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Abstract. Energy efficiency measures in residential buildings typically include 
changes in ventilation and heating systems, and increased thermal insulation of 
the building envelope. The expected energy efficiency is not always reached, de-
spite large knowledge and professional implementation of each separate measure. 
There is a lack in understanding of how technical systems interact, and how the 
occupants are influenced by and in turn influence the systems by their behaviour. 
A holistic view and a transdisciplinary research approach are needed to under-
stand relevant interactions and propose integrated energy efficiency measures. 
The aim of this paper is to reveal challenges in transdisciplinary research projects 
that include real world studies on both humans and technical systems with meas-
urements before and after renovation of multifamily housing. It is based on ex-
periences from the PEIRE-project (People, Environment, Indoor, Renovation, 
Energy) carried out by a research team with expertise on environmental psychol-
ogy, human behaviour, interaction design, universal design, building physics, 
building services, thermal comfort, aerosol technology, exposure assessment, 
acoustics, daylight, and complex thinking. Differences in theoretical bases and 
methodology needed to be dealt with. Metatheory building could help with the 
transition from a multi- to a transdisciplinary understanding.  
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1 Introduction 

1.1 Human understanding and behaviour as part of HVAC research. 

Energy efficiency measures in residential buildings typically include changes in venti-
lation and heating systems, and increased thermal insulation of the building envelope. 
The expected energy efficiency is not always reached, despite large knowledge and 
professional implementation of each separate measure. There is a lack in understanding 
of how technical systems interact, and how the occupants are influenced by and in turn 
influence the systems by their understanding and behaviour. For example, a more air-
tight façade could require increased ventilation; increased ventilation could generate 
higher noise levels and higher energy use, especially if installed without heat recovery 
measures. Individuals perceiving the noise as disturbing might reduce or even block the 
ventilation, and compensate this by opening a window; resulting in an increase in en-
ergy use instead of a decrease, when in cold-climate. In order to map the energy use 
and flow in such situations, knowledge on both the technical aspects and human behav-
iour are required. A holistic view and a multi- or transdisciplinary research approach 
are needed to understand relevant interactions and propose integrated energy efficiency 
measures. 

1.2 Multi-disciplinary and trans-disciplinary 

The holistic approach will entail cooperation over the boundaries of disciplines, 
which calls for clarifications on some concepts that relate to different strategies on how 
to pursue this. First, with a scientific discipline we mean a coherent body of knowledge, 
methods and theories engaged by a community of researchers pursuing what they re-
gard as meaningful research questions. The discipline is associated with a set of as-
sumptions, criteria and norms on how research should be carried out and regarding good 
quality research. Multidisciplinary research involves researchers from more than one 
discipline that share a research question, but operating from within their respective dis-
ciplines [1].  

In transdisciplinary research activities the research question is shared, but here meth-
ods and approaches may be transferred between the different disciplines. This entails 
higher ambitions of integration between the researchers and their disciplines, and new 
disciplines or theories might emerge from this. It might also lead to disagreement or 
even conflicts when treading into other researchers’ territories or on differing assump-
tions on how to perform good research. Some of these problems can be attributed to 
communication difficulties due to different scientific backgrounds with different termi-
nology that arise despite a fundamentally shared understanding of the studied object or 
process. 
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1.3 The PEIRE-project 

The PEIRE-project (People, Environment, Indoor, Renovation, Energy) aims at im-
proved understanding of how the building, the technical systems for ventilation and 
energy provision, and the individual occupying the building interact [2]. A multidisci-
plinary research team was set up with expertise on environmental psychology, human 
behaviour, interaction design, universal design, building physics, building services, 
thermal comfort, aerosol technology, exposure assessment, acoustics, daylight, and 
complex thinking.  

