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Kokkedal Skole is a public school that represents 
a popular school building design typology from 
the 1970’s and 1980’s in Denmark. In order to 
better document and understand the state of 
the indoor climate conditions prior to anticipated 
(and in fact commenced) renovations, this 
research project used technical and social 
monitoring over the period of one year -- from 
February 2019 to February 2020 -- to set 
the baseline conditions. The research team 
employed novel methodologies to understand 
conditions inside the school, combining sensor-
based technical measurement and ethnographic 
techniques for collecting social data on how 
the classrooms and central atria are used. We 
found evidence of what we expected, from 
prior research, to be problems, most especially 
with the carbon dioxide (CO2) levels, which 
are consistently higher than is recommended 
(<1000 ppm). There was no evidence of issues 
with particle levels (ultrafine, PM2.5), and although 

noise levels are high, they do not exceed what 
is expected in a school. Though technical data 
shows challenges with too cold classrooms, 
interviews show that most teachers are battling 
heat. We illustrate these findings with both 
visualizations and descriptions, including ‘zooming 
in’ on a typical winter and spring period day in 
Kokkedal Skole. 

Overall there are three main approaches to 
solving these challenges: behavioral interventions 
(supported by awareness and action), structural 
interventions (such as renovation), and 
automation interventions (smart technology-
operated airing). We recommend more frequent 
-- possibly automated -- airing out, and also an 
attentiveness to the light levels in the classrooms, 
where there needs to be a balance between 
visibility of the smart boards and healthy 
exposure to natural light throughout the day. A 
special section on the COVID-19 period prior 

to this report -- from mid-March to mid-May 
2020 -- indicates that the ventilation challenges 
are indeed actionable; and some increased 
ventilation can improve even the existing 
structure. However, given the responsibility 
this places on those using the classroom (staff, 
teachers, students), we rather recommend 
structural, design improvements, potentially 
combined with digital technologies to alert about 
or even automate control of the indoor climate 
conditions. As this research is part of an ongoing 
study, and one of Kokkedal’s atria is currently 
being renovated, the authors intend to contrast 
the baseline findings with further data after the 
renovations are complete and better be able 
to reflect upon structural improvements and 
classroom use strategies. 

Executive
Summary
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Data Ethics 
Declaration

In accordance with the highest standards of  
ethical research practice, the researchers at 
Kokkedal Skole sought transparency,  
communication, and flexibility in the research 
process. Prior to data collection, the researchers 
held meetings with Kokkedal Skole’s principal and 
facilities manager to discuss the school’s needs 
and situation, the research intent, and expected 
outcomes of the research project. Based on 
these meetings, the researchers developed a 
project description in both English and Danish  
for sharing with participants (interviewees, staff, 
and teachers in the monitored classrooms). 
Further, we presented and discussed an Informed 

Consent document, which was then jointly 
signed by the researchers and the principal. The 
consent refers to the data collection process, the 
anonymity of the data, and the freedom of any 
participant to withdraw from the study. All data 
collection processes uphold data protections as 
stipulated in the EU General Data Protection 
Regulation, and all participants may contact the 
researchers by email or phone with any questions 
and concerns, or to withdraw their consent. 
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Research 
Partnership

The starting point for this research partnership 
was in the Science Forum within BLOXHUB, the 
new Nordic hub for sustainable urbanization. To 
strengthen cross-sector collaboration with a  
focused theme, Danmarks Innovationsfond and 
Realdania came together to support the  
formation of the industrial research group  
‘Smart Buildings & Smart Cities: Balancing 
technology and people’. With nine 
interdisciplinary projects representing different 
companies and universities, the aim of the group 
is to strengthen sustainability research through 
knowledge sharing and joint innovation. 

One of the nine projects is ‘Smart Buildings 
Business Model Innovation’, led by Lara Anne 
Hale, PhD, of Copenhagen Business School, and 
conducted within the VELUX Group, which 

has spearheaded building research on health 
and sustainability. The purpose of the project 
is to investigate how the industry can innovate 
business models for smart building practice 
that places building user concerns - like health 
and well-being - at the center of value creation. 
Schools are of the utmost concern when 
ensuring safety and health in buildings, and this 
research represents the fourth and cumulative 
case study in Lara’s postdoc research, building on 
earlier learnings from demonstration projects in 
Rønne, Denmark; Brussels, Belgium; and Toronto, 
Canada.

The VELUX Group has collaborated with 
Leapcraft on previous research projects applying 
the Active House standard  
https://www.activehouse.info/ to new build and 

renovation projects to holistically include energy, 
environment, and well-being considerations. 
Together with Green Solutions House and GXN, 
the VELUX Group and Leapcraft developed 
the SenseMaking tool for real-time monitoring 
of indoor conditions and comparison of a 
building’s performance versus design intent using 
the Active House radar. Given the VELUX 
Group’s links between the BLOXHUB Science 
Forum and Leapcraft, applying technical and 
social monitoring in partnership at Kokkedal 
Skole was the natural next step. Further, the 
collaboration has led to Leapcraft, GXN, and 
the VELUX Group’s science-driven innovation 
of AirBird, a CO2 monitoring designer device for 
improving awareness and action against high CO2 
concentrations. 

