to the traditional lack of interest in considering an educational institution as a visually aesthetic setting [65], where the environment’s sensitive values are often ignored [66] or there is a major restriction on the ability to use the senses in an unfettered and creative manner, even though they might help to make the learning process more effective [67]. Education for sustainable development calls for the care and appreciation of the environment with which it converges [43], leading us to highlight this result yet further still, as within the same learning process the aim is for the context to become a meaningful component in aesthetic terms for favouring attractive and pleasant learning environments [68,69].



In regards to the absence of statistically significant differences in all the other study variables, one possible explanation is that the NEL is a new feature in our university, and this is the first year in which the lecturers are using it. This change may also have prompted certain initial misgivings among teaching staff because of their lack of knowledge and user experience. Making the most of the NEL may call for the provision of more staff training in the numerous methodologies that this type of classroom caters for (such as project-based learning, gamification and service-learning). Although advances have been made in educational environments and technologies, as well as in the way students have adapted to their changing scenarios, many lecturers still use outdated teaching methods [70]. In fact, recent reviews on longitudinal case studies [71] described the situation of five secondary schools in the UK, four of which were built with an open-plan layout as part of the UK programme Building Schools for the Future in 2003–2010, while a lack of budget meant that one school retained its old facilities. The results of these studies show that the school at which the staff and methods reflected the new facilities performed well, whereas those schools in which the staff did not share the educational approach or use methods that did not fit in with the new open areas encountered several issues. In turn, the sole school that kept its old buildings found it difficult to introduce the new teaching approach because of the actual structure of their facilities. These cases reveal the importance of ensuring consistency between physical areas and the teaching methods used in them. This means that future studies should explore these issues, including the teaching methods used and whether there have been any changes since they started teaching in new premises. These future studies should perhaps be studied using qualitative methods, such as focus groups or interviews with the faculty members involved, whereby we can respond to their needs and help them adapt to the new learning scenarios, as well as furnish them with the tools required to fully exploit these facilities.



One of this study’s possible limitations also concerned the type of subjects involved. Because of their actual content, some of them may not have fostered some of the variables we measured, such as creativity. This means that future studies should include more subjects and more varied ones regarding their possible relationship with driving the study variables. Another possible limitation was the evaluation used. Given the number of variables evaluated and the immediate nature of the process conducted here—that is, as soon as the class ended, we decided to evaluate each dependent variable with a single item—there may have been a loss of reliability in the measure. Future studies should therefore focus on fewer variables, albeit with more items for each one of them, with a view to increasing the measures’ reliability. This will also have a knock-on effect on the variability of the answers, together with the probability of finding statistically significant differences. Another way of increasing the answers’ variability may be to increase the measure’s response scale. In addition, we use only self-report measures. Future studies might also include more objective measures, such as the marks awarded in the subjects or some performance assignment.



A further limitation was that although the design of the new facilities at our university had considered aspects such as appropriate levels of light, acoustics or temperature for learning, in this study we did not check that these factors effectively fulfilled the target parameters. It should also be noted that these factors needed to be evaluated in a joint manner, as the reality might be that some aspects of the area “competed” with others. For example, our university’s geographical location means that a comfortable temperature at certain times of the year might require shielding the classrooms from the sun by using blinds, thereby reducing the optimal levels of natural daylight.



Finally, we did not control for the effects on learning that would correspond to the students and the lecturer, which were estimated to account for 30% and 50% of the variance, respectively [72,73]. Future studies involving a larger and more varied sample could conduct a multilevel analysis that would enable us to separate the effects due to the students’ characteristics from those corresponding to the class and their knowledge and competences obtained, as well as from those due to the characteristics of lecturers and their teaching practices.



