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ABSTRACT 

This study investigated how biophilic design (nature-based design) optimizes 

one's well-being within a classroom learning environment. It is necessary to understand 

how a student’s performance in higher education depends on the environment. Research 

supports that when students have access to daylight, feel a sense of belonging and well-

being in their classrooms they are able to perform at higher levels. Using a semi-

experimental method, a classroom was assessed. Classes using this classroom were 

surveyed at the beginning of class and at the end of the same class time. The concurrent 

mixed method sequential design included both quantitative and qualitative data and 

looked at several key design features and the emotive responses of students. A key 

finding was that students wished they had access to windows in the classroom. There is 

limited literature understanding the intersection between biophilic design and students’ 

performance in higher education. This research offers a new perspective in why 

incorporating biophilic design into higher education classrooms allows students to 

perform at a higher level.  
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Introduction 

Incorporating biophilic design/ nature-based design into interiors optimizes one's 

wellbeing (Ulrich, 1984, 1991). Existing references about classroom design show blood 

melatonin levels of students in classrooms with not enough daylight are much higher than 

in classrooms with adequate lighting causing students to become more tired and 

undermining their performance (Ahadi, 2016). The BID-M (The Biophilic Interior 

Design Matrix, McGee, 2019) has been developed to assess nature-based design 

incorporation in the interior and also serves as a design decision tool (McGee, 2021) with 

research supporting a variety of the 54 design attributes. Research specifically supports 

including nature (Gillis, Gatersleben, 2015) and daylight access (Ahadi, 2016) in 

classrooms, but there is a need to understand further how nature is being currently 

implemented into classrooms. This will be explored in relation to the recently formalized 

language proposed in the BID-M, which may provide guidance for better nature-inclusion 

optimally benefiting student wellbeing in higher education classrooms. 

Literature Review 

There are three main themes currently emerging from the literature surrounding 

classroom design in lower education levels K-12: behavior, lighting, and other biophilic 

design attributes. There is growing evidence for each of these themes to guide evidence-

based design. There is a lack of research supporting the same benefits and conclusions for 

the post-secondary education level. 

Behavior 

Studies have established that classroom design can influence behavior in several 

aspects (Dillon, 2018). This includes helping teachers manage student behavior, build 

https://www.zotero.org/google-docs/?broken=XO4arU
https://www.zotero.org/google-docs/?broken=hbDywc
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community, and improve learning within their classroom environment. It also can support 

student attention, wellbeing, health, and perceived environmental quality, as well as 

reduce discomfort and impact performance (Dillon 2018). 

Classroom design has been found to help teachers manage student behavior, 

build community, and improve learning within their classroom environment. Perimeter 

and floor plan changes can help teachers manage student behavior and provide students 

with a more comfortable space and support deeper levels of thinking and concentration 

(Dillon, 2018). The subjects in the research vary from primary through tertiary school 

students. Van den Bogerd et al. (2020) examined if students that attended a single lecture 

in a classroom benefit from the positive effects nature has on one's attention, wellbeing, 

health, and perceived environmental quality. Students experienced study-related stress 

due to high expectations from themselves and others, which can negatively affect 

attention, mental health, and overall well-being. To help students cope with everyday life 

demands, attention is being paid to how a classroom environment can serve as a 

supportive environment that protects and boosts a student’s overall well-being and 

performance with the help of indoor nature. The study measured controlled classrooms, 

classrooms with potted plants, classrooms with green walls, and classrooms with flowers. 

Students were more likely to favor a classroom where indoor nature was accessible. 

Although, there were no straightforward intervention effects on well-being and health 

complaints. 

Lighting 

There is a biological need for natural light which directly impacts biological 

processes including circadian rhythm and health (Jamrozik et al., 2019). Natural light 
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includes light that is generated naturally, from the sun as its common source. Natural 

light sources vary in quality, quantity, color, and direction across the skydome- it is not 

constant. It supports performance, mood and all-around wellbeing (Theodorson, 2018). “

Humans evolved under natural, diurnal light conditions and therefore natural light and 

natural light processes should be preferred and most beneficial” (Gillis & Gatersleben, 

2015). 

