
Appendix 16.1: Questions remote working interviews

Werknemer

De context
- Wat voor werk doe je?

- Hoeveel werk je remote?

- Hoe gaat het bedrijf waar je werkt om met remote werken?
- Ben je hier tevreden over?

Pro’s en Con’s
- Wat vind jij tot nu toe van het concept remote werken, zonder op de specifieke voor

en nadelen in te gaan?

- Wat vind je de voordelen van remote werken?
- Vraag door met waarom
- Wat vind je het grootste voordeel?

- Welk werk vind je makkelijk om van thuis te doen?

- Wat vind je de nadelen van thuis werken? Wat voor problemen ervaar je?
- Vraag door met waarom
- Wat vind je het grootste nadeel?

- Wat voor werk vind je het moeilijkste om thuis te doen? Waarom?

- Hoe probeer je deze problemen aan te pakken?
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- Zijn er factoren bij jezelf of bij andere collega's die remote werken moeilijker maken?
En hoe merk je dat?

Toekomst
- Zou je in de toekomst ook thuis willen werken? Zo ja, hoe vaak?

- Welke uitdagingen zie je in zo’n combinatie?

Extra
- Ken jij nog mensen die ik zou moeten spreken?
- Zou je het interessant vinden om betrokken te blijven bij dit project?
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Directie

De context
- Wat voor werk doe je?

- Hoeveel personeel heeft het bedrijf/ het team dat jij managet?

- Hoeveel wordt er remote gewerkt in het bedrijf?

- Hoeveel werk je remote?

- Hoe gaat het bedrijf om met remote werken?
- Ben je daar tevreden over?

Pro’s en Con’s
- Wat vind jij tot nu toe van het concept remote werken, zonder op de specifieke voor

en nadelen in te gaan?

- Wat vind je de voordelen van remote werken?
- Vraag door met waarom
- Wat vind je het grootste voordeel?

- Welk werk vind je makkelijk om van thuis te doen?

- Wat vind je de nadelen van thuis werken?
- Vraag door met waarom
- Wat vind je het grootste nadeel?

- Wat voor werk vind je het moeilijkste om thuis te doen?
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- Hoe probeer je deze problemen aan te pakken?
- Hoe verandert jouw rol als teamleider nu er meer op afstand wordt gewerkt?

- Zijn er collega’s of teams die thuis werken moeilijk vinden?

- Heeft remote werken negatieve effecten op het bedrijf? Of op het werk van het
bedrijf? (Zoals omzet, kwaliteit, tevredenheid van de werknemers, etc.)

Toekomst
- Gaat remote werken een rol blijven spelen in de organisatie? Zo ja, hoe vaak?

- Welke uitdagingen zie je dan bij zo’n combinatie?

Extra
- Ken jij nog mensen die ik zou moeten spreken?
- Zou je het interessant vinden om betrokken te blijven bij dit project?
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Appendix 16.2: Remote working newsletter
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Appendix 16.3: Remote working pros and cons

Here the full description of all the pros and cons from the 6 categories (productivity, collaboration,
connection, innovation, learning and wellbeing) are given. Because there are many pros and cons, the
most dominant ones, which are frequently mentioned in interviews or extensively described in
literature, are discussed to more extent than others.

Productivity

Pros Cons

Less distraction More distractions

Higher productivity Incomplete home office

Measuring work

Less distraction
For many people the home office results in less distractions. In the office, especially an open office,
the constant presence of people and noise can keep you from optimal concentration. The amount of
distractions greatly depend on the age demographic and home situation. Living alone results in
significantly less distractions than living with young kids (who were home all of the time when schools
were closed because of the virus)

43% of participants talked about this.

More distractions
As discussed above, working from home can also result in more distractions, like temptations from
non-work related things or actions by other people in the house.

19% of participants talked about this.

Incomplete home office
Not everyone has a workplace in their home complete with good internet, a good chair and other
necessary equipment.

19% of participants talked about this.

Measuring work
Management control, the practice of measuring employees are performing, is traditionally based on
the presence and visibility of employees. Remote working makes it hard to monitor what work is being
done, and how well it is being performed. This has an impact on managers, but an even bigger one on
the employees. Many of them feel like they have to be online and available all the time in order to
prove they are working well. Also, employee growth opportunities might be delayed or overlooked
since performance assessment is difficult (Hodder, 2020). The value of work should be redefined in a
way that gives remote workers equal chances to office workers. An important notion in this is the risk
of hyper surveillance in work, where the privacy of remote workers should not be neglected.

Higher productivity
Although dependent on factors such as personality, job and environment research at Stanford has
shown remote working leads to higher productivity (Mautz, 2020).
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Collaboration

Pros Cons

Better team collaboration Incomplete communication

More efficient meetings Zoom fatigue

Easier to meet

Better team collaboration
Every company uses some type of software to enable communication and collaboration between the
distributed workforce. Where it might be used out of necessity in the first place, it turns out to improve
the overall collaboration. Study has shown that 75% of respondents feel like they are collaborating
effectively in the forced work from home period, which is 10% higher than the period before COVID-19
(Cushman & Wakefield, 2020). Because teams seem to be collaborating well when they are not in the
same location it becomes easier for companies to attract new talent by removing location
requirements (Cushman & Wakefield & CREUA, 2020b).

More efficient meetings
An interesting result of online meetings is the increased efficiency. The meeting time is often shorter
than face-to-face meetings because of a better meeting agenda and less informal communication
during the meeting.

48% of participants talked about this.

Easier to meet
Because geographic distribution does not play a role in virtual meetings it is easier to have a meeting
with anyone.

29% of participants talked about this. 

Incomplete communication
Communication consists of 7% verbal communication, 38% tone of voice and 55% body language,
the last two are greatly oppressed by video conferencing software and hardware. (Lee, 2020)

29% of participants talked about this.

Zoom fatigue
Through the high frequency of Zoom calls during remote work a new term was coined; Zoom fatigue.
This describes the feeling of tiredness after doing multiple or long Zoom calls. During the large
working from home experiment in 2020 people learned video meetings are more energy draining than
face-to-face meetings.

Connection

Pros Cons

Building and maintaining relations with
coworkers
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Reduced corporate culture

Building and maintaining relations with coworkers
Good relations between co-workers positively impact employee satisfaction, personal and
professional development (Cushman & Wakefield, 2020). Strong connections are created on the
workfloor and often stem from moments of informal communication. Working from home causes
colleagues to not meet face-to-face, and planning meetings to catch up is often skipped because of
the already full agenda. This makes it hard to maintain relations, but especially hard for new
colleagues to build them up (Interviews, 2020).

76% Of participants talked about this.

Reduced corporate culture
Every company has a culture, which determines aspects like interaction, ambiance, dress code and
traditions. It gives managers the ability to promote certain values. Not being in the office creates a
distant feeling from this culture. Half the workforce feels less connected to the corporate culture during
remote work caused by COVID-19 (Cushman & Wakefield & CREUA, 2020a). This is perceived as a
pain because the corporate culture gives you a feeling of connectedness and makes your job fun
(Interviews, 2020). It also negatively influences the satisfaction and retention of new employees
(Cushman & Wakefield & CREUA, 2020b).

33% of participants talked about this.

Innovation

Pros Cons

Increased creativity and innovation Less creativity and innovation

Less creativity and innovation
Remote working can decrease communication between colleagues, which “ultimately can lead to
employees missing out on all sorts of important information and sources of inspiration.” (Cushman &
Wakefield & CREUA, 2020a). New ideas and solutions often come from informal communication and
spontaneous conversations. These moments occur when bumping into colleagues at the coffee
machine or in the hallway, but can also be planned as brainstorm sessions. Because of the informal
nature of this communication it is hard to replicate it online (Interviews, 2020).

48% of participants talked about this.

Increased creativity and innovation
Interestingly remote working can also lead to an increase in creativity and innovation. Research on
remote working and product development showed increased product development performance and
faster innovations. Being in environments other than the office enabled creativity and innovation to
flourish. Important to note is that in this study regular face-to-face contact was possible (Cushman &
Wakefield & CREUA, 2020a). Since the answers from the interviews were primarily based on
experiences with working from home, where work is done individually, this benefit was barely
mentioned.
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Learning

Pros Cons

Less learning and helping

Networking

Less learning and helping
According to research by Cushman and Wakefield & CREUA (2020a) 36% of employees do not feel
like they are learning because of remote working caused by COVID-19. This problem lies in informal
learning. The informal interactions are similar to those for creativity and innovation, but differ because
of its content. Where creativity and innovation is mostly about generating ideas, learning and helping
is based around knowledge and facts. When you have a question or want some help with a problem
you can go talk to a coworker. This interaction is often started with a purpose, you have a question
and are looking for an answer, but can also happen spontaneously. These short interactions used to
have a low hurdle, since you can just walk up to a coworker, but since all communication moved
online people felt it went up. Planning a video meeting just to ask a question often feels like too much
of an effort. Learning and helping is especially important for new and/or young employees, who have
a need for guidance and observation.

33% of participants talked about this.

Networking
Networking is an important activity that can lead to more opportunities, increased knowledge and
faster job advancements. It is especially valuable to young and/or new employees, since they do not
yet have a broad network of connections. Working remotely means these connections have to be built
through video calls, risking them to be unstable (Hoffower, 2020).

Wellbeing

Pros Cons

Autonomy Bad distinction between work and private life

Lower work-life conflict Higher workload

No commute Social isolation

Bad ergonomics of home office

Privacy & Hyper Surveillance

Autonomy
Being able to decide when and where you work turns out to be satisfactory to employees. It gives a
feeling of greater trust and autonomy, which in turn can lead to higher employee satisfaction and
productivity.

38% of participants talked about this.
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Lower work-life conflict
Working remotely enables people to feel free to go for a walk, do some chores between work tasks or
start working earlier so they can spend more time with the kids in the evening. Working remotely up to
2.5 days per week results in higher autonomy and lower work-life conflict (Cushman & Wakefield &
CREUA, 2020a)

29% of participants talked about this.

No commute
Not having to travel to work in the morning and back in the evening is perceived as a real advantage
of remote working. Where it might seem like a slight convenience at first, it was seen as one of the
biggest advantages of remote working by many interviewees. The type of remote working this applies
to is obviously working from home, but a workplace that is closer to home than the office will also
reduce travel time.

The BCO found that almost half of UK office workers complain that they endure an unpleasant and
stressful trip to work. (Harris, 2015)

76% of participants talked about this.

Bad distinction between private and work life
It is hard to keep your work and private life separate when your home environment also becomes your
work environment. The sense of physical separation is thereby almost completely gone. Additionally
the commute to work is removed from the daily routine, causing the absence of a natural break at the
start and end of the working day (Cushman & Wakefield, 2020).
People are also experiencing an increase in the use of their personal mobile phone for work purposes
caused by remote working (Hodder, 2020). This causes you to bring your work life into your private life
even more. A bad distinction between private and work life can result in a negative impact on mental
and physical health (Cushman & Wakefield, 2020).

29% of participants talked about this.

Higher workload
Working from home makes the effort needed to start working lower and to distribute work higher,
resulting in more work being done. Data shows work days have elongated 8.2% during the pandemic,
which comes down to 49 minutes a day (Cushman & Wakefield & CREUA, 2020b).

The results presented in this report demonstrate that the working hours of T/ICTM workers, and
particularly high mobile T/ICTM workers, are typically longer than of those who always work at the
employer’s premises.(Eurofound & the International Labour Office, 2017)

14% of participants talked about this.

Social Isolation
Not being together with your colleagues can lead to social isolation, which is worsened by the social
distancing regulations resulting from the pandemic. A feeling of loneliness can be a real dent in
someone's mental health (Hodder, 2020).

Bad ergonomics
Since all face-to-face meetings shifted towards video calls the average screen time for an employee
has increased. Looking at a screen for long periods of time can cause computer vision syndrome,
resulting in headaches, eye-strain and pain in the neck and shoulders (Randolph, 2017). For many a
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home office was not something that was already present in the home environment. Due to the quick
need for one often adhoc workstations were created. Without the proper layout and equipment this
workplace can cause ergonomic injuries (Shikdar and Al-Kindi, 2007).
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Appendix 16.4: Questions hybrid working interviews

De context
- Wat voor werk doe je?

- Hoeveel werk je remote?

Algemene mening (hier kunnen nieuwe problemen naar boven komen)
- Wat vind je van hybride werken?

- Zitten er ook nadelen aan? (Laat ze vertellen)

Management
- kan je me vertellen hoe dit is/was geregeld door het bedrijf?

- Vaste dagen of zelf bepalen?
- Waarvoor naar kantoor en waarvoor remote?

- kan je me vertellen hoe een manager op de hoogte blijft van prestaties?

- Wat vind je van de manier waarop hybride werken is geregeld?

Communicatie
- kan je me vertellen hoe je communiceert met collega’s?

- Waar hangt de soort communicatie van af?
- Horen bepaalde soorten communicatie nog bij bepaalde locaties of

bepaalde soorten meetings?

- Hoe vind je dat de communicatie loopt?

- Komt het wel eens voor dat er een meeting is met een aantal mensen op kantoor en
een aantal mensen remote? Hoe wordt dit geregeld? Wat is jouw ervaring hiermee?
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Inclusion
- kan je me vertellen hoe je op de hoogte blijft van informatie? (van info op kantoor als

je remote werkt)
- en hoe jij anderen op de hoogte houd?

- Ben je wel eens bang dat je dingen mist? (informatie? kansen?)

- Hebben mensen die veel op kantoor zijn een voordeel?
- Heb je het gevoel dat als je remote werkt je minder waard bent dan iemand

op kantoor?

- kan je me vertellen of remote werken de band met collega's beïnvloed?
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Appendix 16.5: Hybrid working cons

The cons and challenges experienced with hybrid working identified through literature research and
interviews are listed below. The interviews were structured into 3 subjects: management, meetings
and inclusion.

Management

Work location management

Incomplete home office

Costs

Work location management
When employees are spread across multiple locations in the office ecosystem good management is
essential. This management requires all levels of the organization to communicate clearly and
consistently. Everything needs to be managed properly, from work to meetings to availability of
workspaces.

The importance of management in hybrid working is illustrated by the fact that two employees, for
example a manager and employee, when working remotely 2 days a week, will have a 29% chance of
meeting each other in the office (Cushman & Wakefield & CREUA, 2020b). This probability is low and
will not be desirable. (See graph).
Another problem caused by the lack of management was mentioned in the conversations with
employees from two large multinational companies that had already embraced the remote working
culture. They said: “When you show up late to the office, you have to fight for a workplace”.