Thorough technical measurements of building performance and the physical indoor 
environment, and both quantitative (sensors registering occupancy, activity at the stove, 
and window opening; questionnaires; journals) and qualitative studies (interviews) of 
the tenants’ understanding of the systems and behaviour, were carried out in 10 typical 
flats built in the 1970´s in southern Sweden. The studies were carried out during the 
winter and spring periods prior to the buildings’ renovation, which took place during 
the summer. The housing company’s objectives for the renovation were multiple, i.e. 
to perform major maintenance on the buildings, to lower the energy used for heating, 
tap water, and technology, and to improve the indoor environment in terms of thermal 
comfort and air quality. The renovation is from the research project seen as an inter-
vention that alters building performance as well as qualities of the indoor environment 
for the occupants. The measurements will be repeated next winter to capture the 
changes due to the renovation. Data will be co-analyzed with a meta-theoretical per-
spective with the aim to present a transdisciplinary model of the interaction between 
building, technical systems, and tenants (Fig. 1).  

 
Fig. 1. Individuals are influenced by the indoor environment in the building and, in turn, influ-

ence the building performance and therewith the energy needed. An array of traditional re-
search disciplines are needed in studies aiming at a holistic understanding of the interaction, of 
which some are listed here. Other scientific approaches, such as universal design that deal with 

the direct interaction between people and technology, could help bridging the gap. 

The PEIRE-researchers met within the multidisciplinary program Healthy Indoor 
Environments at the Pufendorf Institute at Lund University (now Centre of Healthy 
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Indoor Environments, CHIE) [3]. There we were given the opportunity to discuss in-
door environments and human–environment interactions one day a week for eight 
months, without any demands for counter deliveries [4]. It was a good opportunity to 
try to understand the starting points that researchers in other disciplines have, to have 
collisions of different opinions, to find the common ground and connections of the 
thoughts, to create new ideas, and to write joint proposals for research projects. Despite 
this good start, new challenges related to the transdisciplinary approach had to be met 
once the actual research projects started. Some of these will be discussed here. 

2 Aim 

The aim of this paper is to reveal challenges in transdisciplinary research projects that 
include real world studies on both technical systems and humans. The paper is based 
on our experiences from the PEIRE-project and the workshop that took place after the 
first round of measurements. We hope to inspire more research that extends beyond 
traditional disciplinary boundaries and therewith meets the societal demand to provide 
healthy indoor environments with good comfort, and at the same time low energy use. 

3 Experiences from a transdisciplinary research project 

3.1 Visualising theoretical assumptions and prejudices 

Working in a transdisciplinary research group with the ambition to present a joint model 
demands willingness from all researchers to understand the contexts that each re-
searcher are acting within, e.g. theoretical base, measurement standards, and terminol-
ogy. From our experiences from the Pufendorf program, it takes a lot of time to transfer 
such experiences and knowledge. For one thing, within social sciences there is a firm 
tradition of always declaring the theoretical point of departure for choice of study meth-
ods or how the results are reported. This declaration of theoretical perspective is not as 
common within science and technology research in which fundamental science laws 
are taken for granted. The perspectives that the researchers in the program contributed 
with to the group differed accordingly. From the social sciences, theories of how people 
understand and act in their environment were presented as the main issue, with empir-
ical data supporting the theories' correctness. Presentations from the scientific and tech-
nical side were, on the other hand, often derived directly from empirical measurements, 
with conclusions based on aggregated observations. This distinction needed to be 
bridged already when the proposals for financing were formulated. 

The large differences between social sciences and natural sciences are easy to ob-
serve, but the variances between research fields that for a scholar from ‘the other side’ 
appears to be alike are more difficult to detect. For example, within psychology, differ-
ent theoretical frameworks and methodological traditions rule the research on human 
behaviour [5]. The differences are reflected in which journal the results are published; 
there are seldom any cross-over from one branch of psychology to another. The same 
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diversity is found within science and technology, though possibly more based on the 
study object than differences between theoretical frameworks. Even though the differ-
ences between research fields are better bridged in socio-technical sciences, which mix 
areas in behavioural psychology and technology to better understand technology from 
the human-socio perspective, the knowledge in the field is far from holistic. One chal-
lenge is therefore to clearly understand which disciplines are needed to answer the par-
ticular research question in focus. This includes understanding which questions cannot 
be addressed by a defined set of disciplines. Assumptions that for example all engineers 
understand all technical systems in the building or that psychologists can study socio-
logical phenomena need to be addressed. 