Exposure to natural light also has been explored in classrooms, for example, 

readily available natural lighting in classrooms was found to be important for 

performance and mood (Ahadi et al., 2016). In Ahadi’s study, they found “blood 

melatonin levels of students in classrooms with not enough natural light are so much 

higher than in classrooms with good lighting” (Ahadi et al., 2016, p. 2). This caused 

students to become more tired and undermined their performance. Studies have shown 

that daylight can positively impact a human’s perception and mood causing a positive 

impact on performance (Ahadi et al., 2016, p. 2). 

Natural light is considered a key architectural strategy in achieving high 

performance with one study finding that “a well daylight school will save electricity for 

lighting and cooling as well as provide the psychological and biological benefits of 

natural light” (Theodorson, 2018, p. 1). Many schools have started the transition of 

“going green” meaning schools are designing buildings for high performance that 

conserves energy and focus on overall environmental quality (Theodorson, 2018). 

Theodorson researched three elementary schools in the same district with the same 

programming, sky orientation and budget, but were each designed by different architects 

and designers who had different strategies for design. The findings concluded that the 
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north and south skies did offer optimal daylighting with controlled solar radiation 

(Theodorson, 2018). Illuminance measurements revealed during cloudy conditions that 

north-facing classrooms receive 65% of the light than south-facing classrooms receive. 

North-facing classrooms however benefitted from a more even distribution of light while 

south-facing classrooms suffered from visual “hot spots” at the window (Theodorson, 

2018). Orientation and control of natural light ingress is an important design 

consideration. 

Classroom lighting and decor can promote discomfort and impact task 

performance. Discomforts in a classroom can be caused by flickering of fluorescent 

lights, glare on whiteboards and desks which can cause headaches and impair visual 

performance. Students experience study-related stress due to high expectations from 

themselves and others, which can negatively affect attention, mental health, and overall 

well-being. To help students cope with everyday life demands, attention is being paid to 

how a classroom environment can serve as a supportive environment that protects and 

boosts a student’s overall well-being and performance with the help of indoor nature. The 

findings of the study concluded that the intensity of the glare spots on whiteboards varied 

in different brands. Ambient lighting reduced image contrast, and venetian blinds had 

spatial characteristics that induced patterned glare (Winterbottom & Wilkins, 2009). 

Biophilic Design 

Biophilic Design is the study of the connection between people and nature in the 

built environment. “People have the innate need to connect with nature and natural 

systems, or what has become known as biophilia” (Rodgers, 2019, p. 2). The ideas 

supporting biophilia “have been taken forward in two theories developed in the 
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environmental psychology literature: Attention Restoration Theory and Stress Recovery 

Theory” (Gillis & Gatersleben, 2015). Both of these psychological theories state that 

environments can be stressful, yet other environments can be relaxing and lead people to 

a quicker recovery physically or mentally (Gillis & Gatersleben, 2015). Research has 

been growing related to several of the attributes with benefits varying from improved 

cognition, improved academic productivity, and improved mental health (Peters, 2020).  

Research has shown that nature, whether it is active or passive benefits both 

human health and well-being. Nature in the human environment “allows the mind to shift 

from directed attention to fascination and contributes to mental and physical well-being. 

This type of natural stimulation generates ‘neurological nourishment’ as our brains 

effortlessly process complex information” (McGee et al., 2019, p. 2). The ability to offer 

a greater variety of biophilic features in the interior environment may support greater 

connectivity to nature and ultimately reduce stress and improve wellbeing. The Biophilic 

Interior Design Matrix (BID-M) was created by McGee et al. (2019) to allow for 

assessment of interior spaces so that the variety of nature is readily apparent. The BID-M 

has 54 attributes within six elements that support a variety of nature-based design 

features in the interior environment. Listed below are the elements and attributes, see 

Figure 1 for the full BID-M. The lack of research exploring how biophilic design and 

lighting specifically interact with student preferences and experiences in classrooms led 

to the following research questions: 

Figure 1 

Biophilic Interior Design Matrix © 2021, Beth McGee, Reproduced with permission. 

https://www.zotero.org/google-docs/?mXKciK
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Research Questions/Hypotheses 

Question 1: What are the psychological states of students in a classroom without natural 

light? 

