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Introduction
Repro-light aims to support the European lighting industry in moving towards a more sustainable and
competitive future. The project is harnessing innovative technologies and materials to design a modular
luminaire architecture with a smart production scheme as part of the circular economy and taking into
account the user during the whole design process.
This report constitutes the D6.2: Final Technology and Market Acceptance Report, the main outcome
of the task 6.3 and 6.4 within the work-package 6.
The main objective of this document is to describe the Technology Acceptance related activities that
has been done during the WP6 (field studies and focus groups) and collect the general results of the
Repro-light technology developments, from the impact and acceptance perspective.
As part of the Repro-light project, both the technological acceptance and usability of the developed
workplace lighting solution (Personal Table Light; PTL) should be evaluated. For this purpose, a threemonth field study was scheduled in the three European countries Spain (IREC, 12 participants),
Germany (TRILUX, 4 participants) and Austria (Bartenbach, 4 participants). However, due to technical
problems in the IT network (security issues) and COVID-19 impact, the study could only be carried out
to a limited extent. To adapt to this situation, the study plans were revised and generally made more
flexible. Due to the associated reduction in the amount of data, a detailed analysis of the effectiveness
of the devices had to be dispensed. In this regard, the field studies were carried out as purely piloted
acceptance and usability studies. At the end, a specific longitudinal, uncontrolled usability and
acceptance field study was carried out at different locations, between June 8, 2020 and August 3, 2020.
Usage data of the PTL and the workstation were automatically collected from all participants over the
entire period of use. In addition, in order to get the acceptance rates for luminaire solutions, the users
were asked about their acceptance and the usability of the device using an online questionnaire.
The online questionnaire is based on the Technology Acceptance Model for Luminaires (TAMLIGHT)
which has been defined early in the project (WP2). This is a specific web-survey has been shared with
end-users. Thus, a real user acceptance level of the Repro-light technology has been gathered from the
different use-cases that had taken place in different countries of Europe.

It has been shared a specific web-survey during Repro-Light fieldstudies, where real users from different countries of Europe have
been reached and asked.

After the field studies, different focus groups have been carried out with field study participants. The aim
of this specific focus groups was to measure the impact of the PTL in the work performance and wellbeing of the users and their acceptance towards the technology and get a better understanding of the
field study results.
The main activities carried out in this task are listed below:









Task 6.4.1: Tech Acceptance results review
Task 6.4.2: Research description
Task 6.4.3: Web-survey definition
Task 6.4.4: Focus group definition
Task 6.4.5: Focus group execution
Task 6.4.6: Tech Acceptance final results analysis
Task 6.4.7: Contribute to the writing of the deliverable 6.2
Task 6.4.8: Deliverable revision
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This report is structured in the following main sections:
1.
2.
3.
4.
5.

Introduction
Repro-light field studies
Technology Acceptance questionnaire
Technology Acceptance and focus groups
Summary

The information and conclusions collected enable to identify and define the key aspects of Repro-light
technologies from the usability and acceptance perspective. Definitely, Repro-light is confirming that a
human centered lighting design approach helps creating more sustainable, user-friendly and competitive
solutions, and increases performance and quality of life of end-users.
The main target group of the information and conclusions collected in this deliverable is the Repro-light
consortium, who are intended to put into the market different solutions (Continuous line luminaire and
Personal Table Light) based on a modular luminaire architecture with a smart production scheme as
part of the circular economy.

Contributions of partners
The following Table 1 describes the main contributions from participant partners in the development of
this deliverable.
Table 1 – Contribution of partners
Participant
short name

Contributions

MON

Task Leader. Responsible of the content of the deliverable. Main contributor of 3
(Technology Acceptance questionnaire), 4 (Technology acceptance and focus
groups) and Section 5 (Summary).

BART

Main contributor of Section 1 (Introduction), Section 3 (Technology Acceptance for
luminaire) and 4 (Technology acceptance and focus groups). Contributor with
different inputs to other sections of the deliverable. Reviewer of the deliverable.

Relation to other activities in the project
The following Table 2 depicts the main relationship of this deliverable to other activities (or deliverables)
developed within the Repro-light project and that should be considered along with this document for
further understanding of its contents.
Table 2 – Relation to other activities in the project
Deliverable
Number

Contributions

D2.1

Stakeholder & Technology Acceptance Report

D2.2

Requirements Specification

D2.3

User insights briefing report

D6.1

Product Evaluation Report
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Repro-light field studies
As part of the Repro-light project, both the technological acceptance and usability of the developed
workplace lighting solution (Personal Table Light; PTL) and its visual and non-visual effectiveness
should be evaluated. For this purpose, a three-month field study was scheduled in the three European
countries Spain (IREC, 12 participants), Germany (TRILUX, 4 participants) and Austria (Bartenbach, 4
participants). However, the participation of the German study participants had to be excluded due to
technical problems in the IT network of TRILUX before the final start of the study. As replacement, the
corresponding devices were brought back to Austria and installed at the premises of Bartenbach.
Although the devices were put into operation on time despite these problems, the study could only be
carried out to a limited extent due to the prevailing COVID-19 situation.
As a result of the prevailing short-time working, the number of study participants was greatly reduced
and the visual and non-visual effectiveness could not be evaluated anymore. To adapt to this situation,
the study plans were revised and generally made more flexible. Due to the associated reduction in the
amount of data, a detailed analysis of the effectiveness of the devices had to be dispensed. In this
regard, the field studies were carried out as purely piloted acceptance and usability studies. For the
remaining participants, however, the results achieved made a significant contribution to the
implementation of the associated focus groups.
The following is a detailed description of the work carried out in relation to the field studies and the
influence of the COVID-19 measures as well as the data collected, and the results obtained.

Preface
The deployment and commissioning of the devices of the field study at the three study locations took
place in two phases: a) an initial installation of the RDB version of the PTL at the workplaces with a
subsequent four-week beta test phase of the control software and b) a phase of rectification of potential
software and hardware problems.
The initial start-up at the three study locations was staggered based on the number of devices and took
place as planned up to and including calendar week 06/20. The beta test phase that followed could then
be started in Spain and Austria. In Germany, this was prevented by a security breach in the IT network,
which first led to a postponement of the planned test phase and finally to the termination of the study
participation in calendar week 08/20, as a repair of the associated damage to the IT network could not
be promised. For this reason, the devices put into operation in Germany were transported back to
Austria, where they could be included in the study as a replacement.
During the initial beta test phase of the devices at the remaining study locations in Spain and Austria,
three main software and hardware bugs occurred at the beginning that prevented a direct study start.
All three errors could be replicated and solved at Bartenbach by calendar week 09/20. Following errors
have been solved:


Network: The network configuration at the Spanish study location was incorrect and prevented
maintenance access to the devices from outside. This could be solved by checking and
correcting the incorrect settings in both the network router and the PTLs.



WiFi: The reception of some of the installed PTLs was too weak, which affected the quality of
the data collection. This was solved by means of a hardware extension with an external WiFi
router with a higher reception.



Desktop app: The app for controlling the PTLs did not work on some of the desktop computers,
although the program could be installed and executed. After testing, a faulty driver download for
the USB-to-TTL converter induced by Windows 10 was identified as a source of error. The
manual installation of the correct driver software ensured the functionality of the app on all
workstations.
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All errors were completely corrected in calendar week 11/20. However, the planned start of the study
was prevented by the emerging COVID-19 lockdowns in Spain and Austria happening in calendar week
12/20.

