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Abstract 

'Learning environment’ usually refers to the social and pedagogical contexts in which 

learning occurs. However, physical learning environment and its relation to learning are 

often neglected. The present study explored the relationship between chemistry student 

perceptions of physical space, social space and mental space regarding learning. Qualitative 

data were collected among chemistry students by focus-group interviews (n=21). The data 

showed that the students’ experienced competence and sufficiency of guidance, through 

either social or physical modalities, were strongly related to their sense of safety. This, in 

turn, may affect cognitive resources available for learning, which should be addressed in 

pedagogical design. 
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1. Introduction 

Learning environment’ many times refers to the social, psychological and pedagogical 

contexts in which learning occurs (e.g. Mitchell, 1996; Lindblom-Ylänne & Lonka, 1999; 

Kember & Leung, 2009). However, physical learning environment and its relation to 

pedagogy and learning are often neglected (Woolner et al., 2007; 2010; Lansdale et al., 

2011). 

It has been shown that the environment and the tools provided by it may be seen as 

affordances that essentially enhance one’ s competence or takes one to the state of inability, 

thus hindering or complementing, i.e. blending with, one’ s own mental abilities (Paavola, 

Hakkarainen & Lonka, 2004; Norman, 1993; McLaughlin & Faulkner, 2012). They may also 

become fixed interpretations according to their conventional functions, failing to see new 

potentials or new ways of seeing them (Hakkarainen et al., 2004, p. 23). Although these 

kinds of theoretical models that consider the role of physical environment as a part of a 

complex and multidimensional learning process have been presented, empirical research on 

this is nevertheless scarce. 

Besides the physical environment and the affordances thereof, the learning or working 

environment or activity systems involve also the dimension of conceptual artifacts (Latour & 

Woolgar, 1979; Hakkarainen et al., 2004). Also, pedagogical practices may be harmful or 

productive with regards to learning. Study activity takes place in a dynamic interplay 

between the learner and the learning environment. This may cause either constructive or 

destructive frictions (Lindblom-Ylänne & Lonka, 1999; Vermunt & Verloop, 1999): 

guidance should be regulated in relation to the student’ s competence in order to avoid either 

excessive pampering and passivisation of the students or to avoid leaving them without 

necessary scaffolding with regard to the process of learning. 

This study originates from an initiative to redesign a Finnish university chemistry 

laboratory in a way that it would be better aligned with the current pedagogical 

understanding, in order to foster learning and the development of expertise. Besides the 

learning aspects, there exists an economical concern (Kamarazaly, Mbachu, & Phipps, 2013) 

about the high expenses of different university facilities, which can well be extended to 

chemistry laboratory facilities. Teaching and research laboratories in the natural sciences are 

the most expensive learning spaces at the universities. There is a continuous need to maintain 

and upgrade sophisticated and up-to-date laboratory facilities. In addition, the utilization 

rates are disproportionately low. With regard to these issues, the flexibility of the spaces 

becomes crucial. 
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In this study, our main focus is on the laboratory of organic chemistry which is a 

highly complex learning environment. Students need to learn to apply abstract multilevel 

knowledge, also known among chemistry educators as the chemistry triplet (Taber, 2013), on 

practical and tactile tasks of a trained chemist expert, already as a novice student (see e.g. 

Johnstone, 2000; Taber, 2013). Expert knowledge is tacit in nature, it is embedded in 

experiences and action (Nonaka & Takeuchi, 1995). 

2. Problem Statement  

Although there exists various strata of research concerning the learning environment, 

it usually refers to the social, psychological and pedagogical contexts in which learning 

occurs. However, physical learning environment and its relation to pedagogy and learning is 

often neglected. 

3. Research Questions 

In our study we wanted to deepen our understanding on how students perceive their 

physical learning environment and which factors either facilitate or pose a challenge to 

learning. More specifically, our research question was: what is the relationship between 

student perceptions of physical space, social space and mental space regarding learning? 

4. Purpose of the Study 

This study originates from an initiative to redesign and renovate the chemistry 

laboratory environments of a major Finnish university. As an embodiment of evidence-based 

design, we aimed at increasing understanding of learning by considering the two-way 

interaction between contemporary pedagogical knowledge and the practical challenges 

arising in given physical space. 

5. Research Methods 

In this study, we collected qualitative data among university chemistry students by 

using semi-structured focus- group interviews (n=21, representing different genders). We 

wanted to conduct the interviews in direct study context in the middle of a laboratory work 

session. The interviews were conducted contextually in close connection with the laboratory 

environment itself. In fact, the students were interviewed in the middle of a laboratory 

working session and they continued their work right after the interviews. The interviews 

involved three key themes: 1) use of spaces and technological tools in learning, 2) sources of 

interest and engagement, and 3) factors that either facilitate or pose a challenge to learning. 
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While we had three general themes orienting the interviews and that were embodied in the 

structured questions, we did not restrict our analysis according to these questions. Rather, as 

the student responses were varied and the discussions flowed beyond any of the pre-planned 

questions, in the analysis we aimed at reaching central phenomena regarding the experienced 

physical environment and its relation to learning (regardless of the specific questions or 

background theories that structured the interviews). 