3.2 Adjusting to disciplinary customs  

Each discipline has its traditions when it comes to measurement standards. One distinc-
tion is if the results of the measurement will be used as the main outcome results, for 
adjusting other results, or as input in different types of modelling. How data should be 
used also controls whether instantaneous values, logged values over time, or aggregated 
values are required. For the technical measurements, the goal is to capture the physical 
environment as well as possible, though always with compromises due to for example 
the limitations of the measuring equipment, the physical context, and the time available.  

In the first data collection within our project, it was clear that we had not foreseen 
the diversity of measurement modes that the researchers in the group expected to per-
form, despite that they already had substantially scaled down their sub-studies with 
respect to other researchers’ needs. Temperature is an example of that. Temperature 
was measured in various places in the same apartment using different instruments and 
loggers, with different time resolution and different length of measuring periods. It was 
derived as comfort temperature in the living room during two hours (main outcome), 
logged temperature in the bedroom (ventilation and humidity study), and logged tem-
perature in the living room, balcony and kitchen (behavioural study). Data give good 
insight in how the temperature interacts with for example indoor air quality or tenants’ 
window opening. Before the next round of measurement, the possibility to limit the 
amount of measurements even further, without losing the quality, by identifying data 
that could satisfy the need of more than one discipline will be discussed. 

Another type of measurements that had different purposes for different disciplines 
were questionnaires that the tenants were asked to fill in. For experts on energy model-
ling, the questions were seen as a way of obtaining input data for the models. In other 
cases, they were used to understand technically collected data from, for example, aero-
sols. In a third case, the questionnaires were the main instrument for behavioural atti-
tudes to study the tenants' perceptions and understanding of their indoor environment. 
The different approaches created frustration in the design of the questionnaires, espe-
cially as all researchers realized that it was not possible to burden the tenants with too 
many questions.  
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3.3 Working in real environments  

Places where researchers perform their studies depends on research questions and in 
part on traditions within the discipline, but also on type of studies the researcher has 
developed his or hers skills. The PEIRE study is carried out in real environments [6], 
i.e. in apartments with the tenants present most times. For researchers who were mainly 
active in laboratories, it posed new challenges as the equipment had to be adapted to 
the limited space and if left over time, had to be accepted by the tenants as part of the 
interior. There was also no time for trying out the measurements on site, and for exam-
ple getting an additional cord if needed, or redoing measurements that did not work out 
as expected.  

Another challenge was to not interfere with each other measurements within the re-
search group. Eleven senior researchers with doctoral and master students and research 
assistants were measuring or setting up log measurements, at only three occasions in 
each apartment to minimize the amount of visits. An examples of a logistic considera-
tions was that information about tenants’ understanding of the technical systems that 
rules their indoor environment needed to be obtained before any of the technical meas-
urements started to avoid influence on their perception. Also, temperature and relative 
humidity in the apartment is influenced by opening the front door and the number of 
people in the apartment, which must be considered when scheduling the measurements. 
Measurements of sound pressure levels are sensitive to ambient noise and could not be 
carried out when the equipment for airborne particles was operating. It was a demand-
ing task to plan the multi-parallel measurements that had to be carried out simultane-
ously or overlapping with limited amount of equipment, resource and during a limited 
period of time, since the measurements needed to be finished before the end of the cold 
season. 

3.4 Ethical considerations in human subjects research  

As a consequence of what was revealed during the Nuremberg trials after the Second 
World War, ethical rules for human subject research were agreed on internationally in 
the Declaration of Helsinki 1948 [7]. The declaration has been updated and followed 
by other international agreements and implementations in national legislation. The 
main principles are that everyone involved in research volunteers, that the impact on 
the participants is as small as possible and not harmful, and that the research contributes 
to the improvement of the society. This means that the participants should be informed 
about what it means to participate in the research study and give their approval (written 
informed consent), that they have the right to terminate participation at any time without 
explaining why, and that the number of participants should be large enough to secure 
that the results could be generalized, but not larger than needed. 