Smart Buildings & Smart Cities Network projects and partners, and BLOX building in Copenhagen, Denmark.
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Introduction

Healthy Indoor Climate
Whereas outdoor air pollution has long been 
recognized as problematic for human health, 
research over the past 30 years has increasingly 
drawn attention to the importance of health 
conditions inside buildings. Although there are 
varying definitions of indoor climate, it typically 
refers to the indoor composition of pollutants, 
temperature, light, and other factors that affect 
the health and comfort of building users.1 
Indicators of good air quality include CO2, 
particulate matter (PM), humidity, and volatile 
organic compounds (VOCs); but CO2 levels 
are widely considered to be a reliable rubric of 
air quality overall.2 In recent years, the Danish 
government has set tighter recommendations 
on CO2 concentrations in schools -- from 
1500 ppm to 1000 ppm;3 though as much as 
1400 ppm is typically acceptable by industry 
standards. Temperature in schools also affects 

health and performance, wherein especially 
warmer temperatures can lead to lower 
learning and productivity rates among students.4 
A comfortable temperature indoors usually 
ranges between 20 and 26°C. One of the most 
significant features of indoor climate is that many 
of its dimensions are invisible; although we can 
feel when temperatures are out of our comfort 
range, we are not physically able to detect when 
CO2 or PM levels are too high.

Perhaps the most comprehensive study of 
indoor climate in Danish schools was conducted 
by Clausen et al. (2017) for Realdania, including 
technical measurements from 60 schools, 
consisting of 250 classrooms.5 As a project 
seeking to establish a baseline, we utilize this 
Realdania report as the basis for understanding 
whether the results of the study are typical, 
i.e. how Kokkedal Skole’s indoor climate 

compares with that of other Danish schools. The 
implications of poor indoor climate for health 
are especially consternating in schools, where 
children -- the most vulnerable of us -- spend the 
majority of their time; and so we would like to 
point the study towards potential solutions going 
forward. Steinemann et al. (2017) point to the 
many complexities and challenges of developing 
buildings with good indoor climate, including the 
lack of awareness of both problems and solutions. 
It is for this reason that the authors approach the 
project from both the technical and the social 
perspectives, in an attempt to capture a more 
comprehensive picture of the indoor climate 
conditions.     

1. Steinemann, A., Wargocki, P., & Rismanchi, B. (2017). Ten questions concerning green buildings and indoor air quality. Building and Environment, 112, 351-358.
2. MacNaughton, P., Spengler, J., Vallarino, J., Santanam, S., Satish, U., & Allen, J. (2016). Environmental perceptions and health before and after relocation to a green building. Building and Environment, 104, 138–144.
3. Andersen, U. (2017). Smuthul i indeklimakrav giver lov til 50 pct. højere luftforurening på skoler. ING. https://ing.dk/artikel/smuthul-indeklimakrav-giver-lov-50-pct-hoejere-luftforurening-paa-skoler-196495
4. Wargocki, P., and Wyon, D. (2006) Effects of HVAC On Student Performance. ASHRAE Journal, 48(October), 23–28.
5. Clausen, G., Toftum, J., Bekö, G., Dam-Krogh, E. P., Fangel, A. B., & Andersen, K. (2017) Indeklima i skoler. 19 May 2020: https://realdania.dk/publikationer/faglige-publikationer/indeklimaiskoler
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Project Background

Kokkedal Skole is a public primary school in 
Fredensborg Kommune, located about 30 
kilometers north of Copenhagen. The school was 
founded in 1972 at a time of rapid population 
increase in the area, and the two schools in the 
area were designed to accommodate some 
2000 students.6 Today there are approximately 
900 students at Kokkedal Skole. The school is 
designed as a typology common in Denmark in 
the 1970’s, based on multiple atria ringed with 
classrooms and connected by long corridors. 

Recognizing the need for modernization and 
sustainability, Fredensborg Kommune is providing 
nearly 1 billion Danish crowns (DKK) (equivalent 
to 120 million euro) to make improvements to 
its schools. The program is called Fremtidens 
Folkeskoler (The Future’s Primary Schools) and 
is grounded in thinking creatively about how to 
teach children to prepare them for the future. 

The starting point is with Kokkedal Skole, and 
the project and its learnings will feed into the 
construction of a new school in Nivå. As such, 
Kokkedal Skole is meant to use at least 35 million 
DKK (4 million euro) for improvement projects.7

The principal of Kokkedal Skole, Kirsten 
Birkving, envisions ‘Studio 17’ for the school, a 
development project based on education using 
the United Nations’ 17 Sustainable Development 
Goals (SDGs). Structurally speaking, this includes 
more diverse furniture, open spaces, and the 
‘Greek model’ with different levels and angles 
of seating in order to engage students and 
encourage interactive learning. Educationally, they 
are starting with a ‘food lab’ and a ‘body lab’, 
where students can delve into both the micro 
and the macro of how things work. The ambition 
is for students to gain deeper insight into how 
systems function. One example of what Kokkedal 

Skole is already doing is the ‘Kokkeby’ (Kokkedal 
City) experiment, where students take on roles 
of different stakeholders in city life, including a 
mayor, economy minister, job center, and more. 
But systems thinking could also be about inspiring 
children to go beyond dreaming of an astronaut 
career to thinking about how we might live on 
Mars and what kind of systems would need to be 
in place to make that successful.
    