More specifically, in the first phase of analysis, each of the researchers conducted 

individually a preliminary classification of data into salient themes with the help of Atlas-TI 

programme for qualitative analysis. In the second phase, the researchers compared and cross-

checked their initial findings in order to define the central themes prevalent in the data. 

These themes were further processed during another phase of individual analysis, aiming to 

challenge and broaden the themes and consider their contexts and collocations within the 

data. The emerging themes were further developed by repeated research meetings in an 

iterative fashion. The aim of this fluctuation of individual and collective phases of analysis 

was to ensure the data-drivenness of the analysis. As each of the researchers found somewhat 

similar topics as central, regardless of their different scholarly backgrounds, these topics may 

be seen to represent rather well the nature of the data themselves rather than certain 

theoretical presuppositions. 

6. Findings 

6.1. Student expectations towards physical and social learning space and their experienced 

competence Physical space 

When discussing with the students their perceptions of the laboratory learning space, 

the students had rather readily articulate views concerning their surroundings, especially the 

deficiencies that they perceived. These concerned rather concrete features of the laboratory 

environment, rather than discussing it from more abstract pedagogical viewpoint as such. 

The students were faced with fundamental human issues such as having sufficient space for 

working in general, or the presence of danger. 

Students were also hoping that the laboratory environment would include different 

functional spaces, such as one designed for paper work and searching information through 

different modalities (e.g. computer, smart phone, books and notes). When laboratory 

environments accommodate solely practical laboratory procedures students find themselves 

obliged to carry out other study-related tasks in unpurposeful settings. 

While the students expressed many deficiencies regarding the functionality and 

usability of the physical learning space, they also reported enthusiasm and elevated sense of 
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competence regarding the use of laboratory equipment. Expressly, many informants 

conveyed their deep interest and even engagement at being able to put together complex, for 

them new pieces of equipment into a functional instrument that actually gave the expected 

output. 

Social space. The students reported that each assistant teacher has a unique style in 

teaching and therefore the guidance that the students receive varies greatly in terms of 

pedagogical design. Many students reported that a crucial part of learning for them was to 

get affirmations for their own assumptions and anticipations either from the teacher or from 

peer students. They greatly valued the ability to openly discuss their questions and 

uncertainties. 

The ability to work independently in the laboratory seemed to be an important 

indicator of competence for the students, and they were also very aware of the requirements 

of independence that they would face in their future jobs in the field of chemistry. 

Nonetheless, the students emphasized the importance of a supportive environment and 

sufficient and clear instructions for laboratory work in practice. In fact, the general 

experience was that no matter how many theories one had taken an extremely good hold of, 

putting things into practice formed a gap that sometimes felt overwhelmingly confusing or 

distancing. What the students often felt was that the overall picture of the process was 

fragmented and the instructions, arbitrary and scarce. It appears that the chemistry learning 

culture involves an assumption that the hands-on skills and tacit knowledge of a chemistry 

professional would soak into the students automatically and nonverbally and that too much 

explicit guidance would jeopardize this development from happening. 

6.2. Fit, misfit and sense of safety 

A specific question about what hinders the students from learning in the physical and 

social learning environment led a major part of the informants to discuss first the social 

environment (the assistants, in particular, but also the peer students) intertwined with the 

physical space (space and the instrumentry) and finally, to discuss very deep- rooted matters 

of safety. The social and physical learning environments have a very strong affinity in these 

interviews, and this affinity and collocation is embedded in discussions about safety. 

It seems that they are missing out on a more intermediate stage (i.e., there’ s a misfit 

between theory and application and the instructions given) where the students can 

comfortably develop their skills when starting to work on the actual experiments in the 

laboratory. 
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Some even described experiences of panicking while performing their everyday 

laboratory experiments. Many took up the important issue of being able to discuss and 

confirm their own assumptions in order to overcome their doubts about safety issues. 

The fundamental issues of safety appear salient in the student reflections concerning 

their physical surroundings. That is to say, they may be seen to overwhelm the students´ 

mental processes, which in turn, from a pedagogical point of view, is something that 

occupies space from intended learning. The findings led us to ponder further the relation 

between the social and physical modalities, on the one hand, and their relation to safety, on 

the other. An essential factor in chemistry laboratory learning context seems to be perceived 

student safety, which, in turn, appears to be regulated by an appropriate amount of guidance 

through both social and physical modalities. 