In short, our study takes a step forward in the research into educational environments, showing that the physical setting in itself may have certain positive effects on specific aspects related to learning, providing a reflection on which ones may be important for optimising the teaching–learning process in these innovative facilities; topics that we trust future studies will address in order to continue advancing in this highly necessary line of research.
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Figure 1. (a) New environment learning (NEL) and (b) traditional classroom (TC). 
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Figure 2. Layout of the new environment learning. 
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Figure 3. Differences in the level of participation between the TC and the NEL. 
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Figure 4. Differences in the level of visual appeal perceived between the TC and the NEL. 
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Table 1. Sample distribution according to degree, sex and lecturer.
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	Lect. 1
	Lect. 2
	Lect. 3
	Lect. 4
	Lects. 1 and 4
	Total





	Communication
	
	
	
	
	
	1



	Male
	
	
	
	
	
	



	Female
	
	1
	
	
	
	



	Education
	
	
	
	
	
	11



	Male
	
	
	1
	
	
	



	Female
	
	
	10
	
	
	



	Psychology
	
	
	
	
	
	21



	Male
	1
	
	
	
	3
	



	Female
	3
	
	
	1
	13
	



	Total
	4
	1
	11
	1
	16
	33
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Table 2. Questionnaire used in the study.
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Instructions: Based on the Class You Have Just Had, Please Rate the Following… (Where 1 = Not at All and 5 = Completely)






	
Variable

	
Question




	
Attention

	
Have you found it easy to pay attention?




	
Participation

	
Have you taken part in the class?




	
Creativity

	
Have you had any new ideas?




	
Curiosity

	
Has your curiosity been awoken?




	
Critical thinking

	
Have you thought about anything in depth, and have you analysed it from different viewpoints?




	
Motivation for learning

	
Has it prompted you to want to learn more about a topic?




	
Mood state (valence)

	
Has it been a pleasant experience?




	
Mood state (activation)

	
Do you feel energised?




	
Visual appeal

	
The classroom is visually appealing?
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Table 3. Descriptive statistics.






Table 3. Descriptive statistics.





	
Dependent Variable

	
Type of Classroom

	
M

	
SD






	
Attention

	
TC

	
3.48

	
0.72




	
NEL

	
3.41

	
0.82




	
Participation

	
TC

	
2.89

	
1.15




	
NEL

	
3.32

	
1.07




	
Creativity

	
TC

	
2.79

	
1.12




	
NEL

	
2.98

	
0.88




	
Curiosity

	
TC

	
3.17

	
1.00




	
NEL

	
2.94

	
0.96




	
Critical thinking

	
TC

	
2.86

	
0.94




	
NEL

	
2.89

	
1.05




	
Motivation for learning

	
TC

	
3.11

	
1.02




	
NEL

	
2.90

	
1.00




	
Mood state (valence)

	
TC

	
3.46

	
0.94




	
NEL

	
3.45

	
0.87




	
Mood state (activation)

	
TC

	
3.11

	
1.09




	
NEL

	
3.01

	
0.95




	
Visual appeal

	
TC

	
3.16

	
1.11




	
NEL

	
3.64

	
1.04
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Table 4. Paired sample t-test.






Table 4. Paired sample t-test.





	

	

	

	

	
95% Confidence Interval of the Difference

	

	

	

	




	
Pairs (TC-NEL)

	
M

	
SD

	
Mean Error Deviation

	
Lower

	
Upper

	
t

	
gl

	
Sig. (Bilateral)

	
Effect Size (Cohen’s d)






	
Attention

	
0.060

	
0.796

	
0.138

	
−0.221

	
0.343

	
0.438

	
32

	
0.664

	
0.087




	
Participation

	
−0.423

	
1.089

	
0.189

	
−0.809

	
−0.037

	
−2.232

	
32

	
0.033

	
0.398




	
Creativity

	
−0.184

	
1.057

	
0.184

	
−0.558

	
0.190

	
−1.000

	
32

	
0.325

	
0.189




	
Curiosity

	
0.234

	
0.705

	
0.122

	
−0.015

	
0.484

	
1.908

	
32

	
0.065

	
0.235




	
Critical thinking

	
−0.035

	
0.719

	
0.125

	
−0.290

	
0.219

	
−0.285

	
32

	
0.777

	
0.030




	
Motivation for learning

	
0.208

	
0.745

	
0.129

	
−0.055

	
0.473

	
1.610

	
32

	
0.117

	
0.208




	
Mood state (valence)

	
0.008

	
0.986

	
0.171

	
−0.341

	
0.358

	
0.048

	
32

	
0.962

	
0.011




	
Mood state (activation)

	
0.100

	
1.067

	
0.185

	
−0.277

	
0.479

	
0.542

	
32

	
0.592

	
0.095




	
Visual appeal

	
−0.482

	
1.241

	
0.216

	
−0.923

	
−0.042

	
−2.235

	
32

	
0.032

	
0.446
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