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ABSTRACT 

Workplaces are designed to foster a range of activities, such as focused work, collaboration, 

and recovery, which create dynamic needs in work environments. We applied a context-

sensitive experience sampling method (ESM) to collect space-specific data on employees’ 

immediate experiences from individual workspaces to understand how they support 

employees’ activities. Needs-supplies fit is a person-environment fit type that has been 

associated with the physical work environments. The fit formation depends on employees’ 

activities, activity-related needs, and the surrounding work settings. Understanding the needs-

supplies fit at the workplace design level is important, as the fit formation increases employees’ 

workplace satisfaction. ESM is a repetitive inquiry method that permeates into employees’ 

daily life, and it can be conceptualised to contain the following key elements: 1) natural 

environment, 2) immediacy of experience and 3) representative sampling. This study was 

designed to obtain information on employees’ needs for interaction, privacy, and spatial 

atmosphere during individual or collaborative activities at assigned workstations, meeting 

rooms, and breakout area. Our dynamic signal-contingent study setup delivered the 

questionnaire to employees’ smartphones upon switching the location to collect the immediate 

experience of the situation. The study was conducted before and during an intervention study, 

during which organisations’ meeting rooms and a breakout area were refurbished. We 

qualitatively inspected the ESM parameters, employees’ activities, and their workspace 

experiences to interpret the ESM results. The questionnaire data revealed differences in 

privacy, interaction, and atmosphere needs and a high need for appropriate videoconference 

and withdrawal spaces. Using contextual research methods, such as ESM, promotes 

understanding of diverse workspaces in relation to activities. Our research draws attention to 

collaborative workspaces, the surroundings of videoconference meetings, spaces of recovery, 

and the needs related to their spatial atmospheres. 
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1 INTRODUCTION 

Several studies have assessed work environments and employee satisfaction (Bodin Danielsson 

& Bodin, 2009; Brunia et al., 2016; Budie et al., 2018; de Been & Beijer, 2014; Groen et al., 

2019; Haapakangas et al., 2018; Hoendervanger et al., 2019; van der Voordt, 2004). 

Understanding the factors contributing to workplace satisfaction has become more important 

due to the remote work caused by the COVID-19 pandemic and subsequent return to the 

offices. In addition, more information is needed on how to apply the research knowledge to 

workplace design processes on a practical level. Experienced work environment satisfaction is 

influenced by office typology and its unique combination of spatial layout, level of openness, 

ergonomics, comfort, employees’ personal experiences, and indoor qualities (Brunia et al., 

2016). Therefore, workplace interior design strategies are important, such as design for comfort 

or supporting health, healthy behaviour, and restoration (Colenberg & Jylhä, 2021). While such 

strategies can guide the result of the design process, they do not consider the activity-related 

needs at a detailed level. The needs-supplies fit model describes the match between the 

employees’ needs and the supplies of the environment (Kristof-Brown et al., 2005). This is 

linked to the employees’ work environment satisfaction which is defined by how the physical 

work environment meets the employees’ needs (van der Voordt, 2004). Although the main 

examples of needs-supplies fit for work environment satisfaction have been studied in the 

context of activity-based work environments and their privacy-related needs (Gerdenitsch et 

al., 2018; Hoendervanger et al., 2019), a more detailed understanding of the fit formation is 

needed to support workplace design processes that also consider collaboration and recovery. 

Our research aims to elucidate the connections between workplace design and employees’ 

work environment support and satisfaction. For this purpose, we have studied the activity- and 

workspace-related needs and spatial support with experience sampling in a combi-office. 