Question 2: What are the classroom experiences of students in a classroom without direct 

natural light exposure? 

Question 3: What are the preferences for students for classroom design attributes? 

To answer these research questions, there are two hypotheses that will be tested in 

this study using a questionnaire. 

Hypothesis 1: Based on perceived learning performance, students in a university 

classroom prefer classrooms with natural light to those without. 
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Hypothesis 2: Based on perceived well-being, students in a university classroom prefer 

classrooms with natural light to those without. 

Hypothesis 3: Students prefer more diverse representation of nature-based (biophilic) 

design attributes. 

Method 

Sample and Participant Selection 

One classroom in Georgia Southern University was selected for this study, 

without windows and natural light (IAB Room 2028) to analyze students' preferences 

(Figure 2). In order to recruit subjects, professors within this classroom were contacted 

by email to receive permission to display a digital flyer at the beginning and end of the 

class period during regularly scheduled class times. The flyer introduced the purpose of 

the surveys and the related QR codes for a pre survey at the beginning of the class and a 

post survey at the end of the class. 

Figure 2 

Room 2028 in the IAB Building 
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Participants consisted of undergraduate students from majors within the 

predetermined courses in one academic unit. The course subject area was Child and 

Family Development. Participation was voluntary. These undergraduate students were of 

ages 18 and above who range from first year students to senior level. We had 34 students 

complete the pre-class survey and 31 students complete the post-class survey. At the start 

of the class time, participants were asked to fill out a pre survey to indicate their thoughts 

and feelings of the classroom environment. Students were able to pick as many emotional 

states that applied to them from the predefined list (see Appendix A). At the end of the 

class time, participants were asked to fill out a post survey to indicate whether or not their 

thoughts and feelings of the classroom environment had changed at all after sitting in the 

classroom for the duration of their class time. Students were able to pick as many 

emotional states that applied to them again.  

Assessments and Measures 
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The circumplex model of affect was used as a reference to help develop a 

questionnaire for this study. The circumplex model of affect proposes that all affective 

states arise from cognitive interpretations of neural sensations and emotions (Posner et 

al., 2005). The circumplex model of affect is consistent with many recent findings from 

behavioral, cognitive neuroscience, neuroimaging, and developmental studies of affect 

(Posner et al., 2005). This study focused on the students’ personal experiences and 

satisfaction with the conditions of the specific classroom studied. This method was used 

to get user feedback about the current design of the space and to gain user preferences for 

classroom design. Data was collected using a questionnaire (see Appendix A) developed 

from established literature and existing surveys to determine the relationship between the 

students' overall well-being in their classroom environment and how it affects students’ 

perceived learning performance. The questionnaire consisted of a 7-point scale measuring 

satisfaction (1 = extremely dissatisfied, 7 = extremely satisfied), interior satisfaction 

statements (1 = extremely dissatisfied, 7 = extremely satisfied), and a multi-select 

question to indicate the participants’ emotional state related to the circumplex model of 

affect. An open-ended question was asked at the end of the post class survey (see 

Appendix B) to give participants a chance to give further explanation or comments on 

why they felt that the classroom does or does not hinder their academic success.  

A room assessment was also performed in the classroom. The lighting conditions 

(see Table 1 and Figure 3) and nature-based attributes present were recorded to establish 

the room conditions (see Appendix C for the full list of nature-based attributes present in 

the classroom). The BID-M Qualtrics form was used to document and understand the 

different attributes present within the six elements. The BID-M assessment of the 54 
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attributes used a Likert-type scale with four options (0- none, 1-weak, 2-moderate, 3-

strong, and a not applicable check box) and was based upon being present in the room 

with both researchers conducting joint assessment. After using the BID-M Qualtrics form 

to assess the biophilic elements in Room 2028, the room had a 17.9% rating for the space 

for its variety and strength in biophilic design, which shows room for much more variety 

to be included. Referring to the IES guidelines, the lighting conditions were measured 

using a light meter in a 2’ grid pattern at a 2.5’ A.F.F. (above finished floor) for the desk 

height tasks in the classroom. The IES recommends 200 lux or 20 footcandles for people 

under 25 years old in an education room. This type of space is noted to be a candidate for 

strategies employing daylighting to achieve the recommended lighting levels. 

