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ABSTRACT 

The purpose of this conceptual paper is to discuss our interdisciplinary knowledge production 

process, which seeks ways to bridge knowledge between disciplines to produce more coherent 

knowledge about the impact of spatial solutions on environmental satisfaction. The workplace 

intervention study on work environmental satisfaction and well-being brought up novel needs 

to broaden interdisciplinary knowledge production to avoid a fragmentation of knowledge. We 

are a group of researchers working with intervention-based research aiming to produce 

interdisciplinary knowledge to better understand the impact of spatial solutions on work 

environmental satisfaction and well-being. Our expertise extends from the knowledge of work 

and organisational psychology, environmental psychology and psychophysiology to 

architectural design and human-computer interaction. A spatial intervention built for running 

company premises provided the framework for reflecting all the research activities conducted 
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before and during the design intervention. While using a broad variety of quantitative and 

qualitative methods, we found out the need to advance our understanding of the 

interdisciplinary knowledge production mechanisms to do our share of preventing a 

fragmentation of knowledge. This conceptual paper reports our remarks of the interdisciplinary 

knowledge production in the context of an intervention-based research project. We see value 

in reporting the recognized needs for seeking convergence between methods and concepts. In 

our temporary research project, we recognised the possibilities to bring each other’s disciplines 

closer together and to customise common methods and broaden meanings of used concepts 

together with the relevant stakeholders. Discussing the bridging knowledge production process 

is, as such, valuable, making visible the variety of boundaries in between disciplines and 

approaches which are overshadowed when reporting the narrow field-specific outcomes.  

 

Keywords 

Interdisciplinary workplace research, Workplace design, Workplace satisfaction, Workplace 

intervention research, Knowledge management. 

 

1 RATIONALE 

Activity-based office design is a contemporary way of building space-efficient offices, both in 

cases of new and renovated office premises. Therefore, the investigation of the functionality of 

this work environment has a significant societal and scientific importance. However, under the 

pressures of designing today’s workspaces, it remains difficult to design offices that are 

compatible with the people working in them. While there is already some scientific knowledge 

on the functionality of and environmental satisfaction with activity-based offices (Engelen et 

al., 2019), research about design solutions supporting the well-being and work engagement of 

users is very limited. The causal relationship between physical office environments and 

employee outcomes is seen as being systemically complex and often challenging to explain 

(e.g., Van der Voordt, 2004; Ruohomäki et al., 2015; Appel-Meulenbroek, et al. 2018) and, 

therefore, cooperation between disciplines is needed. As well as disciplines working solo, the 

multidisciplinary way of working, where disciplines work in parallel but not together (Stokols 

et al. 2003a, 2003b; Wagner et al. 2011) most likely leads to knowledge fragmentation. This 

reflects the present situation in work environment research where knowledge is produced by 

various disciplines (e.g., Colenberg et al. 2020). Our choice was the interdisciplinary way of 

working to advance our understanding especially of the complex causal relationships 

concerning the spatial solutions in activity-based office environments. With interdisciplinarity, 

we refer to the interdisciplinary scientific research (IDR) requiring an integration of concepts, 

techniques, and/or data from different fields of established research (Porter et al. 2006), also 

considering integrating different bodies of knowledge (Rafols and Meyer, 2010) and, thereby, 

presuming the presence of teaming (Wagner et al. 2011). Our way of working is presently close 

to instrumental interdisciplinarity (Klein 1996, Aboelela et al., 2006, Klein 2010) in bridge 

building between fields by problem-solving activities, seeking, but not (yet fully) achieving a 

synthesis or fusion of different perspectives. The context of our interdisciplinary cooperation 

was a workplace design intervention study, which was closer to combi-office (de Been and 

Beijer, 2014; Vos and van der Voordt, 2002) in its office typology, but considered as belonging, 

in this paper, to the broader category of activity-based offices. With intervention, we refer to 

the general definition of interfering with an outcome or course, especially of a condition or 

process (as to prevent harm or improve functioning) (Intervention, 2020). In our case, when 

the research focus was on spatial solutions, intervention referred to a study of the real-world 

environment through change to capture a holistic overview to find better solutions for users 

and a working theory applicable for the design profession (Markkanen et al., 2022, Herneoja 
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et al., 2022). A spatial intervention built for running company premises provided the 

framework for all the research conducted before and during the design intervention by all 

involved disciplines.  In this paper, we are not reporting the outcome of the intervention study 

but focusing on discussing challenges and learnings in interdisciplinary interactions. 

