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A B S T R A C T   

Information gaps between the building and the occupant often lead to sub-optimal building performance, 
impairing the efforts towards more sustainable buildings. New information and communication technology 
creates new possibilities to reduce this gap, enhancing the interaction between occupants and their environments 
while providing operational usage data. Continuous subjective feedback from occupants can be used directly to 
improve building operation and tuning, but may also inform building design and research applications. In this 
study, we perform a literature study of existing systems for continuous subjective occupant feedback (CSOF) 
regarding indoor climate. Based on our findings we design a multi-level CSOF system which gathers occupant 
feedback regarding complaints, control actions and satisfaction evaluations. We qualitatively evaluate the sys
tems in field tests in three buildings with a total of 63 un-informed occupants for a total of 167 days, and identify 
a series of “practical” lessons learned. Occupant opinions were collected through regular surveys and a final focus 
group interview. Deliberate temperature interventions were performed in two of the buildings. The experiments 
collected a total of 56 complaints, 133 control actions via smartphone, 1344 control actions via manual control 
and 311 satisfaction evaluations. The occupants provided useful data to the system through their daily inter
action with it. They expressed satisfaction with the increased level of interaction and control they were offered 
through the system and showed a preference for solutions that give an immediate feedback to their actions and 
have a simple and intuitive interface.   

1. Introduction 

An information gap exists between buildings and occupants, often 
leading to sub-optimal design and performance [1]. Designer’s per
spectives on subjects like indoor climate and architecture often diverge 
from the occupants’ expectations. This is reflected in a large perfor
mance gap between design (simulated) and actual (measured) perfor
mance [2–5]. Occupant interactions with building systems are often 
discouraged, as the building operators seek to avoid disturbance of the 
settings in the finely tuned systems [6]. However, a growing body of 
literature shows that this strategy often leads to the opposite effect: 
occupant tolerance for discomfort is significantly reduced as occupant 
control possibilities are removed [7–9] and occupants’ interaction with 
the building operation positively affects their satisfaction [6,10–14]. It is 
suggested that people are not passive receivers of sensations and per
ceptions, but active and dynamic participants in a system for main
taining equilibrium of the environment [15]. Comfort expectations and 

the availability and constraints of effective control measures are clearly 
important in this context [16], although they are normally under esti
mated in building design. Modern information and communication 
technology (ICT) solutions now make it possible to directly ask the oc
cupants about their preferences and satisfaction with the indoor envi
ronment, hence bringing the occupant into the loop and closing the gap 
between building and occupant. They separate from traditional Post 
Occupancy Evaluations (POE), who are point-in-time measurements, in 
that they are continuous in time and can capture occupant opinions or 
reactions at any given time, at a low cost. Continuous subjective feed
back from occupants can be used directly to improve building operation 
and tuning, but may also inform building design and research applica
tions. Knowing better how the user perceives the indoor environment 
can impact how we design and how we operate our buildings. 

In this paper, we present the outcomes of a study aimed at designing 
and testing in the field a cheap, simple, and non-intrusive system for 
subjective feedback and occupant control of the indoor climate. 

While a complete research project should involve both the 
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qualitative and quantitative assessment of the system, the focus of this 
paper is placed on the qualitative analysis, its usability and occupant 
acceptance, due to the relevance of these aspects and the limits set for a 
single research paper. Quantitative analysis will be presented in a 
separate article combining data from tests in a larger number of build
ings. The research questions addressed in this article are: 

1) What limitations exist in the current research panorama for contin
uous subjective data collection from occupants regarding indoor 
climate?  

2) What are the key features for a low-cost, non-intrusive system?  
3) What is the response of occupants to a system when tested in real 

buildings, in terms of interest, usage, and feedback? 

2. Overview of research methodology 

The methodological approach to the research has been broken down 
in a series of steps that are described by the following objectives: i) to 
gather the current know-how from previous research on subjective 
feedback systems regarding indoor climate; ii) to develop a possible 
design for a low cost and non-intrusive system for multi-level occupant 
feedback; iii) to test the performance of the feedback system and the 
interaction with the occupants, and iv) to derive “practical” lessons 
learned about the use and development of simple systems for occupant- 
building communication. Methods used are closer described in each 
section. Answers to objective i) are found in Section 3 where a brief 
literature study of existing systems for CSOF is presented and discussed. 
Objective ii) is presented in Section 4 where we describe the design af a 
low-cost multi-level CSOF system. Objective iii) is in Section 5 where we 
present methodology and results from testing the system in field., 
Objective iii) is presented in Section 6 where we sum up the lessons 
learned from the research. 

3. Research panorama 

New technologies such as cloud computing, pervasive Internet of 
Things (IoT), and sensor technology have brought the possibility of 
better recording occupant’s satisfaction and interaction with the built 
environment. Several approaches already exist to exploit these new 
possibilities, and several reviews cover concepts that overlap what we in 
this study have chosen to call Continuous Subjective Occupant Feedback 
(CSOF). The emerging field of Occupant Centric Control (OCC), recently 
reviewed by Park et al. [17] refers to controlling building systems based 
on presence/absence data, data from the environment (e.g., illumi
nance, temperature, humidity, CO2) in conjunction with 

human-building interactions (e.g., use of light switch, window, blind, or 
thermostat, etc.). Jung and Jazizadeh [18] reviewed Human-in-the-loop 
HVAC operations, referring to human interactions related to the dy
namics of occupants in indoor environments (e.g., occupancy and 
thermal comfort). Most recently Khan et al. [19] presented a thorough 
review of Occupant Voting Systems (OVS) including a framework for 
characterization. OVS is in that case defined as ‘a system using infor
mation and communication technology that occupants can use at any 
given time to provide “continuous” and real-time feedback on their 
perception of IEQ’, and does not include information gathered from 
occupant control actions (behaviour-based occupant-centric control 
systems). 

For the sake of the development of a continuous subjective occupant 
feedback system, we therefore performed a dedicated survey of the 
literature to identify current trends, experiences, and outcomes only 
focused on research activities where subjective feedback systems were 
used. The systems studied should collect continuous information from 
subjective actions from the occupants. They should be non-intrusive, 
meaning that occupants could choose when (or if at all) to submit in
formation. Examples included in this literature study must also 
demonstrate original research performed with human subjects in the 
field or in laboratory experiments. Via searches in online scientific 
publication databases, using the so-called snowball sampling method, 
we selected and analysed studies which fell within the definition. 
Studies that we have developed ourselves in the last two years which 
therefore were affected by the current research panorama, were not 
included. 

3.1. General characterization 

The literature panorama shows twenty-three scientific articles 
covering the field, and a couple of commercial products are already 
available in this category [20]. A brief list of the studies covered is given 
in Table 1. The topic and nature of the articles is varied, and the rela
tively low number of studies, together with the recent publishing dates, 
shows that this field still is un-explored (first article is dated 2012) and 
there is still much to be discovered. The articles are evenly distributed 
between journal articles and conference articles, with most conference 
articles for the older studies. The articles are published within the fields 
of building science, mechanical engineering and computing, thus 
showing how the field is mostly covered by technical domains (both 
computing and building science), rather than the domains of environ
mental psychology or social sciences. A variety of approaches is also 
seen from a methodology point of view: in most of the studies the sub
jects are fully informed of the study objective, while 3 of the studies use 
uninformed subjects. Study group sizes vary significantly, from 1 to 
4300. 