Table 1 

Room 2028 Color Analysis  
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Figure 3 

Room 2028 Foot Candle Measurements 
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Procedure 

The questionnaire was administered over a span of two weeks. The professors 

placed the digital flyer on the projector for the participants to scan the QR code and 

complete both pre and post class surveys. Each questionnaire took approximately five to 

ten minutes to complete. After data was collected, descriptive statistics and cross-

tabulation data was analyzed using SPSS software. The findings are reported using 

descriptive statistics data. In addition, qualitative responses were analyzed to find themes 

that supported the quantitative responses. Content analysis was used for the qualitative 

data with no predefined codes. An open coding process started with initial thematic 

coding being the two researchers. Next, the codes were merged into broader themes. The 

responses were all re-coded into the agreed-upon themes. Then the researchers reviewed 
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the coding and identified issues, and these areas then revised. A final joint round of 

coding among the researchers finalized the themes. 

Results 

According to Figure 4, at the start of the students' class time, 20.55% of the 

participants indicated that they were feeling emotionally content, 15.07% indicated that 

they were feeling emotionally calm, and 15.07% indicated that they were feeling 

emotionally relaxed before the class started.  

Figure 4 

Pre-Class Emotional State 
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At the end of class time, 20.00% of students indicated that they were feeling emotionally 

content, 16.92% of students indicated that they were feeling emotionally alert, and 

15.38% of students indicated that they were feeling emotionally calm (see Figure 5).  

Figure 5 

Post-Class Emotional State 
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The participants indicated that they were extremely dissatisfied with the color in the 

classroom at the beginning of the class (see Figure 6), but after sitting in the classroom 

for the duration of the class, participants indicated that they were slightly satisfied with 

the color in the classroom (see Figure 7). Majority of the participants were extremely 

satisfied with the furniture in the classroom at the start of the class and at the end of class. 

At the start of class, participants noted that they were moderately satisfied with the 

overall lighting in the classroom environment, yet at the end of class the majority of 

participants noted that they were slightly dissatisfied with the lighting conditions in the 
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classroom. The majority of the participants felt slightly satisfied with the materials in the 

classroom at the start of class, and the majority of participants felt neither satisfied nor 

dissatisfied with the materials at the end of the class. The participants indicated that they 

were neither satisfied nor dissatisfied with the safety features in the classroom both at the 

start and end of class. The majority of participants felt moderately dissatisfied with the 

option of views from the inside of the classroom to the outside both at the start and end of 

class. As well as the majority of the participants were extremely dissatisfied with the 

options of windows in the classroom at the start and end of class.  

Figure 6     Figure 7 

Pre-Class Interior Design Assessment Post-Class Interior Design Assessment 
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Participants felt moderately satisfied with their overall satisfaction of the classroom at the 

beginning of the class (n = 33, M = 4.42, SD = 1.50, V = 2.24, See Figure 8). 

Figure 8 

Pre-Class Overall Satisfaction 
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At the end of the class participants indicated that they were still moderately satisfied with 

their overall satisfaction of the classroom (n = 31, M = 4.48, SD = 1.46, V = 2.12, see 

Figure 9).  

Figure 9 

Post-Class Overall Satisfaction 
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At the start of class, the majority of the participants somewhat agreed that the overall 

design of the classroom contributed to their academic success (n = 31, M = 4.52, SD = 

1.21, V = 1.48, see Figure 10).  