We used a variety of methods fitting to the epistemic approach of each discipline from 

quantitative to qualitative methods. Work and organisational psychology and environmental 

psychology was in charge of validated questionnaires. Architectural design research used semi-

structured interviews and participatory design workshops to be able to create the changed office 

interior. Both architectural design research and computer science was needed when using the 

experience sampling method (ESM) supported by indoor positioning (see also Markkanen et 

al. in this issue). Psychophysiology was in charge of stress level and heart rate variability 

measurements integrated into indoor positioning with the aid of computer scientists. 

In addition to learning each other's field-specific approaches, we identified the necessity to 

clarify the used concepts. Albeit applying the same vocabulary, the meanings of the concepts 

varied between disciplines. In this paper, we focus on the person-environment fit theory 

(Edwards et al., 1998) and the need–supply fit model (Kristof-Brown et al., 2005) originating 

from the person-environment fit, are the key models indicating compatibility between a worker 

and one’s work environment. Some of us were familiar with person-environment fit and need-

supply fit or were (to some extent) able to integrate the key contents into the ontological 

framework of one’s discipline. In both person-environment fit and need–supply fit, the physical 

work environment is discussed too generically, causing, at least to architectural design 

researchers, challenges when aiming to contribute to the interdisciplinary discussion. 

Therefore, sharing was needed on the field-specific ways of understanding the concepts 

referring to spatial contents. The qualities of knowledge management brought into discussion 

the challenge of adherence to transferring knowledge (e.g., Carlile 2004) from one discipline 

to another within the entire research group. However, in bilateral cases, knowledge transfer 

across disciplinary boundaries was relevant when knowledge interests or used methodology 

were either shared or familiar to each other. Still, the clarifying discussions within the entire 

research group supported interdisciplinary teaming (Wagner et al. 2011) by learning about each 

other’s disciplinary specificities to support producing translating knowledge (e.g., Nonaka 

1994; Carlile 2004). Considering our workplace design intervention as a concrete boundary 

object (Star and Griesemer, 1989; Carlile, 2002) advances design management thinking. 

Originally boundary objects were considered to have different meanings in different social 

worlds, but their structure is common enough to more than one world to make them 

recognisable, a means of translation (Star and Griesemer, 1989). Instead of translation, Carlile 

(2004) discusses transforming knowledge at the pragmatic boundary to create common 

interests to share and assess knowledge (Carlile 2004). In a work environment context, social 

worlds may be considered as researchers from different disciplines, professionals (e.g., 

designers) from different fields and users engaged in the design or research processes as 

participants (Herneoja et al., 2022). Workplace design intervention as a boundary object 

provides the common interests to develop that allow actors to address the consequences, 

differences, and dependencies of each other’s domain specific knowledge (Carlile 2004). And 

recognise the designers of the physical office environments as an end-user group of the 

produced bridging knowledge. The designers’ viewpoint, inbuilt also to architectural design 

researchers’ way of working (Markkanen et al., 2022), was important in mitigating the 

discontinuity in knowledge transfer of the work environment research outcomes to (e.g.) the 

architectural design practice to improve physical office spaces. 
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2 IDENTIFYING OUR MANY WAYS OF APPROACHING SPATIAL CONTENTS 

2.1 Physical environment in the larger psycho-social and organisational context 
To understand the relations between the physical environment and outcomes such as 

satisfaction and well-being, it is necessary to distinguish and study effects related to physical 

versus psychosocial factors. On one hand, it is important to distinguish the effects of the 

physical environment from those of the psychosocial factors as employee well-being, for 

example, is affected more by the latter (Herbig et al., 2016). On the other hand, the physical 

environment contributes to some aspects of the psychosocial environment, such as 

interpersonal relations (Haapakangas et al., 2019). Ruohomäki et al. (2015) have suggested a 

salutogenic and user-centred approach for workplace design, one that promotes users’ health 

and well-being in buildings, and supports users’ needs. Their framework focuses on functional, 

psychological and social dimensions of the workspace. A workplace that promotes well-being 

supports work tasks and work processes; is ergonomic and accessible to all; respects privacy 

and the personal need for space; strengthens a sense of control; enhances workflow and 

engagement; and promotes communication and learning (Ruohomäki et al. 2015). A case study 

by Ruohomäki et al. (2021) showed that employees' satisfaction with the work environment 

following a transition to an activity-based office was positively related to job satisfaction, well-

being at work and work performance; and the work environment plays an important role in 

work performance, satisfaction and well-being. 