Some companies that participated in the interviews were using a system where you have to reserve a
place in the office prior to the day you want to work there. For large companies this system can be a
real time consumer if not automated. It also comes with problems like people showing up to the office
without a reservation or employees disliking the lack of routine in their workweek. Companies clearly
have to find their way in managing the work locations. One participating company in the UK made use
of an online automated system that worked satisfactorily.
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A frequent worry highlighted in the conversations was figuring out how to optimize the office days.
Since office days are reduced to a couple a week, people want to make sure the coworkers they need
to talk to or work with are present when they are in the office. It is easy to imagine the upfront
alignment required to meet everyone you need to meet at a given day in the office. When you want to
meet with 5 people, who each need to meet with 5 others, who then also have to meet with 5 others, it
can be a real puzzle to organize optimal meeting schedules in the office.

29% of participants talked about this.

Incomplete home office
In the remote working research the problem of incomplete home offices became clear. Some
companies did not take the initiative in improving the home offices of their employees, while others
simple did not have the budget to do so. Companies that could not afford the required materials had
the option to provide employees with materials from the office as a temporary loan. When hybrid
working becomes the new standard these materials have to be returned to the office, leaving the
home offices incomplete again.

14% of participants talked about this

Costs
Working from home means you are not making use of certain resources that used to be available in
the office. At home you have to take care of your own lunch and coffee, will this be compensated by
the company? And who will pay for the increased use of electricity and the need for faster internet? If
the company is willing to give financial compensations for these resources, how will employees track
the costs they make?

Hybrid meetings

Audio problems

Hard to interrupt

In-office dominance

Internet problems

Visual problems

Asymmetrical communication

Physical materials

Hybrid meetings
Meetings with both physical and online participants are often experienced as frustrating and
inefficient. More in depth research on hybrid meetings is done in the next chapter: “Hybrid meetings”.

Inclusion

Fomo

Centralized communication

Team contact only

Lack of overview
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Fomo
Earlier results have shown that employees want to work remotely a couple of days a week. Research
has however shown the expectation of this wish changing over time. The reason for this: Fear Of
Missing Out. Remote employees can start worrying about the probability of missing out on important
information, opportunities or experiences (Cushman & Wakefield & CREUA, 2020b).

14% of participants talked about this.

Centralized communication
Although communication and collaboration seem to be going well during remote work, hybrid working
is a totally different situation. The communication now happens between people in different locations
in the office ecosystem. Most online collaboration tools are primarily built for a team in which everyone
works remotely. When a team is divided over different locations, and communication starts going
through different channels, people are going to miss out on information (Buffer & AngelList, 2020). It
will be important to create seamless and centralized communication between employees in different
locations in the office ecosystem.

In the office interaction outside of formal meetings can also lead to project advancements or decision
making. When a hybrid meeting ends and the online participants have left, the in-office employees
often have a conversation about the meeting results or next steps. Since these conversations are not
documented it is impossible for remote workers to stay updated on this information. This can create
misalignment inside a team, or a feeling of being left out.

It is a challenge for hybrid companies to make sure the remote workers are not left out of important
decisions. When most people are in the office and a key discussion takes place, the remote workers
are easily left out, making them feel less important (Gascoigne, 2020).

43% of participants talked about this.

Team contact only
In earlier conversations it was often mentioned the goal is to have everyone from a specific team
present in the office at the same time, because inside a team is where most communication and
collaboration takes place. Some participating companies already realized this strategy, but employees
highlighted the negative effect of it. You only have contact with the people in your team, and you have
very little to no contact with colleagues from outside your team. This decreases the feeling of being
connected to the company you work for. (Interviews, 2020)

29% of participants talked about this.

Lack of overview
When the workforce is divided over the central office and home offices it can be hard for managers
and directors to keep an overview of what people are working on and how they are doing. A
communication director I talked to marked this problem as the biggest one she experienced with
remote and hybrid working.

14% of participants talked about this.
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Appendix 16.6: Questions hybrid meeting interviews

Context
- Wanneer vond deze meeting plaats?
- Uit hoeveel mensen bestond deze meeting?
- Wie waren aanwezig?
- Hoeveel fysiek en hoeveel virtueel?

- Waarom waren de virtuele mensen niet fysiek aanwezig?
- Wat was de doelstelling van deze meeting? (wanneer zou hij succesvol zijn?)
- Wat voor tools en software werden er gebruikt?
- Waar zaten de mensen tov de laptop / microfoon?

Verloop van de meeting
- Kan je me door de stappen lopen van vlak voor de meeting, tot de meeting zelf, en

uiteindelijk tot kort na de meeting?
- Wat is er van tevoren al gecommuniceerd?
- Hoe wordt het materiaal geïnstalleerd en door wie?
- Wanneer komen de remote participanten erbij?
- Begint de meeting dan gelijk of is er nog een babbel.
- Wat voor gesprekken voeren de mensen op kantoor kort voor en na de meeting?
- Hoe werd de meeting begeleid? Door wie?

Ervaring
- Wat was jouw ervaring van deze meeting? (Dynamiek, effort, fluency)

- Wat als dit in de lange termijn bekijkt?

Input
- In hoeverre was de input van iedereen gelijk?

- Wat was het effect geweest als de remote deelnemers niet deel zouden
nemen aan de meeting?

- Wat was het effect geweest als de remote deelnemers fysiek aanwezig
zouden zijn geweest?

- Hebben de remote deelnemers altijd minder input? Waarom is dat?

- Wat is het effect hiervan?
- Wat als je dit effect op de lange termijn bekijkt?
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Behalen doel
- In hoeverre was het doel van de meeting bereikt?
- Was deze uitkomst anders geweest als de meeting niet hybride was?

- Wat is het lange termijn effect hiervan?

Efficiëntie
- Wat was de invloed van hybride meeten op de efficiëntie van de meeting?

- En hoe vertaald zich dat naar de lange termijn?
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Appendix 16.7.1: Research paper hybrid meeting session

Understanding the behavior of online participants in a hybrid
meeting.

1. Introduction
The future of work will be hybrid, with employees working from different locations in the
office ecosystem. In this way of working hybrid meetings, with both in-office and remote
participants, will take place frequently. According to the experiences of people interviewed in
this graduation project these types of meetings are hard and frustrating, especially for the
online participants. They find it hard to interrupt and to participate actively in the discussion.
A hybrid meeting was simulated with students from the TU Delft in order to better
understand the interaction taking place and the problems experienced.

2. Research question
- Why is it hard for online participants to actively take part in the discussion?

3. Method
3.1 Participants

The participants are all students from the TU Delft, aged between 23 and 29. This group was
chosen because a session with employees in an actual company during a hybrid meeting was
not possible with the current Corona restrictions.
In total there were 6 participants, 4 being in the conference room, 2 joining through Zoom.
This ratio was chosen because it was learned that online participants are often outnumbered
by in-office people in hybrid meetings. Of the participants 5 are male and 1 is female. All
participants knew each other well, matching the relations between colleagues in a
professional team.

3.2 Stimuli
In order to simulate a hybrid meeting as realistically as possible a conference room setting
was built. This includes a long table with chairs, a conference speaker and a large screen at
the short end of the table (see figure 1). A laptop with Zoom was connected to the large
screen so the online participants could be seen by everyone in the room. A conference
speaker from Anker was used to properly record all voices in the room and spread the audio
from the online participants.

To create a discussion all participants were given a fictional role in the board of a company.
Before the session they were handed out a page with a description of the company, their role,
their goal and arguments. These one-pagers can be seen in Appendix 10.7.2.
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Figure 1: conference room setup

3.3 Apparatus
Zoom; to record the meeting from an online point of view.
Anker conference speaker; to record clear audio for the Zoom recording.
Nikon D3400; to record the meeting from an in-office point of view.
iPhone XR; to record all audio in the room in case audio from the devices above fail.
Miro; to document the brainstorming session.

Figure 2: conference speaker, camera

3.4 Procedure
Before the session every participant received a one-pager with his role, goal, arguments and
the meeting agenda. All participants had arguments unique to their role, supporting their
personal goal in the meeting. The meeting had two possible outcomes; pivot or persevere. 3
Participants supported the pivot while the other 3 wanted to persevere. In order to get
somewhere they had to use their arguments while listening to those of others, eventually
leading to an outcome.
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Before the meetings started the in-office participants took place at the table and the Zoom
meeting with the online participants was set up. A last central, verbal, explanation was given
by the researcher to make sure everyone understood what was expected from them and to
take away any possible uncertainties. Then the meeting started according to the meeting
agenda.

After the simulated meeting an interview with the group was done to discuss their
experiences. From these experiences the biggest pain points were used to start a
brainstorming session.

Figure 3: the meeting

3.5 Measures
Through the recordings the number of turns was counted for each participant to see if certain
behavior influences turn taking.
The audio recordings were used to process the answers to the questions in the discussion after
the simulated meeting.

3.6 Observations
The recordings of Zoom and the camera were used to analyze the behavior of participants
during the meeting. Actions that underline existing literature or could lead to new findings
were documented.

4. Results
4.1 Observations

Observations made during the session were:

- Eye contact plays a dominant role in turn taking
- Body language is a powerful tool in discussion
- Moments of silence were often used by remote participants to take the turn
- All online participants are one

These findings are explained in the discussion.
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4.2 Interview & Group Discussion
Findings from the group discussion after the session are:

- Constant awareness of online participants required
- Online participants as backup participants
- Interrupting instead of contributing
- Hard to find the right moment to speak
- The audio volume of remote participants has a large impact on their turn taking

capabilities
- Lack of body language is lack of knowing where someone is at
- Ideas and arguments through Zoom are less convincing

These findings will be explained in the discussion.

4.3 Turn count
The amount of turns per participant was counted to see if there is a difference in input
frequency from the remote participants. In the table below the percentage of the total turns
per participant is shown.

Participant Type Turn percentage (%)

Participant 1 In-office 23

Participant 2 In-office 11

Participant 3 In-office 29

Participant 4 In-office 6

Participant 5 Remote 16

Participant 6 Remote 14

Interestingly enough the amount of turns for remote participants is not as low as expected.
They come in 3rd and 4th on the ranking with most turns taken. Even though they did not
struggle with giving input, they still explained they felt left out and not taken seriously.
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5. Discussion

Eye contact plays a dominant role in turn taking
The observations made the importance of eye contact in communication very clear. The
current speaker used it to communicate who he was addressing, while the others used it to
confirm their attention. Eye contact was also used to give the next turn to a next speaker,
simply by looking someone in the eye at the end of the sentence. The online participants
received very little eye contact, resulting in very little turn taking options. Also this eye
contact through Zoom was not real eye contact, the in-office people look at the screen where
the online participant is displayed, while the camera is on the laptop underneath the big
screen. This limits the effect of eye contact for the remote participants.

Body language is a powerful tool in discussion
When new ideas or arguments were presented body language proved to be a powerful tool.
Hand gestures and leaning forward made a message more convincing and exciting. This made
it hard for online participants to deliver their input as convincingly as the others.

Moments of silence were often used by remote participants to take the turn
When there was no clear next speaker, sometimes a few seconds of silence occured. Most of
the time this silence led to an online participant taking the floor, implying they have been
looking for a moment to speak for a while and finally have found a very obvious one.

All online participants are one
Because all online participants join through Zoom, being visible on the same screen, using
the same camera, they feel less like an individual. During the introduction round in the
meeting the turns were passed on clockwise. When the screen was the next in line everyone
looked at the screen, but the remote participants did not know who had to start speaking. This
feeling was later underlined in the discussion when one of them said he was constantly aware
that he was not the only person on the screen. This lack of individuality could possibly
influence the experience and interaction.

Constant awareness of online participants required
One participant from the conference room mentioned he found it hard to constantly remind
himself of the online participants in the meeting. This became tiring later in the meeting and
sometimes withheld him from responding quickly, so the online participants also got a chance
to speak.
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Online participants as backup participants
An in-office participant realized he was constantly trying to convince the people in the room
of his arguments, not actively speaking to the remote participants. He explained this with the
feeling that the people on the screen are “a backup”.
This feeling was shared by the people joining the meeting through Zoom. One of them said
he felt as a helpline, sometimes providing some input that is then used to fuel the discussion
between the in-office people.
This shows that the online participants are not experienced as active members in the
discussion, from both sides of the meeting.

Interrupting instead of contributing
Adding to the previous point, the online participants felt like they were spectating a
discussion between 4 people. Adding to this feeling was the experience of giving input,
which felt like interrupting their discussion.

Hard to find the right moment to speak
One of the online participants found it hard to find the right moment to speak, or to
understand when it is expected of you to speak.

The audio volume of remote participants has a large impact on their turn taking capabilities
During the meeting the situation where 2 people started talking at the same time happened a
couple of times. Some of those situations included an in-office and online participant. Almost
every time this resulted in the online participant getting the speaking turn. The reason for this
was discussed with the group. The most dominant factor was the audio volume. The speaker
was set to maximum volume to make sure everyone could hear the audio well. When the
online participant started speaking the loudness of their voice overtook any in-office
participant. Another cause identified by the group was the unexpectedness of the interruption.
When a person in the room wants to speak, subtle signals make this clear to the others, but
these signals are not received from the online participants. Also, the point that was mentioned
earlier, that people are consciously trying to give the online people the chance to speak,
contributed to the in-office participant giving the floor to the online participant. Lastly, the
online participant most often did not know he started speaking at the same time as someone
in the room, eliminating his option to stop talking and leaving the turn to someone else.

Lack of body language is lack of knowing where someone is at
Someone's posture can tell a lot about where he is at in the discussion. Is he excited or
unhappy? Is he still with us or losing his interest? This information from the online
participants is not available to the in-office people. The participant explaining this said he had
no idea where the online people were at.
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Ideas and arguments through Zoom are less convincing
Through the division of the roles it was planned that a new idea would be brought to the table
from both a Zoom and office participant. Both ideas were considered and elaborated on, but
when asked afterwards about the participation type, physical or remote, it was noted that
ideas from a remote participant are less convincing than from someone in the room, not
taking the quality of the idea into account. Eye contact, body language and other
communicative tools could make the difference in delivery.

Also when an online participant said he felt like he was not taken seriously, an in-office
participant admitted this was actually the case. He said sometimes after the online participant
had given an argument he would think to himself “whatever”. This is not inappropriate
behavior from the in-office participant, it underlines the way remote participants are
experienced and valued.

6. Conclusion
The research question was:

- Why is it hard for online participants to actively take part in the discussion?

The lack of involvement of online participants can be explained by two main factors: not
feeling like an equal participant and not being able to frequently speak.
For the first one the goal is to give the remote participants the feeling of involvement. This
could be achieved by changing the way they are perceived by the in-office participants
(output), or by changing the way the in-office discussion is experienced online (input).
For the second factor it will be important to increase the amount of communication tools,
mostly non-verbal, for online participants. This way they should be able to take more turns
without constantly stopping the conversational flow.