3.2. Research focus and data collection strategies 

Different research goals are seen in the reviewed studies. Some 
studies focus on the data collection method itself, others have a control- 
oriented approach focusing on the further use of occupant feedback. In 
general, the aims of the studies can be categorized as follows;  

• “Study” - Test data collection method for control, learning or 
benchmarking  

• “Model” - Test personal preference models utilizing subjective 
feedback  

• “Direct control” - Test direct control algorithms utilizing subjective 
feedback 

A few of the studies, such as [21,31,37,39] propose a system design 
and perform field tests, focusing on qualitative tests. In many studies, 
hypotheses are tested by comparing quantitative results of energy use, 
occupant satisfaction, or model predicting accuracy before and after the 

List of acronyms 

API Application Programming Interface 
BAS Building Automation System 
BREEAM Building Research Establishment Environmental 

Assessment Method 
CSOF Continuous Subjective Occupant Feedback 
FM Facility Management 
HVAC Heating, Ventilation and Air Conditioning 
ICT Information and Communications Technology 
IEQ Indoor Environmental Quality 
IoT Internet of Things 
OCC Occupant Centric Control 
OVS Occupant Voting Systems 
QR Quick Response (code) 
SPS Satisfaction Polling Station 
SQL |Structured Query Language  
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feedback system is used. The systems have been categorized by the type 
of system, according to system types defined in Table 2. 

Most of the studies involve smartphones as interfaces for collecting 
occupant feedback. By registering information through personal 
smartphones, the information may be linked to a personal ID tag, and in 
some cases additional questions regarding personal information, such as 
age and gender, may be asked of the user. Many of the studies [27–29, 
32,33,35,36,38,39,44] use the concept of “participatory sensing” for 
collection of preference votes. In some of the studies [24,25,30,31], this 

Table 1 
List and key information on selected studies investigating systems collections of 
for continuous subjective data.  

Ref. No. Interface type Participants Research focus 

[21] Common Polling 
station, Smiley face 
buttons [Polling 
station] 

Uninformed 
visitors, 
Unknown 
number 

Presents a method to 
conduct continuous 
longitudinal studies of IEQ 
and occupant comfort 

[22] Common LCD screen 
thermostat showing 
current room 
temperature. 
[Intelligent thermostat] 

Informed, 
7 

Explores the means of 
making HVAC systems 
respond automatically to 
local occupant temperature 
preferences 

[23] Personal manual 
thermostat control 
[Personal Comfort 
System w/IOT] 

Informed, 
38 

Explores use of feedback 
with a personal comfort 
system (PCS) to learn 
occupants’ heating and 
cooling behaviour for the 
development of personal 
comfort models 

[24] Personal digital 
interface, widget and 
WebApp [Personal 
App/Feedback] 

Uninformed, 
Approx. 4300 

Tests a software tool that 
solicits thermal feedback 
from students, and 
analyses its impact on 
energy use and energy 
management procedures 

[25] Personal Smartphone 
App [Personal App/ 
Feedback] 

Informed, 
1 + 1 
occupants 

Tests a mobile application 
for thermal preference 
feedback for training 
personal models 

[26] Personal tablet with 3 
different levels of 
automation [Intelligent 
thermostat] 

Informed, 
30 
households 

Occupant perspectives 
from testing smart 
thermostats that automate 
heating based on 
occupants’ heating 
preferences and real-time 
price variations. 

[27] Personal Smartphone 
App [Participatory 
sensing] 

Informed, 
61 

Proposes 5 application 
feedback types that use 
various methods of data 
presentation and 
environmental stimuli to 
promote specific 
behaviour. Occupant 
perspective. 

[28] Smartphone App 
[Participatory sensing] 

Informed, 
49 

Energy savings potential is 
examined in context with 
occupant subjective 
feedback. 

[29] Website or personal 
smartphone app 
[Participatory sensing] 

Informed, 
60 

Satisfaction and energy 
saving by implementation 
of a system that integrates 
building occupants’ 
personalized thermal 
profiles into the HVAC 
control logic. 

[30] Touch screen, personal 
single office [Personal 
App/Feedback] 

Informed, 
6 

Test a data-driven learning 
method to implement 
personal models with 
thermal complaint 
behaviour in a control 
system. 

[31] Mini interaction device 
registering preferences, 
mobile application for 
alternative interface 
[Personal App/ 
Feedback] 

Informed, 
12 

Occupant responses from 
testing a system that allow 
occupants to report 
subjectively perceived 
comfort levels. 

[32] Smartphone App 
[Participatory sensing] 

Informed, 
4 

Tests framework to 
integrate building 
occupants in the HVAC 
control loop and control 
the HVAC system based on 
personal comfort profiles 

[33] Personal Smartphone 
App/web interface 
[Participatory sensing] 

Partially 
uninformed, 
12 

Tests satisfaction and 
energy use with system 
that captures occupant’s  

Table 1 (continued ) 

Ref. No. Interface type Participants Research focus 

favourite temperature non- 
intrusively and optimizes 
the set-point temperature 
with a model 

[34] Personal Smartphone 
App [Participatory 
sensing] 

Informed, 
20 

Tests satisfaction and 
energy use framework to 
integrate building 
occupants in the HVAC 
control loop and controls 
the system directly 

[35] Personal Smartphone 
App [Participatory 
sensing] 

Informed, 
4 

Tests satisfaction and 
energy use with framework 
to integrate building 
occupants in the HVAC 
control loop and controls 
the system based on 
personal comfort profiles 

[36] Personal WebApp 
[Participatory sensing] 

Informed 
65 

Tests energy use with an 
embedded sensing and 
information management 
architecture that provides 
for effective participation 
by the building occupants. 

[37] Personal Polling station 
at desk [Polling station] 

Informed, 
44 

Tests occupant usage of a 
personal polling station 
with embedded sensors 

[38] Personal Smartphone 
App [Participatory 
sensing] 

Informed, 
39 

Tests satisfaction and 
energy use with system for 
participatory voting. 
Demonstrate a learned and 
real-time method of 
utilizing occupant data. 

[39] Personal Smartphone 
App [Participatory 
sensing] 

Informed, 
60 

Tests communication 
platform, which enables 
occupants to communicate 
preferences to building 
control system. 

[40] Personal Smartphone 
App [Personal App/ 
Feedback] 

Informed, 
616 

Demonstrates how 
occupants can be clustered 
into comfort personality 
types for prediction and 
recommendation systems 

[41] Personal Smartwatch 
App [Personal App/ 
Feedback] 

Informed, 
15 

Demonstrates how large 
data sets of human 
feedback can be analysed 
to reveal building 
anomalies, occupant 
behaviour, occupant 
personality clustering, and 
general feedback related to 
the building 

[42] Personal Smartphone 
App [Personal App/ 
Feedback] 

Informed, 
25 

Case study implementation 
of app for Activity Based 
Working (ABW) allocation 
platform demonstrating 
how occupants can be 
classified into specific 
types who can be matched. 

[43] Personal Smartphone 
App [Personal App/ 
Feedback] 

Informed, 
41 

Discusses methodological 
aspects of the photograph- 
based smartphone post- 
occupancy evaluation for 
collecting qualitative 
results  
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feature is extended with a more general feedback-oriented approach, 
where users can use the smartphone to communicate with the building 
regarding other issues, such as reporting technical problems etc. 

The use of personal devices is not the only way to collect occupant’s 
feedback, and several of the studies make use of different solutions. 
Some use intelligent thermostats [22,26] that learn from occupants’ 
interactions or, on a personal level, intelligent Personal Comfort Systems 
(PCS) [23] that register occupant interactions. Another approach is 
instead seen with the adoption of a polling station [21,37], i.e. a 
geographically stationary device where occupants can enter information 
freely or “vote”. The polling stations are either centrally located and 
shared by occupants [21] as they pass by, or personal polling stations 
located at the work desk [37]. In more recent years the research on 
Participatory Sensing type interfaces appears to have decreased, and 
other methods such as polling stations and personal comfort systems 
with IoT have been studied more intensively. Only three of the studies 
provide the occupants with an immediate physical reaction after the 
feedback, as most of the systems either offer no direct control over the 
environment, or only control the ambient room temperature, which has 
a long response time. 