Impact of the COVID-19 crisis
The effects of the COVID-19 crisis on the field studies in the Repro-light project varied depending on
the degree to which the study locations were affected by the virus. In this regard, the new situation was
responded to depending on the location.
In Austria, the final study preparations could be started shortly after the lockdown was lifted in calendar
week 19/20, even if some employees were not back in the office due to short-time working. However,
not all test subjects were able to take part in the study as planned, as the occupancy of the selected
office space had to be changed due to the new distance regulations. The recruitment of suitable study
participants was delayed due to the obligation to provide information until after the end of short-time
working in calendar week 28/20. After the test subjects agreed to participate in the study, the PTLs were
reinstalled at the respective workplaces. Due to these processes, the admission and the start of the
study of the last study participants were delayed until calendar week 28/20. Furthermore, due to the
influence of the restrictions, the maximum number of participants in Austria was reduced to 5 people.
Since Barcelona, the second study location, was classified as a long-term high-risk area until the end of
the study, the effects of the crisis were significantly higher than in Austria. The general lockdown was
lifted one month later in calendar week 28/20, but the employees had not yet returned to their workplaces
at this point in time. Due to the strict requirements, a return to work was still very much to be avoided
and could only take place for a short time and in coordination with other employees. Thus, the
simultaneous presence of all study participants or the achievement of the minimum presence at the
workplace of 75% of the working time, which was originally specified as an inclusion criterion, was made
impossible by the COVID-19 regulations. Furthermore, an unconditional mask requirement at the
workplace had to be strictly adhered to at all times, which significantly restricted both the implemented
face detection algorithm and the automatic adjustment of the lighting to the current activity. The
influences of the virus-related requirements and restrictions led to the fact that of the originally planned
12 participants only three visited their workplaces during the field study, two of them only sporadically
on individual working days (see Table 3).
Both the strong reduction in the number of participants and the low presence times that occurred
especially in Spain made it impossible to implement the original study plan. The study plans and goals
were adapted accordingly to the new situation.

Changes to the study protocol
The original study was conceived as an acceptance and impact study and followed a corresponding
ABAB design in which all study participants would have had the same lighting conditions and luminaire
functionality for three weeks each. Due to the long-term postponements resulting from the COVID-19
crisis, it was not possible to carry out a 12-week study in the remaining period. In addition, the new study
period with the months of June and July fell directly into the subjects' priority vacation periods. In this
regard, the study design had to be realigned, taking these framework criteria into account.
In general, the study design was conceptualized in terms of a pure acceptance and usability study. The
impact study and the associated ABAB design could no longer be maintained in the context of the greatly
reduced number of test persons. In addition, the design was generally relaxed in order to guarantee a
maximum participation of the test users in the remaining period. The changes from the original study
design are as follows:


Study period: The participation periods were tailored to the individual test subjects. Both
personal availability and workplace presence (e.g. return from short-time work or vacation plans)
were taken into account and clarified in advance on a personal level with the participants. As a
result, the start and end of the individual studies were defined for all participants in a
personalized way. All data analyzes related only to these individual study periods.
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Study design: The original ABAB design was no longer possible, instead all participants had
access to all functionalities of the PTL during the entire study period and the devices could be
used freely and in their full functionality.



Inclusion criteria: The inclusion criteria were completely abolished because it was no longer
possible to specify the presence times. All participants were able to spend as much time in front
of the devices as they were allowed within the prevailing regulations.



Questionnaires: The questionnaires were extensively revised and tailored to the new study
objectives. In particular, the question blocks on usability and acceptance have been expanded.

Study description
The field study was carried out as a longitudinal, uncontrolled usability and acceptance study at the
premises of IREC (Barcelona, Spain) and Bartenbach (Aldrans, Austria) between June 8, 2020 and
August 3, 2020.

Study locations
At the study location in Barcelona, 12 PTLs were installed in two different open-plan offices in the
administration and research departments of the IREC building (see Figure 1). The administrative office
space with a south-east facing window front offered space for 60 workplaces, which were organized in
groups of four on the side facing away from the window. The individual workplaces near the window
were separated from the rest by a central aisle. Based on the workplace requirements, seven of the
offered workstations could be equipped with PTLs. The remaining five PTLs were installed in the office
of the research department, which had a total of 55 workplaces with a mixed organization. The office
was exposed to daylight through window openings on the northeast and southeast facade. All equipped
workplaces were on the side of the room facing away from the window and had a horizontal illuminance
of 370 to 650 lx (combined daylight and artificial light) at the table.

Figure 1: Administrative office (left) and the research department (right), IREC building, Barcelona

Two different Bartenbach offices were used to install the remaining six PTLs in Austria (see Figure 2).
Four installations took place within a south-facing, open-plan office of the planning department that was
primarily exposed to daylight. The office comprised a total of eight individual workplaces, each separated
by a central aisle in two rows of four workplaces. The PTLs were installed on the side of the room facing
away from the window. The remaining two PTLs were installed in a north-facing double office of the
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administration, also mainly exposed to daylight. Due to the organization of the room, it was not possible
to choose the side of the room facing away from the window for the installation. All equipped workplaces
were mainly lit by daylight and had a horizontal illuminance of 500 lx (open-plan office) to 1100 lx (double
office) at the table.

Figure 2: Administrative office (left) and the planning department (right), Bartenbach building, Aldrans

Study participation
A total of 8 people were included in the study (for a full breakdown of the test group characteristics
please refer to the section ). Of the five Austrian participants, three worked in the open-plan office. The
remaining 2 subjects occupied the double office. The number of Spanish participants, which had been
reduced to three subjects due to the COVID-19 restrictions, was fully located in the open-plan
administrative office. All study periods were individually designed for each participant and based on
external regulations. A complete representation of the COVID-19-related days-per-week availability of
the participants can be found in Table 3. There was no exclusion of subjects on the basis of low presence
at the workplace.
Table 3 – COVID-19-related days-per-week availability of the participants
Participant ID

Country Code

CW24

CW25

CW26

CW27

CW28

CW29

CW30

CW31

Participant 1

AT

4

5

5

5

5

5

5

5

Participant 2

AT

5

5

5

5

5

Participant 3

AT

5

5

5

5

5

Participant 4

AT

5

5

5

5

Participant 5

AT

5

5

5

5

Participant 6

ES

1

1

1

Participant 7

ES

1

1

1

Participant 8

ES

5

5

2

5

5
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Study framework
During the entire study period, the use of the PTLs was not subject to any specifications or restrictions.
The lighting settings could be freely adjusted and changed at any time. Manual interventions (e.g.
switching scenes or switching off the lights) were permitted at all times. The entire functionality of the
devices was freely available for the entire duration of the study. This included:


Automatic presence detection: Using an Intel RealSense depth camera, the presence at the
workplace was automatically detected in the near field. When presence was detected, the PTL
was activated in automatic mode. When the absence was detected, the PTL was switched off.
By using a camera-based depth sensor system, an incorrect activation of the PTL caused by
staying in the wider sensor area or by walking past the workplace was excluded.



Automatic adaptation to the current work task: On the basis of the camera sensors and by
means of neural networks, the current viewing directions were derived and classified with regard
to the work task monitor and table. Depending on the temporal characteristics of the current
activity and the current lighting settings, the lighting was then blended into a lighting setting
adapted to the activity.



Manual scene switching: Using the desktop app provided, users could manually switch scenes
at any time and thereby deactivate the automatic system. The options here included activating
the monitor or table task scene, activating a 15-minute light shower or switching off the light.
The manual setting was maintained until it was deactivated by the user or until an absence from
the workplace was detected.



Customization of the lighting settings: The predefined scene settings for the task-related lighting
could be adapted and saved by the user at any time. When saved, the settings were also
customized as part of the automatic adjustment to the current work task. The setting options
included changing the intensity, color temperature and light distribution separately for the rear
wall and table areas.