The results show the amount of turns remote participants get is enough to give their input.
They however noted that they did not feel included and valued in the discussion. This would
mean the problem is not so much in interrupting and turn taking, but in the perception of their
input and them as a person. The in-office participants explained the people on the screen felt
less important and more like a helpline. Although the batch size of this research is small it
should bring up the question if the problem is not so much related to the actual output, but
more to the perception of an attendee.
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Appendix 16.7.2: One pagers hybrid meeting session

Intro:
The company is the Boring Company, you are drilling a tunnel underneath Los Angeles so
Tesla cars can avoid getting stuck in traffic. But because of the pandemic remote work is
expected to stay even after the pandemic is under control, causing less traffic to be on the
road. Part of the team wants to keep building the tunnel so it’s ready when more cars get
back on the road, the other part wants to quit the tunnel project and pivot to a situation better
suited to the new world.

Meeting agenda:
13:10 - 13:20 Update: What is your role, and what did you work on last week?
13:20 - 13:40 Discussion: Are we going to continue the tunnel project, or pivot?
13:40 - 13:45 Decision: Choose what the final decision and next steps will be.

Your role:
Stakeholder manager
Your job is to keep all the stakeholders in the project happy and invested. If one of the
stakeholders gets upset and decides to quit the project this could really harm the
continuation of the project, and your reputation as stakeholder manager. Stakeholders in this
project are:

- Municipality (gemeente). After lots of negotiations they finally gave permission to
start digging underneath the city. They hope the Boring Company tunnel can solve
the traffic problem and create new jobs for people in LA along the way. If you upset
them they can really be a pain in the ass in future projects.

- Investors. Digging this tunnel is very expensive. Investors have invested 50 million
in total, and in return expect to make a profit when the tunnel becomes a success.
Elon Musk himself invested another 100 million.

- Partner companies. The Boring Company is drilling the tunnel, but partner
companies are building the required tools in the Tesla cars, the tunnel management
software, maintenance infrastructure, etc. These companies would all have to stop
their work, losing lots of money.

What you’ve been doing:
Last week you spoke to the stakeholders, and they are currently happy with how the digging
is going (they are unaware of the new plans).

Your goal:
Stick to the current idea and keep the stakeholders happy.
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Intro:
The company is the Boring Company, you are drilling a tunnel underneath Los Angeles so
Tesla cars can avoid getting stuck in traffic. But because of the pandemic remote work is
expected to stay even after the pandemic is under control, causing less traffic to be on the
road. Part of the team wants to keep building the tunnel so it’s ready when more cars get
back on the road, the other part wants to quit the tunnel project and pivot to a situation better
suited to the new world.

Meeting agenda:
13:10 - 13:20 Update: What is your role, and what did you work on last week?
13:20 - 13:40 Discussion: Are we going to continue the tunnel project, or pivot?
13:40 - 13:45 Decision: Choose what the final decision and next steps will be.

Innovator
You are the idea generator for the Boring Company, stimulating innovation and making sure
the company stays ahead of the competition. You are trained to notice changes in the world
and think about future scenarios. You believe less cars will be on the road because of
permanent changes in the way we work after the pandemic, making the tunnel obsolete. You
want to prevent the company from failing after years of development and millions spent.
You are the brains behind the new vision for the company:

Your idea: The pandemic will increase the demand for flex workspaces where remote teams
can come together to collaborate. In LA there is barely any space left to build, and properties
are way too expensive to buy. Since we are already digging underground, let's make the first
underground flex workplaces!

What you’ve been doing:
Last week you brainstormed for new directions for the company. Today you want to convince
the team of your new big idea.

Your goal:
Pivot the company to your idea.
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Intro:
The company is the Boring Company, you are drilling a tunnel underneath Los Angeles so
Tesla cars can avoid getting stuck in traffic. But because of the pandemic remote work is
expected to stay even after the pandemic is under control, causing less traffic to be on the
road. Part of the team wants to keep building the tunnel so it’s ready when more cars get
back on the road, the other part wants to quit the tunnel project and pivot to a situation better
suited to the new world.

Meeting agenda:
13:10 - 13:20 Update: What is your role, and what did you work on last week?
13:20 - 13:40 Discussion: Are we going to continue the tunnel project, or pivot?
13:40 - 13:45 Decision: Choose what the final decision and next steps will be.

R&D Manager
As manager of the R&D team you are the experienced product development guy. You know
what it takes to develop a successful product. The tunnel is going to be another flawless
one, but because of your experience with innovation you have doubts about the need for a
tunnel underneath LA after the pandemic. You and your team have been brainstorming for
new, and potentially more successful, products for the Boring Company.

Your idea: Digging the tunnel came with lots of challenges. In order to solve them you and
your team have developed innovative boring machines. These autonomous boring machines
are the best ones out there. The Boring Company could start focussing on further developing
them and selling them to other companies. Companies that are interested are Metro/Train
tunnel diggers, and the Hyperloop companies.

What you’ve been doing:
Last week you and your R&D team brainstormed ideas for pivoting the company.

Your goal:
Pivot the company to your idea.
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Intro:
The company is the Boring Company, you are drilling a tunnel underneath Los Angeles so
Tesla cars can avoid getting stuck in traffic. But because of the pandemic remote work is
expected to stay even after the pandemic is under control, causing less traffic to be on the
road. Part of the team wants to keep building the tunnel so it’s ready when more cars get
back on the road, the other part wants to quit the tunnel project and pivot to a situation better
suited to the new world.

Meeting agenda:
13:10 - 13:20 Update: What is your role, and what did you work on last week?
13:20 - 13:40 Discussion: Are we going to continue the tunnel project, or pivot?
13:40 - 13:45 Decision: Choose what the final decision and next steps will be.

Chief Operating Officer
As COO you are responsible for the company’s operations. You oversee all operations in the
company and make sure everything is finished in time. The project is going according to
plan, but since the pandemic there is some discussion going on in the company about
whether to stick to the tunnel idea, or pivot. You are convinced there will still be enough cars
on the road after the pandemic and that you can’t predict what the future will look like.
Sticking to the current plan is saver, let’s not take any risks in such unstable times.

What you’ve been doing:
Last week you’ve been overviewing operations in the tunnel to see if everything is going as
planned.

Your goal:
Stick to the current idea and don’t take any unnecessary risks.
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Intro:
The company is the Boring Company, you are drilling a tunnel underneath Los Angeles so
Tesla cars can avoid getting stuck in traffic. But because of the pandemic remote work is
expected to stay even after the pandemic is under control, causing less traffic to be on the
road. Part of the team wants to keep building the tunnel so it’s ready when more cars get
back on the road, the other part wants to quit the tunnel project and pivot to a situation better
suited to the new world.

Meeting agenda:
13:10 - 13:20 Update: What is your role, and what did you work on last week?
13:20 - 13:40 Discussion: Are we going to continue the tunnel project, or pivot?
13:40 - 13:45 Decision: Choose what the final decision and next steps will be.

Chief Financial Officer
Drilling a tunnel underneath LA is everything but cheap. Investors have put 50 million in the
project, and Elon Musk himself another 100 million. It is your job the project can be realized
with the money that the company has; 150 million. So far the development of the tunnel has
cost 120 million, the remaining 30 million should be enough to finish the project. If everything
stays on track you have nailed your job, maybe you can land a promotion because of it?
You know the tunnel is going to make enough money, even if the amount of cars in it is a bit
less than expected before the pandemic. Stopping the tunnel project would mean you, as
CFO, have poured 120 million down the drain, ouch.

What you’ve been doing:
Last week you made a projection for spending the last part of the budget.

Your goal:
Stick to the current idea and execute your financial plan.

31



Intro:
The company is the Boring Company, you are drilling a tunnel underneath Los Angeles so
Tesla cars can avoid getting stuck in traffic. But because of the pandemic remote work is
expected to stay even after the pandemic is under control, causing less traffic to be on the
road. Part of the team wants to keep building the tunnel so it’s ready when more cars get
back on the road, the other part wants to quit the tunnel project and pivot to a situation better
suited to the new world.

Meeting agenda:
13:10 - 13:20 Update: What is your role, and what did you work on last week?
13:20 - 13:40 Discussion: Are we going to continue the tunnel project, or pivot?
13:40 - 13:45 Decision: Choose what the final decision and next steps will be.

Strategy Expert
You are the strategic mastermind of the company. When the company started you have
turned Elon Musk’s crazy ideas into a realistic strategic plan: creating buzz around the idea
of digging under a tunnel of LA, resulting in millions of people loving the idea, eventually
winning over the municipality to give a permit to start digging. Also starting to dig the first
part of the tunnel on the company’s own property to prove the feasibility of the project was
your idea.
But the pandemic has made you doubt the importance of the Boring Company tunnel. If
there is a good idea to pivot to you could make it work with your effective strategies. You
can’t come up with the entire strategy in today’s meeting, but you have to convince them you
are capable of doing it.

What you’ve been doing:
Last week you worked on the marketing strategy for when the tunnel is opened to the public.

Your goal:
Pivot and create a new strategic plan.
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Appendix 16.8: Effect eye contact frequency & quality on feeling of
involvement

Experiment card:

Method
In this quick experiment the effect of eye contact on the feeling of involvement in a
conversation is tested. The participants are presented with 4 different video’s; each showing
2 people sitting at a table. One of them is giving a pitch about a specific idea. In the first
video no eye contact with the online participants is made. In the second a few small
moments of eye contact were made, by shortly looking into the camera. In the third video the
speaker made frequent eye contact with the online participants, but by looking above the
camera. This resembles the behavior in a traditional conference setup, where the camera is
located underneath the tv screen, resulting in indirect eye contact (see figure 1). In the fourth
video frequent and direct eye contact is made. At the end of each video the participants are
asked to score their feeling of involvement in the meeting on a scale of 1 to 6.

Figure 1: camera location in conference rooms

Total amount of eye contact video 1: 0 seconds
Total amount of eye contact video 2: 5 seconds (direct)
Total amount of eye contact video 3: 15 seconds (indirect)
Total amount of eye contact video 4: 15 seconds (direct)

Results
Number of participants: 31
Average score video 1: 2.6
Average score video 2: 4.1
Average score video 3: 3.5
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Average score video 4: 4.8

This study shows the more eye contact is made with online participants, the higher the
perceived feeling of inclusion. The difference between the score for the video without any
eye contact and the one with a high amount is 2.2. This is a significant difference.

What is also interesting is that a low amount of direct eye contact results in a higher
inclusion than with a large amount of indirect eye contact. The difference in score is not that
big (0.6), but it does show the impact of quality eye contact.

Interesting notes
The participants had the option to elaborate on their given score, which resulted in some
interesting insights on the experience of online participants in a hybrid meeting.

- One participant noted that the video with indirect eye contact was “pissing him off”.
Humans want to make eye contact when communicating, when this can not be
established it can apparently be frustrating. Interestingly this seems to be less of a
problem in full-online meetings, where eye contact can also not be completed. Two
possible explanations for this are 1) the distance between the camera and eyes on
the screen is larger in a conference room than on a laptop, or 2) seeing that other
participants are receiving real eye contact while you are not can shine light on what
you are missing.

- While the goal was to increase the amount of eye contact moments in the different
videos this unconsciously led to longer periods of eye contact as well. This was
noticed by a participant, who wrote “I was looked at longer, which made me feel
involved”. This teaches us that both the frequency and the duration of eye contact
influence the feeling of involvement.

- Multiple participants (3) noted something about the confirmation of their participation
in the meeting. In video 3 the speaker says “I can see you on the screen”, which
turned out to positively affect the feeling of involvement”. In the scores for the other
videos it was mentioned that you, as a participant, do not know if the people in the
room can see you. Confirmation of attendance can be an interesting factor to keep in
mind.

- Having learned that “being seen” is important information for an online
participant brings me back to an earlier thought of giving every online
participant an individual place at the conference table. This way, if you are
being looked at, you know it is you who they are looking at, and not one of the
other people on the screen.

- Including a participant in the meeting can also be done verbally. The question at the
end of video 3 was towards all participants, one participant wrote this down as a
positive contributor to the feeling of involvement. He also gave this video, with
indirect eye contact, a higher score than the one with a high amount of direct eye
contact. Another participant gave the video with little eye contact a higher score than
the one with high eye contact for the same reason; the first started with a welcoming
message while the latter started the pitch immediately.

- One participant wrote the first video, without eye contact, gave him the feeling of
being a spectator in the meeting. This feeling was also noted by participants in
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previous conversations about hybrid meetings. This experiment confirms that eye
contact is indeed one of the main contributors in this problem.

Limitations
- In this study every video presented a different meeting. This was done to prevent

participants from getting bored by hearing the same pitch 4 times, possibly leading to
lower involvement scores at the end. The content of the different stories can however
influence the feeling of involvement. A pitch that is more appealing to a specific
participant can cause him to feel more involved.

Design opportunities
- Confirming that the user has joined the meeting and is visible can positively

contribute to the feeling of involvement.
- Giving every online participant an individual place at the conference table confirms

the information of being looked at when you receive eye contact from an in-office
participant.
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Appendix 16.9: Effect camera position on perceived eye contact

Research question
What is the effect of different camera positions in the conference room on the perceived eye
contact by online participants?

Method
A picture that represents a person in a Zoom call was put on a tv screen. A phone and a
flexible mount were used to try out different webcam positions. The phone recorded some
video footage in every position to allow for analysis. In the analysis the effect of the camera
position on perceived eye contact was evaluated. Because of the quick nature of this
experiment it was chosen not to quantify the results with a group of participants. The
judgement of me as designer was sufficient to understand the effect of the different camera
positions. The goal is to explore different camera positions and find the most effective one.

The first six positions were conventional conference cam placements. The next six were
experimental.

Figure 1: Different camera positions

Results
It seems like there is a strict classification: eye contact or no eye contact

Getting the camera close to the eyes on the screen has a small impact
while realizing this is technologically complex.

Putting the camera on top, as close to the screen as possible is the best option.

We are less sensitive to eye contact when people look below our eyes than when they look
to the left, right or above our eyes (Chen, 2002)
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Figure 2: Example of camera position and the resulting view.

Learnings:
- Putting the camera as close to the eyes of the person on the screen has very little

effect on the perceived quality of eye contact. Only if you come really close there is a
slight improvement. There seems to be a simple classification: eye contact or no eye
contact.

- It is not worth it developing solutions that come closer to the real thing. It will most
likely be expensive.

- It might be cheaper to fix with software, but I do not have the expertise for
that.