6. Realdania (2017). Stemmer fra Kokkedal. Klimatilpasning Kokkedal, Bilag Nr. 3.
7. Fremtidens Folkeskoler (2020) Fredensborg Kommune. 1 April 2020: https://www.fredensborg.dk/kommunen/kommunen-i-udvikling/klimatilpasning-kokkedal
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Ultimately, the vision is aligned with Fredenborg 
Kommune’s Fremtidens Folkeskoler program: to 
create frameworks that teach students about 
sustainability and better prepare them for the  
challenges of the future. But these aims also beg 
structural questions, such as: 

What is the space like now,  
and how is it affecting staff  
and students?

Is the space healthy, and can 
it be improved upon for better  
learning?
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Project  
Description

This research project aims to set a 
comprehensive baseline of the building and 
social performance at Kokkedal Skole and thus 
inform future renovation decisions. The project 
matches Kokkedal Skole’s technical indoor 
climate performance with social performance by 
collecting real-time sensor data and comparing 
with short, descriptive reports of how individuals 
experience and use the school building, and thus 
brings a visibility to the indoor health conditions. 
We would like to better understand how 
technical staff, teachers, and students perceive 
and interact with the space, and how technology 
can be used to facilitate schools’ improvement 
projects. The purpose is to show how design 
elements affect indoor climate and to illuminate 
the human side of buildings in relation to sensor 
data. Thus, the study results combine technical 
and social perspectives to paint a more nuanced 
picture of the building circumstances and inform 
future decisions.

School Building
Kokkedal Skole is one of the region’s largest 
schools in terms of size, but nearly half of the 
space is common areas. The structure was 
inspired by the Middle Eastern style of organizing 
classrooms around a centralized, shared space. 
The classroom windows were drawn and 
constructed in 1972 and 1973, just prior to the 
October 1973 oil crisis, and consequently were 
made of wood and glass, without any insulation in 
the frames. Additionally, the building construction 

is in brick. Both of these factors can make it 
difficult to regulate temperatures, especially 
given the lack of mechanical ventilation and 
thus reliance on manual control of the building. 
Further potential issues include low light levels 
from closing window shades and too much noise, 
in part because of the linoleum flooring. Overall, 
there is concern about how these issues might 
affect learning and well-being of both teachers 
and pupils.
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The study was conducted over the span of one 
year, from 21 February 2019 to 21 February 
2020. Data types include: sensor data; outdoor 
weather data; meeting notes; interviews; and 
observational notes and photos. The data 
collection was focused upon the two atria of 
the west wing of the school and two classrooms 
attached to each atrium, for a total of six rooms. 

One of the atriums is for the youngest school 
children, and sensors were installed there in 
two classrooms, one with west-facing windows 
and the other with south-facing windows. The 
other atrium is home to slightly older students, 
and sensors were installed in two further 
classrooms, one with south-facing windows 
and the other with north-facing windows. The 

specific names and placement of the classrooms 
has been kept private, and the room names have 
been randomized. Nonetheless, we distinguish 
between the data from atria and classrooms. The 
rooms with sensors are thus called: classrooms A, 
B, C and D, and atria 1, 2, 3 and 4.

A

CD9

A1

Undervisning

A2

Undervisning

A3

Undervisning

Centralrum

B4

Undervisning

A5

Undervsning

A6

Undervisning A7

Undervisning

C2
Undervisning

C1
Undervisning

C3
Undervisning

C4
Undervisning

C5
Undervisning

C7
Kontor

C8
Undervisning

C
Centralrum

C6
Undervisning

Method
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Leapcraft used their AmbiNode sensor 
systems to measure: sensor measurements of 
temperature, humidity, carbon dioxide (CO2), 
particulate matter (PM), light, and sound levels.

The Sensors are standalone devices that collect 
data in high frequency (approximately every 
60 seconds), which is backhauled to a cloud 
service called LeapSense. The data is processed 
in real time to make offsets and corrections for 
calibration, filter technical anomalies and present 
a precise and homogeneous view of the data 
via smartphone apps, web dashboards and PDF 
reports. 

Care has been taken to calibrate the devices and 
ensure excellent SNR (Signal to noise ratio).
CO2 measurements are using NDIR (Non 
dispersive Infrared) measurements, Particles 
are sensed using Laser Scattering principle while 
Temperature and Humidity are sensed using 
semi conductor devices. Full technical details are 
available at http://ambinode.com/

Temperature
Humidity
Barometric pressure
Noise level
Integrated cloud gateway - wifi / 3G
Wifi & Bluetooth scanninng (people countinng)
Particles 1,2.5 & 10 microns
Total VOC (volatile compounds)
Light level (lux)
CO2 level

Technical method
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The ethnographic research took place in the 
winter and spring of 2019, with visits continuing 
through 2020 and pending the first atrium 
renovation project (planned for summer 2020). 
Meetings regarding the research, renovation, 
and Studio 17 took place throughout the first 
half of 2019, and were regularly paired with the 
observations and interviews. 