Combi-offices resemble activity-based work environments in different activity-supporting 

spaces except for assigned workstations in open work areas (de Been & Beijer, 2014; Vos & 

van der Voordt, 2002) and shared or private office rooms (Bodin Danielsson & Bodin, 2008, 

2009). The study was organized during the COVID-19-pandemic; thus, the results indicate the 

present and future needs for individual, collaborative, and recovery activities for both face-to-

face and hybrid events. Although organisational behaviour research has used ESM frequently 

(Fisher & To, 2012), work environment research adaptations are still scarce. Examples include 

research on environment comfort on momentary well-being and productivity (Roskams & 

Haynes, 2020), face-to-face interactions (Weijs-Perrée et al., 2019), work environment usage 

behaviour (Markkanen et al., 2019), and perceived fit of work settings and activities 

(Hoendervanger et al., 2019, 2022). We incorporated an indoor positioning system into our 

study setup to send prompt signals dynamically when the participants left the workspaces they 

had been using: this enabled us to focus signalling prompts on the moments immediately after 

the activities and different situations in an unobtrusive manner to ongoing tasks. 

1.1  Experience sampling method 

Experience sampling method was developed in the late 1970s to improve data enrichment 

during a study that first used the diary method: participants were requested to summarise the 

activities and experiences of their daily highlights in a diary. When the study failed to produce 

the intended outcome, the researchers tested prompting the reporting events with electronic 

pagers to notify participants to fill the self-report diaries (Hektner, 2007; Larson & 

Csikszentmihalyi, 1978). The key elements in an ESM study consist of the natural 

environment, the immediacy of the studied experience, and representative sampling. With 

signal prompts, the researchers can ask their study participants questions and thus enabling 

experience capture as closely as possible in the participants’ natural environment (Beal, 2015). 



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

  

  

 

601 

 

Essentially, ESM collects a representative sampling of the context and the immediate 

experiences in one’s daily life in a natural environment (Beal, 2015; Hektner, 2007). The 

traditional self-report methods include interval-contingent (experiences are reported at regular 

intervals), signal-contingent (use of fixed or random signals to prompt reports), and event-

contingent (experiences are reported when a defined event occurs) methods (Wheeler & Reis, 

1991). The form of self-reports ranges from open- and close-ended questions regarding 

participants’ objective situation and subjective state of being (Csikszentmihalyi, 2014; 

Hektner, 2007). The mobile technologies enable both signal-prompting and data-collection 

using smartphones (Pejovic et al., 2016; van Berkel et al., 2017) and wrist- and head-worn 

devices (Hernandez et al., 2016). Experience sampling design needs to consider the dynamics 

of collected experiences and how they are subjected to change over different parameters, such 

as time or location, to collect a representative sample and capture a wide range of individual 

experiences (Beal, 2015). 

 

2 METHODOLOGY 

This research study was implemented in an international company providing smart technology 

solutions for healthcare. At the start of this study, the company’s headquarters occupied 

approximately 600 m2 of space (presented in Figure 1) with 50 employees. Employees in this 

combi-office had assigned workstations, and the workspaces ranged from private and shared 

offices to open work areas and meeting rooms. The company also had recovery, production, 

and testing areas. 

2.1 Workspaces and workplace intervention study 

Prior to the intervention study, we organised a participatory design study with semi-structured 

interviews (n = 15) and a participatory design workshop (n = 15) to elucidate the user needs, 

daily activities, and work tasks (manuscript in preparation). In this intervention study, the 

functionality of the spaces remained as such, and the spatial changes aimed to improve the 

atmosphere and comfort. No changes were implemented at the assigned workstations. The 

intervention area (see Figure 1) consisted of: 

• Meeting rooms 

o Multi-functional workspace – for quick meetings and individual work 

o Formal meeting room – for board meetings and onsite visitors 

o Informal meeting room – for team meetings, product development, and brainstorming 

• Recovery 

o Breakout area – for lunches and coffee breaks, weekly hybrid meetings with remote 

offices and teams 

The intervention design for each space included improvements for lighting, curtains, and 

optionally, new furniture, drawing boards and acoustic elements. The changes were designed 

based on the design needs and inspirations that emerged during the participatory design 

workshops. 
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2.2 ESM inquiry and setup 

We augmented an ESM approach with an indoor positioning system to gather contextual 

information on different workspaces and situations. The ESM system can be triggered by 

movement in the workplace, enabling a novel implementation of an event-based questionnaire 

delivery (van Berkel et al., 2017; Markkanen et al., 2019). The ESM inquiry targeted the 

participants’ assigned workstations, other workstations, the multi-functional workspace, the 

formal meeting room, the informal meeting room, and the breakout area. 
 