Figure 10 

Pre-Class Overall Academic Success 

 

 

At the end of the class time, students were still somewhat agreeable that the overall 

interior design of the classroom contributed to their overall academic success (n = 31, M 

= 4.52, SD = 1.21, V = 1.48, see Figure 11). 

Figure 11 

Post-Class Overall Academic Success 
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Lastly, participants were asked an open-ended question to explain why or why not the 

classroom either does or does not contribute to their academic success (see Table 2). 

Many of the respondents who provided the qualitative responses indicated that they felt 

the classroom design was bland/boring and they preferred to have windows with views 

and natural lighting in their classrooms. As well as the fact that having comfortable 

furniture is important to students while they are in class.  

Table 2 

Post-Class How Does Design Hinder Academic Success? 

Thematic Analysis Frequency 

Preference for windows w/views and natural light 9 

Comfortable furniture is important 7 

Design is bland/boring 7 

Lighting strength/color is important 6 
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Color affects mood/focus  4 

Design makes me calm/sleepy 3 

Design makes me feel focused 2 

Design makes me feel tired 2 

Mixed view of affecting success 1 

Aesthetics are not supporting success 1 

Having little number of distractions helps 1 

Spacious space is preferred 1 

Space planning w/ teacher station location is important for engagement 1 

 

Discussion 

This study examined students' perceptions, learning performance, and overall 

well-being while they were in a university classroom environment. The two 

questionnaires focused on the students' emotional state at the beginning and end of the 

class time. The questionnaires also discussed the overall physical environment relating to 

the students’ learning and well-being, as well as their academic performance. An open-

ended question was asked to support the quantitative responses. The themes that emerged 

from the responses to the questionnaires highlighted some of the elements that are most 

important to students while they are in a learning environment. Hypotheses were tested 

that students in a university classroom environment would prefer the classroom to have 

access to natural light to those without based on perceived learning performance and that 

students in a university classroom environment would prefer the classroom to have access 

to natural light on perceived well-being. In response to the first hypothesis, the results 

found that based on Q3, “Indicate how satisfied you are with the interior design in this 

classroom” of the pre and post class survey, participants were moderately dissatisfied 

with the views of the outside environment from inside the classroom, they were also 
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extremely dissatisfied with the windows inside the classroom. The overall emotional state 

of wellbeing found that being content was still the most frequent state. However, the 

secondary and tertiary choices changed in hierarchy during class. 

 In response to the second hypothesis about the experiences of students in a 

classroom without direct natural light exposure, the results show experiences in the room 

only somewhat contributed to their academic success and a secondary emotional state of 

being alert was experienced more at the end of class than at the beginning. In reference to 

Figure 5, the findings for Q2 on the post-class survey were expected to have a higher 

number of participants feeling stressed, tense, or sad in order to support Hypothesis 2. 

Access to natural light has been shown to support performance, mood and all-around 

wellbeing (Theodorson, 2018). It is understood that the participants may not ever have 

experienced taking a class in a classroom environment that has access to windows so they 

may not know any difference, or the time wasn’t significant in length. Hence, the most 

common emotive state was not changed after sitting in a class without windows for a 

single class period. The increase of alertness was an unexpected finding but the current 

color temperature being cooler in the classroom is supported by research for helping with 

alertness (Theodorson, 2018). This was not an experience all students reported and in the 

qualitative responses’ students did wish their classroom had access to views to the 

outside environment. Other responses to the qualitative question support the statement 

from Dillion (2018) that classroom design can influence behavior in several aspects. A 

participant supports this in their response to Q6 of the post-class survey stating, “The 

colors and lack of windows make me feel sleepy and bleh. They don’t make me excited 

to learn (participant #13).  
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The preferences for students for classroom design attributes varied but focused on 

many nature-based features. Van den Bogerd et al. (2020) examined the positive effects 

that nature has on a student’s attention, wellbeing, and health during a single lecture in a 

classroom. The positive effects that nature had during Van den Bogerd et al.’s study 

relates to Q6 in which a participant stated, “The way the classroom itself looks makes me 

feel tired and bored. If there were more colors, I could feel more awake and alert. If there 

were some outside views through a window, I'd have more stimulation” (participant #?). 