All observational visits included note-taking and 
photography. The interviews were conducted on 
22 February 2019 and 24 April 2019 with at least 
one teacher from each of the four classrooms 
with sensor installations, and additional 
teachers and students were interviewed for 
comprehensiveness.

Interviews included such questions as:

How does the space feel to you?
How would you describe the temperature?
How does the indoor air feel?
What is your experience of light in the room?
Have you experienced anything of note in the environment?

All notes were digitized and collected, and all interviews were transcribed and  
translated from Danish to English. The interview accounts were then compared  
with the observation notes, weather data, and sensor readings.

Meetings Observations

25 January 2019 25 January 2019

22 February 2019 22 February 2019

24 April 2019 10 April 2019

4 June 2019 24 April 2019

7 June 2019

Social method
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This section summarizes the main points of 
interest from technical study with accompanying 
data visualizations.

In general, the measured data shows results 
that are typical for a school of that build-
year with no major renovations.8 The figures 
compare CO2 concentrations in classrooms 
during use periods between Kokkedal Skole 
and Realdania’s Clausen et al. (2017) study of 60 
schools and 245 classrooms in Denmark. Two 
important factors of the following results are 
the representation of data from hours when 
the school is actually in use, rather than for the 
entire day, and the emphasis on particular peaks 
and valleys in the measurements, as opposed 
to the abstraction of averages. Overall, the 
particulate matter (ultrafine, PM2.5) levels are low 
and do not cause any concern; whereas the CO2 
concentrations in the classrooms regularly exceed 
the recommended levels. Further, the technical 
data does not represent high temperatures in 
either the classrooms or atria; but there is some 
indication of uncomfortably low temperatures in 
the classrooms.

KOKKEDAL AVERAGE

TYPICAL DANISH SCHOOL

8. Clausen, G., Toftum, J., Bekö, G., Dam-Krogh, E. P., Fangel, A. B., & Andersen, K. (2017) Indeklima i skoler. 19 May 2020: https://realdania.dk/publikationer/faglige-publikationer/indeklimaiskoler

Technical Results

 < 1000

 < 1500

 < 2000

 < 3000

 > 3000?

Distribution of the CO2 
concentration in the  
occupied hours
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The green charts are so-called radar plots 
showing a total score of each parameter 
measured (air quality and thermal comfort) for 
each of the sensor locations (four in the atria 
and four classrooms). The scale is from 1 to 4 
(5) where 1 is best and 4 worst (5 being out 
of bounds). The total score is calculated based 
on the annual data only taking into account the 
hours from 8 to 16 when the school is occupied. 
Each measurement point is compared to a 
setpoint and scored thereafter, category 1-4. If at 
least 95% of the hours are within the setpoint of 
the category the parameter gets that score.

The PM2.5 levels are not concerning at all with 
levels well below the current regulation setpoints 
and recommendations. Particulate matter 
pollution mainly stems from outdoor sources as 
there are no or insignificant indoor sources in 
a school. The CO2 levels are excellent in both 
atria, scoring category 2. The classrooms have 
elevated CO2 concentration which indicates 
poor ventilation, and this was expected from 
both previous research and the research’s 
observations. The technical data show no 
problems with overheating; whereas there are 
challenges with too low temperatures.

In the following sections, temperature and air 
quality are explained in more depth.

Air quality 
category (PM2.5)

Air quality 
category (CO2)
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Temperature
Below is shown a scatter plot of the indoor and 
outdoor temperature for Classroom A. The 
other classrooms and atria show similar patterns. 
There is little to no overheating (defined by being 
above the dotted sloped lines to the right). The 
school is out of session in the warmest summer 
months, and in general the Danish climate is not 
in high risk of very high temperatures. 

However, in the colder part of the year there are 
quite a few hours with temperatures in the lower 
end. In particular Classroom D has temperatures 
well below 18 °C. This is most likely linked 
with how the classroom is being used (which 
is discussed further in the following air quality 
section).

Indoor temperature VS RMT - Classroom A

Indoor temperature VS RMT - Classroom D

Exp. weighted rolling mean outside temperature

Exp. weighted rolling mean outside temperature
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Air quality
The particle pollution showed very good levels, 
and thus we do not consider further discussion 
necessary. The CO2 concentration, on the other 
hand, indicates poor ventilation performance in 
many of the classrooms. The carpet plot below 
shows the CO2 concentration for the entire 
monitoring period. The axes represent the time 
of day (from 00:00 to 23:59) on the y-axis, and 
the time of the year between 2018 and 2019 
(day/month) on the x-axis. 