- AR and under-display cameras seem to be the right solution for this problem.
- Research papers already found that humans are very good at understanding gaze

direction. If the direction is slightly off they will know.
- Why did it seem more effective when you sit further away from your laptop?

That created the illusion of eye contact, while in this experiment all positions
were clearly no eye contact.
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Appendix 16.10: Body language screen in hybrid interaction.

Research questions
- What is it like to communicate remotely through the telepresence screen?
- How connected do you feel?
- How often do the others look at you?
- Does it feel like they are looking at you?
- Is it easy to say something?

Method
This was just a casual hangout with the telepresence screen. The screen setup was built
and a total of 4 people were having an informal conversation. The goal was to test the
interaction and hear people’s opinions. The main goal was for me to experience what it is
like to be the remote participant in a hybrid communication setting. To get complete feedback
the different roles, remote and in-office, were switched a couple of times.

Figure 1: Telepresence screen setup

Result
- The overall interaction between all participants was good.
- I did not always hear what was being said, but we did not use a conference mic.
- I could not see the dices on the table when playing a game
- When they looked at me it did not really feel like a connection, because they looked

at my eyes on the screen, and the webcam was at a higher point of view. It felt more
like an overview shot than my actual eyes.

- The people in the room liked the experience of me sitting at the table.
- It is a real struggle to build this setup, with all the devices, pinning the right views,

muting the right devices, turning the device for a vertical view, etc. It takes around
20-30 minutes building this setup.

Limitations
- Because this was done in a group of friends the chances of me not being included

were not that big.
- This small talk is not representative for the formal interaction and discussion in

meetings.
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Learnings
- The telepresence screen should be a really easy plug and play device.
- The only purpose of the tv is displaying the call, so it does not have to be an actual

tv, just a monitor with a small computing device receiving and sending the signals
(audio, video, wifi/bluetooth)

- When someone in the room looks at the screen it should feel more like eye contact,
this can greatly increase the feeling of connectedness.
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Appendix 16.11: Telepresence screen and non verbal communication

Research question
How well does a screen with life sized participant representation & body language view get
non verbal communication across?

Method
During this experiment the card game “the Mind” was played (See figure 1). During this
game every player gets cards with numbers on them (1-100). The goal is to place all cards
on the table in the right order, without speaking. You have to communicate non-verbally (also
no hand gestures or codes).
Since this game requires really good non verbal communication it is the ultimate test for the
product in development, that has to improve the delivery of non verbal communication. The
first game was played face-to-face so there is something to compare the results to. The
second game was played with one of the players sitting in the bathroom, joining the game
through the telepresence screen (See figure 2).

Figure 1: The Mind Figure 2: Virtual participant at the table

Results
The first game (face to face) got us to complete level 12, which is the highest level in the
game. Also no mistakes were made and no lives were lost. It was not the first time playing
this game for the participants.

The second game, with the screen, got us to level 6. One life was lost in level 5, and the
remaining two in level 6. It was significantly harder to play the game this way, the reasons
why are discussed below.

Learnings
- It was harder to play the Mind with the telepresence screen.
- It costed more energy to receive all signals, compared to face-to-face
- The contact felt less intense, making the connection more flat and less informative
- For the remote person the other’s face was displayed really small (smaller screen,

in-person not very close to the camera, remote person sitting further away from the
screen).
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- Receiving signals from such a small head made it intensive.
- The game is about mutual understanding, but the telepresence screen is focussed on

improving the situation in the office (because this can lead to a higher involvement of
the remote participants). Because the connection is not better for the remote person,
the overall mutual connection does not really improve.

- When Julia laughed after I played a card, I had no idea whether I messed up or made
the right choice. This confusion did not happen face-to-face.

- Soft breathing signals, like a deep breath or a sight, are not coming across anymore.
- When remote you don’t see what happens in the corner of your eye. When you are

looking at your cards you can’t see what the other person is doing. (This cost us one
life, because J did not see K was also grabbing a card.) This was no problem for the
in-office person with the large screen. (You still see things happening in the corner of
your eye).

- For the remote person there does not really change anything when using this
telepresence screen. The only change is that you have to sit further away from the
screen, only making the interaction harder. (So maybe the only change is a negative
one).

- This is true for 1on1 interaction. When there are more people in the office the
screen should result in a higher natural involvement of the remote person,
improving the meeting experience for that person. But it is still interesting to
keep this side of the experience in mind. Can we improve it?

- For the remote person it was hard to keep an eye on the eyes and the card activities
at the same time, which is weird since these are very close to each other on the
screen.

- Overall it was harder to get an idea of whether the other has higher or lower cards
than you do.

- You are not making real eye contact, because of the camera-screen eyes distance.
This results in a less deep connection and understanding.

- Every time the right call was made the other nodded. This did not happen that
obvious when face-to-face, it was more subtle then.

- When playing with the laptop camera in front of the in-office person (so a larger face
for the remote person to see) it became slightly better, because the signals were
displayed bigger. (In this game it was hard because you then couldn’t see the other
holding the cards anymore).

- When J was looking away or yawning I really felt a disconnect (as remote p), giving
me the feeling “Am I still there? Does she feel connected or bored?
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Limitations
- The game requires very intense non verbal contact, which is not needed to such

extent in meetings. (But it’s a nice way to test the product).
- The result is also influenced by the cards you are handed. If you get numbers really

close to each other the changes to failure are larger.

Design opportunities

- The screen really improves the in-office connection to the remote person, but not
really the other way around.

- Maybe this can be where you can add most value
- And create the competitive advantage. The screen is easy to copy, but maybe

I can create tech and software that really makes it feel like you are there, or
makes it really easy to pick up a lot of information from the people in the
room.

- The experience for the remote person should be better because of higher
involvement in the conversation, but this is already the case in 1-on-1 interaction. So
now there was only a reduced experience, because you had to sit further away from
the laptop screen.
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Appendix 16.12: Effect of directional audio and gaze

Research questions:
- What is the effect of directional audio in video conferencing?
- What is the effect of directional gaze in video conferencing?
- Is the effect similar to that of eye contact?

Method
A video recording of a person talking about a random subject was made and played on a tv
screen. This simulated the presence of an online participant. A speaker on an office chair
was used to manually control the direction of gaze and audio. First the effect of directional
audio was tested, with a normal speaker and with a speaker in a cone, secondly visual cues
for gaze direction were tried out, with an eye on a post-it and with an AirPods box. Two
participants switched roles as the person being spoken to, and the person controlling the
simulated gaze direction.

Figure 1: Directional elements under the screen

Figure 2: Directional element on top of the screen
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Result
- The speaker did not give quite a directional experience, because the speaker is built

to fill a room with music
- The phone in a tube resulted in a better directional audio experience. You could still

hear the audio from any direction but the increase in volume when it was pointed at
you gave some feeling of personal adressment.

- The directional gaze element was quite effective. When pointed at you a feeling of
awareness was evoked “oh he’s looking at me now”. It is effective in involving
someone and grabbing his attention.

- This effect was later confirmed by the research of Jarrett (2017), who said:
“As adults, locking eyes with another person immediately triggers in us a state
of increased self-consciousness”.

Limitations
- The direction of the audio or gaze was random and the person simulating it was in

the field of view, making it less believable.
- The amount of gaze direction switches was done intuitively. It will be interesting to

test with an eye tracker how much eye movement takes place when looking at a
meeting on your laptop. If the eye activity is high the device in the office could be
really distracting with its quick and constant motion.

- If this is the case a threshold of 2 seconds could for example be installed in
the software, preventing quick and distracting gaze direction movement.

- The video recording was used in every test done in this experiment. Because of this
the focus on the screen and the story being told declined over time, increasing the
focus on the gaze direction prototype. This could have influenced the effectiveness of
the prototype.

Learnings
- The visual cue for gaze direction has to have the right balance. If it is very subtle

(now it was a lighting port on an AirPods box) you have to look at the device very
often, to check if he’s looking at you. On the other side if the visual cue is too
dominant it can be distracting, drawing your eyes to it constantly and keeping your
eyes away from the other person’s eyes on the screen.

- Using LEDs as a visual indicator will probably be better than a mechanical rotation,
being more subtle and cheaper.

- The top of the screen is the best location for the gaze direction indicator, since it is
close to the face of the person on the screen. (The eye on the speaker underneath
the screen was out of the field of view, making it ineffective).

- The gaze direction indicator might be a good combination with the directional audio.
(gaze is more effective, but audio might complement the experience)
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Appendix 16.13: Projected selective gaze

Research questions
- Is projecting a participant on a curved surface feasible?
- How is the projected selective gaze experienced?

- Is the projected selective gaze effective?
- Is the projected selective gaze natural?

Method
A large piece of paper was used to create a curved surface. A beamer was placed on an
office chair so it was able to rotate. A youtube video where a speaker had a black
background was used, because black does not get projected. This would result in only the
participant being projected onto the surface.

Figure 1: beamer setup

Figure 2: person projected on the curved surface

Results
- The looking around behavior created by the curved surface was pleasant. It did not

require extra attention for or translation of the information. It did not perfectly simulate
the way a person looks around the room, but this is not a problem.

- The projection is less effective in creating the special one-on-one connection like eye
contact does. This is because, as found out earlier in the project, if the online
participant looks into the camera, everyone in the room will have the feeling of being
looked at. With the projection you would know you are being looked at when the body
of the participant was aiming in your direction.
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- Because the online participant is basically making eye contact with everyone in the
room and the direction of his body is what makes it directional, the total effect is less
accurate. It would be hard for two people sitting next to each other to understand who
is being spoken to.

- The projection system is feasible as long as one projector per screen is used. If one
projector needs to project on multiple curved surfaces you would get significant
distortions in the faces and bodies.

Figure 3: Distortions caused by small projection angles

Limitations
- Because no semi transparent material was available the projecting was done from

the front of the screen, instead of from the back as was intended in the concept.
- There was no short throw beamer used in this experiment, possibly influencing the

way the face is projected on the curved surface.
- The selective gaze effect was not used in an actual conversation or meeting, leaving

the effects on group dynamics unknown.

Learnings
- You need a projector with a short throw

- Otherwise the distance to the projection surface needs to be large
- You need a projector with high nits, so it is bright in daylight.
- You need a silent projector, the fan in this one made quite some noise, which can be

distracting in a meeting.
- The brighter the beamer, the more the fans have to blow to compensate for the heat.

This could make the combination of a bright and silent beamer difficult.
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Appendix 16.14: Concept criteria scores

The scores given to each concept are explained here.

Concept 1 scores
Startup potential
Competitive advantage
Concept 1 offers low startup potential because of the low newness factor. A conference room setup
with screens like these is new, but the product itself only exists out of a rotated monitor and a mobile
screen stand. This product would not be patentable and result in a low competitive advantage. Also
producing monitors requires too many resources and expertise, which are not present in a startup.

The full user experience around the product, including the placement, software, connecting hardware
etc. would offer some opportunity to set yourself apart from the competition.

Resources
The core of concept 1 is the monitor. Manufacturing monitors yourself requires many resources and
expertise, and the low batch size in the beginning will result in a high cost price. Buying monitors and
leasing them would mean the startup is a service company and does not create its own products.

Competition
With the monitor as the core of the product’s value all monitor manufacturers can be seen as
competitors. Microsoft, Samsung, LG would all be able to bring a similar product to the market,
especially the ones that offer video conferencing software next to their hardware products (including
screens), such as Microsoft, Google and Cisco. Their access to resources and users would make this
market hard to compete in.

Future plans
While the monitor itself does not offer great possibilities for innovation, the system and interaction
around it does. The camera that allows the remote participants to see their in-office colleagues, the
speakers that spread their input, the automatic participant distribution over the screens in the room all
offer chances for improvement. The experience supported by this technology can also expand beyond
the office context. The monitor allows for natural remote interaction in all industries, for example in
e-health.
“The healthcare sector is also going to see a rising trend in video conferencing usage, with the term
‘telemedicine’ becoming more widely used in the healthcare market.” (Keegan, 2020)

Scalable
The product is relatively easy to scale. The necessary components are the monitor, stand, camera
and system connector. Scaling the company would only mean scaling up the amount of components.
Because the total product is quite large, scaling the distribution could be challenging.

Natural
The product allows for natural interaction because the remote participant has a life-sized, seamingly
full-body representation. Almost all non verbal communication can easily be recognized by the people
in the office. This effect has been validated through some quick experimentation, where the screen
was used in an informal group conversation. The full description can be found in Appendix 16.10.

Effective
The earlier experiment with the game “The Mind” showed the effectiveness of the non verbal
information transfer. The full description of the experiment can be found in Appendix 16.11. Since the
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goal is empowering the online participant this is achieved by the concept. The biggest limitation is the
2D nature of the interaction, leaving out some crucial dimensions in communication.

Affordable
The consumer price indication for concept 1 is €1000 - €2000. This price is derived from the price of a
tv screen, a movable tv stand and webcam. The range depends on the quality of the screen, and what
type of webcam is used (standard or 180 degree panoramic). The product is aimed at meetings with
4-10 participants. If half of the participants join remotely this would come down to an investment of
€5000. This is similar to the price range of other products with the same Job To Be Done, such as tv
screens, beamers and collaboration screens as seen in Appendix 16.25. And the goal of offering a
more affordable and rich communication as concluded from that same Appendix is also met. The
affordability score given is 3.

Concept 2 scores
Startup potential
Competitive advantage
The technology used in concept 2 is new and most likely patentable. Companies and researchers
have been developing methods to achieve eye contact through video conferencing, without significant
successes (often complex technology, large setups or high costs). This technology is based on
artificial eye contact, which has not yet been tried or commercialized. A patent is one of the strongest
ways to achieve competitive advantage.

Resources
The development of the product requires some basic hardware, combined with eye tracking software
and a small embodiment. Such a product is doable to develop and manufacture with startup
resources.

Competition
Because no companies have been successful yet in conveying eye contact in a simple and affordable
way there are no direct competitors yet. This would result in a first mover advantage. If the product is
successful other competitors in the video conferencing hardware could start developing similar
products.

Future plans
If the technology is effective, its compact size would make it easy to combine with other video
conferencing equipment, such as conference cameras and speakers. This offers the opportunity to
grow into more video conferencing equipment categories. Another option would be an acquisition of a
large equipment manufacturer, allowing them to integrate the technology in their products and
bringing its value to the masses.

Scalable
The product is small and cheap to manufacture, making it easy to scale up production and
distribution. Hardware products are less scalable than software, but since all concepts are hardware
products concept 2 is most scalable.