Figure 1. Office layout, beacon placement, and intervention design 
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We ran a pilot data collection phase (three days, June 2021) with two participants to test the 

system onsite. The ESM was used before (3 weeks, August 2021) and during the workplace 

design intervention study (3 weeks, November 2021).  

 
Figure 2. Experience sampling method system diagram. The applications we developed are 

highlighted in grey 

 

 
 

The overall signal delivery system is described in Figure 2. The location positioning system 

(Noccela) uses physical location badges and beacons (see Figure 1 for beacon locations) that 

communicate (a) with the backend server to determine users’ locations in real-time. This 

approach provided sufficient precision for tracking, and the indoor positioning system has a 

web interface where we marked areas in the workplace that trigger events when entering or 

exiting it. The events were then monitored (b) in the main logic of the ESM system, deployed 

on the Google Cloud Functions. The cloud functions forwards events where the users exited a 

room, and they had been in the room for more than 20 minutes and less than 10 hours (to filter 

out overnight events). We sent (c) a notification request from the cloud function to the 

notification platform (OneSignal) through its application programming interface (API), which 

in turn delivered (d) the notifications to users of the iOS mobile application (Conno) we 

developed. The mobile application serves two purposes: first, to show the ESM notifications 

and second, to register users’ smartphones to the notification platform with their location badge 

ID. Finally, when the user clicks the notification on their smartphone, it opens (e) the 

questionnaire platform (Webropol) in the browser, with the users’ ID as a prefilled parameter.  
 

Table 1. Experience sampling questionnaire 

Variable Categories Measurement level 

Location 1. Assigned workstation 

2. Other workstation 

3. Multi-functional workspace 

4. Formal meeting room 

5. Informal meeting room 

6. Breakout area 

7. Other 

Nominal 

Activity 1. I was working alone 

2. We were working together 

3. We were working together 

on the phone 

4. We were working together 

on the videoconference 

5. I was recovering alone 

Nominal 
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6. We were recovering together 

7. Other 

Task-complexity Evaluate how difficult the activity 

was.  

Likert scale 1 – 5, from easy to very 

demanding 

Need for privacy Evaluate how important privacy was 

in the situation.  

Likert scale 1 – 5, from not important 

to very important 

Need for 

interaction 

Evaluate how important interaction 

was in the situation. 

Likert scale 1 – 5, from not important 

to very important 

Need for 

atmosphere 

Evaluate how important the 

atmosphere was in the situation. 

Likert scale 1 – 5, from not important 

to very important 

Spatial support How well did space support the 

situation? 

Likert scale 1 – 5, from very poor to 

very well 

 

3 RESULTS OF DYNAMIC EXPERIENCE SAMPLING 

Before (1) and during the intervention (2), the study phases had 9 participants. However, only 

6 participants partook in both study phases. The report numbers were before intervention n = 

184 and during intervention n = 161. This study was conducted during the COVID-19 

pandemic: although remote work recommendations were active, the data-collection phases 

were pushed to periods when onsite working was also possible. This also reflected the location 

of work within the office and the number of face-to-face meetings.  

3.1 Locations of reported activities and task-complexity 

The collected dataset was organised in Table 2 to reveal the locations of different activities. 