7. Conclusions 

How the place in itself is related to learning is often undermined or neglected, and 

there is hardly any empirical research on the relation between the physical aspect of the 

learning environment and pedagogical practice. 

In most previous research, the social aspect of learning and pedagogical support has 

been discussed separately from the physical learning environment, while the physical 

environment has been considered on its own, in many cases independently. In the complex 

learning process, all three dimensions are present and in interaction with each other. These 

findings are in line with theories of networked expertise, emphasizing how intellectual 

activity is both physically and socially distributed (Hakkarainen et al., 2004, Lonka 2009; 

Paavola, Lonka, & Hakkarainen, 2004). 

In contrast, previous studies in higher education approach the learning environment as 

a merely pedagogical or social construct (Lindblom-Ylänne & Lonka 1999; Lizzio, Wilson 

& Simons 2002; Vermunt & Verloop, 1999) without addressing the role of physical learning 

spaces. The dynamic interplay between the student and the learning environment should be 

expanded by taking into account the affordances of varying conceptual tools and artifacts 

(Lonka, 2009). 

Having to worry incessantly about being threatened either by one’ s safety being at 

stake or by one’ s sense of competence and self-worth being challenged, hampers learning in 

a fundamental way. The sophisticated pedagogical processes are rendered meaningless if the 

cognitive capacity is harnessed in the use of basic needs, e.g. survival process, as opposed to 

higher cognitive processes such as learning and development of expertise (e.g. Helmreich & 

Merritt, 1998; LeBlanc, 2009; Harvey et al., 2010; Mälkki, 2010). 
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Our study makes a contribution to the field of evidence-based design in its user-

oriented and holistic approach. 

According to previous research, intellectual prostheses, such as physical tools 

available, are essential in learning and intellectual processing, since also different artifacts 

eventually become part of one’ s “cognitive architecture” (Hakkarainen, Lonka, & Paavola, 

2004). We might even call it physical scaffolding of intellectual development, as opposed to 

instructional scaffolding (Puntambekar & Hübscher, 2005; Wood, Bruner, & Ross, 1976). It 

is necessary to distinguish pedagogically when to offer structuring of the working 

environment and guidance through suitable means, and when to pull back on guidance in 

order to offer the students the space to think and experiment for themselves. In cases where 

the students’ safety is at stake, it is even more crucial to consider ways to minimize the 

cognitive and emotional load by concrete and tactile as well as technologically advanced 

means and thereby enhance the mental resources for learning that the students have at their 

disposal. 

Acknowledgements 

This study was funded by the Tekes (The Finnish Funding Agency for Technology 

and Innovation) RYM Indoor Environment project (project number 462054), the Academy 

of Finland project Mind the Gap (project number 1265528). The first author was in addition 

supported by a grant from the Finnish Cultural Foundation. The authors also wish to thank 

psychology student Anni Jaalas for her skillful and meticulous assistance with the 

transcriptions of the recorded interview material.  

The author(s) declare that there is no conflict of interest. 

References 

Burman, E. (2003). Narratives of ‘experience’ and pedagogical practices. Narrative Inquiry 

13(2), 269–286. Hakkarainen, K., Lonka, K. & Paavola, S. (2004) “How Can Human 

Intelligence Be Artificially Augmented Through Artifacts, Communities, Networks?” 

Conference paper presented at the conference Motivation, Learning, and Knowledge 

Building in the 21st century organized by EARLI, IKIT and Karolinska Institutet on 

the Baltic Sea, June 18–21, 2004. https://doi.org/10.1075/ni.13.2.02bur 

Hakkarainen, K., Palonen, T., Paavola, S., & Lehtinen, E. (2004). Communities of Networked 

Expertise. Professional and Educational Perspectives. Amsterdam: Elsevier. 

Harvey, A., Nathens, A. B., Bandiera, G., & LeBlanc, V. R. (2010). Threat and challenge: 

cognitive appraisal and stress responses in simulated trauma resuscitations. Medical 

Education 44, 587–594. https://doi.org/10.1111/j.1365-2923.2010.03634.x 

Helmreich, R. L., & Merritt, A. C. (1998). Culture at Work in Aviation and Medicine: 

National, Organizational and Professional Influences. UK: Ashgate Publishing. 

https://doi.org/10.15405/ejsbs.90


https://doi.org/10.15405/ejsbs.90 
eISSN: 2301-2218 / Corresponding Author: Niclas Sandström 

Selection & Peer-review under responsibility of the Editors 

 

 
544 

Johnstone A. H., (2000). Chemical Education Research: Where from Here? University 

Chemistry Education 4(1), 34–38. 