Natural
The product creates artificial eye contact and gaze, making it less natural than face-to-face
interaction. The first experiments show that the product does not draw much attention and energy, but
is effective in conveying the feeling of being looked at. This shows the product itself is not human-like,
but the effect is.
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Effective
As described above the simulated gaze is effective, it evokes a similar effect to real eye contact. The
earlier experiment in which this was tested is described in Appendix 16.12. The effect does not create
a remote presence equal to that of in-office participants, but it does add a new dimension to the hybrid
interaction.

Affordable
The estimated consumer price for this product is €100. This is derived from the price of a Ring
doorbell, a product with similar tech components.

Concept 3 scores
Startup potential
Competitive advantage
The system with a rotating projector steered by eye tracking data can probably be patented. This
allows for a solid competitive advantage as a startup.

Resources
The development and manufacturing of a projector system requires specific knowledge and
resources, which are hard to aquire for a startup. The product also requires a custom curved
projection screen, but this will be easier to manufacture.

Competition
The core principles of the product are the eye tracking software, and the projector. Companies that
manufacture projectors, such as Optoma, Epson and Benq can thus be seen as competitors.

Future plans
This concept offers a complete package of tools to empower online participants in a hybrid meeting.
Their visual presence increases, but their group dynamics capabilities do too. The completeness of
this product allows it to make a large impact on the market of hybrid video conferencing. Like concept
1 this product could also grow into other markets like e-health.

Scalable
Scaling up the product means scaling up the amount of components, such as the projector and the
screen. The curved screen is a custom component, meaning the manufacturing has to be increased.
The curved screen is a large component, but in the design of the part it can be made sure it can be
distributed as a small part (projection screen can be rolled up, frame can be disassembled).

Natural
The natural interaction created by a life sized and body language view is already validated with
experimentation for concept 1. The visualization of the gaze direction is however more natural,
because it does not require any artificial representations. This effect has been tested and was found
to be pleasant. The full experiment can be found in Appendix 16.13.

Effective
The effectiveness of the gaze direction is proven by the experiment from Appendix 16.13 too. When
the projector was rotated towards you as a participant it did give you the feeling of being addressed.

Affordable
The product has an estimated retail price of €2000 - €4000. The projector needs to have a short
throw, meaning it can be close to the projection screen, and a high brightness, because most meeting
rooms are bright environments. Projectors with these kinds of properties have a price range of €500 -
€5000. Additionally a motorized rotating mount for the beamer makes for an expensive component.
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Appendix 16.15: Selective gaze experiment

Research question
- How do people experience a gaze direction indicator during a speech?

Method
To test the effects of communicating the gaze direction of the person on the screen a simple
prototype was built. The prototype consisted of three LEDs, each representing a direction
(left, right, center). The LEDs were connected to an Arduino Uno, running a program that
turned each LED on individually in a random order, and for a random duration. This way the
flexible and unpredictable expression of gaze was simulated. This prototype was placed on a
laptop screen, where a video of a person talking to the camera was played. Three
participants sat down around the table and watched the video. They received a short verbal
explanation from the researcher explaining that the LEDs show who the speaker is looking
at. At the end of the video the participants were asked to explain their experiences.

Figure 1: The prototype

Figure 2: The setup

Results
It gives you the feeling of being spoken to, especially when it is combined with verbal cues
such as “you”.
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Learnings
- The indicator triggers a feeling of being addressed, and increased self awareness.
- The led is small, so sometimes you miss that you were being looked at

- It should be a bit more visual, so you can receive the information while
looking at the person on the screen.

- Selective gaze has its added value in group dynamics and turn taking, so you need a
responsive version of this prototype in order to test that. Use 3 press buttons to
trigger the three directions and test in a meeting setting.

Limitations
- The experiment used a one-way interaction, it does not reveal the value of the

product in group dynamics.
- The speaker looks straight into the camera, which does not give you the impression

he is looking at multiple people on his screen.

The participants were aware that the direction on the indicator was not real, which influences
the intensity of the triggered effects.
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Appendix 16.16: Impact of the gaze direction indicator

Testing the impact of the gaze direction indicator in a group discussion

1. Introduction
Eye contact is the most important factor in communication, contributing to information such as
attention and emotion and the turn taking dynamics in multi person conversation. With online
attendees joining the conversation through video calling software, the directional properties of eye
contact and gaze disappear. With the gaze direction indicator this 3 dimensional effect is brought back
to the information flow. Does this improve aspects such as attention and turn taking in a hybrid
meeting? This will be tested in this research.

2. Research question
- What is the effect of the gaze direction indicator on turn taking?
- What is the effect of the gaze direction indicator on attention and inclusion?
- How do users experience the product?

3. Method
3.1 Participants
The participants are all students from the TU Delft, aged between 23 and 29. This group was chosen
because of the accessibility of the participants. If the results of the research are positive the next group
of participants will be employees in a real company.

For this research there were 8 participants in total, divided over 2 sessions with 3 in the in-office
group, 1 online. In the first session the remote participant role was performed by a random attendee. It
was later decided to let the researcher himself take this role, which was done in the second session,
because it turned out the task of constantly updating your gaze direction with the controller was
challenging and thus often forgotten. The researcher made sure the gaze direction communicated to
the in-office group was accurate at all times.

3.2 Stimuli
Since the prototype of the product is not connected to the internet yet the online participant was
present in the same room as the rest, but separated with a large screen to prevent any type of direct
communication. (See figure 1). A zoom meeting was set up between the two groups with two laptops,
one for each side of the meeting. The Zoom meeting was used for the video communication, not for
audio. The microphones and speakers were turned off to prevent acoustic feedback. The two groups
could hear each other well because they were in the same room.
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Figure 1. The two separated sides

To stimulate a conversation between the participant a discussion topic was shortly presented. In the
week of this test news about NeuraLink, a company from Elon Musk, hit the news. A monkey,
implanted with the brain chip, was playing the famous game ‘pong’ with just his brain as a controller.
The conversation was about what market or users could benefit most from this technology.

The gaze direction indicator was mounted on top of the laptop screen on the office side. The online
participant received the controller for the indicator. Turning the knob to the left would result in the left
led turning on, and the same goes for the other 2 directions (straight and right). (See figure 2).

Figure 2. Gaze direction indicator

In the first session the remote participant was displayed on the laptop screen, and in the second on the
large tv screen. (See figure 3).
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Figure 3. Remote participant representation (session 1: laptop only, session 2: big screen)

3.3 Apparatus
Laptop: to display the remote participant (first session)
Large TV screen: to display the remote participant life sized (second session)
Zoom: to record the meeting from an online point of view.
iPhone: to film the meeting on the in-office side, and to record audio from the discussion at the end.

3.4 Procedure
At the beginning of the session the discussion topic was verbally explained by the researcher. The
controller for the prototype was explained to the participant with the remote role.

The discussion would go on for about 15 minutes. This would create enough time for the participants
to get some experience with the prototype. After the conversation all participants were asked to
express their experience and thoughts about the product in a group discussion. This way they could
both express their own opinions, and build on that of others. Because eye contact mainly triggers
unconscious processes and feelings the remarks of one participant frequently triggered new feedback
from the others.

3.5 Measures
The audio recording from the discussion at the end was used to document all experiences and
feedback.

3.6 Observations
The video recording of the office side was analyzed to gain insights on the effect of the gaze direction
indicator on group dynamics and turn taking.

4. Results
4.1 Observations

- When the gaze direction indicator was aimed at the participant at the left side, she would nod
and smile, possibly because she was aware she was being looked at.
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4.2 Group discussion
Session 1

- Participants did not pay a lot of attention to the leds.
- The operator of the prototype frequently forgot to update the gaze direction.
- There was a mismatch between the gaze direction on the product and the gaze direction of the

eyes on the screen.
- The online participant found it hard to interrupt and felt disconnected.
- The online participant does not experience any changes.
- Attention demanding LEDs

Session 2
- The participants found it nice to know who the remote participant was speaking to.
- Product as a tool for handing out turns.
- Simulated presenter behavior by the product.
- High awareness of gaze direction for the user of the product.
- Attention demanding LEDs.
- Better virtual attendance.
- Slightly larger than life-sized attendance is intimidating.
- No clear preference for one of the solutions

5. Discussion
Session 1

- Participants did not pay a lot of attention to the leds.
- This could be because the information of the gaze direction is mainly processed

unconsciously, or because the information was not very valuable in the interaction.
- The operator of the prototype frequently forgot to update the gaze direction.

- Afterwards he noted that he would just change the direction to whoever was speaking,
and leave it there disregarding where he was actually looking. It turned out to be hard
to participate in the conversation and stay aware of what you are looking at
simultaneously. This does however significantly impact the outcome of this session.
The in-office participants said it was confusing when the gaze direction on the
product did not match the direction of who was speaking.

- One participant said “Sometimes I was speaking and the light would not point in my
direction, which made me think he either forgot to change the direction or is in fact
not paying attention to what I was saying.”

- This shows the information of where the online participant is looking at does
in fact affect the in-office participants. The direction was often not accurate,
but it did create doubts about whether the remote participant was paying
attention. The information transfer is proven to be successful.

- As mentioned before because of this a second session was done where the researcher
would control the prototype, making sure the gaze direction on the product is accurate
and frequently updated.

- There was a mismatch between the gaze direction on the product and the gaze direction of the
eyes on the screen.

- The left led would turn on, but his eyes were still centered, causing confusion with
the in-office participants. This is because the participants are close to each other on
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the screen, causing the different gaze directions of the actual eyes to differ only
slightly.

- The online participant found it hard to interrupt and felt disconnected.
- Even though the online person was in the same room and there was no delay in the

communication, he found it hard to interrupt and felt disconnected.
- It was hard to interrupt because of ‘stage fright’. Normally when you make eye

contact with someone when you speak, you don’t see where the others are looking.
But when you start speaking as a remote participant, you see all the heads turning
your way, and all the eyes looking at you.

- Filtering some information might make it easier to interrupt.
- When the remote participant spoke, to him it felt like he was interrupting the

conversation on the other side.
- The online participant does not experience any changes.

- The online participant said this product did not change anything for him. He did not
feel like he could do more, like responding to a specific person, and he could not see
the effect of the product in the office. Because there was no direct feedback from the
product to him he did not experience any benefits.

- Attention demanding LEDs
- One participant said when the person on the screen would say something she would

look at the led first, before looking at his face on the screen. If the camera is
incorporated in the product this would cause pure eye contact at the beginning of the
turn of the online participant. Based on the research that showed better eye contact
increases the feeling of involvement this would mean the leds could create the same
effect.

Session 2
- The participants found it nice to know who the remote participant was speaking to.

- If a question was asked to one person, the others would know it was not expected
from them to say something. This gave them a feeling of relaxation and confirmation
(no confusion about who has to answer).

- One participant said she has had hybrid meetings before where it was unclear who the
online participant was speaking to. This product would solve that problem for her.

- Product as a tool for handing out turns.
- Because the researcher played the remote role the in-office participants felt a bit like

he was the leader of the conversation. The gaze direction turned out to be a powerful
tool in handing out turns.

- This proves the effectiveness of simulating eye contact and its functions in multi
person conversation. As discussed in the report eye contact plays a large role in turn
taking, which can thus successfully be done with this technology.

- Simulated presenter behavior by the product.
- When the online participant was talking to all in-office participants at once, and

shortly looked at every one of them, this simulated the behavior of someone who is
giving a presentation to an audience according to the participants. A speaker who
wants to include the whole audience usually shows similar gaze behavior. The fact
that the product creates the same experience for the audience proves the correct
simulation of human gaze direction.
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- High awareness of gaze direction for the user of the product.
- One in-office participant said if she was a remote attendee using the product she

would probably become very aware of where she is looking, knowing everyone in the
room can see it. She would prefer to switch the product off when she is just listening,
and back on when she wants to speak.

- Attention demanding LEDs.
- One participant said she was paying a lot of attention to the led’s, so maybe they have

to be more subtle.
- Better virtual attendance.

- The life sized screen gave the in-office participants the impression of the online
participant sitting at the table.

- Slightly larger than life-sized attendance is intimidating.
- The view turned out to be slightly larger than life-sized, which gave one participant

an intimidating feeling. This was also caused by the large black screen around the
representation of the participant. The screen was a dominant object sitting at the table.

- No clear preference for one of the solutions
- If they had to choose between the two solutions (screen and gaze direction) one

participant would prefer the life sized view and another would prefer the gaze
direction.
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Appendix 16.17: Existing indicator research

When designing the indicator and deciding the components, existing indicators were
analyzed to understand how this is frequently done. Insights such as components,
configurations, materials and placement can be gathered from this.

Google Home
Google home is known for the three white dots shining through the mesh material. Teardown
videos of the product reveal that three LEDs with small diffuser caps are used.

Figure 1: Google home teardown (DD ElectroTech, 2018)

Apple Homepod
Another smart speaker, the Apple Homepod, uses an indicator that is similar to the desired
gaze direction indicator. Product teardowns show small LEDs placed in a circle are at the
core of this, what some thought was an LCD screen. A plastic diffuser placed over the LEDs
blends the light and colors, and finally plastic covers up these components to create an
aesthetic whole.

Figure 2: Apple homepod teardown (iFixit, 2021)
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Audi Matrix LED headlights
In the latest cars of Audi and Mercedes a new headlight technology is included, called Matrix
LED headlights. With this certain animations can be projected on a wall or on the road, and
allows the car to shine light on specific parts of the road. It does this by using a “small chip
with around one million micromirrors”.

Figure 3: Audi Matrix LED headlights (Audi, 2021)

Car door logo projector
In many modern day cars the car’s logo is projected on the ground when opening the door.
The component at the bottom of the door creating this image exists of a LED with a
combination of small lenses. The beam created by the lenses goes through a small foil with
the logo printed on it, making this visible on the projected surface.

Figure 4: Components inside a car door projector (Lights and Buttons, 2019)
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Appendix 16.18: Indicator component research

Mechanical
Some mechanical options are:

Indicator to motor
The indicator can be directly connected to a stepper motor. This creates a centralized lightsource. A
stepper motor can accurately control its rotation, namely in steps of just 1.8 degrees (“Stepper Motor”,
2021).

Figure 1: Stepper motor

Gear configurations
Different gear configurations offer different possibilities for the range of motion of the indicator. The
gear ratios influence the speed the indicator can be moved with.

Figure 2: Gear configurations

Mirror to motor
By connecting a small mirror to the motor the light source itself does not have to move. By rotating the
mirror the light beam can be reflected into different directions. This principle, called Galvo mirrors, is
used in light shows and SLA 3D printers.

Figure 3: Galvo mirror
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Optical
Some optical system options are:

Single LED
A single LED is available in different types, colors and brightness. Some can only emit white light,
while others can do a RGB spectrum.