The color scale informs about the exact CO2 
concentration, with intense green as the lowest 
concentration and dark red as the highest. The 
outdoor CO2 level is around 400 ppm. Colors 
in the green and light yellow area indicates 
acceptable indoor air quality. The Danish building 
regulation dictates a maximum of 1000 ppm. 
There is a clear pattern showing the school day. 
At around 08:00 the day starts and from around 
16:00 the day ends and the rooms get renewal 
of air. The full green columns represent school 
vacation.

As mentioned in the section about temperature, 
Classroom D showed more days with low 
temperatures and lower temperature in general. 
This is also seen on the carpet plot of CO2 
concentration in Classroom D.

There is a substantial difference in the patterns 
from the first half to the second half of 2019. 
Contrasted with early 2019, substantially more 

periods have lower (and quite good) CO2 
concentrations later in 2019 and early 2020. 
This, together with the lower temperature in 
the same period, indicates a change in the use 
of the classroom. At first we suspected that the 
teachers had adopted better airing practices at 
the expense of comfortable temperatures; but 
later learned that the room had been converted 
from a teaching space to a project space and 
generally had much lower occupancy.

CO2 (ppm) – Classroom D

CO2 (ppm) – Classroom A
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The results of the social side of the study 
underline that the school structure, as is, 
presents various forms of health and comfort 
challenges, both anticipated and unexpected. 
Though teachers present a high level of interest 
in airing out the classrooms, they face challenges 
of extreme temperatures inside and out, poor 
visibility of the smart boards, and social pressure 
to keep doors to the central atrium closed -- all 
while preoccupied with the teaching tasks at 
hand.

Temperature 
Temperature is the most noticeable and pressing 
issue for the teachers. As three out of the four 
studied classrooms are west- or south-facing, 
the heat from the sun persists throughout 
the seasons. In the winter, this is particularly 
problematic for airing, as the cold and often 
freezing temperatures either discourage teachers 
from opening doors or windows for more than a 
few minutes at a time, or inhibit them from airing 
out altogether. This dilemma is even more clear-
cut in Classroom B, a north-facing classroom, 
where teachers decidedly do not air out in the 
winter time, as they already feel cold with the 
windows closed. During the warmer months, it 

becomes more comfortable to air out; however, 
the heat can become unbearable, whether or not 
the doors and windows are open. For example, 
one teacher laments, “We try to open the windows 
and doors, but we get hot very quickly.” Whereas 
the technical data does not reflect this heat 

challenge, it instead shows too cold temperatures 
on occasion. And although previous studies 
suggest airing out as a solution to hot 
temperatures,9 our study indicates that airing 
out manually during winter periods, without the 
support of data displays or automation, can result 
in too cold temperatures instead.

9. Dansk Center for Undervisningsmiljø (DCUM). (2018). Indeklima: Luft til læring. https://dcum.dk/media/2285/dcuminspirationindeklima-i-skoler.pdf

Social Results



MAKING SENSE OF A SCHOOL YEAR

20

Light 
The issue of temperature is similarly linked to 
light and use of the curtains in the classrooms. In 
the warmer periods, the teachers often keep the 
curtains closed to prevent overheating, leaving 
the classrooms darker, but also cooler. Yet, the 
curtains are often closed in cold weather, as well; 
and the teachers explain that unless the light is 
blocked, they are unable to use the smart boards 
for teaching. One teacher remarks, “I think it’s 
irritating. The sun is of course delightful, but you 
can see here, where you pull down, we are missing 
curtains. And we can’t see the smart board.” In fact, 
several teachers asked if it would be possible 
to install heavier and wider curtains to more 
effectively block out the light -- though another 
teacher suggested that perhaps simply reinstalling 
the smart board on a different wall of the 
classroom could solve the problem. The concern 
over smart board visibility versus low light levels 
disproportionally affects the older children, with 
whom the smart boards are more frequently 
used. 

Atria
Another important element for the classrooms is 
connection to the central atria. In all classrooms, 
the door to the atrium is kept closed during 
lessons and is only opened during the recess 
or lunch times. This is an agreement made 
among the teachers so that classes still in session 

are not disturbed while others are on break. 
Unfortunately, this also means that the atrium 
doorway is not commonly used for ventilation; 
though the double doors to the outside are 
sometimes opened during recess, allowing for 
crossflow. The challenges of hard surfaces and 
noise in the atria also result in low usage of these 
large spaces for learning activities; though they 
are used to some extent during the recesses by 
small groups of students chatting, chasing each 
other, or kicking a ball. On occasion, the atria 
are used for gatherings to celebrate holidays or 
-- more rarely -- carry out exercises that require 
more space. One teacher explains that the 

atrium is used about once a month, and then, for 
coordinated project work. He says, “It gets really 
disruptive out there. Because there’s lots of work 
being done all around. It can be building a tower, 
or solving some codes, or making some programs 
on the computer, or one thing or another. It can be 
really active out there, and it can of course sound a 
bit violent.” Other specific activities include: one 
atrium is used for making and hanging springtime 
decorations, or for older students reading to 
younger students in pairs; and another atrium 
is periodically used for mathematics exercises 
that involve spatial dimensions. Another teacher 
observes, “If there are more classes out there 
working, it becomes too much.”