3.3. Knowledge gap 

The literature review shows that there exist some knowledge gaps for 
the field of continuous subjective occupant feedback that have not been 
fully addressed. Relatively few of the discovered studies focus on the 
data collection methods themselves, or on how the occupants receive 
them. On the contrary, many focus on how occupant feedback can 
perform for the benefit of building professionals and researchers. 
Further, few of the studies compare or question how one should best 
collect data. Nor do they tend to study the effect the feedback method 
has on the occupants. As far as we know, no studies have questioned the 
validity and nature of the collected data if compared to traditional 
survey methods, or to other feedback. It is clear the different types of 
continuous subjective occupant feedback (CSOF) methods will collect 
different types of data as there are variations in theme, sensitivity or 
threshold for responding, and differences in the psychological origin of 
different types of subjective feedback. Hence, CSOF systems will by their 
design target different data types, and it may be desirable to combine 
several designs to get a comprehensive set of occupant data. There is no 
established framework for differentiating or classifying the different 
types of subjective data on the occupant-side. Work should be done to 
clarify the links between human psychology and data collection 
methods (or system types) such as control actions and satisfaction 
evaluations. 

4. Continuous subjective occupant feedback (CSOF) system 
design 

4.1. Background 

The knowledge available in the literature has been used to drive the 
design of a system targeting the collection of 3 types of subjective in
formation regarding indoor climate from the occupants: occupant com
plaints, occupant control actions, and occupant satisfaction evaluations. We 
see the establishment of such a distinction and organization of subjective 
occupant feedback as a theoretical contribution to the research field, 
since current types of subjective data described did not allow a clear 
schematization of the differing nature of the collected information. 

The system we designed coupled the acquisition of subjective in
formation with physical measurements of the indoor climate (temper
ature, CO2 concentration) to allow further analyses of the feedback 
system performance, although a quantitative assessment of such a per
formance is not presented in this paper. 

The overarching goal of the system was to reduce the barrier be
tween building and occupant, providing occupants with control and 
feedback possibilities while collecting valuable information about 
occupant preferences, perceptions, and satisfaction evaluations that can 
be correlated in time to other measured data. During the design phase, 
the system requirements were set to be non-intrusive, capable of col
lecting continuous “real-time” data, and to give a best possible repre
sentation of the subjective preferences and satisfaction levels of the 
occupants. It should also be possible to install the chosen solutions in 
existing buildings, only using low cost and commercially available 
technology. 

Non-intrusive collection of occupant control actions and complaints 
proved to be possible, as these actions are driven by occupant needs or 
wishes (e.g. need for change or wish to inform about a problem). 

Occupant satisfaction evaluations are however different in this sense, 
as occupants are not necessarily driven to perform or express them (e.g. 
if occupants are satisfied or oblivious to the question, they may not 
prioritize to submit feedback). For this type of subjective feedback, the 
concept of smiley-face polling stations was chosen. In recent years they 
have had a large success for satisfaction measurement in retail, hospitals 
and airports due to low cost, low customer intrusion and sufficient ac
curacy [21,45]. Because of their user-friendliness and ability to engage 
the occupants to provide feedback on their experience, these satisfaction 
polling stations (SPS) could also be considered as a tool for gathering 
votes about the indoor environmental quality of buildings. The main 
drawback of this method is the limited accuracy and transparency, as 
one has no control over who is voting and there is a risk of non- or 
multiple response biases. The cost estimate of Version 2 of the system is 
140€ per workplace, or 12€/m2 of office area. For comparison, modern 
high performance climatization systems for office buildings in Norway 
cost approximately 450–900€/m2. 

4.2. System characteristics 

4.2.1. System overview and design 
Two versions of the systems were developed during the research 

activity. Version 1 was designed in Mar–Nov 2018 and tested in Nov 
2018 to Feb 2019, while Version 2 was created in Sep–Dec 2019 and 
tested in Jan–Mar 2020. The series of improvements made to Version 2 
of the system were based on user comments, as well as results from 
surveys and focus interview and own experiences with Version 1 during 
the first tests. During the time between Version 1 and Version 2, system 
development and more focused tests on some levels of the system had 
taken place in four other buildings, as described in Ref. [46–48]. A 
graphical presentation of the two systems is shown in Fig. 1. The explicit 
reasons and design decisions for developing a Version 2 of the system are 
described in the following sections. Broadly speaking, the changes were 
made in an attempt to improve the usability and subsequently the 

Table 2 
System types.  

System types Description 

Participatory sensing A Smartphone app or Web widget collects occupants’ 
preferences by location. Occupants “vote” when they 
wish a change. 

Personal App/Feedback Occupants vote or specify their preferences, as on a 
virtual thermostat. Also used for a wider range of 
feedback, such as maintenance etc. 

Intelligent thermostat Analog or digital touch screen thermostats log and learn 
from occupant interactions to improve the control of the 
room temperature. 

Polling station Personal or communal device with quick questions/ 
surveys where occupants leave their answers when they 
wish. 

Personal Comfort 
System w/IoT 

Personal heating or cooling system that is controlled by 
the occupant. Usage data can be logged and transmitted 
in real-time.  
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quantity of data collected by the system. It was clear that the changes 
also would reduce the detail level of some of the collected data. This was 
a conscious decision in line with the aim of the research. 

4.2.2. System architecture 
The entire feedback system was created with off-the-shelf products 

and simple programming techniques. All data from sensors and in
terfaces was transferred via internet protocol and designated Applica
tion Programming Interfaces (API) and stored in databases. Finally, data 
was collected in a freeware IoT platform where simple automation and 
visualization tasks could be performed. Data was also extracted from this 
database for further post-processing and study. The overall system ar
chitecture of the multi-level system is shown in Fig. 2. Levels are 
numbered (1) Occupant complaints, (2) Control actions, (3) Satisfaction 
evaluations and described in detail in the following sections. In Version 1, 
control actions and complaints were done through a smartphone 

complaint interface that was a mobile webpage, unique to each work
place, which occupants reached by scanning a QR code attached to the 
work desk. In Version 2, a simpler system was chosen where the QR-code 
and smartphone option were removed. Personal control of heaters was 
then done via a simple switch located on each office desk. SPS was made 
up of a simple interactive webpage that was displayed on a centrally 
placed tablet in kiosk mode. The occupant complaints could then be 
made on a second page on the SPS. The heater control in Version 2 was 
not registered directly in the database, but heater use was detected 
through mounting a temperature sensor on each heater as this solution 
was found to be a better trade-off in terms of accuracy vs. costs. 

4.2.3. Level 1: Occupant complaints 

4.2.3.1. Version 1: QR codes and smartphone interface. A solution based 
on a web page tailored for smartphones was used in combination with 

Fig. 1. General overview and illustration of multi-level feedback system in Version 1 and 2.  

Fig. 2. System architecture, illustrated for both versions 1 and 2.  
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unique QR codes printed and attached to each work desk. This design 
was chosen by considering the goals of the system, i.e. to be non- 
intrusive, digital, and affordable, and providing continuous data. The 
feedback solution also needs to have a low threshold for user interaction, 
require no prior knowledge for use, and be able to provide location 
specific information, also in areas with free seating. In this configura
tion, the occupants did not need to download anything but could scan 
the QR code on the closest work desk with their smartphone, and thus 
reach a unique webpage for that work desk with buttons to complain 
about “Too cold”,” Too hot”, “Bad air” or “Draft”. They could also leave a 
text message. The four complaint options were chosen as they are seen to 
cover the most common complaints regarding the indoor climate [49], 
that also could be related to the measured variables (temperature and 
CO2). On the first visit the user was asked to enter age and gender, and a 
unique user number was stored using cookies. Future feedback from the 
same smartphone would then be linked to the user ID. No other personal 
information was collected. See Fig. 3. When occupants entered infor
mation, this was stored in a database. Only one complaint could be 
logged at a time. 