Due to the low number of reports from the intervention area, the dataset was not subjected to 

statistical analysis but qualitatively inspected to reveal differences in activity-related locations 

and needs. Therefore, the results are not validated but indicative in nature. Tables 3 and 4 

present the mean and standard deviation (SD) values of reported Likert scale values (low, 

moderately low, moderate, high, and very high) of task complexities, needs and spatial support, 

categorised according to location or activities. The location analysis of activities revealed a 

substantial number of videoconference meetings in addition to individual work reports at 

assigned workstations. Overall, the collaborative work activities were distributed at meeting 

rooms and workstations and group recovery in the breakout area. We noticed several individual 

recovery events tagged at “other location,” indicating a lack of suitable space for recovery 

alone. Evaluation of work-related task complexities showed only low variation between studied 

activities, ranging from low to moderately low. Interestingly, the task-complexity in multi-

functional workspace and formal meeting room events were rated as more complex.  

 
Table 2. Location- and situation-categorised self-reports  

Location Study 

phase 

Number 

of 

reports 

(n) 

Individual 

work 

(n) 

Work 

together 

(n) 

Phone 

(n) 

Video-

conference 

(n) 

Recovery 

alone 

(n) 

Recovery 

together 

(n) 

Assigned 

workstation 

1 102 53 9 3 37 0 0 

2 86 50 3 0 30 0 0 

Other 

workstation 

1 15 1 9 2 1 1 1 

2 10 3 4 0 3 0 0 

Multifunctiona

l workspace 

1 0 - - - - - - 

2 8 0 2 0 6 0 0 

Formal 

meeting room 

1 11 0 4 0 7 0 0 

2 7 0 3 0 4 0 0 

1 12 0 5 0 7 0 0 
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Informal 

meeting room 

2 13 0 5 1 7 0 0 

Breakout area 1 24 1 2 0 0 4 17 

2 22 1 1 0 0 2 18 

Other location 1 20 4 2 1 0 9 4 

2 15 0 3 0 0 12 0 

 

3.2 Collaboration increases the need for privacy, interaction, and atmosphere 

The location-linked data revealed higher privacy needs in the multi-functional workspace and 

meeting rooms than in workstations. The videoconference meetings had particularly high 

privacy needs. The interaction needs were reported high in multi-functional workspace and 

meeting rooms as well as during collaborative work activities. However, the difference 

between interaction and privacy needs between the assigned workstation and individual work 

was notable as the locational needs increased due to videoconference meetings. 

The need for the atmosphere was included in the questionnaire as the intervention design 

focused on improving the spatial atmosphere and comfort. The term atmosphere was used in 

the participatory design phase of the study based on our earlier research (Markkanen et al., 

2022); thus, participants and researchers had a shared understanding that the term described 

spatial qualities through a combination of symbolic and aesthetic expression, for example, as 

peaceful, playful, or formal. Locational analysis revealed a lower need for the atmosphere at 

workstations, while the collaborative spaces were reported with a moderate need for 

atmosphere. Accordingly, the need for an atmosphere was higher for working together, phone 

meetings and videoconference meetings. 

 
Table 3. Location-based analysis 

Location Study 

phase 

Reports 

(n) 

Task 

complexity 

Mean ± SD. 

Need for 

privacy 

Mean ± SD. 

Need for 

interaction 

Mean ± SD. 

Need for 

atmosphere 

Mean ± SD. 

Experienced 

spatial 

support 

Mean ± SD. 