LED strip
A LED strip is a collection of LEDs connected to each other to form one, often flexible, component.
The strips can have one or multiple rows. There are two main types of strips: SMD5050 and
WS2812B. The first is the simple version, the second enables all LEDs to be individually controlled
(MUO, 2020).

Figure 4: LED strip

LED jewel
A small collection of LEDs in a circular configuration is what Adafruit calls LED jewels. This
configuration gives the shape that is ideal for the eye representative, and a similar configuration is
also used in the Apple Homepod.

Figure 5: Apple Homepod LEDs

Laser
A laser, which is short for "light amplification by stimulated emission of radiation" (“Laser”, 2021) is a
system that uses optical amplification to create a narrow and powerful light beam. Such a narrow light
beam can be advantageous for an indicator but since a laser can damage the eyes, and the indicator
in this product is made to point at faces, it cannot be used.

Figure 6: Laser
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Beam control
The LED itself can be used in different ways, standalone or with tools. Tools such as reflectors and
lenses create different effects on the light being emitted. Some of these tools are shortly discussed
below.

Reflectors
Reflectors are a cheap method for controlling the light from an LED. The different shapes and finishes
create different lighting effects. The reflectors are made of plastic with a metal coating. They are more
affordable than lenses, but offer less control over the beam (RS Components, 2021).

Figure 7: Reflector

Lenses
Lenses are solid shapes made from plastic, silicone or glass manipulating the behavior of light. A
convex lens enables a lightsource to be transformed into a converged beam, while a concave lens
does the exact opposite (RS Components, 2021). Combinations of lenses can be made to create the
ideal beam. A Fresnel lens, often found in lighthouses, is a lens type where the amount of material
used is minimised by getting rid of the excess material while maintaining the curve of the lens
(“Fresnel Lens”, 2021).

Figure 8: Fresnel lens

Diffuser
A diffuser is a semi transparent material that diffuses the light that is coming through. This turns the
concentrated brightness of an LED and spreads it out over a larger surface. This effect can be seen
on the Apple Homepod mentioned before.
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Appendix 16.19: Indicator system prototypes

System 1:
This system needs a powerful and narrow beam of light that is created in the center of the product. By
rotating this light source with a stepper motor the light beam can be aimed in different directions. To
test the effect of a LED convex lens a quick prototype was built. A LED 18 degree spot lens was used
in the prototype. As seen in figure 1 the lens does create a spot light, but this is not narrow enough to
create a defined dot on the outside of the housing.

Figure1: LED through convex lens in light and dark environment

In figure 2 the dot on the outside of the housing can be seen for three different distances: 10mm,
20mm and 30mm, through PLA with a 0.7mm thickness. This showed that the light source needs to
be close to the embodiment to create a sufficient indicator.
A brighter LED can be used when the distance to the wall is increased, but higher brightness comes
with more generated heat. To distribute this heat a heat sink is needed, which adds extra costs and
complexity.

Figure 2: 0.7 mm PLA with different distances to the led (left to right: 10mm, 20mm, 30mm)

Figure 3: The 18 degree spot lens for LEDs
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System 2:
The second system uses a WS2812B LED strip, which has LEDs that can be individually addressed
and can show different RGB colors. The LED animation of going from left to right was effective in
communicating directions, and the brightness was sufficient for creating a dot on the other side of the
material. In figure 5 different PLA material thicknesses were tested (0.7mm, 1mm, 2mm, 3mm) with
the LED being placed directly behind it. A thickness of 0.7mm is advised when light needs to go
through (Shapeways, 2016) and shows the brightest and most defined dot in the test. A thickness of
1mm is also acceptable, but higher thicknesses absorb too much light.

Figure 4: LED strip animation through paper

Figure 5: LED through different PLA thicknesses (left to right: 0.7mm, 1mm, 2mm, 3mm)

Figure 6: Soldering the LED strip
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System 3:
System 3 uses a rotating indicator with a LED jewel (circle configuration) directly behind it. Different
LED types were used for this prototype so they could be placed in a circle formation. Eventually they
should also be WS2812B LEDs.
Rotating the indicator around its center was able to communicate a direction, but was experienced as
less dynamic.

Figure 7: LED jewel with 1mm PLA (left: directly behind it. right: 10mm distance)

Figure 8: Rotating indicator disk
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Appendix 16.20: Moodboard embodiment design
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Appendix 16.21: Followup research

Is the indicator accurate enough?
Since the indicator is one of the most crucial parts of the product it has to work flawlessly. The eye
contact simulation should be able to create a one-on-one connection with someone in the room. The
accuracy of the indicator in different conference rooms and different configurations of people around
the table should be tested. When does someone feel like establishing eye contact, and when does it
become clear the person next to you is being looked at?

What do different visual indicators do with the perception of the remote participant?
Different colors, speeds of movement and micro animations can have an effect on the visual
perception of the indicator. Different indicator behaviors and color combinations could be tested with
groups of users to see what they think about them.

How to nudge attention to online participants?
In the research from Appendix 16.16 it was found that the test person playing the role of remote
participant in the meeting, while physically being present in the room, still felt excluded and found it
hard to interrupt. Since eye contact has been proven to play a large role in the feeling of involvement
(research from Appendix 16.8) and turn taking (chapter 6) it could be effective when the product uses
the theory of nudging to increase the amount of eye contact towards the online attendee.

Can we create more nuance in turn taking?
In the research from Appendix 16.7.1 the participants talked about the lack of nuance in the
interruptions of online participants. Every time they started speaking it was experienced as a hard
transition, breaking the conversational flow. Since the indicator on the product only turns on when an
online user is speaking, turning it on right before the interruption starts could function as an
interruption indicator. Chapter 6 already revealed that an interruption starts before the current speaker
is finished talking, so showing an online person is about to start talking while someone in the office is
still speaking would match face-to-face conversational behaviors.

Should the technology be implemented in a conference camera?
If the product has an integrated webcam this could result in a better experience for the remote users.
In the research from Appendix 16.16 it was found that in-office participants often looked at the
indicator first, before looking at the eyes on the screen, when an online attendee started speaking.
Earlier research, from Appendix 16.8, showed that the quality of eye contact is crucial in the feeling of
involvement. Quality eye contact means looking directly into the camera. If the product also functions
as the webcam, and in-office people tend to frequently look at the indicator, this could mean the
quality of eye contact towards the remote people increases, together with their feeling of involvement.
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Appendix 16.22: Cost price calculation sheets
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Appendix 16.23: List of Requirements

The list of requirements states all requirements that the product should meet. Now that the product
has been developed into a conceptual state (not production ready), it can be scored on some of the
criteria matching this stage.

Because the product is in an early development phase most requirements are not numerical and have
not been validated yet. As noted in the Delft Design Guide (2014) not all requirements have to be
numerical, especially when the product is in an early phase. Since the list of requirements is a living
document this is the version containing all findings and information collected until now. Further
development of the product will result in additional, and more concrete, requirements and wishes.

1. Performance
1.1. The product has to connect people from different locations in the office ecosystem.
1.2. The product has to communicate the gaze direction of an online participant to the

in-office participants.
1.3. The product should improve the turn taking process.
1.4. (Wish) The product should increase the involvement of the online participants in a

hybrid meeting.
1.5. (Wish) The product should enable in-office and remote participants to make more eye

contact.
1.6. (Wish) The product has to improve the quality of eye contact between people in the

office and people from remote locations.
1.7. (Wish) The product should enable a natural interaction.
1.8. (Wish) The product should let online participants take turns in the meeting without

interrupting the conversational flow.
1.9. (Wish) The product should not limit the communicative behavior of in-office

participants.

2. In-office product use
2.1. The product has to be used in the conference room.
2.2. The product should support hybrid interaction in meetings with 2 - 8 people, with a

maximum of 4 online participants.
2.3. (Wish) The product should also support different meeting sizes and configurations.
2.4. The product has to be compatible with existing video conferencing software.
2.5. The product should be a USB video conferencing equipment system.
2.6. The product should not be bigger than 300 x 150 x 150 mm.
2.7. The product should take up as little space as possible when not in use.
2.8. The product has to exist out of one physical unit with all required components

integrated in it.
2.9. The product should not create tripping risks in the conference room because of power

cords.
2.10. The product should be easy to connect to a power source in all conference rooms.
2.11. The product should take less than 10 seconds to prepare for a hybrid meeting, when

it is already installed in the conference room.

3. Rules & Regulations
3.1. The product should use a secure server.
3.2. The product should have a CE marking.
3.3. The product should pass a PIA test.
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4. Remote product use
4.1. The product requires no physical components in remote locations (for example the

home office) other than the preexisting tools.
4.2. The remote participant should be aware he/she is using the product.
4.3. Setting up the software component for a hybrid meeting should take less than 30

seconds, when it is already installed on the computer.
4.4. (Wish) The remote user should have the software installed and product understood

before the meeting starts, to prevent him from being late.
4.5. The gaze direction indicator should not cause confusion in the office when the eyes of

the remote user cannot be properly tracked.

5. Product Lifetime
5.1. The product should have a product lifetime of at least 3 years, when being used 3

times a day for an hour each.
5.2. (Wish) The product should be able to do software updates through WiFi.
5.3. The product should be designed for disassembly.

6. Business
6.1. The product should be sold to the company, and used by its employees.

7. Production & Costs
7.1. The product should have a retail price of 500 euros at most.
7.2. The retail price should have a margin of at least 50%.
7.3. The product should be mass produced.
7.4. At least 10.000 units should be produced.
7.5. The hardware components should be off-the-shelf components.

7.5.1. Except for the PCB, which should be custom manufactured.
7.6. The manufacturing of the housing should be outsourced.
7.7. The development of the software should be done in-house.
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Appendix 16.24: Pilot Research Paper

Testing the effects of the Be There One on involvement and dynamics
in a hybrid meeting

1. Introduction
The Be There One is developed to improve the involvement of online attendees in hybrid
meetings, while also increasing the overall group dynamics. At this point in the product
development it is tested in simulated environments and mostly backed by research papers. By
letting the product be used in a real meeting, by a company from the intended target group,
the effects of the product can be validated.

2. Research question
- What effect does the Be There One have on the involvement of an online attendee in a

hybrid meeting?
- What effect does the Be There One have on the group dynamics in a hybrid meeting?
- What is the market potential of the product based on the experience of this pilot

company?

3. Method
3.1 Participants

The participants in the pilot are 4 employees from Delta Capita, a technology consultancy
located in Amsterdam. The company has around 300 employees and is one of Europe’s 1000
fastest growing companies in 2020 and 2021.

3 Participants will form the in-office group of the meeting, while the 4th participant will join
the meeting through Zoom. All 4 pilot participants are present in the office since the current
version of the prototype works on WiFi. The “remote” participant will sit in a separate room.
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3.2 Stimuli
The meeting during the pilot was an actual meeting that was already planned by the
employees. The meeting agenda and slides prepared by them were used to guide the meeting.

The prototype of the Be There One was used to test the effects of the product. The product
consists of 2 components: hardware and software. The hardware component was placed on
the top of the monitor in the conference room, as seen in figure 1.

The remote meeting attendee used the provided laptop, equipped with the software that
informs the product in the conference room what to do.

Figure 1: Prototype placed on monitor

3.3 Apparatus
iPad; to take notes during the pilot meeting and record the discussion at the end.
Nikon D3400; to take pictures during the pilot.

3.4 Procedure
Before the pilot started all participants signed an NDA, since the innovation has not been
patented yet. After that the product and pilot were verbally explained to all participants.

When the participant with the remote role was seated in a different room the meeting could
start. During the meeting the participants were responsible for what they did and talked about.

After the meeting was done the remote participant rejoined the group and a 30 minute
discussion was held in order to learn how the product was experienced by the group.
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Figure 2: The pilot meeting

3.5 Observations
During the pilot the researcher was present in the conference room. Notes were taken on
notable events relating to the hybrid meeting and product.

4. Results
4.1 Observations

The observations made during the meeting are listed below. All results are further discussed
in the Discussion.

- The product is hard to use in a meeting with slides
- Indicator turning off is associated with the user closing his eyes
- The volume threshold should be custom to each user
- The current version of the eye tracking is not accurate enough
- Eye tracking should be able to cope with head movement
- The remote participant was sometimes excluded

4.2 Group Discussion
After the pilot the experience with the product was discussed. These are the things they
mentioned.

- Improved feeling of connection with the online participant
- Higher involvement for the online participant
- The online participant and his input is perceived the same
- Maintaining eye contact was hard
- Leaving the indicator on when not speaking was beneficial
- The remote participant was sometimes excluded
- No improved eye contact towards the online participant
- Expressed commitment towards purchase
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5. Discussion

Observations

The product is hard to use in a meeting with slides
Because slides were shared on the screen the online participant got a full screen view of the
presentation. For this product to work the office view has to be full-screen (because of the
eye tracking software). In Zoom there is a function that lets you choose which window you
want to see full screen, in MS Teams (where this meeting was hosted) this feature is absent.
We eventually had to switch to a Zoom meeting because of this. Also, making the office view
large, and the slides small, made it impossible for the online user to read the slides.

The meeting was mainly one person walking through certain topics, supported by
presentation slides. The presentation slides were shared on the large screen in the conference
room. Because of this the online participant was not visible for the larger part of the meeting.

Indicator turning off is associated with the user closing his eyes
When the indicator was off for a while one of the in-office participants said “Can you open
your eyes again?”. This showed that it felt like the online participant was tuning out when the
indicator turned off.

After a while a participant from the office group asked the online participant if he is still with
them, and if he can open up his eyes. This was because the online participant had spoken a
couple of times without the indicator turning on. When checking it turned out the software
had returned an error and had stopped. After relaunching the software this was fixed.

The volume threshold should be custom to each user
The indicator has a volume level threshold to make sure it only turns on when the online user
is talking. During the pilot the indicator was on for most of the time, even when the online
participant was not speaking. The threshold, as determined and tested during development,
turned out to be too low for the noises that this user and his environment made during the
meeting.

The current version of the eye tracking is not accurate enough
The indicator was aiming straight forward for the larger part of the meeting. Slight
adjustments of the eyes were not registered by the eye tracking software. What this did with
the in-office experience is explained in the next part.

When the indicator was moving it was going in the wrong direction most of the time.
Sometimes the online participant was speaking and the direction went in the direction of the
person he was talking to. So there were enough moments the product worked well that can be
used to discuss the experience.
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Near the end one in-office participant asked whether the light on his side of the product was
working or not, because that direction had barely turned on during the meeting. This might be
because the eye tracking had a hard time registering that direction, which can depend on
aspects such as lighting, (asymmetric) shape of the face, or position of the head (of the online
user).

The indicator kept pointing straight forward while the online participant was clearly looking
to the right and left. It turned out the software was loading, after a relaunch the problem was
fixed.