4.2.3.2. Version 2: SPS complaint function. The QR-code interface was 
discontinued in Version 2 as the system collected low volumes of data 
and several occupants in focus interviews commented that the solution 
was cumbersome to use, or that they were not familiar with QR codes. 
Instead, the complaint feature was moved to the SPS feature as a second 
page shown to those who voted “dissatisfied” or “very dissatisfied” on 
the first page. If an occupant reports being dissatisfied, it seemed 
reasonable to give them the opportunity to report why, or which IEQ 
feature they were dissatisfied with. Users could then select one or more 
features amongst the following: “Too hot”, “Too cold”, “Draft”, “Poor air 
quality”, “Noise”, “Poor lighting” or “Other”. The feature was made with 
Windows PowerApps, which generated an interactive website. Data was 
stored and communicated to the IoT platform via an API. More than one 
complaint could be logged at a time. When moving the complaint 
function the publicly located SPS caused a crucial loss of information 
about who had made the complaint and where the person was located. 
There was no control of who used the SPS, making the information less 
reliable and making it impossible to connect the feedback to the user. 
This would make the data unfit for characterizing comfort on a personal 
level, but could increase the response rate. The trade-off was still 
considered acceptable and was found interesting for further 
investigation. 

4.2.4. Level 2: occupant control actions 

4.2.4.1. Version 1: QR/Smartphone control. Database entries for “Too 
cold” made with the digital complaint/QR feature would in this version 

activate personal heaters under each work desk. This was done by 
plugging each heater to a standard “smart plug” communicating over 
433 MHz band to an internet enabled gateway. When occupants scanned 
the QR code at their desk and complained “Too cold”, the smart plug 
under the desk would turn on and start the heater. The plugs were 
programmed to switch off after 30 min, and users would then have to 
repeat the procedure to continue receiving heat. This was both a security 
measure to avoid heaters being left on and a way of increasing the 
number of responses. The heaters are 30 × 60 cm large, attach to the 
underside of the desk and provide infrared heating with a power range of 
40–150W (see Fig. 4 A and B), but were pre-set to approximately 50W 
power, producing surface temperatures of 40–50 ◦C. The cost of the 
heaters was less than 80€ per piece. All products were commercially 
available at low cost. The functionality of connecting the feedback for 
“Too cold” to the activation of the personal heater was enabled in the 
last phase of the field tests. 

The under-desk heater was also tested with a manual ON/OFF 
feature in Building 1 instead of using the QR code feedback at the end of 
the experiment. Users then turned a plastic knob at their desk to switch 
the heater on and choose the power. Use was tracked by mounting a 
temperature sensor to the surface of each heater. In this case the heaters 
could be left on for longer periods of time without control actions from 
the occupant every 30 min. 

4.2.4.2. Version 2: heater button on desk. The QR heater control function 
was replaced with a wireless switch located on each office desk. The 
buttons had a built-in timer set to 30 min and were paired via the 433 
MHz radio band with the Smart Plug at the same desk. This system was 
more intuitive and easier to use for the occupants, as well as being more 
robust since the ON/OFF signal and timer function were handled locally 
and did not go via a cloud service. 

4.2.5. Level 3: satisfaction 
Overall user satisfaction was collected though a tablet solution, 

where a tablet mounted on a floor-stand displayed a full screen webpage 
with the question “How satisfied are you with the indoor climate 
today?” and five smiley icons. As occupants pressed buttons on the 
touchscreen, the response was saved in a database as integers between 
− 2 and 2 where − 2 is “Angry”, 0 is “Neutral” and 2 is “Happy”. Once 
pressed, the screen showed the message “Thank you!“. See Fig. 5. 

In Version 2 a dissatisfaction page was linked to the SPS, as previ
ously described in Section 3.3, to provide a more detailed complaint 
pinpointing the sources of dissatisfaction. More than one complaint 
could be logged at the same time as a way to overcome some limitations 
experienced in another set of field tests on the SPS [48]. The question 
wording was also changed slightly between the two versions (see figure 
text) to make it more explicit to the user that the feedback was 

Fig. 3. Complaint system A) QR code and webpage from Version 1. B) SPS complaint page from Version 2 (in Norwegian native language, translated: “What are the 
reasons for your dissatisfaction?” with possible answers “Too warm; Too cold; Draft; Poor air quality; Noise; Poor lighting; Other”). 
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specifically pointing at the user’s level of satisfaction rather than a 
generic opinion. 

4.3. Measurements of physical indoor climate 

The physical indoor climate conditions were logged in two separate 
ways: by extracting information from the building BAS system, and by 
use of external sensors. The measurements of the physical indoor climate 

Fig. 4. Control action system A) Under desk heater mounted in case building. B) Infrared image of under desk heater in use. C) Version 2 wireless “ON” button with 
30-min timer on desk. 

Fig. 5. Satisfaction evaluation system A-B) Two examples of SPS positioned in case buildings. Bottom row from left: Version 1 SPS screen, Version 2 SPS screen. In 
Version 1, the questions on the SPS screen was “What is your opinion on the indoor climate today” in Version 2 the question was “How satisfied are you with the 
indoor climate today”. 
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are conceptually, per se, not part of the CSOF system, but were devel
oped as an integrated platform to visualize the connections between the 
data. 

Where data was extracted from the BAS system, the built-in analog 
temperature and CO2 sensors were checked prior to the experiments and 
found to have an accuracy of ±1 ◦C. Data was extracted by setting up an 
API connection between the building automation top system and an 
external database. Temperature measurements with external sensors 
were done with wireless button sensors. The sensors have an absolute 
accuracy of 0.4 ◦C and were distributed throughout the spaces. The 
sensors have an integrated battery and wireless radio communication 
module. They communicate through an internet connected gateway to a 
cloud service. An API connection was established transferring data to an 
IoT platform where all data was finally collected and visualized. 

5. Field tests 

5.1. Background 

A series of different field tests was designed and executed to inves
tigate how the chosen system(s) would perform when made available to 
regular occupants of modern office buildings. Three field tests were 
conducted where the three components of the previously described 
system were introduced gradually, one by one, and occupant surveys 
were performed at certain points in time. We qualitatively evaluated the 
systems in field tests in different buildings with a total of 63 un-informed 
occupants for a total of 167 days. So-called temperature interventions 
were also part of the experimental design and carried out at certain 
points in time. The inclusion of the surveys was a strategy to establish a 
“ground truth” to compare with the feedback data (we thus consider the 
outcome of a survey the “real” occupant feedback), and a means to ask 
the occupants questions about how they perceived and used the CSOF 
system. 

The temperature interventions, i.e. deliberate stepwise changes in 
the ambient room temperature, were performed in two of the buildings 
with the intention of provoking feedback and control actions from the 
occupants to see whether they would use the system. This type of tem
perature interventions in field tests with live occupants can only rarely 

be found in the research literature and is thus a valuable contribution. 
The occupants were informed that the study was investigating the 

indoor climate in their space, but it was not specified that the focus of 
the tests was about the interactions they made with the feedback system. 
It was also communicated that no data linked to personal information or 
identities would be gathered during the experiments, and hence, it was 
unnecessary to apply for permissions from the Norwegian Centre For 
Research Data according to the current guidelines. Focus interviews, 
together with surveys, were also performed at the end of the field tests to 
let the occupants explain their experiences with the system, at the time 
when more information on the full design and scope of the field tests was 
also communicated to the occupants. 

5.2. Experiment design 

5.2.1. Case buildings 
The system(s) were tested in three different office spaces around 

Oslo, Norway. All three offices were of a modern and energy efficient 
standard with open layout, either as part of the original design of the 
building (Building 2) or as a result of retrofit projects that substantially 
upgraded the quality of the indoor environment (Building 1 and Build
ing 3). All buildings had a mix of designated and free seating in the space 
where workers perform desk jobs continuously from 9 a.m. to 5 p.m. 
with intermittent gaps in occupancy during lunch breaks and meetings. 
The description, floorplans, and interior photos from the case buildings 
are shown in Fig. 6. 