In Sweden, the Central Ethical Review Board monitors compliance with the rules. 
Researchers apply for ethical vetting to one of their six regional boards. This procedure 
is well known among medical and psychology researchers, but from our observations, 
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routine mainly among technology researchers collaborating with medicine and psychol-
ogy. However, applying for ethical vetting concerns all human subject research. Within 
the PEIRE-project, only few of the researchers were familiar with how to handle the 
ethical requirements such as how to formulate invitation letters, pointing out that par-
ticipation was voluntarily without risking to loose participants, or coding of participants 
identity though still being able to reach them. As the interest in research involving peo-
ple increases within the sciences and engineering disciplines, the requirement for edu-
cation in how ethical issues are to be addressed also increases. The issue should be 
discussed already during the PhD-studies. 

3.5 Managing multiple data sets  

In Sweden, the University owns all data collected in research projects that belongs to 
the institute. Universities in Sweden are federal authorities and the publicity principles 
implies that anyone can request the data after publication. Data therefore need to be 
systematically stored so that they can be linked to the current project and can be found 
without delay. In single-group research, it is often clear who is responsible for the col-
lected data and this is therefore not a problem; in practise it is the project leader who 
takes responsibility for how the data is handled and stored, including deciding who has 
access to it. Senior researchers who run their own projects might be used to storing their 
data in personal computers or, when on paper, in their offices. In the case of human 
subject research, they also take the responsibility to keep data in such a form that they 
do not reveal who participated in the study. 

Empirical studies like the PEIRE-project with the aim to capture many aspects of the 
indoor environment in multi-family housing, including indoor air quality, human un-
derstanding and behaviour, and energy use, generate loads of data. The facts that the 
researchers involved are active at different departments and that the project has the 
ambition to analyse data as a whole have complicated data management. A list of man-
agers for each sub-set of data was established, and a routine regarding sharing the data 
is under development.  The closed and secure university web-based platforms are used 
for sharing files, but it is difficult to determine when a data set is in a state to be up-
loaded, i.e. when it can be meaningfully used by other researchers within the group. An 
additional question is how data can be used by the individual researchers for niched 
publications within the individual research fields. A pragmatic view, allowing large 
freedom for publication as long as it does not precede the joint analyses and publica-
tions has been applied so far, though as the amount of data increases, a more stringent 
policy might need to be agreed on. 

3.6 Advice for future transdisciplinary collaborations 

There is a clear need for transdisciplinary cooperation with the aim of increasing the 
understanding of the interaction between individuals and the physical environment. Our 
experience is that it is both fun and fruitful to work in such groups. However, we want 
to point out some challenges. 
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x Allow time before the study to learn to know each other’s research fields, especially 
the underlying theoretical assumptions and the terminology. The effort and amount 
of time needed for this should not be underestimated. 

x Explain the purpose of each measurement to each other and how the results should 
be used. 

x Adjust all measuring devices to real environments by limiting the size and creating 
a design that fits with the environment. 

x Make a pre-trail with all measurements in real scenario, with established time-scales. 
Make sure your planned measurements are feasible and that they do not interfere 
with each other. Include researchers in the group with logistic skills. 

x Be sure that all researchers are aware of ethical issues in human subject research and 
the implications for treatment of the participants and handing of data. 

x Make an agreement already in the beginning of the project on how collected data 
should be handled, who is responsible for each sub-set, how data could be used for 
publications, and how it should be shared between the researchers. 

x If possible, carry out a pilot study that comprises all the steps from data collection 
to analysis. This will for example clarify if certain data can be used by multiple dis-
ciplines and reveal if additional variables need to be measured. 

4 From multi to trans: metatheory building 

In this article, we employ both multidisciplinary and transdisciplinary approaches to 
address our research question and we argue that the former is an appropriate starting 
point but the latter may follow as a result of researchers getting more acquainted with 
the complexity of the research question as well as with each other and the respective 
research disciplines. A conceptual tool that we have found helpful in this transition is 
metatheory building [8]. If theories are ways of organising empirical data and coordi-
nate different variables and factors, metatheories coordinate theories and see them as 
lenses or perspectives on the issue or phenomenon at hand. A research discipline may 
be considered as representing a certain perspective, and examples of perspectives on 
indoor environments could be medical, social, psychological, physical or technical. Or-
ganising the different perspectives in an appropriate metatheory can clarify and articu-
late different assumptions that are associated with the respective discipline. Thus, met-
atheory building can facilitate the transition from a multidisciplinary to a transdiscipli-
nary approach. 
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