Assigned 

workstation 

1 102 2,74 ± 1,07 2,9 ± 1,35 2,80 ± 1,64 2,56 ± 1,09 3,37 ± 0,84 

2 86 2,22 ± 1,01 2,98 ± 1,44 2,45 ± 1,54 2,74 ± 1,16 3,8 ± 0,82 

Other 

workstation 

1 15 1,87 ± 0,99 1,47 ± 0,74 3,87 ± 0,99 2,53 ± 1,13 3,40 ± 0,74 

2 10 2,00 ± 0,82 2,50 ± 1,51 3,00 ± 1,41 1,80 ± 0,79 4,00 ± 0,82 

Multifunctional 

workspace 

1 0 - - - - - 

2 8 3,00 ± 0,76 4,25 ± 0,71 4,63 ± 0,52 3,63 ± 1,19 4,25 ± 0,71 

Formal 

meeting room 

1 11 3,18 ± 1,08 3,55 ± 1,21 4,64 ± 0,67 3,64 ± 0,67 3,73 ± 0,47 

2 7 3,29 ± 1,11 3,86 ± 1,07 4,57 ± 0,53 3,71 ± 0,85 4,43 ± 0,79 

Informal 

meeting room 

1 12 2,17 ± 0,94 2,83 ± 1,03 4,42 ± 0,51 3,25 ± 0,87 3,67 ± 0,65 

2 13 2,69 ± 0,95 3,92 ± 0,86 4,31 ± 0,85 3,92 ± 0,64 4,46 ± 0,66 

Breakout area 1 24 1,29 ± 0,62 1,13 ± 0,34 3,38 ± 1,47 3,83 ± 0,96 3,38 ± 0,97 

2 22 1,36 ± 0,49 1,23 ± 0,69 3,68 ± 1,32 4,23 ± 0,81 4,36 ± 0,66 

 

Table 4. Activity-based analysis 

Activity Study 

phase 

Number 

of 

reports 

(n) 

Task 

complexity 

Mean ± 

SD. 

Need for 

privacy 

Mean ± 

SD. 

Need for 

interaction 

Mean ± 

SD. 

Need for 

atmosphere 

Mean ± 

SD. 

Experienced 

spatial 

support 

Mean ± SD. 

Individual 

work 

1 59 2,61 ± 1,14 2,59 ± 1,48 1,39 ± 0,79 2,42 ± 1,25 3,49 ± 0,92 

2 54 1,91 ± 0,87 2,61 ± 1,28 1,35 ± 0,68 2,59 ± 1,16 3,80 ± 0,94 

Work together 1 31 2,10 ± 1,08 2,13 ± 1,28 4,39 ± 0,84 2,94 ± 1,06 3,52 ± 0,72 

2 21 2,62 ± 0,86 2,86 ± 1,77 4,14 ± 0,79 3,38 ± 1,28 3,86 ± 0,73 



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

  

  

 

606 

 

Phone meeting 1 6 2,83 ± 0,75 2,5 ± 1,52 4,17 ± 0,75 3,00 ± 1,26 3,50 ± 1,22 

2 1 3,00 ± 0,00 4,00 ± 0,00 2,00 ± 0,00 4,00 ± 0,00 4,00 ± 0,00 

Video-

conference 

1 52 2,90 ± 1,03 3,25 ± 1,14 4,33 ± 0,65 2,77 ± 0,94 3,37 ± 0,74 

2 50 2,76 ± 1,08 3,92 ± 1,10 4,30 ± 0,79 3,28 ± 1,13 4,10 ± 0,74 

Recovery 

alone 

1 14 1,07 ± 0,27 2,57 ± 1,91 1,36 ± 0,93 2,64 ± 1,39 3,14 ± 0,53 

2 14 1,36 ± 0,63 3,86 ± 1,88 1,07 ± 0,27 2,57 ± 0,85 3,07 ± 0,27 

Recovery 

together 

1 18 1,44 ± 0,70 1,06 ± 0,24 4,06 ± 0,87 3,78 ± 0,88 3,22 ± 0,94 

2 18 1,39 ± 0,50 1,28 ± 0,75 3,89 ± 1,23 4,33 ± 0,69 4,56 ± 0,51 

 

3.4 Individual and group recovery activities have different need profiles 

The questionnaire distinguished recovery events alone and together, revealing differences: 

While task complexity for both events was low, the need for privacy was notably higher for 

recovery alone and, alternatively, the need for interaction higher for recovery together. Also, 

the highest scores for the need for an atmosphere were detected for recovery together during 

the intervention study. Importantly, the recovery alone events were reported outside the 

research area, thus indicating the lack of proper spaces for individual recovery and withdrawal. 

3.5 Perceived spatial support increased during the intervention 

The overall perceived spatial support was moderate in the research area. Both workstation-

related support and intervention space-related support increased during the intervention. 