5.2.2. Overview, sequence, and procedures 
The tests were conducted as longitudinal blind tests in three real 

office environments described above, as further detailed in section 4.2.1. 
Two of the field experiments were conducted in the fall 2018 and winter 
2019, and the last study was conducted during late winter 2020, until it 
was prematurely stopped due to the Covid-19 pandemic in March 2020. 
Each experiment was performed in phases (Phase 1 to Phase 3 or 4), 
where each phase identifies the introduction of new equipment. Not all 
phases were performed in all buildings, and the study sequences can be 
seen in Fig. 7. Details can be found in Appendix D. In Phase 1, only Level 
3 satisfaction evaluation of the CSOF system was enabled. This means that 

Fig. 6. Case building description with floorplans and photos.  
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only the SPS was installed. However, it is important to remember that in 
Version 2 the SPS included also the possibility to provide feedback on 
complaint. In Phase 2, QR codes were installed as a Level 1 occupant 
complaint system for Version 1, for Version 2 this function was 
embedded in the SPS. In Phase 3 under-desk-heaters were connected to 
enable Level 2 personal control using the QR code. In Phase 3 the occu
pants were given manual control over the heater. The QR codes were 
removed where present. Phases 2 and 3 were not performed in Version 
2. Phase 4 was not performed in Building 2. 

Before the experiment started, occupants received an email inform
ing them of an “IEQ measurement and occupant satisfaction project” 
that would start in their office space due to previous complaints about 
the indoor climate. They were made aware of the measurements that 
would take place and explained that several systems for occupant 
feedback and personal control would be installed. They were asked to 
use the systems as felt natural to them. All new equipment that was 
installed was made as self-explanatory as possible so that occupants 
would understand how to use it. A contact person in the administration 
was given an introduction in how the system worked in order to answer 
questions from occupants. 

On a practical note, the temperature interventions were performed 
by the facility manager in the building, who adjusted the room tem
perature set-point at the request of the researchers. This was done as it 
was the easiest way to see how occupant feedback changed in response 
to a deliberate and clear change in the environment. 

5.2.3. Occupant survey 
Occupant surveys in Building 1 and 2 were performed differently 

from in Building 3. 
In Buildings 1 and 2, an electronic survey was distributed to the test 

subjects via an email link. The survey included multiple questions, as 
shown in Appendix A. The respondents were asked to take the last week 
into consideration when answering all the questions. The survey focused 
on how occupants perceived the IEQ, what level of personal control they 
felt they had, and how they used the equipment. 

The surveys in Building 3 were performed differently in order to 
increase the response rate of the surveys and to make survey answers 
representative of current day perceptions so they would be comparable 
to the SPS feedback. This change was based on positive experiences with 

this survey method in another study by the authors [48]. In Building 3 
each occupant present at the time of survey was personally approached 
by a researcher and asked to fill out a short survey on a tablet. Occupants 
filled out the survey themselves while the researcher took a step back. In 
this case, the occupants were asked to take the current day into 
consideration when answering. The surveys were always performed in 
the afternoon, between 2 and 4 p.m. Survey questions are summarized in 
Appendix A. 

5.2.4. Focus group interviews 
A focus group interview was performed at the end of the experiment 

in Building 1 (with 3 occupants) and in Building 2 (with 5 occupants). 
The intention of the focus interviews was to record occupant opinions 
and recommendations that could only be obtained through open ques
tions. The focus group interview in Building 3 has not yet been per
formed as the experiment was suspended due to the COVID pandemic. It 
might be performed at a later point, should the experiment start again. 
The participants were selected by inviting all occupants in the room and 
letting those who were present and available at the planned time to join 
in the interview - thus the respondents are not a statistically represen
tative sample of the office population. The outcomes of the focus group 
interviews could therefore be biased as those more “interested” in the 
project or the indoor climate may have been more inclined to participate 
(see Table 4). 

5.3. Results and discussion from field tests 

5.3.1. Presentation of collected data 
A graphical overview of the experiment data collected during the 

three field tests is given in Figs. 8–10 below. Main data quantities from 
the feedback system are given in Table 3 and Fig. 11 (see also Table 6 in 
Appendix). 

The main collected data from the experiments is presented in 
Figs. 8–10 (see Fig. 12). The top plot in each figure displays the daily 
temperature variation between all sensors, plotted with geom_boxplot. 
The lower and upper hinges correspond to the first and third quartiles 
(the 25th and 75th percentiles). The whiskers extend 1.5 times the inter- 
quartile range. Data beyond the end of the whiskers are not plotted. The 
second plot displays the mean daily SPS satisfaction score, and 

Fig. 7. Experiment procedures for all three buildings.  
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equivalent score on surveys (blue). Small black bubbles are a mean daily 
score containing <5 votes while the larger the bubbles, the higher the 
number of votes, meaning that larger bubbles should be given more 
weight. The third chart displays the number of complaints made via the 
QR code or SPS complaint page (depending on version), as well as heater 
use (counted as “too cold”). The bottom plot displays number of daily 
unique users voting on the QR complaint solution or using the heater. 
(see Fig13) 

Survey results relevant for the occupant’s perception of the feedback 
system are shown in Appendix C. Relevant quotes from the focus group 
interviews are cited in Appendix B. 

5.3.2. Systems for occupant complaints (level 1) 

5.3.2.1. Data collection. The SPS complaint function (Version 2) 
collected more complaints (1.6 per day) than the QR complaint function 
(Version 1) without heater (0.6 and 1.1 per day). In Fig. 10 it can be seen 
how more Version 2 SPS “Too cold” complaints were collected in 
Building 3 during the intervention with reduced room temperature, 
indicating that the occupants use the system as intended. Fig. 9 shows 
how the same phenomenon occurred with the Version 1 QR complaint 
function in Building 2. Fig. 13 shows an example from two rooms in 

Building 2 during a time span of 40 days where two temperature in
terventions were made to reduce the room temperature by approxi
mately 1–1.5 ◦C. There was however no effect of the second temperature 
intervention in one of the rooms (Room 1). Each blue dot is a “Too cold” 
complaint made by an occupant. During the first intervention there was 
no heater connected to the complaint (Phase 2). The visualization shows 
that more complaints were made during the temperature interventions 
than during normal temperatures. 

5.3.3. Occupant opinions 
In the focus group interviews, occupants in both Building 1 and 2 

expressed that they had not used the QR complaint option much, as they 
found it impractical, time consuming and they found no motivation to 
use it. Several users reported having trouble with, or did not know how 
to, use a QR code with their Smartphone. Although the QR solution was 
a very effective way of linking feedback information to a particular 
location in the building and user ID, it turned out that the technical 
threshold of using QR codes was too high for some of the occupants. This 
resulted in the solution collecting lower volumes of data than the other 
solutions. 

5.3.3.1. Technical performance. There were some minor IT-technical 

Fig. 8. General presentation of results from Building 1. Top chart displays temperature distribution from all sensors in the space per day. Second chart displays SPS 
daily mean score (size of dot renders number of votes on that day) and mean of the SPS question survey (blue). Third chart displays daily number of complaints via 
SPS page two, organized horizontally and by color. The bottom chart displays the number of daily (unique) users using the heater. 
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issues with the Version 1 QR complaint function, but these were quickly 
resolved. 

5.3.4. Systems for occupant control actions (level 2) 

5.3.4.1. Data collection. In Fig. 13 we see how the occupant complaint 
solutions (Version 1 and 2) collected much fewer data points than the 
occupant control solutions where there was a heater response. Many of 
the heater responses are however repeat responses after the heater had 
shut off after 30 min. The number of unique users can be seen in the 
bottom plots of Figs. 8–10, and we see that the number of unique users 
also clearly increased when heater was connected in Building 1 and 2. 
Fig. 13 shows the same effect in Building 2, where more “Too cold” 
complaints were entered during the second intervention where there 
was a heater connected. When the heater was connected to a manual 
control button, the user activity increased by almost 20 times in Building 
1 (although these were not fully true control actions as heaters could be 
left on). However, Building 3 also had a similarly high number of control 
actions with manual heater control. 