Eye tracking should be able to cope with head movement
The online participant moved his head quite a bit when talking, this made it hard for the eye
tracking to stay accurate.

Group Discussion

Improved feeling of connection with the online participant
The product added something to the meeting, is the first thing they mentioned after being
asked how they experienced it. The in-office participants agreed on feeling more connected to
the online participant.

“The fact that you see his “eyes” moving around really adds something”
“You really feel something when he looks at you”.

“You associate the product with having a connection with someone”, because the participant
at the head of the table started feeling uncomfortable when the indicator would point in his
direction for a long period of time. (The prototype did this often when the online participant
was not speaking.) He said it felt like staring.

Higher involvement for the online participant
The group in the conference room felt more connected and felt like they involved the remote
participant more because of that.

The participants realized they would look to the screen more because of the product, to see
where the online participant was looking. Looking to the screen more often makes it easier
for the online attendee to give input and feel involved.

The online participant and his input is perceived the same
The group did not feel like they experienced the remote participant and his input differently.
They just felt more connected to him.

Maintaining eye contact was hard
It was hard to keep making eye contact for a while through the product because it would
often move to a different direction soon afterwards.
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The 3 possible reasons for this are 1) consciously making short eye contact with multiple
people to address them all 2) looking away from the screen when thinking while talking and
3) inaccuracy in the eye tracking software.

The product should not be a replacement of video
The indicator was a very abstract representation of an online meeting attendee, because when
the slides were shared on the screen it was the only visible aspect of that person.

It was however an improvement on the standard setup, because even when the slides were
shown there was still a visible connection with the online participant. “It prevents you from
forgetting that there is another person in the conversation”.

The product is also meant to be an addition to the view of a person on the screen, it should
not be used as a replacement.

Leaving the indicator on when not speaking was beneficial
The product should not show the indicator when the online user is not speaking, but the
prototype sometimes did (unexpectedly). This did give the people in the room the feeling the
remote person was listening and paying attention.

One participant even found it unfortunate that the indicator turned off when people in the
room were talking. She did not know what the remote attendee was doing at that point. This
effect was of course strengthened by the fact that you could not see this person on the screen.

The remote participant was sometimes excluded
After a while the conversation was mainly in the conference room. The product does create
more connection with the remote attendee, but still this exclusion of that person happened at
some points during the meeting. They admitted that this was also because the online
participant was not visible on the screen for the majority of the meeting.

One participant was aware that he turned his back to the screen when a discussion was mainly
between the in-office employees. This completely removes all visual attendance of the online
person.

With face-to-face-only meetings this also happens, but you move back to a position that is
open to everyone sooner. It could be interesting to include and test a subtle reminder in the
product that triggers re-involvement of the online attendees.

No improved eye contact towards the online participant
The participant with the remote role noted that the product helped strengthen eye contact and
connection in the office, but he himself did not experience more eye contact (because people
would still look at the screen instead of the camera).
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Expressed commitment towards purchase
The group guessed the price at 250 euros, which is close to the calculated retail price of 300
euros. Since they are convinced of the added value of the product, and agree with the price,
the company is willing to sign a letter of content, stating that they are seriously committed to
buying the product when it is officially launched.

“For 300 euros this is a logical addition to any conference room”.

6. Conclusion
The research questions were:

- What effect does the Be There One have on the involvement of an online attendee in a
hybrid meeting?

The product resulted in an improved feeling of connection with the online participant for the
in-office group. This led to them trying to involve that person more.

- What effect does the Be There One have on the group dynamics in a hybrid meeting?

The group dynamics was not notably improved during this pilot. The meeting was mainly led
by the meeting facilitator, which largely determined the dynamics of the meeting. Possible
effects of the product on the group dynamics should be further investigated in future research.

- What is the market potential of the product based on the experience of this pilot
company?

The market potential was validated by testing the commitment of the pilot company to
purchasing the product. The company signed a letter of intent, indicating that they are
seriously committed to purchasing the product after its launch.
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Appendix 16.25: Market research

Introduction
For the solution for the identified problems to be realized and successful a market gap needs to be
identified. As a startup the big competitors should be avoided and opportunities should be leveraged.
The market size will reveal if the company can be profitable in this market.

Method
Research questions

1. What is the market size? (Market) (Main RQ)
2. What key players are in the market? (Competing organizations)
3. What competing products are out there?(Competing solutions) (Main RQ)
4. What market gaps can be identified? (Main RQ)

Approach
To learn more about the market different market analysis reports were studied. Statistics on events
and sales in this market were used to form an overview of what the market looks like today, and what
it will look like in the future. Lastly competing products were identified to understand what
considerations potential customers will go through.

Methods
TAM SAM SOM
The theory used for splitting the market into different layers is the TAM SAM SOM method. The
market size can be divided in three categories: Total Addressable Market (TAM), Serviceable
Addressable Market (SAM), Serviceable Obtainable Market (SOM).

JTBD
Identifying competing solutions was done with the use of Job To Be Dones (JTBD). According to this
theory a consumer “hires” a product to do a specific task: the JTBD. There are two types of JTBD’s;
do goals and be goals. Do goals represent what someone wants to do, while be goals refer to the
emotional end goal of these tasks and activities (Klement, 2018).

Market Size
TAM: Global video conferencing market
In 2019 the global video conferencing market has exceeded 14 billion dollars.

The market is expected to grow with a Compound Annual Growth Rate (CAGR) of 19% from 2020 to
2026, finally reaching a market size of 50 billion dollars (Wadhwani & Gankar, 2020). This growth is
the result of the increasing SaaS market, which grew with 64% in the second quarter in 2020. The
pandemic plays a major role in this with a growing demand for services such as Zoom (InfotechLead,
2020).

SAM: Hardware segment
The hardware segment of this market is good for 2.24 billion dollars (Wadhwani & Gankar, 2020).

The hardware products in the video conferencing market can be divided into two sub-categories;
codec and USB systems. Codec systems, also known as end point systems, create a direct
connection between two locations. This eliminates the need for the use of a third party server
provider, increasing the secureness of the connection. These systems are more expensive than USB
systems. USB systems are plug and play, meaning they can be set up by simply plugging them in.
They make use of a server, for example when using Zoom or Microsoft Teams (AVer Information Inc.,
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2018). This type of product is gaining popularity throughout the years. The USB subsegment is
growing 34% each year, compared to the 3% in codec systems (InfotechLead, 2020).

Figure 12: Market segmentation

SOM: Market share
If 1% of this market could be obtained this would leave a SOM of 22.4 million dollars.

This number is purely an indication of what would be. There are no sales conversion rates derived
from large batched experiments that can give an accurate estimation. What is used as a reference is
the company Owl Labs, who also developed an innovation in the video conferencing industry, being a
360 degree webcam. The company is built around this product and in that way is similar to this
project. Owl Labs started in 2014 and currently has a yearly revenue of 41 million dollars (Growjo,
z.d.).

Figure 13: Owl Labs 360 degree meeting camera

Competing organizations
Key players in the video conferencing market are Cisco, Logitech, Poly, Microsoft and Huawei.

Cisco
Cisco is the current market leader in the hardware segment, with a 47% market share (InfotechLead,
2020). The company had a total revenue of 49.3 billion dollars in 2020 (Cisco, 2020).

Logitech
Logitech is the second largest company in the hardware segment, with a 17% market share (Statista,
2021), and leader in the USB video conferencing system market segment (InfotechLead, 2020).
Logitech’s annual revenue in 2020 was 2.98 billion dollars (Logitech, 2020).
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Microsoft
Microsoft is active in the video conferencing market with both software and hardware, being most
known for its Microsoft Teams. The company has a 10% market share in the video conferencing
market (Wadhwani & Gankar, 2020). Because the company is a large player in many markets the total
revenue comes down to 143 billion dollars (Microsoft, 2020).

Poly (Plantronics & Polycom)
Poly is a manufacturing company for conferencing tools with a revenue of 1.7 billion dollars in 2020
(Poly, 2020).

Huawei
Huawei is one of the largest tech manufacturers in the world, offering various conferencing solutions.
Its total revenue in 2020 was 136.7 billion dollars (Global Times, 2021).

There are many more companies offering solutions in this market. Some others worth mentioning are
Google, Facebook, Zoom, Panasonic, Lifesize, Adobe, BlueJeans and Citrix.

Competing solutions
Identifying competing solutions was done with the use of Job To Be Dones (JTBD). Since the design
goal of this project is to add more non verbal communicative tools to a hybrid meeting this will most
likely require a screen. The new product will thus compete with the screen that is currently in most
conference rooms. The function of that screen is showing the online participants, in particular for
adding non-verbal communication to the conversation.

Do goal:
- Receive non verbal communication from the online participants.

Be goal:
- Create a more equal and natural communication between the people in the office and the

people at remote locations.
- Give the online participants a feeling of involvement.

All products that help achieve these goals should be considered a competitor. The products that
achieve the do goal are categorized and shown in figure 14. The competitors in achieving the be
goals can be found in figure 17.
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Figure 14: Competing solutions
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TV screens
TV screens are present in almost every conference room. They are used to show presentation slides,
videos, or other supporting materials. In hybrid meetings the screen can be used to view all remote
participants.

Key players: Samsung, LG, Sony
Price range: 150 - 10.000 euros.

Beamers
Beamers are also a frequently seen piece of equipment in conference and presentation rooms. They
are a great alternative to tv screens when the size of the displayed content needs to be large.

Key players: Optoma, Epson, Benq
Price range: 150 - 7.000 euros (adding projection screen: 150 - 700 euros)

Laptops
Laptops are products owned by every individual in the company. It is often a laptop that runs the
meeting in a conference room, projecting the screen into a tv or beamer. When none of these viewing
devices are present in the environment of the meeting the laptop itself can be used.

Key players: Lenovo, HP, Dell, Apple
Price range: 250 - 4.000 euros

Immersive video conferencing rooms
Complete video conferencing rooms are built to deliver immersive experiences in meetings. The
rooms often exist out of an end point system, camera’s, lighting and screens. Because the people at
the other side of the connection have the same equipment the whole system gives the impression
they are sitting at the same table.

Key players: Cisco, Array Telepresence, Poly, Huawei
Price range: 50.000 - 400.000 euros

Collaboration screens
A different type of screen that is often found in meeting and huddle rooms is the collaboration screen.
It separates itself from tv screens with its touch screen, allowing people in the room and from other
locations to work on the same whiteboard.

Key players: Cisco, Microsoft, Samsung
Price range: 2.000 - 80.000 euros

Robotic telepresence devices
Robots offer the opportunity for people to join a location remotely and move around. Some devices
offer the ability to look around, while others take it a step further and allow you to move freely
throughout the building. The purpose of these solutions go beyond just meetings, since you can allow
all interaction in the office to be experienced.

Key players: Kubi, Double Robotics, Beam
Price range: 600 - 15.000 euros
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High end technology
The subject of remote and hybrid working is currently a hot topic, this makes it no surprise that new
products and technologies have been released during this project. Two solutions worth mentioning are
Microsoft Mesh (video published March 2021) and Google’s Project Starline (video published May
2021).

Microsoft Mesh
Microsoft has been working on augmented reality glasses for a long time now. The Hololens
is their first product bringing this technology to companies. The Hololens 2 was released in
2019. Microsoft Mesh is the application that allows people to see each other as if they were
standing in the same room, through the Hololens 2. The Hololens costs €3.500,- (Microsoft,
2019).

Figure 15: Microsoft Mesh

Google’s Project Starline
Google has introduced the world to Project Startline, a booth that creates a video call which is
experienced as if the other person is really sitting in front of you. It makes a 3D model of the
person sitting in the booth and maps the video onto it. This is projected in the other person’s
Starline booth, on the 3D screen. This way both people experience the other as 3 dimensional
and real. This product is not commercially available yet.

Figure 16: Google’s Project Starline
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Figure 17: Be goal competitors

Meeting facilitator
The current way companies try to involve the online participants is through the meeting facilitator. He
or she should include the remote attendees by asking them questions or handing them turns. This is a
solution that does not create extra costs, but it does not create the equal and natural communication
that companies want.

Spread out
A current method for creating equal participation for all meeting attendees, as named by multiple
companies spoken to during the research phase, is spreading out through the office and joining the
meeting individually. Every participant, whether in the office or at home, uses a laptop to join in. This
creates an equal playing field during the meeting, but eliminates all potential benefits a hybrid meeting
can bring. These benefits have been discussed before in chapter 5.

Market gaps
Having analyzed competing products and companies allows market gaps to be identified. These gaps
are visualized with the use of a market gap matrix. The most promising market gap was found by
combining the two axisses: Immersiveness and Amount of locations joining.

Figure 18: Market gap high immersion, join as individuals
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The immersion axis defines the degree to which remote participants are visually present and equal to
the people in the room. Companies like Cisco and Array Telepresence offer complete conference
rooms for high immersion. These rooms are however end points in a codec system, which means
there is a single connection between two set locations. This allows people to join the meeting only as
a group from one of the two end points. There is no solution on the market offering people to join the
meeting in the office from various locations in the office ecosystem.

As discussed before these existing, high immersive, codec systems are expensive ($10.000+). There
is no similar solution available for a lower price point. This brings us to the second market gap.

Figure 19: Market gap high immersion low price

Offering these immersive video conferencing experiences as USB systems instead of codec can
already greatly reduce the costs.

Another promising market gap was found when focussing on products that support rich
communication. In the context of this project the meaning of rich communication is communication
where more information is transmitted and received than just verbal and facial (as supported by
current equipment). Recently some technologies supporting rich communication were published by
Google and Microsoft. These technologies offer great potential, but come with a price tag. Because
companies of all shapes and sizes are currently transforming into a hybrid form there will be a
demand for more affordable products.

Figure 20: Market gap rich communication affordable
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These three market gaps should be considered as tools. They offer opportunities that can be
leveraged, but should not limit the ideation process. In the ideation chapter it will become clear if one
of these market gaps can be profited from.

Innovation adoption
Throughout the years innovations have changed the way we collaborate remotely. Analyzing the
biggest innovations and drivers for change helps increase the chances of a successful optiontion of
the product to be developed.

In the book Diffusion of Innovations (2003) five characteristics of innovations are defined, which all
influence the adoption of the innovation.

1. Relative advantage
The relative advantage refers to the way the innovation is perceived compared to the existing
solutions. If this is significantly better the new product will be adopted faster.

2. Compatibility
The more compatible the new product is with existing factors such as values, experiences and needs,
the better its adoption will be.

3. Complexity
If a product is difficult to understand it can be a hurdle in the adoption of it. It is important to be aware
of how complex your product is perceived by the users, and how this can be minimized.