All participants were fully instructed on the functions and operation of the PTLs before the start of the
study. This also included the sensor technology (camera system) used and the associated data
processing and storage. All participants signed a confirmation of their consent to participate in the study.

Methods
Usage data of the PTL and the workstation were automatically collected from all participants over the
entire period of use. In addition, the users were asked about their acceptance and the usability of the
device using an online questionnaire. The following is a detailed breakdown of the methods used and
data collected.

Online questionnaire
An online questionnaire with 34 questions in 5 different categories was sent to all participants at the end
of the personalized study period, in which they were asked to assess their subjective experiences with
the PTL. In addition, all test subjects with a participation of 4 weeks or longer (Austrian participants)
were also presented with the questionnaire in the middle of their study period. The questionnaires were
presented to all participants in their respective mother tongue.
The questionnaire contained questions on the following categories (see Table 4):


Socio-demographical data: This part contained 9 questions to estimate relevant characteristics
of the test group. Questions about age, gender, use of visual aids and work and sleep times are
included.
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Subjective impact assessment: This part contained 6 questions to estimate the subjective
perception of the effectiveness of the lighting on lighting-relevant parameters (e.g. sleepiness,
performance and mood). All questions in this group were mapped on a 7-point Likert scale.



System usability: This part contained 6 questions to assess the system usability. In particular,
questions about the human-machine interface (desktop app) were in the foreground with
questions about the easy understanding of the interface and the underlying control logic, as well
as questions about the assessment of the problems that occurred during the study phase. All
questions in this group were mapped on a 7-point Likert scale.



System acceptance: This part contained 10 questions to estimate the acceptance rates for
different aspects of the control and system hardware. The focus here was on both the core
aspects of the lighting solution developed (rear wall, shadows, reflective glare) and initial
technological implementations (camera system and AI, lighting control using the Desktop app).
Furthermore, the aspects of privacy and product design were addressed within this part. All
questions in this group were mapped on a 7-point Likert scale.



Overall rating: This part contained 2 questions to estimate the general rating of the development.
Both the personal appraisal and the recommendation potential of the PTL were asked. Both
questions were mapped on a 10-point Likert scale. In addition, at the end of the questionnaire,
an open comment field was provided, in which the participants could freely share personal
opinions with the study directors without any restriction.

All questionnaires were created using LimeSurvey (Version 2.05+, Build 140703) and filled out by the
participants within one day after submission.

Table 4 – Questions included in the online questionnaire
Question
ID

Part

Question

Rating

Q1

A

Age

[years]

Q2

A

Gender

[male/female]

Q3

A

Hours worked per week

[hours]

Q4

A

I sit at this workplace since ...

[years]

Q5

A

Do you use a visual aid (glasses, lenses)?

[yes/no]

Q6

A

I usually start my work at ...

[time of day]

Q7

A

I usually end my work at ...

[time of day]

Q8

A

I usually get up during the working week at ...

[time of day]

Q9

A

I usually go to bed during the working week at ...

[time of day]

Q10

B

My workplace lighting has a positive impact on my work performance.

7-Point-Likert-Scale
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Q11

B

My workplace lighting has a positive impact on my well-being.

7-Point-Likert-Scale

Q12

B

My workplace lighting has a positive impact on my daytime sleepiness.

7-Point-Likert-Scale

Q13

B

My workplace lighting has a positive impact on my sleep quality.

7-Point-Likert-Scale

Q14

B

My workplace lighting has a positive impact on my visual performance.

7-Point-Likert-Scale

Q15

B

My workplace lighting has a positive impact on my mood.

7-Point-Likert-Scale

Q16

C

I can adapt the lighting to my personal preferences.

7-Point-Likert-Scale

Q17

C

I can easily change the settings for different zones or areas.

7-Point-Likert-Scale

Q18

C

The lighting is easy to use.

7-Point-Likert-Scale

Q19

C

I can change the lighting without any help.

7-Point-Likert-Scale

Q20

C

The control of the lighting is clear and understandable.

7-Point-Likert-Scale

Q21

C

Technical problems regularly occur when controlling the lighting.

7-Point-Likert-Scale

Q22

D

I feel watched by the camera and restricted in my privacy.

7-Point-Likert-Scale

Q23

D

I find the automatic switching on or off too slow.

7-Point-Likert-Scale

Q24

D

I find it easy to control the lighting using a desktop app.

7-Point-Likert-Scale

Q25

D

I would prefer a control via a switch over the desktop app.

7-Point-Likert-Scale

Q26

D

I would prefer a control via a smartphone app over the desktop app.

7-Point-Likert-Scale

Q27

D

I feel the obstructed view through the rear wall disturbing.

7-Point-Likert-Scale

Q28

D

A disturbing or unpleasant shadow cast (e.g. multiple shadows) occurs.

7-Point-Likert-Scale

Q29

D

I find the occurring reflexes (e.g. gloss on magazines) annoying.

7-Point-Likert-Scale

Q30

D

I trust the technology used.

7-Point-Likert-Scale

Q31

D

I find the design of the luminaire appealing.

7-Point-Likert-Scale

Q32

E

I would like to keep the lighting in my workplace.

10-Point-Likert-Scale

Q33

E

I would recommend the lighting to a friend or colleague.

10-Point-Likert-Scale

Usage and system data
During the entire duration of the study, the device usage was automatically logged by the implemented
control software. In addition to general system states, the logging also included user interaction behavior
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and was event-based and in real time. For this purpose, the events triggered by the system (e.g.
changes in the status of the sensors or automatic gaze detection, manual mode changes) were sent to
external servers at Bartenbach using the implemented IT technology and stored there in a relational
database system (MySQL: 5.5.5-10.3.18-MariaDB-0+deb10u1).
In addition to the system-relevant data, the interaction of the user with his workstation was also fully
logged (mouse and keyboard logging). The generated data was transferred from the desktop app to the
PTL via the serial interface and converted into internal events. The data collected was completely
preprocessed and anonymized within the PTL before it was transmitted to the external servers. In
general, automated logging comprised the following data areas (for a complete breakdown of all single
data sets collected, see

Table 5).


Sensor technology: The PTL contains extensive sensor technology implementations with regard
to various environmental parameters (e.g. brightness, air humidity, air pollution), which were
queried in high resolution and logged when changes occurred. In addition, both the estimates
extracted from the depth camera for the line of sight recognition and the simultaneously
recognized presence and absence at the workplace were continuously logged.



Manual interactions: The data of the manual interactions included interactions with the desktop
app to control the implemented functions (manual mode change, changing and saving scene
settings, switching the light on and off), which were transmitted and saved when they occurred.
In addition, all mouse movements and keystrokes were recorded by the app in the background
and anonymized by calculating statistical parameters before transmission. The mouse
interactions were processed on the basis of events (completed mouse movement or wheel
rotation) or counted over time ranges of one minute (e.g. mouse clicks). Keyboard interactions
were generally analyzed over time periods of one minute and transmitted as statistically
preprocessed data packets.



System data: On the basis of the implemented control software, changes in the states of the
PTL can occur due to various sources (e.g. manual interaction, presence detection, gaze-based
adjustment). In order to have a complete picture of the functionality of the devices, all internal
states of the PTL were logged when a change occurred. In addition to internal control signals
(e.g. mode or scenes status), this also included the complete dimming settings of the LEDs. In
addition, periodic signals were backed up to ensure data quality and all internal software error
messages that occurred, including traceback, were fully logged.