5.3.4.2. Occupant opinions. In Building 1 and 3, occupants reported in 
the survey to have a higher degree of control in Phase 4, where they had 
manual control over personal heaters. In Building 1 the increase in 
perceived control between Phase 2 and 4 was statistically significant. 
Through the focus group interviews, occupants in both Building 1 and 2 
expressed strong opinions about the control and feedback interfaces as 
they preferred manual and direct control options. They also clearly 
expressed a wish for direct and immediate responses to their control 
actions. Occupants in both buildings showed an impressive ability to 
take matters into their own hands to achieve the form of control they 
wanted (overriding the smartphone control for personal heaters in 
Building 1 and disconnecting the remote control over radiators in 
Building 2). Occupants in both buildings, especially those who reported 
being cold, were very happy about having a personal heater at their 
space. 

5.3.4.3. Technical performance. In Version 1, the QR connection to 
heater (via IoT platform) did not always work as some heaters were far 
from the gateway and had poor reception. Heaters were attached to 

Fig. 9. General presentation of results from Building 2. Top chart displays temperature distribution from all sensors in the space per day. Second chart displays SPS 
daily mean score (size of dot renders number of votes on that day) and mean of the SPS question survey (blue). Third chart displays daily number of complaints via 
SPS page two, organized horizontally and by color. The bottom chart displays the number of daily (unique) users using heater in manual mode. Blue shaded areas 
mark days with deliberate temperature reduction. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of 
this article.) 
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desks with adhesive, leading to some heaters falling down during the 
experiment. In Version 2, direct radio communication (rather than via 
cloud) from the heater switch to the heater eliminated the problems with 
bad reception and internet connectivity. Heaters were attached with 
screws and brackets to the desks rather than adhesive, eliminating the 
installation problems. 

5.3.5. System for total occupant satisfaction data collection (level 3) 

5.3.5.1. Data collection. The SPS satisfaction solution collected more 
votes than the complaint solution, as seen in Fig. 11. It is unknown why 
the SPS in Building 2 recorded close to three times as many votes per day 
as in Building 1, but this could be related to the fact that the occupants of 
Building 2 were young IT professionals with a natural interest in such 
systems, or perhaps the fact that the SPS in Building 2 was located next 
to a large info-screen displaying other kinds of office-related informa
tion. Fig. 13 displays a smoothed graph of the number of votes received 
per day divided by the population of each building. The results show 
that Building 2 and Building 3 experienced a decline in voting frequency 
during the first 10–15 days. After this, the voting frequency stabilized. 

These results are similar to results obtained in another study on the SPS 
[48]. In Building 1 the frequency was constantly lower during the whole 
period. All buildings experienced relatively large day to day variations 
in voting frequency. 

5.3.5.2. Occupant opinions. Between 42% and 70% of the occupants in 
each building reported in the survey to have used the SPS. The most 
prominent reasons given in the survey for not using the SPS were “It’s 
not working”, “I have not noticed it”, “I don’t know” and “Other”. Oc
cupants reported in focus group interviews that they were satisfied with 
the SPS and said that they thought it had collected a lot of data. See 
Appendix B and Appendix C for results. 

5.3.5.3. Technical performance. In Version 1, there was some downtime 
on SPS due to poor internet connection or power loss when cleaning 
personnel disconnected the power source. It was a problem that re
searchers were not informed when the SPS was down, leading to the 
problem of not being fixed promptly. Kiosk mode in browser on SPS did 
not work perfectly, as occupants could use some functions (such as zoom 

Fig. 10. General presentation of results from Building 3. Top chart displays temperature distribution from all sensors in the space per day. Second chart displays SPS 
daily mean score (size of dot renders number of votes on that day) and mean of the SPS question survey (blue). Third chart displays daily number of complaints via 
SPS page two, organized horizontally and by color. The bottom chart displays the number of daily (unique) users using heater in manual mode. Blue and red shaded 
areas mark days with deliberate temperature reduction (blue) and increase (red). (For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 
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in on the page). In Version 2, a designated application for kiosk mode on 
the SPS was used leading to better stability and usability. There was 
some downtime on the SPS due to power and connectivity losses, but 
researchers were alerted by the system when this happened so the 
effective downtime was minimal. The connectivity issues and downtime 
for the SPS and QR complaint function in Version 1 may have caused the 
occupants to lose interest in the system. Occupants in focus interviews 
reported that there had been technical problems but did not name this as 
a reason for not using system. 28% of those who reported on the survey 
in Building 1 that they had not used the SPS selected “Not working” as a 
reason. 

5.3.6. Limitations 
This paper does not focus on the validity or accuracy of the data, i.e. 

whether the collected feedback data is representative of the opinion of 
the entire building population. This aspect will be analysed in a more 
comprehensive and robust analysis for a larger dataset in a dedicated 

article using logistic regression in multivariate random effects models to 
compare collected feedback data to survey data with other input (such as 
building, response rate or temperature) as explanatory variables. The 
decision to have a 30-min time limit on heaters makes it impossible to 
directly compare control actions to complaints, as control actions were 
repeated. 

6. Lessons learned 

6.1. Research panorama 

The literature study revealed that some existing studies on CSOF 
focus on the data collection method itself, while other studies have a 
control- or modelling oriented approach focusing on the further use of 
occupant feedback. Smartphone apps are used in most studies, while 
several also use intelligent thermostats. A few studies use polling sta
tions, or interactions with personal comfort systems. Relatively few of 
the studies focus on the data collection methods themselves, or on how 
the occupants receive them. In relation to the research panorama, the 
study presented in this paper tackles CSOF in a way that is not entirely 
covered by any of the above-mentioned studies, as none of them 
distinguish clearly between occupant data and subjective occupant feed
back. The difference between the two aspects, in short, lies in the level of 
human consciousness involved in the feedback or data. Subjective 
feedback will always involve a conscious thought process (such as per
forming an evaluation to give a score, or deciding to make a control 
action), while occupant data may be all types of objective or subjective 
data (also involving physical data such as presence, heart rate, skin 
temperature, etc.). Few of the studies compare or question how one 
should collect data best or question the validity of the collected data if 
compared to traditional survey methods. There is a lack of critical 
reflection about how different data collection methods may result in 
conceptually different data being collected, or how the different 
collection methods relate to each other. 

6.2. System design 

We were able to design a simple system with off-the-shelf products 

Table 3 
Main feedback data quantities.   

Building 
1 

Building 
2 

Building 
3 

Population 26 12 28 
Number of experiment days (working days) 88 (60) 42 (30) 37 (25) 
SPS votes collected 97 124 90 
Average number of SPS responses per 

working day 
1.5 4.1 3.6 

QR/SPS feedback complaints recorded 10 5 41 
QR/SPS feedback complaints recorded per 

working day 
1.1 0.6 1.6 

QR control actions collected 79 54 NA 
QR control actions collected per day 4.0 6.0 NA 
Number of manual control actions collected 

(total time heaters were left on, divided by 
one half hour for building 1) 

899 NA 445 

Number of manual control actions per day 69† NA 49 
Total survey Reponses 40 7 97 
Average response rate on surveys 51% 58% 65% 

† The heaters could be left on. Number shown is total heater use time within work 
hours divided by 30 min. 

Fig. 11. Quantities of collected data from each system and building, presented as responses per day per building population. Manual heater data from Building 1 has 
been removed as it was not considered representative as the heaters could be left on. 
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Fig. 12. Smoothed graph showing SPS usage over experiment duration for all three buildings, presented as responses per day per building population. Shaded areas 
represent 5% and 95% confidence intervals. 