4. Trialability
Trying out a product can be a positive contributor to the decision whether to buy it or not. If something
is new people may want to try it out first.

5. Observability
If the effects of an innovation are visible to others this helps understand the added value of the
product at a faster pace.

These five factors can be used to score the final concept. This is done in chapter 14.

Company vision
With all this information about the market, products and competitors a direction for the product to be
developed and the company that will bring it to market can be formulated. The first version of the
company’s vision and mission are:

Vison: A world where flexibility and autonomy form the basis for increasing company performance
and employee satisfaction.

Mission: Company X wants to enable natural and equal communication between participants from
different locations in the office ecosystem.

Conclusion
The main research questions were:
1. What is the market size?
TAM: Global video conferencing market:  14 billion dollars.
SAM: Hardware segment: 2.24 billion dollars.
SOM: Obtainable market: 22.4 million dollars.

3. What competing products are out there?
Products that can complete the Job To Be Done are tv screens, beamers, laptops, immersive video
conferencing rooms, collaboration screens, robotic telepresence devices.
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4. What market gaps can be identified
Three markt gaps were identified:

- High telepresence x Join individually
- High immersiveness x USB
- Rich communication x Affordable

The company’s vision and mission are:
Vison: A world where flexibility and autonomy form the basis for increasing company performance
and employee satisfaction.

Mission: Company X wants to enable natural and equal communication between participants from
different locations in the office ecosystem.

Design goals
11. The product has to offer an immersive experience through a USB product.
12. The product has to meet as many of the five characteristics of innovations as possible (Rogers &
Marshall, 2003).
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Appendix 16.26: Target group research

Introduction
The challenges in hybrid meetings cannot be solved for everyone at the same time. It is important to
develop a solution aimed at a specific target group. As a startup it is also crucial to focus on your early
adopter. From these early adopters the product can be scaled into a larger customer base. In this
chapter the target group for the product is defined.

Method
Research questions

1. What is the target group for the product? (Main RQ)
2. Who are the early adopters? (Main RQ)

Approach
Defining the target group and early adopters is an ongoing process in which iterating and learning is
crucial. Based on the information and learnings gathered until this point definitions were made. The
goal is to create concrete definitions that give a complete view of which companies are included and
which are not.

Crossing the chasm
A well known theory for categorizing your users over time is the model by Geoffrey Moore (2014).
Here the categories are the innovators, early adopters, early majority, late majority and laggards. As a
startup you have to understand who your innovators and early adopters are. These are the people
that experience the problem the most, and are willing to try out new solutions. They do not care if the
product has some flaws and if others are not using it yet. These users are able to significantly
increase your customer base, by convincing the early majority to start using the product. This bridge
between the early adopters and the early majority is called “crossing the chasm”. Doing this can be
seen as the biggest challenge for any innovation. The rule is that in order to cross the chasm, people
from the early majority need at least 5 friends who recommend the product (Starting Greatness,
2019). This gives them enough trust and encouragement to become a new user. This shows how
important it is to create positive experiences for the early adopters.

Figure 21: Crossing the chasm
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Target group
The target group definition is a dynamic description, it can change overtime. As you learn and iterate
your definition gets better and better. With this the conversion rates should also get better and better,
as you start filtering out the wrong potential customers (Lean Startup Co., 2020). With the current
learnings the following target group definition has been made:

Medium and large hybrid companies with high employee autonomy who frequently have
interactive meetings with mid sized teams (4-10 people).

The most important characteristics for the target group are listed below.

- Office work in the knowledge industry
- The knowledge industry has the highest remote working rate (Eurofound & the International Labour Office,

2017).
- Knowledge companies: “enterprises where knowledge and knowledge-based products are

offered to the market. The products and services can vary from plans to prototypes or
mass-produced products where R&D costs are a large part. The work in knowledge enterprises
is based on employees' intellectual skills and the tasks are not routine. (Knowledge enterprise,
2021).

- Work in the labour industry is not suitable for remote working.
- Work with low autonomy and use of ICT have minimal use of remote working. So does work where physical

presence is required (Eurofound & the International Labour Office, 2017).

- Medium and large companies
- The company needs to have a budget to solve the problem.
- Medium companies = 40 - 250 employees
- Large companies = 250+ employees (“Small and Medium-Sized Enterprises”, 2021)

- Companies with high employee autonomy
- With high freedom of choice when to work and from where.

- Companies that work in teams and collaborate frequently. (1+ times a week)
- Jobs that are mostly individual (sales for example) cause little problems in communication and

collaboration. (Interviews)

- Companies / Teams that do frequent generative meetings
- One-way, routine and update meetings are easy to do remotely and hybridly. (Interviews)
- Generative meetings, ones with back-and-forth communication and a dynamic conversational flow, are

harder to do with online attendees joining in. (Interviews)

As the last bullet point suggests, the type of meeting being done also influences whether the problems
are experienced or not. To zoom in a bit more on what meeting properties cause the problems to be
more significant some are listed below.

Target meetings:
- Meetings with participants in- and outside of the office.

- The product is aimed at supporting hybrid interaction.
- Meetings with a high interaction and interruption rate (Generative meetings).
- Meetings with no right or wrong conclusion

- Garau et al. (2001) found that the users of his visual video conferencing system experienced most value in
meetings that require discussion and have no correct conclusion.

- Meetings with 4-10 participants.
- In a meeting with 2-3 participants it is relatively easy to keep everyone involved.
- Meetings with more than 10 participants are even harder to do hybridly, but require solutions specifically

developed for this scale of group interaction.
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9.5 Early adopters
Within this target group there are companies and employees that struggle more with the challenges in
hybrid meetings than others. These people are described in the following early adopter definition:

Medium sized Dutch companies in the target group that are inexperienced with hybrid
working.

This definition will soon be iterated on when the product is pitched and piloted with the first customers.
The most important characteristics for the early adopters are listed below.

- Young professionals
- Young employees care more about their impression and added value. They want to build their career, get

promoted and build a network. Older employees often have higher functions and have already proven their
worth (Hoffower, 2020).

- Companies in the Netherlands
- Companies with relatively high shares of employees using remote working are Finland, Japan, the

Netherlands, Sweden and the US (Eurofound & the International Labour Office, 2017).
- It is easier to start a company in your own country.

- Jobs that are inexperienced with hybrid working
- Jobs that have always been hybrid (sales, software) experience less problems with hybrid working.

(Interviews). If they recently started doing so, or only did it sporadic in the past, they are experiencing the
problems more intensely.

- Remote working is frequently used in sectors such as IT, financial services, general services and public
administration (Eurofound & the International Labour Office, 2017).

- Medium sized companies
- Using a product that has no existing customer base yet, and that is not from a well known and trusted

company, can be considered as a risk by the first users. In large companies there are strict protocols for
new products, and the decision makers are hard to contact. With medium sized companies trust can be
built with the decision makers and the risk taken is smaller.

9.6 Conclusion
The main research questions were:
1. What is the target group for the product?
Medium and large hybrid companies with high employee autonomy who frequently have interactive
meetings with mid sized teams (4-10 people).

2. Who are the early adopters?
Medium sized Dutch companies in the target group that are inexperienced with hybrid working.

9.7 Design goals
13. The product needs to be aimed at medium and large hybrid companies with high employee
autonomy who frequently have interactive meetings with mid sized teams (4-10 people).
14. The product has to be introduced at medium sized Dutch companies in the target group that are
inexperienced with hybrid working.
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Appendix 16.27: Business Model Canvas
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Appendix 16.28: Design Brief
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Please state the title of your graduation project (above) and the start date and end date (below). Keep the title compact and simple.  
Do not use abbreviations. The remainder of this document allows you to define and clarify your graduation project. 

project title

INTRODUCTION **
Please describe, the context of your project, and address the main stakeholders (interests) within this context in a concise yet 
complete manner. Who are involved, what do they value and how do they currently operate within the given context? What are the 
main opportunities and limitations you are currently aware of (cultural- and social norms, resources (time, money,...), technology, ...). 

space available for images / figures on next page

start date - - end date- -

Improving hybrid working in the office ecosystem of the future

18 01 2021 07 06 2021

Since the beginning of 2020 our lives have been turned upside down by the outbreak of COVID-19. Our 
current new lifestyles will open our eyes to new possibilities and opportunities we previously ignored or 
neglected. One of these new opportunities is remote working. 

Although remote working is not at all a new phenomenon, the amount of companies allowing their 
employees to work remotely permanently is expected to increase because of the recent events (see figure 
1). A large driver in this change is the employee demand. Remote work, which means working from outside 
the office, results in higher employee satisfaction caused by higher autonomy and lower work life conflict.
[3]

My vision on the future of work is based around the concept of hybrid working. Since remote working 
comes with both pros and cons, hybrid working is expected to increase in popularity. This future of work 
requires an office ecosystem; no longer will the office be the sole location for a company's operations. 
Companies will create a network of different locations and experiences, supporting convenience, 
functionality and wellbeing, while optimizing connection, innovation, collaboration and learning. [4]

Products aimed at supporting hybrid working styles will need to take into account the needs and wishes 
from the company and the employee. With this it is important to take into account factors like role, 
personality, company size and industry. A one-size-fits-all solution will most likely not be possible, choices 
have to be made in what target group to focus on. 
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PROBLEM DEFINITION  **
Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30 
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

ASSIGNMENT **
State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed 
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for 
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In 
case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.

Current research shows the biggest problems experienced with remote work are: 1) losing out on personal 
connections, 2) mental disadvantages, 3) no clear distinction between work & private live and 4) less 
innovation & creativity. [1, 2, 3, 6]

This information serves as input for the, mainly, future scenario: hybrid working. More research has to be 
done to test problem hypotesis 1 (Research Question: What problem is caused by hybrid working?):
Hybrid working reduces the quality of hybrid communication* between coworkers in the office ecosystem.
*Hybrid communication happens when part of the participants are remote and part in the office.
 
This will reduce employee satisfaction, retention and engagement [4] and negatively impact creativity and 
innovation, and learning and development. [3] These effects concern not only the employee, who is the 
end user of the product, but also the management, who is the paying customer.

If problem hypothesis 1 is true, problem hypothesis 2 will be tested:
Bad quality in hybrid communication is caused by a low social presence of remote participants. 

If problem hypothesis 2 is true, the solution hypothesis will be tested (see Assignment). If a hypothesis 
turns out false, the research results will be used to define a different answer to the research question.

For the solution the target group is corporates who frequently meet, have 100+ employees and plan on 
working hybrid in the future.

The research phase will be focussed on finding a problem and its cause in hybrid working (hypothesis: bad 
quality of hybrid communication, caused by low social presence), the design phase will be focussed on 
finding an effective solution through prototyping and testing. The purpose of the hypotheses defined in this 
brief is to give initial focus in the project phases, if another direction proves more promising it will be chosen.  

Solution hypothesis: A higher social presence* for remote participants in hybrid communication will 
increase the quality of communication. 
*Social presence is “the degree to which a person is perceived as ‘real’ in mediated communication”.[5]

If the solution hypothesis is untrue, other solutions will be explored through ideation and testing. 

The research will be focussed on the future of work, hybrid working and social connection.

The solution
- has to improve the quality of hybrid communication;
- can be a product or service;
- has to suit the future of work;
- will be focussed on in-office work;
- has to be functional in different company sizes;
- will be offered in a subscription model (to match company budget)

The goal is to end the project with a problem solution fit and MVP. 
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PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your 
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within 
the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term 
meeting, green light meeting and graduation ceremony. Illustrate your Gantt Chart by, for instance, explaining your approach, and 
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance 
because of holidays or parallel activities. 

start date - - end date- -18 1 2021 7 6 2021

In this project the Lean Startup will be used as the main methodology. This means all unvalidated 
knowledge is defined as a hypothesis, and is not perceived as true until experimentation proves it is. 
Some of the experiments are already defined and given place in the Gantt Chart, others will result from 
learnings and choices during the project. The experiment cards for the experiments planned under 
3. Prototyping & Testing are shown on the right. 

In order to get a first overview of what phases are needed in the project, and what results are needed 
along the way, a visual representation of the planning was made. This drawn-out visual overview can be 
seen in figure 2 on page 4.
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MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your 
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed. 
Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives 
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a 
specific tool and/or methodology, ... . Stick to no more than five ambitions.

FINAL COMMENTS
In case your project brief needs final comments, please add any information you think is relevant. 

During the final year of my Bachelor I started developing an interest in Startups and entrepreneurship. I 
find the journey of starting and growing a company very fascinating and exciting. I used my Masters to 
further develop my knowledge and experience in this area; I did an internship at a YesDelft! Startup and 
had a go at building my own company during the elective Build Your Startup. In my free time I started 
reading articles, buying books and watching videos on the topic of entrepreneurship. With the graduation 
project as final project in my Master education I want to grab the opportunity to build an innovative product 
with the potential of starting a new company. This means the product has to be feasible, desirable and 
viable. There should also be an identified market gap, together with proven purchase intent by the target 
group.

Since my focus has been on tech Startups, I have been looking for an opportunity for a technological 
solution to a new problem. With the COVID-19 pandemic stirring up every industry I saw my options 
decline, until I realized new unsolved problems were reaching the surface in many areas. When learning 
about Startups many workflows and methods caught my interest. Now, in the context we are currently 
living in, and the context we will be living in in the future, new and adapted workflows are required; the 
perfect opportunity for new products. 

My learning goals are:
-   User research: Learning how to develop a deep understanding of the user and its context.
-   Business potential: Developing a business model around the product, and assessing whether the 
business can be profitable.
-   Payment intent: Testing whether the target group would actually pay for the solution being developed.

Sources:
1)   Buffer & AngelList. (2020, februari). State of Remote Work 2020. Buffer. https://lp.buffer.com/state-of-
remote-work-2020
2)   Cushman & Wakefield. (2020, maart). The Future of Workplace.
3)   Cushman & Wakefield & Center for Real Estate and Urban Analysis. (2020a, oktober). Purpose of 
place; history and future of the office. Cushman & Wakefield.
4)   Cushman & Wakefield & Center for Real Estate and Urban Analysis. (2020b, december). Workplace 
ecosystems of the future. Cushman & Wakefield.
5)   Cobb, S. (2009). Social Presence and Online Learning: A Current View from a Research Perspective. 
Journal of Interactive Online Learning, 241–254. https://www.ncolr.org/jiol/issues/pdf/8.3.4.pdf
6)   Hodder, A. (2020). New Technology, Work and Employment in the era of COVID‐19: reflecting on 
legacies of research. New Technology, Work and Employment, 35(3), 262–275. https://doi.org/10.1111/
ntwe.1217

 

de HaasK.K. 4443454

Improving hybrid working in the office ecosystem of the future


