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Executive Summary/Abstract 
Physical workspace can have a notable impact on the work performance of the employees in any 
given organization. By understanding human cognition, we can also seek to understand how the 
workspace can positively or negatively affect work performance, specifically from the point of 
view of workplace interaction performance. 

Business consultants work in a very data intensive field. In order to gain an understanding of their 
clients’ business and help them solve the problems and challenges they are having consultants 
first need to gather data. After the data gathering, strategic choices to overcome the problems 
clients are facing are made. One approach for strategy creation is to utilize a Strategic Analysis 
model to identify the most crucial goals for the company to address to improve their business 
performance – and to define means for achieving them. 

In this Beyond PoC phase our focus was on utilizing actual data gathered from office environment, 
applying machine learning to human interaction behavior analysis, further developing the 
experimental setup from the CVDI year 8 project, developing means for the visualization and 
reporting of the data, and overall improving the workplace interaction performance through 
findings derived from the experiments. 

Other part of this project focused on building a Knowledge-Based System (KBS) utilizing Natural 
Language Understanding/Processing (NLU/NLP) for guiding the user through the Strategic 
Analysis process of identifying the most crucial goals and defining means to achieve them for 
improved business performance. 
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Goals and Objectives 
WP8 – Our solution aims to improve the measurement, analysis, visualization, and reporting of 
human-to-human and human-to-environment interactions and provide deeper understanding on 
how the workspace design affects these interactions. 

WP9 – Our solution aims to enable business consultants to perform strategic analysis more 
effectively, precisely, and in a more uniform manner. It guides both inexperienced and more 
seasoned professionals through the strategic analysis process via interface that utilizes NLU/NLP 
to enable intelligent interaction between the user and the knowledgebase. 

Differences from Current State of Art 
Human interaction and performance, and business strategy execution data both present new 
domains for Machine Learning applications. The problem is approached from ethics viewpoint by 
using ECCOLA – a Method for Implementing Ethically Aligned AI Systems [1] throughout the 
design and development of the AI powered PoC solutions. While research conducted on 
performance and productivity in a remote work setting has increased due to the COVID-19 
pandemic [e.g., 2, 3, 4, 5], our study distinguishes by the longitudinal data we have been able – 
and will continue – to gather from the beginning of the pandemic through changes in work 
customs – both in remote and office settings in different phases of the pandemic. Examining the 
factors identified in existing literature to be affecting individual performance and productivity – 
such as work-related stress [6, 7, 8], teamwork [9, 10, 11], and self-efficacy [12, 13, 14] – through 
longitudinal data provides unique view into how the pandemic may change the perception of 
work as a whole and how the significance of the previously identified factors to performance and 
productivity might differ from the past after the prolonged period of remote work. 

Methods and Datasets 
Strategic analysis process was modeled through literature, interviews, presentations, and 
collaboration with senior business consultants familiar with performing strategic analysis on 
organizations and identifying their most crucial goals and means to achieve them for improved 
business performance. Unifying process model was created based on this collaborative work and 
the dataset within the knowledgebase was built around it according to the case specific schema 
for the knowledge-based system. Quality and detail of the knowledge was then further improved 
by creating user stories and user journeys. 

During the CVDI year 8 project we were forced to focus only on remote work setting in our 
workspace study due to the outbreak of the COVID-19 pandemic, but during this project we were 
able to collect data also in real-life office setting, which provided us the opportunity to utilize 
Sociometric badges in measuring physical interaction as well. In the experiments that we ran at 
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the collaborating company’s office and in the laboratory setting at the university facilities we 
were able to collect communication and interaction data in the physical encounters on the 
employees. Sociometric badge identifies the source and duration of communication based on 
volume of speech and measures the proximity to other badges, i.e., other employees wearing a 
badge, or badges that are used as beacons within the office space. In addition, questionnaires 
were used to collect data both in the beginning and the end of the day on the level and quality 
of interaction and teamwork, perceived productivity, and perceived self-efficacy during the 
workday. 