Fig. 13. Example of time correlation plot for temperature and QR/heater use in two rooms of Building 2 during temperature swings. Each blue dot is a “Too cold” 
complaint made by an occupant. Second temperature swing in Room 1 did not have any effect as occupants had disconnected the radiator control cable. (For 
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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which was taken into use by the occupants. There were some technical 
and usability related issues, which were addressed in Version 2 of the 
system. The occupants showed an unexpected will and ability to 
manipulate the heater control system in Version 1 when they found it to 
be too complicated or unreliable. Stability and robustness are found to 
be crucial in order to have a well-functioning system, since downtime 
and functionality errors both cost time for operators and may lead users 
to lose confidence in the system. The simpler system used in Version 2 
was promising, as it was more reliable, flexible and more intuitive in use. 
Future systems of this type should be as simple and intuitive as possible 
and as far as possible address the wishes of the occupants, to ensure that 
the potential data collection is maximized with as little as possible bias 
from personal differences (i.e. technical competence, comfort level etc.) 
among the occupants. 

6.3. Occupant’s response and data collection 

The occupants provided useful data to the system through their daily 
interaction with it. The decline in intensity lasted only for the first 15 
days before stabilizing for the remaining duration of the experiment. 
The average usage frequency of the SPS varied significantly between the 
three buildings. Causes are unknown, but presentation, visibility, in
formation, demographics or climate differences may have contributed to 
cause the differences. It should be noted that the systems were in use 
only for a short period during winter season, and climatic causes for SPS 
usage cannot be ruled out. Details of SPS usage (climatic influence, 
biases and recommended applications) have been further studied in a 
separate study by the authors [48]. There were also large individual 
differences in how people used the SPS, complaint function and heater. 
The results indicate that occupants provided more data when the 
complaint function was on the SPS than when occupants had to use the 
QR code and smartphone. Results also indicate that occupants perform 
many more control actions when they have manual control over the 
personal heater as opposed to using their smartphone. 

In this paper we do not investigate explicitly the validity or quality of 
the data collected, nor how it may be used, as our research questions 
focus on how occupants respond to a system in field tests in terms of 
interest and feedback. We can however see some tendencies in the data 
that should be investigated further. The SPS mean daily score has large 
variations from day to day. This is likely to be due to the low number of 
votes per day and the large difference in people’s opinions. As many do 
not vote, and some vote several times per day, this may imply that this 
data is highly biased. Figs. 8, Figure 9, and Fig. 10 show indications of 
thermal complaints and control actions being correlated in time with 
temperature interventions, indicating that the feedback is rooted in the 
actual climate conditions on that same day (see Table 7). 

Results from focus interviews and surveys show that occupants 
prefer feedback systems that are simple, intuitive and give an immediate 
response when used. Table 5, Figs. 8, Fig 9, Figs. 10 and 11 show that the 
heater in manual control mode collected far more data than the other 
solutions. Survey results in Table 6 show that occupants also experience 
a significantly higher level of control over their environment when they 
have manual control over the heater. 

Two different survey methods were used in the experiments: one 
traditional email survey and one survey where occupants were 
approached by a researcher with a tablet with questions. The tablet 
survey method was successful in increasing the response rate from 
~50% to ~70%, as well as giving the researchers better control over the 
exact response rate as they could see how many people were in the office 

at the time of survey. A change was also made in asking occupants to 
answer for their experience for that given day rather than for the entire 
week, which also made survey answers more comparable to the feed
back. The tablet-based, individual survey method with a person visiting 
the test location and asking each occupant to fill the survey is also 
recommended for further studies. 

7. Conclusions 

In this paper, we highlight some of the current knowledge gaps for 
the field of continuous subjective occupant feedback. We have designed 
a system where we made explicit the different types of occupant data 
that can be collected, and in our implementation we cellected three 
levels of information, namely occupant complaints, occupant control ac
tions, and occupant satisfaction evaluations. We proved it possible to make 
a system collecting occupant feedback on three levels by using off-shelf 
products and a relatively simple ICT architecture. The cost for installing 
such a system in a high-quality office buidling is a fraction of the con
struction costs, and thus shuold be considered as a low-cost solution to 
involve occupants in the loop. Occupants made use of the system and 
provided data that, after a qualitative preliminary analysis, seems to 
reveal the ability of the system to collect meaningful feedback. They had 
a far higher usage frequency of the solutions that had an accessible and 
intuitive usage interface and provided the user with an immediate 
response to the feedback. The results indicate that a simple feedback 
system may be enough to gather useful information for building tuning, 
automation, benchmarking, and learning, provided that the system of
fers a sufficient level of usability and offers an immediate and mean
ingful response to the user. They also indicate that it can be beneficial to 
the total value of collected data to collect less detailed data if this can 
result in simpler occupant interfaces (i.e. use manual buttons rather than 
smartphone for heater control). Further investigations will be necessary 
to assess on a quantitative basis the validity and robustness of the 
collected data. The SPS is a promising solution, but we need to make 
further investigations to uncover the effect and magnitude of non- 
response bias and sensitivity to environmental changes, as we have 
begun addressing in another study [48]. We also need to investigate how 
response rates can be improved. The complaint function is promising 
when incorporated in the SPS. The heater control actions are a prom
ising method of collecting feedback, which also gives significant benefits 
to the occupants in form of increased level of perceived control. 
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Table 4 
Survey questions buildings 1 and 2, translated to English from Norwegian language.  

Question Response alternatives 

Q1 – How satisfied are you with the indoor climate at your workplace today? [5 smiley face buttons] 
Q2 – On a 7-point scale, how satisfied are you with the indoor climate at your workplace 

today? 
[7-point slider from “Very dissatisfied” to “Very satisfied”] 

Q3 – How acceptable did you find the temperature of your workspace during the period? [Acceptable/Barely acceptable/Barely unacceptable/Unacceptable] 
Q4 – How acceptable did you find the air quality of your workspace during the period? Acceptable/Barely acceptable/Barely unacceptable/Unacceptable] 
Q5 – How do you feel about the temperature of your workspace? [Hot/Warm/Slightly warm/Neither/Slightly cool/Cool/Cold] 
Q6 – Have you experienced it to be colder than what you think is acceptable during the 

period? 
[Yes/No] 

Q7 – Have you experienced it to be warmer than what you think is acceptable during the 
period? 

[Yes/No] 

Q8 – Have you experienced being so cold it interfered with you work tasks during the 
period? 

[Yes/No] 

Q9 – Have you experienced being so warm it interfered with you work tasks during the 
period? 

[Yes/No] 

Q10 – Which level of control you perceive to have over your indoor climate? [No control/Little control/Some control/Much control] 
Q11 – Have you used the heater that is mounted under your desk during the period? [Yes/No] 
Q12 – If not, what was the reason for not using the heater? [I am content – I have no need for extra heat/I was not aware that it was there/I don’t 

understand how it works/I find it too cumbersome to use/It’s not working/I don’t know/ 
Other] 

Q13 – Have you used the smiley-face kiosk located by the entrance during the period? [Yes/No] 
Q14 – If not, why? [I don’t think it works/I find it too time consuming/I don’t understand the point of giving 

feedback/I don’t know] 
Q15 – Would you, on a regular basis, prefer more information regarding your indoor 

climate (for instance information about temperature and air quality on a screen by the 
entrance)? 

[Yes/No/Other] 

Q16 – Please submit other comments if you wish. [Text]   

Table 5 
Survey questions building 3, translated to English from Norwegian language.  

Topic Question Response alternatives 

Metadata (inserted by 
researcher) 

Q1 - Workplace ID [Text] 
Q2- Approximate age [Years, binned] 
Q3 - Sex [Male/Female] 
Q4 – Workplace type [Open plan, cubicle, single office, Team office] 
Q5 – Workplace comments [Text] 
Q6 – Other comments [Text] 

SPS questions Q7 – How satisfied are you with the indoor climate at 
your workplace today? 