MAKING SENSE OF A SCHOOL YEAR

21

Unexpected
Although there was reasonable expectation for 
some of these results, there were also a couple 
surprises. Probably of most significance is the 
tradeoff between smart board use and light in 
the classrooms. Natural daylight and views in 
classrooms have been shown to significantly 
benefit students. A recent Danish study indicates 
that plentiful daylight can improve academic 
performance by 15%,10 building upon previous 
findings that suggest daylight in the classroom 
additionally contributes to children’s hormonal 
development and overall health.11 It is unclear 
whether there may be better classroom design 
or technological solutions that could allow for 
both smart board and window use. Another 
unexpected factor in the execution of the 
research was social effects on the technical 
measurements. That is to say that in addition 
to brief interruptions to technical data -- for 
example, when an AmbiNode should be reset -- 
we also experienced a loss of signal from Sensor 
4 that at first we could not explain. A subsequent 
visit to the school revealed an entire wire mesh 
built around AmbiNode, serving as the trunk 
structure for a papier mache tree the children 
were building as an art exercise. Whereas we 
could anticipate wires being unplugged or sensors 
getting hit by flying soccer balls, no one saw that 
coming. 

Unaware
Besides the unexpected results, there is the 
matter of invisible elements. We are able to note 
these because of the technical measurements, 
but the social observations suggest that staff, 
teachers, and students may simply be unaware 
of these factors. Of particular note are CO2 and 
noise levels. High levels of CO2 are not inherently 
harmful but are a good indicator of indoor air 
quality.12 Although teachers are very mindful 
of the need for fresh air in the classrooms, the 
business and bustle of the after-lunch classrooms 
appear to distract from airing. Despite the belief 

10. Impact of Lighting on School Performance in European Classrooms (2016) C. Maesano and I. Annesi-Maesano, CLIMA 2016, 12th REHVA World Congress 2016, Aalborg, DK.
11.	 Daylighting	in	Schools	An	Investigation	into	the	Relationship	Between	Daylighting	and	Human	Performance	Condensed	Report	(1999)	L.	Heschong,	Heschong	Mahone	Group	for	the	Pacific	Gas	and	Electric	Company, 

Fair Oaks, CA. 
12.	The	impact	of	working	in	a	green	certified	building	on	cognitive	function	and	health	(2017)	P.	MacNaughton	et	al.	Building	and	Environment,	114,	178–186.
13. Classroom Acoustics and Impact on Health and Social Behaviour (2015) G. Tiesler, R. Machner, & H. Brokmann, Energy Procedia 78, 3108–3113.

that classrooms are aired sufficiently throughout 
the day, the afternoon measurements paint a 
different picture. This is a particular instance in 
which a supportive device for alerting teachers 
could be useful -- part of the impetus for AirBird. 
Similarly, bad acoustics can be problematic in 
schools, contributing to stress of both teachers 
and students.13 As a general statement, most 
teachers agree that the classrooms become 
noisy throughout the course of the day, but are 
not always aware in the moment. During one 
interview, while the noise levels were already 
quite high, one teacher asked -- with surprise 
-- if I thought there were bad acoustics. Noise 
-- unlike CO2 levels -- can readily be detected, 
but the gradual increase and cumulative effects 
of noise lead people to acclimate and not make 
conscious note of the problem. That said, the 
noise levels do not exceed what would be 
expected within a school.      
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Combining the
Technical and Social

In order to exemplify the context inside the 
school, we provide a snapshot of a typical winter 
day and a typical spring day at Kokkedal Skole, 
zooming in on the measurements, observations, 
and teacher reports for 22 February 2019 and 24 
April 2019 -- the former being the main teacher 
interview date, and the latter including the final 
teacher interview. The temperature situation 
in particular paints a picture that harks to the 
old fable of Goldilocks. In the story, Goldilocks 
wanders into the home of the three bears, and 
when her hunger drives her to eat their porridge, 
the first soup is too hot, and the next is too 
cold. Just as Goldilocks struggled to find the 
right temperature for her meal, Kokkedal Skole 
oscillates between extremes, as the teachers 
struggle to balance temperature, light, and fresh 
air. The combination of data types was very 
important for us to understand the complete 
picture. A good example of this is that even 
though the technical data shows problematically 
cold temperatures, the social data helps to 
understand that the influx of cold is often the 
result of teachers battling against heat from 
passive solar radiation.
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Friday, 22 February 2019, it was a cold, grey, 
but dry day in Fredensborg Kommune, with 
outdoor temperatures ranging from -1℃ at 8:00 
to 3℃ at 14:00. But inside Kokkedal Skole on 
a winter day, it is a different story. West- and 
south-facing classrooms become entirely too hot 
despite airing, while the north-facing classrooms 
stay closed up against the cold. In a brief 
exchange with a student in an atrium, he says the 
temperature inside is too warm. When asked if 
it’s better outside, he agrees, but also says that 
it’s too cold outside.