2.2 Basic spatial concepts in work environment research  

We are aware of the common concepts in work environment research referring to spatial 

contents: workplace, workstation or desk, workspace, and work environment. Workplace is 

used as a generic concept referring to the employer's premises or a place where people work. 

Workstation usually refers to a setup for an individual user; workspace refers to an open, half-

open or enclosed part of an office with single or multiple workstations; and work environment 

refers to a setting, such as an office, consisting of multiple workspaces. For example, when 

defining activity-based offices, they are described as open-office environments with additional 

half-open and enclosed workspaces, where workers choose workstations or workspaces that 

best suit their current work tasks and subjective preferences (Appel-Meulenbroek et al., 2011, 

Bodin Danielsson et al., 2014; Wohlers and Hertel, 2017). However, the used terminology is 

not always uniform, and the meaning of the used concepts may vary (Colenberg et al. 2021). 

A few work environment research reports also include some visual documentation: a floor plan 

where furnishing indicates the placement and grouping of workstations or workspaces or, 

additionally, some photographs may be provided. This level of visual documentation is 

presently considered sufficient in the production of generalizable knowledge of a specific work 

environment. 

2.3 Architectural ways of approaching spatial design 

In architecture the spatial design as an end product is characterised by thinking of it as an 

experienced physical space, in addition to fulfilling the set functional needs (e.g., Ching & 

Binggeli, 2018). The conceptual content and the concrete, material content are intertwined, and 

inseparable. The designer has an idea of the experience the physical space could provide the 

user; however, this presumption needs to have a physical framework. The first concern, 

although the focus is on designing the inside space, is the geographical location of the office 

building and where the space is located inside the building. Points of the compass and floor 

level affect, for example, the nature of the natural light entering the space and the views 

available, in addition to the size, shape, and location of the window openings (e.g. Ching & 

Binggeli, 2018). In other words, the outside factors have consequences on how a worker 

experiences one’s work environment, in addition to the qualities and details of the interior as a 

whole. The creation of this three-dimensional physical space, in general, is intertwined with 



3rd TWR Conference, 7-10 September 2022, Politecnico di Milano, Italy 
                                    

  

  

 

665 

 

physical and technical contents, such as solutions and systems, and their documentation. 

(Herneoja et al., 2022) In this process, established and well organised cooperation with other 

designers beyond architecture is already business as usual (e.g., designers of interior, and 

lighting, acoustic and HVAC systems (e.g. BS ISO 17772–1:2017)). From a design point of 

view, the physical circumstance as a materialised entity, together with the perceived space by 

the worker, form an inseparable pair to understand a physical workplace as a whole. 

2.4 Potential workplace design process points to support knowledge transfer between 

disciplines 

To overcome previously recognised challenges in communicating the workplace design 

outcomes and their relationship to work environment research, such as understanding the need-

supply fit formation and workplace satisfaction, we divided the design process into three phases 

- design aims, affordance design, and site-specific design (Markkanen et al. 2022). The design 

phases communicate the design outcome on different levels: for example, the design aims 

phase conveys the employees' needs for privacy, interaction, and the preferred atmosphere of 

the space, while the affordance design phase indicates how the spaces can be used (Markkanen 

et al. 2022). For the site-specific design, constituting the comprehensive design, we have 

applied the multidimensional design framework of instrumental, symbolic and aesthetic 

dimensions (Rafaeli and Vilnai-Yavetz, 2004) to describe the spatial qualities. 

2.5 Human-computer interaction (HCI) and multiple ways of understanding place 

In the application areas of Computer-Supported Collaborative Work (CSCW), places have 

been brought up as a useful frame of analysis for understanding collaborative work (Dourish 

et al. 2016). Similarly, the physical space and different ways to experience it are relevant for 

developing technology (Lentini and Decortis, 2010, Paananen et al. 2021). However, geometric 

understanding is the prevailing approach, e.g., in the case of mobile tracking where GPS-

coordinates are used as a numerical way to differentiate places. This could also be considered 

as a baseline for discussing place in a physical context in interdisciplinary communication. 