[5 smiley face buttons] 

Q8 – Help us pinpoint the problem (if dissatisfied) [Too hot/Too cold/Draft/Air quality issues/Sound issues/Lighting issues/Other 
Q9 – Please specify the problem(s) (if chosen Other) [Text] 

POE questions Q10 – How satisfied are you with the temperature of 
your workspace today? 

[Very satisfied/Satisfied/Somewhat satisfied/Neither satisfied nor dissatisfied/Somewhat 
dissatisfied/Dissatisfied/Very dissatisfied] 

Q11 – How satisfied are you with the air quality of 
your workspace today? 

[Very satisfied/Satisfied/Somewhat satisfied/Neither satisfied nor dissatisfied/Somewhat 
dissatisfied/Dissatisfied/Very dissatisfied] 

Q12 – How do you feel about the temperature of your 
workspace? 

[Hot/Warm/Slightly warm/Neither/Slightly cool/Cool/Cold] 

SPS voting habits Q13 – How often do you vote at the smiley kiosk? [Never/Once since it was introduced/A few times sporadically/Regularly each week/ 
Regularly once per day/regularly several times per day] 

Perceived control Q14 – Which level of control you perceive to have over 
your indoor climate? 

[No control/Little control/Some control/Much control]  

Appendix B 

Relevant quotes from focus interviews and questions from semi-structured interviews. Translated from Norwegian. 

Building 1  

• “Many of us use the heater all the time”  
• “I love the heater! Can I keep it?”  
• “Half an hour duration is way too short.”  
• Many people don’t know how to use a QR code with their smartphone.  
• “I have disconnected the heater from the QR controlled smart plug and use the manual control. I have helped several others do the same, so you 

don’t have to use your smartphone on the QR code and get restricted to half an hour of heat at a time.”  
• “I had to remove my heater because a sharp corner of it made holes in my pants.”  
• “All of us wear wool sweaters, even in the summer. It’s very cold here.”  
• “My heater never worked, but I never needed it anyway. I am never cold.”  
• “I use the SPS, but I have a feeling that I use it more when I am satisfied.”  
• “I see many people using the SPS, I think you got a lot of data.” 
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• “Some of us sit for long periods at a time, while others move more around to meeting etc. I think they complain less about the indoor climate.”  
• “I think you could have a second question at the SPS, so you can see what those dissatisfied are complaining about.” 

Building 2  

• “I don’t like the way the personal heater radiates heat on my thighs. It would have been better if pointed toward the feet.”  
• “I want the possibility to control the temperature in the office. There should have been a screen on the wall for this or something like that.”  
• “I have disconnected the regulator on the radiator in my office. This way I can override the central thermostat control.”  
• “I want to see a correlation between the knob I am turning and a change in the environment.”  
• “Light and solar shading is a big problem. We need more zones on the automated external sun shading system.”  
• “People are messing with the SPS and zooming in at one smiley face and so on.”  
• “Maybe it would be better to use simple grades or dice/star ratings instead of the smiley faces.” 

Interview questions (building 1 & 2) 

The interview questions used to drive the discussion of the semi-structured interview were: 
1. Have you used the QR codes/personal heater? If not, why?  

2. What do you think of the solution with QR code/personal heater?  
3. Have you used the SPS? If not, why?  
4. What do you think of the SPS solution for collecting feedback?  
5. What could be done better? 

Appendix C 

Table 6 
Relevant survey results Corresponding to p > 0.05 – ns (non-significant), 0.01<p < 0.05 *, 0.01<p < 0.001 **, p < 0.0001 ***. AIntervention, 1.5 ◦C cooler. BIn
tervention, 1.0 ◦C warmer. Statistical analyses were performed as two-sample single sided t-test.    

Phase 1 – SPS only Phase 2 - QR Phase 4 – Manual Heater   

Survey 1.1 Survey 1.2 Survey 2.1 Survey 4.1 Survey 4.2 
Number of respondents Building 1 16  12 12  

Building 2 7     
Building 3 19 21  18 18 

Percent dissatisfied (all domains) Smiley [Q1/Q7] Building 1 25%  25% 17%  
Building 2 14%     
Building 3 21%A 14%B  6% 17%A 

Percent dissatisfied (thermal domain) Smiley [Q2/Q8] Building 1 25%  25% 17%  
Building 2 14%     
Building 3 21%A 14%B  6% 17%A 

Percent dissatisfied temperature/unacceptable temperature [Q3/Q10] Building 1 25%  33% 25%  
Building 2 0%     
Building 3 32%A 29%B  22% 33%A 

Perceived control (mean score) [Q10/Q14] Building 1 0,64  0,42 1,08*  
Building 2 0,71     
Building 3  0,38B  0,61  

Percentage who report to have used the SPS [Q13] Building 1   70% 42%  
Building 2      
Building 3 55%   61%  

Reasons for not using the SPS [14] – Building 1 Survey 2.1 and 4.1 only Building 1 Don’t know: 67% 
Too time consuming: 33% 

Not working: 28% 
Don’t know: 14% 
Too time consuming: 14% 
Don’t see the point: 14% 
Other: 29% 

Reasons for not using the SPS [14] – Building 3 survey 1.1, 4.1 only Building 3 Not noticed it: 67% 
Other: 33% 

Not noticed it: 14% 
Other: 86%  

Appendix D 

Table 7 
Study sequences with dates.    

Building 1 Building 2 Building 3 

PHASE 1 START Phase1 November 05, 2018 November 04, 2018 February 05, 2020 
SPS installed November 05, 2018 November 04, 2018 February 05, 2020 
Survey 1.1 distributed November 16, 2018 November 16, 2018 February 24, 2020 
Survey 1.1 closed November 19, 2018 November 19, 2018 February 24, 2020 
Intervention 1.1 NA 18.11–November 24, 2018 (0.5 ◦C cooler) 24–25.02.2020 (1.5 ◦C cooler) 
Survey 1.2 distributed NA NA February 27, 2020 

(continued on next page) 
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Table 7 (continued )   

Building 1 Building 2 Building 3 

Survey 1.2 closed NA NA February 27, 2020 
Intervention 1.2 NA NA February 27, 2020 (1.0 ◦C warmer) 

PHASE 2 START Phase 2 November 19, 2018 November 20, 2018 NA 
QR codes installed November 19, 2018 November 20, 2018 NA 
Survey 2.1 distributed November 30, 2018 NA NA 
Survey 2.1 closed December 03, 2018 NA NA 
Intervention 2.1 NA 28.11–December 03, 2018 (1.5 ◦C cooler) NA 

PHASE 3 START Phase 3 December 04, 2018 December 03, 2018 NA 
Under desk heaters installed for code control December 04, 2018 December 03, 2018 NA 
Intervention 3.1 NA 10.12–December 14, 2018 (1.5 ◦C cooler) NA 

PHASE 4 START Phase 4 January 14, 2019 NA February 27, 2020 
Manual heater control enabled/QR removed January 14, 2019 NA February 27, 2020 
Survey 4.1 distributed January 23, 2019 NA March 02, 2020 
Survey 4.1 closed January 24, 2019 NA March 02, 2020 
Intervention 4.1 NA NA 06–09.03.2020 (1.5 ◦C cooler) 
Survey 4.2 distributed NA NA March 09, 2020 
Survey 4.2 closed NA NA March 09, 2020 
Intervention 4.2 NA NA 11–12.03.2020  
Focus group interview January 10, 2019 December 12, 2018 NA  
END February 02, 2019 December 16, 2018 March 12, 2020†

† Experiment is suspended due to COVID pandemic and restart of the experient is currently unknown because of vigent regulations. 
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