Results 
Significant improvements were achieved in identifying the source and duration of 
communication with the Sociometric badges, which originally had only a certain level of volume 
for a certain period of time (both hardcoded) set to indicate a person speaking. The “is-speaking” 
algorithm highly improved the accuracy and reliability of the data collection and analysis, thus 
improving the quality of the system and the results of our study overall, as identifying source and 
duration of communication is the foundation for all the analysis and reporting within the system. 
The final solution is able to perform analysis on the dynamics of communication and interaction 
in a working community, provide results such as how equally turns to speak in a meeting are 
divided, with how many colleagues employees interact on average during a workday, or in which 
parts of the office space interaction generally takes place in. 

 

Figure 1 Heatmap generated from interaction data (on office floor plan) 



6 
Confidential and Proprietary to CVDI 

Strategic analysis is one of the most crucial tasks for a business consultant to succeed in to be 
able to help their clients through challenges their businesses might be facing. Without having a 
clear understanding on the current state of the business, it is merely impossible to create a 
strategy that would lead into improved business performance. Our solution has the potential to 
assist business consultants in performing strategic analysis on a business and guide consultants 
through the process even if they were less experienced. 

Publications from the project are introduced in more detail in the following “Impact and 
Uses/Benefits” section. 

Functionality of Innovation(s) 
Sociometric badges gather data solely from the approximate proximity of the badges and the 
volume of the speech and the changes in it – without storing any audio data, that might 
compromise the identity of a person or the content of the conversation. From this data, the “is-
speaking” algorithm identifies the source and duration of communication with improved 
accuracy, which can then be used for analyzing different aspects of interaction and 
communication with higher confidence on the veracity of the results. The strategic analysis 
“guidebook” can be followed step-by-step as is, or the consultant can interact with the 
knowledge-based system via NLU/NLP powered interface to find support in more specific phase 
or challenge of the strategic analysis process. 

Conclusions and Recommendations 
In this project, we have further developed the understanding on how the work performance of 
employees is modified by external and internal factors within the working community and 
employees themselves, with special focus on human-to-human and human-to-environment 
interactions through real-life experiments in both remote and office work settings. Although the 
return from remote work setting back to “normal” did not happen as we had anticipated, the 
situation evolved in a manner that allowed us to gather enough real-life data to bring the solution 
to the next level, beyond proof-of-concept, with the Sociometric badges and their iterative 
improvement throughout the project. We have also developed a proof-of-concept level solution 
for guiding business consultants through the process of strategic analysis with the help of 
strategy creation and execution specific knowledge-base and natural language understanding for 
intelligent interaction with the system. In the future, we will continue gathering longitudinal data 
in the still evolving pandemic conditions for further future publications. While knowledgebases 
are highly case sensitive, the proof-of-concept has proven the applicability of such solutions for 
the knowledge involved in business consultancy, and with the lessons learned from this project, 
further research could be conducted in applying knowledge-based systems in other parts of 
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business consulting that would benefit from the level of automation or guidance such systems 
are capable to provide. Another area of interest for future research would be in further 
experimenting with the current knowledge-based system and studying the possibilities of 
transforming the system into a learning system, where it would in long run adapt its 
recommendations and navigation according to repeating use patterns. 

Impact and Uses/Benefits 
We have submitted three papers for this project to the 1st Workshop on Requirement Engineering 
for Software startups and Emerging Technologies (RESET 2021) – part of the IEEE International 
Requirements Engineering Conference 2021 (RE2021) – titled: 

 “Visualizing Interactions in Workplace Office: Key Lessons Learned from an Experiment” 

 “Web Bluetooth: Experiences in Implementing Emerging technology to Legacy System” 

 “Deep Neural Network Voice Activity Detector for Downsampled Audio Data: An 

Experience Report” 

Paper with title: "COVID-19 Remote Work: Body Stress, Self-Efficacy, Teamwork, and Perceived 
Productivity of Knowledge Workers” [15] from the preceding CVDI year 8 project was accepted 
and will be presented at the 12th Scandinavian Conference on Information Systems (SCIS 2021). 

In addition to the articles, a master’s thesis with title “Current state of practice on AI ethics 
implementation in the industry” [16] was enabled by this CVDI year 9 project. 
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