Tracking workers in office environments requires a suitable technology to be used, for instance, 

when using ESM approaches (see e.g., Markkanen et al. in this issue). Despite the good 

accuracy of current indoor positioning systems, location does not include any qualitative 

information, for example, about the direction of the worker’s gaze or their orientation. A place 

as a locational coordinate is, as such, empty of qualitative contents. The spatial context of the 

work environment and the realistic documentation of the floorplan furnishing, combined with 

the tracking data, provides the information on which side of the table the worker is seated, 

thereby providing a hint on where the person is looking. In addition to reference to a specific 

place, mobile tracking data may include a time dimension. Thereby, it is possible to know not 

only where, but also when the worker has been seated in a specific place. 

 

3 WORKER - WORK ENVIRONMENT RELATED CONCEPTS AND METHOD-

BASED COOPERATION 

Worker’s environmental satisfaction is an indicator of user experience. It reflects how well the 

environment meets worker’s wishes and needs concerning work itself, social working 

environment, physical working environment or interactions between these aspects (Van der 

Voordt, 2004). During the workplace design intervention, the employees’ experiences and 

perception of the spaces were inquired through multiple research methods, such as semi-

structured interviews on site, questionnaire survey, experience sampling questionnaire, stress 

level measurements, and evaluation workshops. The methods were designed to gain a more 

detailed understanding of user needs in relation to their activities and used spaces, in addition 

to perceived spatial satisfaction and support. We have previously used a design research 

approach in combination with participatory design methodology to enable more detailed 
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understanding of how workplace design is linked to need-supply fit formation and work 

environment satisfaction (Markkanen et al., 2022). In addition to need-supply fit linked 

requirements of privacy and interaction, our design research approach explored how spatial 

aesthetics and atmosphere affected the employees’ work environment satisfaction and spatial 

support. 

Surveys are a traditional research instrument for obtaining quantitative data on the worker-

work environment relations, including perceptions of the environment, user’s characteristics 

and behaviour, and responses to the environment. In this case, a Work environment and well-

being survey (Ruohomäki et al. 2013, 2021) was used to gather relevant background 

information (concerning e.g., demographic characteristics, work content, office presence and 

multilocational working), evaluate satisfaction with the physical work environment both 

generally and in terms of specific indoor environmental and design factors, gain information 

on the psychosocial context and assess users’ well-being. This survey was used with a before-

after intervention study, to statistically test the effects of the intervention on work 

environmental perceptions and well-being. 

Combining experience sampling method (ESM) applied in work environment research with 

collecting tracking data as a broadly applied method in HCI is a fine example of value-added 

with methodological cooperation. We used the ESM before and during the intervention to gain 

insight on task complexity, needs for privacy, interaction and atmosphere, and experienced 

spatial support (see also Markkanen et al. in this issue). The reported data included information 

on the location and nature of the activity. Using indoor location tracking, we could use the real-

time location of participants to trigger desired events. In our system, the two-dimensional 

location data was used to send notifications to the participants’ smartphones. The location 

positioning software was configured to trigger a function, when the participants left certain 

predetermined workplace areas. Detailed understanding of employee experiences in relation to 

their location and activity, such as individual work, collaboration or recovery, enables 

understanding how different spaces support work and if the work environment provides fitting 

spaces. 

Another novel approach was to combine two established methods, the measured physiological 

stress level and heart rate interval measurements  (Järvelin-Pasanen et. al., 2018) widely used 

in the field of work environment research with time-location specific data often used in HCI 

methodology. From a data analysis point of view, the timestamps of these data sources serve 

to connect physiological measures to a specific space. This brings more context behind the 

stress measurements results and helps to compare how different spaces affect human 

physiology. However, pure location-based data remained limited in its capability to 

contextualise different situations. Knowing a person's location and level of stress is not able to 

clarify what aspects of the space affect them. For instance, the type of work being done, 

presence of other people, or the quality of the space need qualitative approaches described 

above, to complement this time-space -based location data. 

However, the interdisciplinary cooperation within this specific workplace design intervention 

was an interesting process, the partial realisation of high risks led to an insufficient amount and 

quality of the gathered data. Firstly, to support the interdisciplinary approach, we recruited 

workers to participate in each research phase and used various data collection methods. 