Perhaps if this classroom offered more variety of nature-based attributes inside the 

classroom such as more curvilinear lines, natural materials, plants or views to nature, this 

participant would feel more awake and alert during their class time. Literature supports 

that a student's classroom environment can serve as a supportive environment that 

protects and boosts a student’s overall well-being and performance with the help of 

indoor nature (Van den Bogerd et al., 2020).  

Results of the question regarding overall satisfaction with the classroom found 

that the majority of the participants were moderately satisfied with the classroom 

environment. Although the results also show that the other half of the participants 

indicated that they were either slightly dissatisfied, moderately dissatisfied, or neither 

satisfied nor dissatisfied with the classroom environment. Which then leads one to 

question what made one half of the participants feel dissatisfied with the classroom 

environment and the other half feel moderately satisfied with the classroom environment? 

The mixed effect of the lighting conditions to support concentration and the limited 

biophilic design variety (including no window views or daylight) may have contributed to 
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experiences where the existing state of the students coming into the class was not able to 

be modified significantly in the studied room within just one class time. 

Limitations and Future Directions 

First and foremost, COVID-19 was quite a large limitation. Beginning this 

research process in the midst of a pandemic was quite the undertaking. I had to learn how 

to begin the process of research over Zoom which was certainly an adjustment. I had also 

gotten a late start when it came to completing my IRB applications which then pushed 

my data collection back to the following semester. This led me to my biggest limitation in 

this study. Originally my study was to compare two classrooms in the IAB. These two 

classrooms were almost the same, but one had a window and the other one did not. This 

would allow me to gather research on the effects that windows and nature access can 

have on a student in a classroom versus the effects that a classroom with no windows or 

natural access has on a student. We were not able to complete this comparison because I 

was not able to recruit any participants in the classroom I had selected with windows. 

This limitation completely changed my research project because I was not able to collect 

any data from students in the classroom with the actual windows and access to outdoor 

features. If we were able to collect this data, I do believe that the research found would 

have been more cohesive with the overall goal of my research. Although things did not 

go quite as planned, I am very grateful to have collected at least some data from my other 

classroom so that I could still have some data analysis to back up my literature review 

and give me the experience to collect my own data.  

I think this project has the potential to go in further directions in the future.  

Future research could support a comparison of two classrooms, one with windows and 
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biophilic features and one without windows or any biophilic features. Individuals being 

compared with their pre- and post-results could also be used to determine how each of the 

classrooms has affected their overall statements for each survey. In-person behavior 

analysis and interviews could also be taken and assessed. When thinking of ways to 

improve the classroom environments based on the findings in this study, it would be ideal 

to incorporate windows in the current classrooms that do not have windows, or some kind 

of access or diversion to nature and/or natural lighting, as well as provide more biophilic 

variety in the design features. 

Reflective Critique 

 Completing this research project has probably been one of the most challenging 

things I have completed throughout my college career, but also one of the biggest 

learning experiences I have ever had. Some of the biggest lessons learned and takeaways 

would be to never procrastinate a research project. Things will creep up on you fast if you 

aren’t one step ahead! As well as keeping up my motivation and drive to complete the 

paper. There have been multiple occasions where I had to remind myself of why this 

matters to me to keep me going. I have also grown numerous skills such as completing 

my own research and collecting my own data. I have learned how to find sources that 

support my hypotheses and that challenge my ideas. I have learned how to back up what 

I’m saying with facts, and I am able to discuss what current literature has already said 

about my topic. Most of all, I have learned there is always an alternative even if 

something does not go as planned or as I had hoped. This project has had a few 

roadblocks and even when I have wanted to give up, I reminded myself why I did this in 

the first place. 
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Appendix A 

“Biophilic Design in Higher Education: Pre-Class Survey” 
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Appendix B 

“Biophilic Design in Higher Education: Post-Class Survey” 
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Appendix C 

“Biophilic Interior Design Matrix Assessment Results” 
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