Classroom B is a bit of a different situation, 
given its northern orientation. Contrary to 
the other monitored classrooms, it stays 
relatively cool throughout the year. This has its 
own drawbacks. The teacher explains, “[The 
temperature] goes alright as long as we open the 
windows. We have to sit and regulate it ourselves.” 
But he also says, “We keep them closed in the 
winter” because otherwise it gets “way too cold.” 
Also, as the students are older in this classroom, 
breaks are given every 90 minutes. He says that 
airing is much more thorough in the spring, when 
the students “can’t tolerate to be kept in here if 
the windows don’t get opened. 

Temperatur Fredensborg kommune 22. february 2019

Temperature in Classroom B 22. february 2019

CO2 level in Classroom B 22. february 2019

A Winter Day
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During the interview in Classroom C, it is noted 
that the classroom is very dark. When discussing 
with the teacher, she says, “Otherwise we can’t 
see the smart board.” While it’s cold outside, the 
classroom itself is warm. She says, “It gets really 
hot in the classroom and pressing, and so we open 
the windows and just sit there and freeze.” When 
asked about the students’ focus, she replies that 
“They are small, no? It demands that we get up and 
get physical outside and get a little air and come in 
again and air out.” She regularly airs out the room 
during breaks, but says that “sometimes when I’m 
not here, they close [the windows] because they 
think it’s too cold.”

Temperature in Classroom C 22. february 2019

Temperature in Classroom D 22. february 2019

CO2 level in Classroom C 22. february 2019

CO2 level in Classroom D 22. february 2019

The teacher from Classroom D interviews just 
outside the classroom, in the atrium, where it’s 
quiet and very cold. When discussing the atrium, 
she describes it as “crazy cold!” and explains 
that they keep the double doors to the outside 
open during breaks “because [the children] run in 
and out.” In her classroom, she says, “The sun is 
bearing down, and it’s crazy hot. But I don’t believe 
it’s enough to keep things open because it’s ice cold 
out there just now.” Further, she says they air out 
during breaks, which occur every 50 minutes for 
the young children. “It gets really hot, and we are 
positioned in a place where fresh air doesn’t really 
come. And so we open the door and the windows.”
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By Wednesday, 24 April 2019, the weather in 
Fredensborg was already much more agreeable. 
The school day started at 11℃ at 8:00 and 
reached a balmy 16℃ by 14:00. While the 
more imposing presence of the sun has its own 
drawbacks in the school, there is a stronger 
connection between the indoors and outdoors.

During the interview in Classroom A, the 
teacher introduces the concept of indoor climate 
to her pupils, helping the third graders assess 
how they feel. Some of the students feel too 
warm, others feel too cold, but they all agree it 
feels much better when the windows are open. 
The teacher describes, “I’m normally satisfied, I’m 
warm. Otherwise we can go outside, get warmth in 
the body, and run around a bit. It can get extremely 
hot in here. It can be 50°.” The students agree 
with their teacher that it’s more or less hot all the 
time; and the teacher explains, “We air out really 
a lot.”

Atria
During the breaks on this visit, there are many 
children playing outside, enjoying the sunshine 
and greening trees. Some stay indoors during 
the breaks and kick a football around with each 
other. One atrium is currently being used once 
a week for mathematics lessons. This way, there 
is more space for the students to learn about 
measurement -- for example, telemeters and 
centimeters. Otherwise, doors to the classrooms 
are closed when class is in session.

    

Temperature in Classroom A 24 April 2019

CO2 level in Classroom A 24 April 2019

Temperatur Fredensborg kommune 24 April 2019

A Spring Day
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COVID-19 
Period

Here we briefly consider how the pandemic 
and following re-opening of schools has 
influenced the data. At Kokkedal Skole, students 
from 0-grade to 5-grade were called back 
into the school from 20th of April 2020. As a 
consequence of the situation classes are gathered 
with half the number of students compared 
to before the lockdown. There is still not a 
substantial amount of data for the period, and 
thus we cannot yet make rigorous analyses. But 
we can observe major changes in two of the 
classrooms in use since the end of April, and 
prior to the return of older students. Compared 
to the same period in 2019, the indoor air quality 
is seen to improve significantly. This is likely due 
to the limited number of children per classroom 
and drastically expanded airing practices. 
Increasing ventilation rates or reducing the source 
are two very effective measures to improve 
indoor climate, as can be seen in the graphs 
below, contrasting CO2 levels for Classrooms C 
and D between April and May 2019 versus 2020.

CO2 levels: April/May 2019 vs April/May 2020

CO2 levels (hourly average): April/May 2019 vs April/May 2020
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A visit to Kokkedal Skole on 5 May 2020 revealed 
that -- in addition to renovation construction 
commencing in one wing -- that the use of the 
other wing follows new preventative measures 
to keep space among the pupils. When students 
arrive at the school in the morning, they must 
enter class directly through the classroom’s door 
to the outside. Class activities are conducted 
outside as much as possible, and both the door 
to the outside and to the atrium are kept open 
throughout the day. We can see that this has a 
dramatic impact on the air quality in the rooms; 
but naturally, this approach is unsustainable, 
especially during cold and wet periods. It does, 
however, suggest that changes to how the 
classrooms are used can have a major effect 
on air quality --, and that it may be possible to 
achieve similar benefits with frequent, but short 
periods of ventilation. The main conclusion 
from this limited data set is that the CO2 level 
challenge in this typology of school is actionable. 
When more data is collected, a new evaluation 
will be made, comparing with a renovated 
classroom as well to consider the benefits of 
improved ventilation.
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Discussion
and
Conclusion