All data records were provided with a header, which contains the respective time stamps, when they
were generated within the PTL and when a backup was made in the database. In addition, the source
in relation to the device and the responsible internal software package was identified for all data records.
Overall, a data set of approx. 46 GB has been collected since the installation of the PTLs (data: 34 GB,
index: 12 GB).
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Table 5 – Usage and system data
Data set

Data area

Description

Data points

Total size

Air pollution

Sensors

TVOC measurements; measured each 20 sec in kOhm
by BME680; stored on change

15.342.116

3.132 MB

Air pressure

Sensors

Air pressure measurements; measured each 20 sec in
hPa by BME680; stored on change

8.454.357

1.569 MB

Brightness

Sensors

Vertical and horizontal brightness measurements;
measured each 20 sec in kOhm by BH1750; queried
each 20 sec; stored on change

16.142.279

3.314 MB

Gaze estimation

Sensors

Estimation of the gaze direction of the AI components in
the categories VERTICAL, HORIZONTAL, UNDEFINED
and NO_DETECT; always saved at max. available FPS

4.723.853

1.166 MB

Humidity

Sensors

Relative humidity measurements; measured each 20
sec in %RH by BME680; stored on change

10.756.132

2.113 MB

Temperature

Sensors

Air temperature measurements; measured each 20 sec
in °C by BME680; stored on change

2.617.493

499 MB

Keyboard strokes

Interaction

Statistics of keyboard interactions within one minute
time slots; contains the number of keystrokes (total,
delete, enter, shift, space) and of pauses between
keystrokes, pause lengths in ms, keystroke lengths in
ms and stroke-to-stroke lengths in ms; storage if
available for the last minute

33.507

9 MB

Mouse clicks

Interaction

Statistics of mouse interactions within one minute time
slots; contains the number of clicks and double clicks;
storage if available for the last minute

72.372

14 MB

Mouse gestures

Interaction

Statistics of mouse interactions on an event basis;
Contains the start and end time stamp of the gesture,
the associated native number of events, the distance
moved in px, the mouse speed in px/sec and the
deviation as the mean Euclidean distance in px

1.026.282

213 MB

Mouse wheel

Interaction

Statistics of mouse interactions within one minute time
slots; contains the wheel rotation distance and speed;
storage if available for the last minute

28.246

7 MB

Control signals

System

Event-based internal control signals (e.g. mode change,
switching on or off, storage of user preferences);
storage in various categories depending on the signal

106.160

20 MB

Lighting

System

Event-based settings of the luminaire in connection with
the current luminaire mode including all dim states of the
individual LEDs; storage when an adjustment occurs

9.032.865

13.494 MB

D6.2: Final Technology and Market Acceptance Report  16 of 68

REPRO-LIGHT

Other system data

System

Additional system data (e.g. periodic signal to ensure
data quality, internal error messages); storage depending
on the data set

75.450.148

23.196 MB

The data from the environmental sensors were primarily intended as a confounder for the effect studies.
However, since these could no longer be carried out due to the COVID-19 crisis, no further use of these
data sets (see Figure 3) took place. All relevant data still have to be preprocessed before further analysis
(e.g. exclusion of the influence of the luminaire on the sensor data). This is already being considered as
part of the further exploitation of the PTLs in the future.

Figure 3: Exemplary 2-day extract of the high-resolution data sets of the environmental sensors

Field study fact sheets
For a simplified qualitative evaluation of the extensively collected usage and system data, the collected
data set was automatically aggregated to specific parameters and simplified graphics in a fact sheet
personalized for each user. As the current key figures were calculated in real time and based on the
current system data, a web app was used to visualize the fact sheets. For security reasons, access to
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the app was restricted to the internal network. Python 3.6 was used for data processing. The front end
of the app was delivered using React.
Each fact sheet was created on the basis of the data available of the subjects’ respective study period.
For the calculation of the characteristic values and graphics, days with incorrect or missing data were
excluded if either the percentage of downtime is greater than 5% or the number of data losses, i.e. the
number of time intervals the device has been offline for at least two minutes, exceeds 5. Each fact sheet
includes server topic-related information panels featuring distinctive information on key features related
to this topic (see
Figure 4):


General information: This information panel contains information on the respective device
(device identification number and location) as well as on the respective study period, which is
presented as color-coded calendar, allowing to clearly identify days that were excluded from the
underlying data set.



Monitor and Paper task settings: For both task-related scenes, an information panel was created
that provides information on user-related preference settings. The number of saved changes to
the lighting settings during the study period was specified for each task. The indication of the
duration as a percentage value of the study duration shows the maximum length of time a setting
was retained and allows conclusions to be drawn about the frequency of changes. In addition,
the setting that was retained for the longest time is displayed with regard to its color temperature
and average intensity separately for the rear wall and the table on the basis of characteristic
values. The selected distribution was visualized on the basis of a histogram with opacity coding,
showing the dim levels of the single LED control groups.



Lighting mode usage: This information panel contains various characteristic values and
graphics for higher-level use and manual interaction with the PTL based on scene switching via
the desktop app. This includes information on the average daily usage time of the automatic
mode, the average number of daily on-off cycles and the percentage of days during the study
period in which only the automatic mode was activated. The user interaction behavior is based
on the characteristic values for the average daily number of interactions (includes all scene
switches, switching the PTL on or off and also changes to the scene definitions), the average
daily number of manual mode changes and the average daily number of switch-off processes.
To further characterize the user behavior, two ring charts were provided which on the one hand
provide the percentage distribution of the scene usage times and on the other hand model the
scene deactivation behavior by providing information on the percentage of manual deactivations
of the manual modes. Two characteristic values in the center of the ring charts also show the
percentage of use of the automatic mode and the percentage of manual reactivations of the
automatic mode after activation of a manual mode.
In addition, the average daily distribution of scene usage was shown graphically using a line
diagram. For this purpose, the percentages of the automatic mode, monitor task and paper task
scenes were calculated within 15-minute bins and plotted in the diagram.



Light shower usage: Since the scene of the light shower has a special status within the lighting
concept and has its own, time-limited implementation compared to the other manual scenes,
this information panel shows the specific, related data. The characteristic values provide
information about how often a user was informed of the use of the light shower by the desktop
app (once after a 2.5-hour continuous work phase on the computer), how often it was triggered
in general, how many minutes the light shower was activated in total and how often it was
activated in the morning and afternoon. In addition, a ring diagram including a characteristic
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value for displaying the notification rebound was provided, which shows information on how
often a user has activated the light shower after being notified by the system. Finally, a
histogram shows the temporal distribution of the activations in 3-hour bins.


Gaze detection: This information panel displays information on the output of the AI components
for estimating the gaze direction, as it was used within the system for the automatic adjustment
of the lighting situation to the current work task. As general information, the average tracking
time per day (average daily presence at the workplace at which a face recognition was
successfully carried out) and the percentage of successful gaze assessments in these time
periods are given. In addition, the results of the AI components for each task were given in the
context of a total task duration and an average continuous task length. The results were also
visualized as a function of time on the basis of a line diagram. For this purpose, the percentage
of the output depending on the time of day was calculated in 15-minute bins and plotted in the
diagram. Particularly in comparison with the time diagram in the lighting mode usage information
panel, it is possible to draw conclusions about the work activity and associated scene usage.



Occupancy profile: Since the PTL was used to automatically detect presence at the workplace,
a complete presence profile could be created for each user, which was used to put the other
displays into perspective. A weekday-dependent histogram with opacity coding was chosen as
diagram. The opacity is defined by the percentage of presence within a 15-minute bin.