However, we note that out of the small number of participants in the study, one third changed 

between the collected data sets, thus impacting the workstation related experience. From the 

activity point of view, the spatial support increased for the videoconference meetings and 

recovery together. The qualitative analysis through semi-structured interviews (manuscript in 

preparation) revealed increased satisfaction with the intervention spaces. 

 

4 CONCLUSIONS 

The dynamic approach to signal-contingent experience sampling enabled data collection that 

combines the spatial and situational context. Our study setup aimed to extend the workspace 

specific understanding of the needs-supplies fit formation through assessing the activity, task 

complexity, and the need for privacy (Hoendervanger et al., 2019), with the need for interaction 

and atmosphere. The limited dataset evaluated the experienced spatial support in the re-

designed spaces positively, thus indicating the fit formation.  

This study was done during the COVID-19 pandemic, which limited the data collection but 

provided information on needs in the office during the pandemic and indications for future 

spatial needs: the high number of videoconference meetings in the dataset implicate essential 

hybrid-work-related needs for the organisation. The hybrid and multi-locational work (Bosch-

Sijtsema et al., 2010; Halford, 2005) increased during the pandemic. The new workplace 

policies support hybrid work. Some employees have personal preferences to collaborate online 

(Appel-Meulenbroek et al., 2022); therefore, the work environment design needs to include 

remote collaboration through videoconference meetings as an office activity with different 

needs from individual work or in-person collaboration. In this case study, the frequent 

occurrence of videoconference meetings increased the overall need for privacy and interaction 

for assigned workstations, which in shared offices and open work areas impose a mismatch for 

concurrent individual work or other collaborative events.  

This paper draws focus on designing meeting rooms and recovery spaces to support employees’ 

needs beyond individual workstations. A recent survey during the pandemic revealed that while 

workplace flexibility and working from home supports productivity and work environment 

satisfaction, the importance of corporate offices remains as they were significantly preferred 

for formal and work meetings, socialising, and training activities (Yang et al., 2021). 
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Understanding the needs-supplies fit formation on a spatial level is important for office design 

and refurbishment projects to fit present needs better. Several studies focus on switching 

behaviour and individual work circumstances in activity-based offices (Appel-Meulenbroek et 

al., 2011; Göçer et al., 2017; Häne & Windlinger, 2021; Hoendervanger et al., 2016). There is 

only a little research on how different spaces, such as meeting rooms, concentration supporting 

spaces and recovery areas, support finding the right fit for different tasks, work environment 

satisfaction, and needs-supplies fit formation (Brunia et al., 2016). In this case study, the 

combi-office with assigned workstations provided fewer options for switching behaviour than 

an activity-based work environment. Nevertheless, this office provided activity-supporting 

spaces, meetings rooms, a multi-functional workspace for concentration and collaboration, and 

a breakout area. Our data revealed high interaction needs in meeting rooms and breakout areas. 

The higher atmosphere needed in collaborative spaces and recovery areas over assigned 

workstations implicates the significance of design choices in these spaces – the comfort and 

satisfaction towards the work environment are likely to influence employees’ return to the 

office.  

The COVID-19 pandemic and the subsequent return to offices will present workplace design 

challenges: the decreased number of employees present in the office sets pressure for efficient 

space use, the changes should also support multi-locational work and employee gathering. The 

workplace should also provide equally available and satisfactory workstations for employees 

who work onsite infrequently. Notably, the workplaces’ spatial qualities should be inviting to 

promote employees’ office presence and in-person collaboration. The work environment 

change processes will benefit from decisions based on actual user needs: experience sampling 

can be used to gain knowledge about the spaces perceived as supportive and comfortable and, 

importantly, about the lack of appropriate spaces and needs for improvement. While 

randomized ESM methods collect data broadly from holistic workplace experience, dynamic 

location-based methods can be designed to focus the data collection to specific areas, such as 

meeting rooms or recovery areas in our study. Furthermore, combining the location-based 

experience sampling with big data collection, such as health or stress measurements, opens 

new research opportunities for understanding how spaces affect employees. 
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