Secondly, the optimal number of participants is different for the used qualitative and 

quantitative research methods: e.g. the participatory design workshops cannot be organized 

with an equal number needed for survey or ESM methods. Thirdly, the focus associated with 

the spatial solution of the workplace required participants to work primarily onsite during the 

research periods to find out aspects about their environmental satisfaction related to the spatial 

solution. However, during all our research periods the COVID-19 based strong remote working 
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recommendations by the local authorities was in force and, therefore, the participants’ activity 

at the company premises was low. The gathered quantitative data has fallen short, and the 

remote way of working also disturbed the gathering of the quantitative data. And finally, 

because of the realisation of depicted risks, one of the most interesting phases to analyse 

disciplinary-specific findings and reflect them together to advance our shared interdisciplinary 

understanding about impact of spatial solutions to environmental satisfaction was not fulfilled 

in this case study. 

 

 4 CONCLUSION AND FURTHER THOUGHTS 
The purpose of this conceptual paper was to discuss our interdisciplinary knowledge 

production process, which seeks the ways to produce more coherent knowledge about the 

impact of spatial solutions on workers’ environmental satisfaction. Our interest to search for 

bridging knowledge(s) emerged of a particular shared workplace design intervention study. 

The versatile interdisciplinary expertise provided a unique opportunity to learn about each 

other’s ways of working or even combine each other's methods. We also realised that finding 

methods for knowledge production fulfilling prerequisites of all involved disciplines was not 

realistic. Our diverse approaches aimed to produce generalisable knowledge of workplace 

satisfaction: this extended from survey study to workspace-specific understanding of aesthetic 

and atmospheric qualities of space. Our interest was also on the detailed location-specific 

knowledge production about the office interior, which affect the employees’ work environment 

satisfaction, and is an essential part of the spatial designers' (e.g., architects') location-based 

design work. The often-used expression mixed-methods was in our case as such empty to only 

describe the methods used within the research group, but not to indicate the shared methods 

used by all researchers. 

The used concepts referring to the spatial contents raised interesting and necessary discussions 

about their diverse discipline-specific meanings. When focusing on the impact of spatial 

solutions on workers’ environmental satisfaction, we found out different discipline-based 

emphases in understanding the content of the concept environment, affecting how 

environmental satisfaction should be approached. For architectural design, the researchers’ 

environment raised mainly connotations referring to the built environment as the physical 

environment. Instead, the work environment research environment was identified as the 

perceived physical environment in the larger psycho-social and organisational context. This 

kind of qualitatively enriched way of discussing the physical environment was, at times, 

challenging, at least for architect researchers, since the physical representations involved were 

discussed in a generic way. On the other hand, design knowledge production aimed to reflect 

on the physical qualities of a specific work environment, and only the design research outcomes 

concerning design methods were generalizable. 

We applied the boundary object theory’s common enough approach when clarifying the 

meanings of the used concepts in our shared communication. We decided to apply the very 

basic concepts of spatial solution, place and space, as an analogy related to physical reality. 

We recognised a place as a combination of concrete and conceptual contents: a physical space 

as a design target aiming to fulfil worker’s functional needs and provide affordances, a physical 

space perceived by a worker and a place as a physical environment in the larger psycho-social 

and organisational context. The most basic way of understanding a place as a location or place 

in a time-location context has raised interest for further development of interdisciplinary 

methodological cooperation, also demonstrated in this paper. A locationally understood place 

at a precise moment may be considered as a mathematical anchor to all qualitative and 

quantitative data concerning a specific circumstance that may be placed to a time-location 

based grid. 
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We also identified how conventional practices in some disciplines may raise novel question 

settings in an interdisciplinary research consortium. The raised questions about practicalities 

also led to interesting discussions about broader content-wise and methodological issues. We 

recognised that our interdisciplinary process brought up multiplicity of interaction between 

disciplines varying from transforming knowledge across disciplinary borders to a more 

translative approach through shared learning process. Also, the need for relevant and 

informative knowledge for the architectural design practice to improve the physical office 

spaces brought into discussion the demand for transforming knowledge at the pragmatic 

boundary. However, interdisciplinarity emerged as a diverse and demanding way of working, 

it also brought up the importance of having the pursuit of a common understanding. 
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