Usage profile: Finally, to make it easier to compare the test persons, the individual was located
within the entire group of test persons. For this purpose, five basic parameters were determined,
which were transformed to minimum-maximum ranges at group level. The individual was then
located on the basis of the percentage of the individual value within the respective group range.
The five criteria used for this were provided by the percentage use of the automatic mode, the
average daily number of interactions, the notification rebound of the light shower, the average
daily on-off cycles and the average task length of the monitor and paper tasks. For each of the
five criteria, the group values were represented as a histogram with opacity coding and the
calculated characteristic value was given. In addition, the characteristic values were visualized
on the basis of a network diagram.
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Figure 4: Exemplary representation of the personalized field study fact sheet

Results
Because of the influence of the COVID-19 crisis, the database was reduced too much with regard to the
implementation of an impact study and the time resources of a longer study period were no longer
sufficient, no impact-related data analyzes were carried out on the basis of the extensive system logging.
Instead, some parts of the available system data were processed as part of a personal fact sheet and
made available as input for the focus groups. As part of the usability and acceptance studies piloted in
the field, however, the surveys can still be used to assess various aspects of the developed PTL.

Test group characteristics
The test group consisted of 8 people (5 female, 3 male) from 2 European countries (5 Austria, 3 Spain).
All test group characteristics were derived from the online questionnaires (see Table 6). Due to the small
number of participants, the characteristics are not broken down by gender.

Table 6 – Test group characteristics
Characteristic

Age

Min

23

Max

47

Use of visual aid
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Hours worked per week

8

40

30,5

13,4

Workplace occupancy

0,35

13,5

3,73

4,12

Work start time

07:30

09:00

08:07

00:33

Work end time

14:30

18:00

17:06

01:07

Wake up time

06:00

07:15

06:43

00:24

Got to bed time

21:30

23:30

22:51

00:38

Online questionnaire
All questionnaires were collected and analyzed after the end of the study. Results of test persons who
were questioned twice due to a longer study phase were averaged before the group analysis. Questions
that were formulated negatively (Q21-23, Q25-29) were inverted on their respective scale before the
analysis in order to enable a question group-related analysis. Due to the small sample size, a locationor gender-dependent analysis was dispensed and a simplified representation (min - mean - max) was
chosen. The statistical results of the survey can also be found in Table 7.

Table 7 – Statistical results of the online questionnaire
Quest.

Part

Min

Max

Mean

SD

Quest.

Part

Min

Max

Mean

SD

Q10

B

3

7

5.19

1.27

Q22

D

1.5

6

3.56

1.59

Q11

B

3

7

5.31

1.37

Q23

D

2

7

4.44

2.11

Q12

B

2.5

6

4.44

0.95

Q24

D

2

7

5.25

1.87

Q13

B

1

6

4.06

1.38

Q25

D

3

7

5.13

1.39

Q14

B

2

7

5.00

1.85

Q26

D

3

7

5.06

1.63

Q15

B

1

7

4.38

1.78

Q27

D

1

3

1.94

0.77

Q16

C

3

7

5.31

1.48

Q28

D

1.5

6.5

4.19

1.84

Q17

C

4

7

5.50

1.20

Q29

D

1

6.5

2.88

1.82

Q18

C

3

7

5.25

1.54

Q30

D

3.5

7

5.25

1.12
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Q19

C

4

7

5.63

1.02

Q31

D

1

6

3.63

1.71

Q20

C

3

7

5.13

1.47

Q32

E

1.5

10

5.44

3.09

Q21

C

1.5

6

3.63

1.43

Q33

E

1.5

10

5.69

2.69

Part B: Subjective impact assessment
When assessing the effectiveness of the PTL on lighting-relevant parameters, the test group turned out
to be ambiguous with a slight tendency towards more positive assessment of directly evaluable criteria.
The parameters of questions 10 (SD 1.27), 11 (SD 1.36) and 14 (SD 1.85), which can be experienced
immediately, were rated higher in principle. Regarding sleep-related questions 12 (SD 0.94) and 13 (SD
1.37), the test group proved to be undecided. With a mean value close to the scale mean value, a large
spread and high standard deviation of 1.78, the assessment of the influence of the lighting on the mood
of the group seems to be very personal and different.

Figure 5: Results of the questions 10 to 15, Part B: Subjective impact assessment

Part C: System usability
With regard to the system usability survey, the reaction of the test group was quite positive. The
questions about the adaptability of the scenes to personal preferences 16 (SD 1.47) and 17 (SD 1.20),
the simplicity of the control interface 18 (SD 1.54) and 19 (SD 1.02) and the comprehensibility of the
control logic 20 (SD 1.47) were thus raised on average above the scale average and rated potentially
positive. Only question 21 (SD 1.43) with regard to the occurrence of technical problems did an
undecided assessment and, based on the high spread, turns out to be highly person-dependent.
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Figure 6: Results of the questions 16 to 21, Part C: System usability

Part D: System acceptance
With regard to the questionnaire on system acceptance, the answers turn out to be highly dependent
on the parameters questioned. For example, the respondents' perception in question 22 regarding the
influence of the implemented camera system on the private sphere shows a slightly negative tendency
(SD 1.6) while they are inconclusive with regard to the speed of the automatic presence detection in
question 23 (SD 2.1). Contrarily, the acceptance of the desktop app, which was developed and applied
for the first time as a replacement for conventional control interfaces, seems to be quite high. The app
was rated positively in question 24 (SD 1.9) and is also preferred over conventional switches (question
25, SD 1.4) and controls via smartphone (question 26, SD 1.6).

Figure 7: Results of the questions 22 to 26, Part D: System acceptance

The predominantly negative aspects of the PTL are the disturbing influence of the rear wall (question
27, SD 0.8) and the occurrence of reflex glare (question 29, SD 1.8), which was later significantly
improved through the use of the developed Lens Light Tiles. The test group was inconclusive with regard
to the expected occurrence of disturbing shadows (e.g. multiple shadows) in question 28 (SD 1.8). The
general design of the luminaire was also assessed inconclusive in question 31 (SD 1.7), which suggests
a high influence of personal perception. On the other hand, the general trust in the technology used is
clearly expressed positively in question 30 (SD 1.1).
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Figure 8: Results of the questions 27 to 31, Part D: System acceptance

Part E: Overall rating
With regard to the overall assessment of the PTLs, the test group proved to be undecided, since both
questions have a wide spread and both mean values are close to the scale mean of 5.5. With regard to
further personal use, however, this seems to be more person-dependent (SD 3.09) than with a
recommendation (SD 2.69).

Figure 9: Results of the questions 32 to 33, Part E: Overall rating

Summary
As a summary of the survey results and a more general consideration of the individual question blocks
of the questionnaire, the results were also aggregated at block level. For this purpose, the minimum,
maximum and average values that occurred in the individual questions were added up and divided by
the sum of the points achievable in the respective question block. As a result, the ratings achieved can
be compared with the maximum achievable values as a percentage value. Finally, the same procedure
was applied at the highest possible level for the entire questionnaire. Like the individual graphics, the
results were also shown on min-mean-max graphics.
As a result, there are generally positive assessments in the individual sub-areas, with a clearly positive
assessment of the usability of the PTLs (Part C). The subjective assessment of the effectiveness of the
lighting (Part B) also shows potentially positive ratings. The test group appeared to be inconclusive in
terms of both the overall assessment (Part E) and the general system acceptance (Part D). In general,
it can be said that the luminaires developed were well received by the test group.
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Figure 10: Summarized results of the online questionnaire

User behavior and preferences
The automatically generated fact sheets were used to analyze usage behavior and user preferences. In
this regard, the output parameters were qualitatively analyzed and compared between the individuals.
Additionally, the results were provided as input for the implementation of the focus groups.
Scene settings and user preferences
For the scene of both the monitor work and the paper work, predefined scene settings were made within
the framework of the software implementation (see Predefined in Table 8). These predefined settings
could be freely adapted to personal preferences several times during the entire study period. The
settings selected by the participants can be found in Table 8. In this regard, only one of the participants
has not made any personal settings. The high percentage shares, not shown in the table, for which the
settings were retained during the study period are particularly striking. All test subjects show a value of
more than 85% of the respective study duration. This suggests that after an initial learning phase, the
test persons were able to adapt the lighting to their personal preferences.