Our main findings for this research project 
are that there are measurable and observable 
challenges to the indoor climate in Kokkedal 
Skole, confirming previous research on similarly 
designed schools in Denmark. The significance of 
these findings are to establish a baseline, against 
which the researchers can contrast further 
measurements after renovations and redesign 
of how these educational spaces are utilized. 
In other words, identifying actionability and 
developing potential solutions are key factors 
driving this report. The issue of greatest concern 
is that of the high CO2 levels in the classrooms, 
particularly during the colder months, when 
good airing out practices can also interfere with 
comfortable temperatures. 

Bringing together the technical and social data 
helped to reveal and document phenomena, 
such as that even though the technical data does 
not underscore particular problems with high 
temperatures in the classrooms, the teachers 
in classrooms facing west or south attest to 
the ongoing struggle against hot temperatures 
throughout the day, even in the winter period. 
It is also substantiated with technical data that 
teachers -- at this point -- are not able to reflect 
on and talk about what they cannot sense 

(particle or CO2 levels), but can artfully describe 
tangible factors like temperature and light levels. 
This underlines the importance of measuring 
CO2 levels, as even though the teachers do not 
note stuffiness as a problem and in fact believe 
they air out sufficiently, the technical data shows 
CO2 concentration as consistently too high.

It is also in this way that we can best understand 
the light level challenges in Kokkedal Skole. 
Although it is difficult at this point to extract 
conclusions from the technical measurement 
of light levels -- due to sensitivity of sensor 
placement and orientation -- the social 
observations attest to the regularity of closing 
curtains in the classrooms. This practice is 
connected both with preserving visibility of the 
smart boards and with the aforementioned 
battle against high temperatures in the afternoon. 
Further, we experienced methodological 
learnings -- such as the need for an alarm that 
notifies if there are data outages, and that the 
interview timing should be better aligned and 
reproduced with the seasons. Moreover, the 
methodological experimentation helps us to 
understand how to overall structure such a 
research project to capitalize better on using 
social observations and interviews to explain 

technological anomalies.
Overall, we suggest to continue monitoring, 
particularly on CO2 levels, in Kokkedal Skole, 
and moreover we recommend the use of 
CO2 sensors on a long-term basis to support 
awareness and airing practices for teachers. One 
solution is to distribute devices for notifying 
teachers when the CO2 levels become unsafe. It 
is the need for such a portable, student-friendly 
device that led to the conception of Airbird 
(co-created by Leapcraft, the VELUX Group, and 
GXN), which is currently undergoing interaction 
research at Kokkedal Skole. Another solution 
could be to automate the regularity of cross-
flow -- utilizing the stack effect via roof windows 
in the atria -- during scheduled recesses. Early 
indications are that the first phase of renovations 
is incorporating a ventilation design that will 
employ the atria to help ventilate the classrooms 
better. These structural changes may affect the 
extent to which teachers need to take action 
whilst giving lessons and possibly relieve some 
of the responsibility for keeping a good indoor 
climate in the classrooms; though in the case 
of budget limitation or the need for immediate 
solutions, the Airbird or similar devices can 
support awareness and action.
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Further, we suggest a careful balance of lighting 
in the classrooms, to allow for sunlight and a 
view of the outdoors, while still allowing for use 
of the smartboards. Attention to classroom 
orientation will influence the lighting strategy, as 
well, considering that north facing classrooms can 
utilize light for passive warming, whereas west 
and south facing classrooms may need to keep 
the heat out. At a minimum, placement of the 
smartboard should be considered along with 
light maps to minimize the need to close curtains 
simply for screen visibility; and classrooms with 
better placement possibilities of the smartboard 
should be prioritized for the higher grades, 
where teachers more frequently employ the 
smartboards.

In conclusion, we identify problems relating to 
CO2 levels, temperatures, and light and point 
to potential solutions, which will be examined 
in further research after the first building 
renovations. One of the main take-aways is that 
no one of these factors is independent; but that 
the indoor climate is inherently interwoven. That 
is to say, for example, that opening a window 
for fresh air can bring an influx of uncomfortably 
cold temperatures -- a trade-off that can be 

addressed through design solutions, renovation, 
and/or automation. The unusual period of 
measurements since the COVID-19 pandemic 
and return of the younger students to class 
indicates that the building can be used as-is with 
acceptable CO2 levels in the classrooms. The 
particular strategies used at this time are not 
sustainable, and classes will be impossible to 
hold outdoors for a significant portion of the 
year. Rather, our interpretation is that smaller 
but more frequent interventions -- whether by 
behavior, structure, or automation -- can have 
a very positive effect on the indoor climate. A 
continued focus on both technical measurements 
and social behavior will reveal the extent of the 
impact of renovations in comparison to a year of 
baseline study.
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