Kamarazaly, M. A., Mbachu, J., & Phipps, R. (2013). Challenges faced by facilities 

managers in the Australasian universities. Journal of Facilities Management 11(2), 

136–151. https://doi.org/10.1108/14725961311319755 

Kember, D., & Leung, D. Y. P. (2009). Development of a questionnaire for assessing 

students’ perceptions of the teaching and learning environment and its use in quality 

assurance. Learning Environment Research 12, 15–29. 

https://doi.org/10.1007/s10984-008-9050-7 

Lansdale, M., Parkin, J., Austin, S., & Baguley, T. (2011). Designing for interaction in 

research environments: A case study. Journal of Environmental Psychology, 31, 407–

420. https://doi.org/10.1016/j.jenvp.2011.05.006 

Latour, B., & Woolgar, S. (1979). Laboratory Life. The Construction of Scientific Facts. 

New Jersey: Princeton University Press. 

LeBlanc, V. R. (2009). The Effects of Acute Stress on Performance: Implications for Health 

Professions Education. Academic Medicine, 84(10), 25–33. 

https://doi.org/10.1097/ACM.0b013e3181b37b8f 

Lindblom-Ylänne, S., & Lonka, K. (1999). Individual ways of interacting with the learning 

environment–are they related to study success? Learning and Instruction, 9, 1–18. 

https://doi.org/10.1016/S0959-4752(98)00025-5 

Lizzio, A., Wilson, K., & Simons, R. (2002). University Students’ Perceptions of the 

Learning Environment and Academic Outcomes: implications for theory and practice. 

Studies in Higher Education, 27(1), 27–52. 

https://doi.org/10.1080/03075070120099359 

Lonka, K. (2009). Smart doctors and the three metaphors of learning. Medical Education 

43(8), 718–720. https://doi.org/10.1111/j.1365-2923.2009.03417.x 

Mitchell, S. A. (1996). Relationships Between Perceived Learning Environment and Intrinsic 

Motivation in Middle School Physical Education. Journal of Teaching in Psychical 

Education, 15, 369–383. https://doi.org/10.1123/jtpe.15.3.369 

Mälkki, K. (2010). Building on Mezirow’s theory of transformative learning: Theorizing the 

challenges to reflection. Journal of Transformative Education, 8(1), 42–62. 

https://doi.org/10.1177/1541344611403315 

Nichols, J. D., & Zhang, G. (2011). Classroom environments and student empowerment: An 

analysis of elementary and secondary teacher beliefs. Learning Environment 

Research, 14, 229–239. https://doi.org/10.1007/s10984-011-9091-1 

Nonaka, I., & Takeuchi, H. (1995). The Knowledge-Creating Company: How Japanese 

Companies Create the Dynamics of Innovation. New York: Oxford University Press. 

https://doi.org/10.1016/0024-6301(96)81509-3 

Norman, D. A. (1993). Things That Make Us Smart. Defending human attributes in the age 

of the machine. Cambridge, Massachusetts: Perseus Books. 

Puntambekar, S., & Hübscher, R. (2005). Tools for Scaffolding Students in a Complex 

Learning Environment: What Have We Gained and What Have We Missed? 

Educational Psychologist, 40(1), 1–12. https://doi.org/10.1207/s15326985ep4001_1 

Taber, K. S. (2013). Revisiting the chemistry triplet: drawing upon the nature of chemical 

knowledge and the psychology of learning to inform chemistry education. Chemistry 

https://doi.org/10.15405/ejsbs.90


https://doi.org/10.15405/ejsbs.90 
eISSN: 2301-2218 / Corresponding Author: Niclas Sandström 

Selection & Peer-review under responsibility of the Editors 

 

 
545 

Education. Research and Practice, 14, 156–168. 

https://doi.org/10.1039/C3RP00012E 

Vermunt, J. D., & Verloop, N. (1999). Congruence and friction between learning and 

teaching. Learning and Instruction, 9, 257–280. https://doi.org/10.1016/S0959-

4752(98)00028-0 

Williams, M. (2000). Interpretivism and Generalisation. Sociology, 34(2), 209–224. 

https://doi.org/10.1177/S0038038500000146 

Wood, D. J., Bruner, J. S., & Ross, G. (1976). The role of tutoring in problem solving. 

Journal of Child Psychiatry and Psychology, 17(2), 89–100. 

https://doi.org/10.1111/j.1469-7610.1976.tb00381.x 

Woolner, P., Hall, E., Higgins, S., McCaughey, C., & Wall, K. (2007). A sound foundation? 

What we know about the impact of environments on learning and the implications for 

building schools for the future. Oxford Review of Education, 33, 47–70. 

https://doi.org/10.1080/03054980601094693 

Woolner, P., Clark, J., Hall, E., Tiplady, L., Thomas, U., & Wall, K. (2010). Pictures are 

necessary but not sufficient: Using a range of visual methods to engage users about 

school design. Learning Environment Research, 13, 1–22. 

https://doi.org/10.1007/s10984-009-9067-6 

https://doi.org/10.15405/ejsbs.90