Table 8 – Predefined and longest retained task-related scene settings
Part.

Monitor Task

Paper Task

Mean INT
Wall

CCT Wall

Mean INT
Desk

CCT Desk

Mean INT
Wall

CCT Wall

Mean INT
Desk

CCT Desk

Predefined

2.170 lx

5.300 K

975 lx

5.100 K

1.015 lx

4.000 K

2.230 lx

4.000 K

Part. 01

1.010 lx

5.300 K

635 lx

5.300K

520 lx

5.300 K

2.490 lx

5.300 K

Part. 02

-

-

-

-

-

-

-

-

Part. 03

2.150 lx

5.300K

890 lx

5.100K

865 lx

4.000K

2.040 lx

4.000 K

Part. 04

1.725 lx

4.970K

1.770 lx

4.510K

1.895 lx

4.000K

2.040 lx

4.000 K
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Part. 05

4.615 lx

5.300K

3.955 lx

5.300K

865 lx

4.000K

2.040 lx

4.000 K

Part. 06

460 lx

5.300K

680 lx

5.100K

0 lx

4.000K

0 lx

4.000 K

Part. 07

2.150 lx

5.300K

890 lx

5.100K

865 lx

4.000K

1.530 lx

4.100 K

Part. 08

255 lx

3.260K

205 lx

3.520K

290 lx

2.770K

305 lx

4.000 K

5700

5700

5200

5200

4700

4700

CCT [K]

CCT [K]

When looking at the settings made by the users, it can be seen that in both scenes the lighting intensity
was primarily adjusted for both the rear wall and the table. The color temperature was adjusted in some
cases, but for the most part only to a minor extent (with the exception of 2 participants). In contrast, the
intensity adjustments were made equally in both directions (see Figure 11). It is also noticeable that one
of the participants completely deactivated the light for the paper scene. With regard to the settings of
the light distribution, which are not shown, it can be noted that, regardless of the work task, all
participants preferred a uniform or lateral distribution.

4200
3700
3200
2700

4200
3700
3200
2700

2200

2200
0

1.500

3.000

4.500

6.000

0

Mean intensity [lx]

4700

CCT [K]

CCT [K]

5200
4200
3700
3200
2700
2200
1.500

3.000

4.500

3.000

4.500

6.000

Mean intensity [lx]

5700

0

1.500

6200
5700
5200
4700
4200
3700
3200
2700
2200

6.000

Mean intensity [lx]

0

1.500

3.000

4.500

Mean intensity [lx]

Figure 11: Scatter plot of the longest retained preference-based
wall (top) and desk (bottom) settings for the monitor task (left) and paper task (right)
including the respective predefined scene setting (dashed line)
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User interactions and mode usage
In general, the system control was designed for one hundred percent use of the automatic mode by
offering an automatic adjustment of the lighting settings based on the respective work task. In addition,
however, the users had the option of manually switching a static scene (monitor or paper work) at any
time, which then remained active until manual deactivation or when leaving the workplace. When looking
at the values listed in Table 9, it becomes apparent that the majority of users preferred a direct use of
this control logic.

Table 9 – Percentage of scenes used and average number of daily interactions and switch cycles
Participant

Automatic mode

Monitor scene

Paper scene

Mean daily
interactions

Mean daily
switch cycles

Participant 01

99.00%

0.50%

0.50%

0.16

7.12

Participant 02

100.00%

0.00%

0.00%

0.13

11.35

Participant 03

95.00%

4.95%

0.05%

1.42

13.06

Participant 04

63.93%

36.07%

0.00%

8.22

26.67

Participant 05

32.30%

46.43%

21.27%

16.67

20.61

Participant 06

100.00%

0.00%

0.00%

0.10

12.70

Participant 07

100.00%

0.00%

0.00%

0.00

13.45

Participant 08

100.00%

0.00%

0.00%

0.00

13.92

Two of the participants, on the other hand, used the PTL primarily on the basis of manual scene
switching (see Figure 12). As expected, with increased use of manual scenes, the daily user
interventions in the control also increase. It is noticeable, however, that the daily switch cycles are also
increasing, which suggests that these participants remain at the workplace more inconsistently.
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0,00%

0
1

2

3

4
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8

1
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Figure 12: Stacked bar chart of the scenes used (left) and
bar plot of the average daily user interactions and switch cycles (right)
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A closer look at the average daily use of these two study participants (see Figure 13) also shows that
the use of the PTL proves to be extremely dependent on the work situation. While the usage data of
one participant (top), based on the high proportion of the monitor scene, suggests a work activity
generally primarily related to the screen, the activity of the second participant (bottom) proves to be
extremely changeable and situation-related.

Figure 13: Exemplary representation of the average time-of-day-dependent percentage of scene usage by two
participants in the field study (Top: participant 4, Bottom: participant 5)

Light shower usage
In addition to the possibility of a general scene switching, all study participants were able to activate a
light shower at any time, which was active for 15 minutes at maximum color temperature and intensity
and deactivated automatically. In addition, a reminder system for the use of the feature was
implemented, which provided the user with an notification regarding the use of the light shower via the
graphic interface of the desktop app after a 1.5-hour continuous activity phase on the workstation. The
1.5-hour time window used for this was reset after the user was inactive for 3 minutes.
When looking at the data listed in
Table 10, it can be seen that all but one of the test subjects did not use the light shower at all and that
the feature was largely ignored. One reason for this could be the low number of notifications. For
example, only 2 of the participants were ever triggered to use the feature, and for these 2 participants
the number is still below a reasonable threshold for their respective study period.
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Table 10 – Usage characteristics of the light shower scene
Participant

Number of
notifications

Number of scene
calls

Notification rebound

Total scene usage

Participant 01

4

2

0%

0,00 min

Participant 02

0

0

0%

0,00 min

Participant 03

0

1

0%

0,00 min

Participant 04

0

2

0%

0,10 min

Participant 05

0

11

0%

338,10 min

Participant 06

1

0

0%

0,00 min

Participant 07

0

0

0%

0,00 min

Participant 08

0

0

0%

0,00 min

Workload estimation
The use of the mouse and keyboard data was originally intended as the primary outcome measure of
the effect studies. Since these were not carried out, the further processing of the data took place only
partially. Nevertheless, there is currently a promising approach to use the data in the context of future
evaluations to estimate the current workload and to reduce the variance within the data. This approach
is based on a clustering, with the help of which the data can be classified intrasubjectively within the
time series (see Figure 14).

Figure 14: Representation of the results of the clustering
of one participant within a 1 month time frame
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In order to achieve the clustering of the workload shown above, the time series of the 17 mouse and
keyboard tracking features were used. Since all of the collected features typically show power-law
distributions, each feature is normalized before calculating 7 statistical properties (count, sum, mean,
median, variance, kurtosis, skew) in a rolling window of 15 minutes. This results in a total of 17 * 7 =
119 features, where each 119 dimensional datapoint additionally carries the timestamp of the beginning
of its time window. After some filtering, the data is then normalized using a quantile transformation before
applying a PCA to retrieve the most dominant principal components. Finally, 5 clusters are calculated
by means of a k-means clustering and the data points are drawn into a timeline colored by its cluster
index. As a result, each cluster represent times of similar keyboard and mouse input patterns, indicating
similar working tasks (i.e. typing, reading, drawing, ...), which could be used for further data analytics.

Discussion
On the basis of the data collected within the field study, it can be said that the PTL was generally very
well received by the participants. With the exception of the assessment of the back wall, average to
positive feedback was received throughout. In addition, many of the negative feedback, especially with
regard to the restrictive effects of the back wall, were put into perspective in the open comment field.
For example, negative effects with regard to the current work situation or the immediate environment of
the private workplace were often highlighted, but in the context of other application areas they were
definitely worked out as neutral or positive.
When comparing the questionnaire results and the usage data, it can be assumed that the variety of
adjustable lighting situations is accepted, desired and also used. In particular, the adjustability of the
scenes was positively worked out in the open comments and requests for extended functions in this
area were also addressed. Based on the adjustments that the users made to the predefined scenes, it
can be assumed that the default settings were entirely suitable and received positively. In general,
brightness settings appear to be more important in the context of personalization than adjustments to
the color temperature.
However, regarding the control logic implemented within the field study, there were also negative
aspects. In particular, participants 4 and 5, whose workplaces were also heavily frequented, rated the
implementation of switching on and off as too fast and inconsistent. The need for updating the manually
chosen light settings after the light was automatically switched on was also strongly criticized by these
test persons. Users who spend a long time at their workplace did not see these points of criticism. From
this it can be deduced that personalization of the lighting control should not only be limited to scene
settings but should also be possible on the level of control logic. This was already considered at the
beginning of the software development, but not implemented for reasons of the study design of the
originally planned impact studies.
With the development of the desktop app as a control interface, however, a significant step towards
user-friendliness based on ICT integration could be taken. The interface was accepted across the board
and the app was even preferred to conventional control interfaces by all participants. The possibilities
that result from this are enormous, as they can not only provide a simple representation of a complex
system, but also use familiar structures and interaction options known to users. We are already working
on a further improvement in this area.
Finally, it should be noted that the reminder system of the light shower implemented in the field study
was nowhere near as effective as originally intended. This is likely due to the logic of triggering a
notification. As a result, the field study did not have any reliable data on the use of the functionality and
the feature could therefore not be assessed. In order to be able to make a useful statement in this
regard, a large-scale revision of the reminder system is necessary.
In general, it must be noted that the field study based on the existing COVID-19 situation could only be
carried out as a pilot study. Diverse and in-depth analyzes of the usage and system data were not
possible. Nevertheless, potential connections for further analyzes were identified, which should be
investigated in the future.

D6.2: Final Technology and Market Acceptance Report  30 of 68

REPRO-LIGHT

Technology Acceptance questionnaire
In order to get the acceptance rates for luminaire solutions, a new specific Technology Acceptance
Model (TAM) was created within the WP2 activities, considering the main constructs and perception
features of the luminaire systems. There are many references in the literature that are focused on the
luminaire acceptance analysis, and this project aims to set a milestone within this specific research field.
The new TAM was defined based on a deep analysis of existing Acceptance Models. Based on that, it
has been created a specific questionnaire for the Repro-light project, where more than 1000 people
filled out the questionnaire from different countries of Europe.
This chapter is a review of the new acceptance model TAMLIGHT, results obtained in the WP2 and the
description and results of the new research demonstrator that have been carried out within this WP6.
As a conclusion, a comparative analysis of both studied has been done.

Specific Technology Acceptance questionnaire: TAMLIGHT
In order to evaluate user adoption in relation to lighting systems, a definition of questions concerning
technological acceptance has been made. To this end, TAM model constructs (Figure 15) have been
taken as a basis, which are: Perceived usefulness, perceived ease of use, attitude towards use,
behavioral intention to use and actual use.

Figure 15: TAM model

The TAM (Davis, 1989) can be considered as one of the most accepted framework by the scientific
community to analyse the adoption of technological innovations by users. This framework enables to
gather information from users' beliefs while facing a new technology. Thus, it has been taken as the
basis for the luminaire control system adoption analysis.
In the case of lighting systems, it is necessary to know the user's perception about the luminaire control
systems, since it will determine their acceptance or rejection of this technology, deciding the use or not
of the system in the future.
Following the TAM model approach is has been created a new framework for luminaire technologies:
the TAMLIGHT. This new framework argues that the adoption and individual use of lighting systems is
determined by the perceived utility and perceived ease of use towards the system and is focused on
predicting the system's usage behaviour (
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Figure 16). Thus, the behaviour would affect the use of the lighting system, that is, the adoption.
For the definition of the new acceptance model for luminaire, the external variables that affect to the
perceived utility and ease of use have been included. That is because the personal characteristics and
context of use of each individual have influence on how users perceive the interaction with the system.
Thus, the defined external variables are the following: (i) gender, (ii) age group, (iii) country, (iv) work
environment, (v) journey timing and (vi) workplace light features.

Figure 16: TAMLIGHT model

The analysis of the technology acceptance has been carried out through a specific questionnaire,
referring to the TAMLIGHT constructs: (i) Lighting system perceived usefulness, (ii) Lighting systems
perceived ease of use, (iii) Attitude toward using a lighting system, (iv) Behavioural intention to use a
lighting system and (v) Actual lighting system use.
The TAMLIGHT model constructs have been used as a basis for gathering information about the
acceptance of lighting systems. 13 questions have been defined for each of the constructs, which will
help to collect the perception of the participants regarding the current systems they have in their
workplaces (Table 11).
Initially, the specific questionnaire was designed for four different targets; customers, installers, planners
and end users, but finally, the specific target that has been designed focusing on end-users. The topics
covered are (i) the impact of luminaire on performance, (ii) the light impact on well-being, (iii) the
importance of personalization and (iv) the control systems simplicity during use.
Before answering the questions related to acceptance, participants have had to answer a number of
questions that constitute the external variables. In this way, it has been possible to obtain more detailed
and accurate information.
Table 11 – TAMLIGHT questionnaire
CONSTRUCT

Perceived usefulness

QUESTION

ANSWER

You can easily change the
light settings in different
zones/areas

7 points Likert scale, from
totally disagree to totally
agree
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Controlling your workplace
lighting
is
clear
and
understandable
You can change
your
workplace lighting without
help.

7 points Likert scale, from
totally disagree to totally
agree

7 points Likert scale, from
totally disagree to totally
agree

Perceived ease of use
You
regularly encounter
problems when controlling
workplace
lighting
(e.g.
complicated operation)

How important is artificial
workplace lighting for your
performance?

Attitude toward using

Behavioural intention to use

Actual system use

If you could change the light
at your workplace, what do
you think would be the best
way to do it?

7 points Likert scale, from
totally disagree to totally
agree
□
□
□
□

very important
moderately important
less important
not important

□ switch/dimmer
□ electronic device (tablet,
smartphone, computer,
touchscreen)
□ speech command
□ gesture command

If you could have a
workplace lighting system
that adapts to your personal
needs, would you want it?

7 points Likert scale, from
totally disagree to totally
agree

Do you believe that workplace
lighting can influence your
mood?

7 points Likert scale, from
totally disagree to totally
agree

Your workplace lighting has a
positive impact on your work
performance.

7 points Likert scale, from
totally disagree to totally
agree

Your workplace lighting has a
positive impact on your wellbeing.

7 points Likert scale, from
totally disagree to totally
agree

You
can
adjust
your
workplace lighting to your
personal preferences

7 points Likert scale, from
totally disagree to totally
agree

Your
current
workplace
lighting should be improved

7 points Likert scale, from
totally disagree to totally
agree
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The questionnaire has been launched in Limesurvey, a specific web platform for questionnaires creation.
For this specific research work, the questionnaire has been conducted in different languages: English,
German and Spanish.

Review of previous TAMLIGHT results
In total, 1276 people responded to the survey and took part in the research, 75,2% of which were from
users that are working in an office environment and 11,5% from industry workplaces. The majority of
participants are from Germany (39.26%), in the second place, Italy (27.19%), third place, Spain
(21.15%) and finally Austria (11.36%) and other countries which are not determined (1.08%). Not
determined countries have been excluded from the analysis, as they are a marginal percentage and
collected data is not significant.
Regarding participants gender,the majority of the participants who responded to the survey were men.
The percentage of men who participated in Germany and Austria was higher than in the other countries,
at 72.65% and 64.82% respectively. The data collected in Italy and Spain were more equitable, with
55.33% of Italians and 56.29% of Spanish males responding to the questionnaire.
The data collection period was about two months, starting in 14/03/2018 and finishing in 18/05/2018.
All the data that has been collected from the specific acceptance model and questionnaire lead to
conclude and identify how the user acceptance, perception and relation between user and luminaire
solutions is. Based on a sample over 1000 people the main conclusion that should be highlighted is that
people in Europe is expecting better, personalizable and adaptable lighting solutions in their workplace
for the future. In overall, the questionnaire shows that there is no big difference between male and
female regarding the technology acceptance results for nowadays solutions. Moreover, most of the
countries that have been involved in the research work maintain the same acceptance pattern, although
Italy is an exception in some aspects.
The results state that most of the end-users cannot change the light settings in different zones/areas of
their current workplaces, where switches and dimmers are the most popular control systems. In this
regard, the acceptance level towards the electronic devices is the highest, being Germany over the rest
of the countries in terms of acceptance and use willingness. The same happens with the adaptability of
the current light settings, which is low. In most of the countries the adaptability is not good enough and
the control system that is best rated are the electronic devices.
Looking for the future solutions and based on the results that have been obtained from the questionnaire,
end-users want new solutions that adapt to their needs. Furthermore, there is a similar bias towards
office and industry in all the analyzed countries (<70%). Even more, the reject ratio (1-2) is less than
10% in all cases. Thus, it can be concluded that users are requesting new and more adaptable lighting
systems for its offices and industrial workplaces.
The proposed TAMLIGHT model works for all age, gender, countries, luminaire systems and controls.
Results clearly show that end-users that have a negative rates for “perceived ease of use” and
“perceived usefulness” related questions, have an impact in the “attitude” and “intention to use” the
current technology. Due to this, could be said that end-users are asking for new luminaire solutions and
controls.
Furthermore, most of the end-user refer to the electronic devices as the most suitable controls. The
ones that nowadays are using this sort of controls, have clearly stated that the perceived ease of use
and usefulness are above the rest of the solutions. The “attitude” and “intention to use” towards
electronic devices is positive as well, not requiring new luminaire solutions. After all, there are evidences
to conclude that there is a correlation between constructs, and that the new TAMLIGHT could be used
as a basis for future research works.
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Results
The results section is divided into two parts. First, the results obtained in the questionnaire after the use
of the PTL are collected. On the other hand, a comparative analysis is made of the results obtained in
the WP2 questionnaire and those obtained after the use of the PTL.

Results obtained after PTL use
Participants consider that lighting influences their performance, well-being and even their mood. The
values obtained for these variables are around 6 out of 7. On the other hand, regarding its influence on
their sleep, they evaluate it with an average score of 5.3 out of 7, being lower values.

Figure 17: Questionnaire results from Q10 to Q15

In terms of system control and usability, the results show that there have been technical problems during
the use of the PTL. In turn, the values in terms of understanding and ease of learning are around 5
points out of 7, showing that users consider the system quite clear, easy to understand and easy to use.
In addition, the results show that the adaptability of the system to personal preferences is high, being
evaluated with a 6.3 out of 7 rating. Users also indicate that it is easy to change the lighting settings by
zones, with a rating of 6 out of 7.

Figure 18: Questionnaire results from Q16 to Q21
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In terms of system acceptance, the results show that the participants involved in the study prefer the
application over classic control elements and control via a Smartphone. They also rated the need for
privacy measures and restrictions with a 4 out of 7 rating. The back wall is evaluated with 2 out of 7
points, indicating that the back wall disturbs users. In addition, the participants note that there are
reflections and shadows in an unusual way during the use of the PTL. Even so, it is observed that
confidence regarding the technology used is very high, with a rating of 6.3 points out of 7.

Figure 19: Questionnaire results from Q22 to Q26

Figure 20: Questionnaire results from Q27 to Q31

Conclusions
If the results obtained in the WP6 and WP2 questionnaire are compared, the following observations are
made.
As for the perception that lighting influences the individual performance of workers, before the use of
the prototype, the participants evaluated with an average score of 4.9 out of 7 that lighting influences
their job performance. After testing the prototype, they evaluated it with an average score of 5.2 out of
7, which improved their perception of this construct.
At the same time, the people who participated in the experimentation and the focus group, estimated
the impact that light had on their well-being with an average score of 5.3 out of 7. If these results are
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compared with the results obtained regarding the perception that light could have on people's well-being,
the average mark of the participants in the WP2 questionnaire was 4, 9 out of 7. Thus, it is also confirmed
that the perception of the light's influence on well-being also improves after the use of the prototype at
the workplace.
Regarding the functionalities of light, in WP2 questionnaire it was asked if users could adjust the light at
their workplace to their personal preferences. The evaluations collected obtained an average of 3.9
points out of 7 with respect to 5.3 points out of 7 on average after the use of the PTL. Therefore, it is
concluded that the perception about the adjustment of light to personal needs has improved with the
use of the prototype.
In addition, it was asked if users could change the settings of the luminaire depending on the zone or
area in a simple way. An average score of 3.77 was obtained for this question in WP2. In comparison,
after the use of the prototype, the average score has increased to 5.5 out of 7, observing a considerable
improvement regarding the light settings according to the area with the new system.
On the other hand, the participants of the experiment, evaluate with a 5.2 of average note the ease of
use of the system, indicating that its use is pleasant. In comparison, the participants in the first
questionnaire indicated with 4.2 points their satisfaction with the light of their workplaces.
In terms of control of use, the results are quite similar between them. Even so, it should be taken into
account that the people participating in the survey evaluated the lighting systems in their workplaces
and not the PTL. Concerning the question whether they could change the light at their workplaces
without assistance, the average results after the first questionnaire were an average of 5 compared to
the average score of 5.6 obtained after the experiment. Regarding the question related to the clarity and
understandability of the system, the first results were 5.1 compared to the 5.3 average obtained after
the use of the PTL.
Apart from that, the participants of WP2 questionnaire said that they usually do not find problems to
change light settings in their current jobs, evaluating this question with an average of 2.4. In comparison,
the results obtained after the use of the PTL, indicate that the participants in the experimentation have
had more difficulties to control the system, obtaining an average score of 3.6 for this question. However,
most of the users who participated in the first survey did not have the option to change the light settings,
being switch systems the ones they had in their offices.
Additionally, the results gathered in the first questionnaire and after the use of the PTL, indicate that the
results regarding the influence of light on mood, are favourable.
Finally, the participants were asked if they thought it would be appropriate to improve the lighting in their
workplaces. In the WP2, users answered this question with a 4.3 points out of 7. After using the PTL,
they indicated with an average score of 5.4 that they preferred the PTL to the current system at their
workstations and with an average score of 5.2 that they trusted the new system. Thus, it can be
concluded that the participants prefer the new design to the current system of their jobs.
The following table summarizes these findings (Table 12):

Table 12 – Comparison of TAMLIGHT results

The perception that lighting influences
the individual performance of workers

Current light

PTL

4.9

5.2
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The impact that light had on their wellbeing

4.9

5.3

They usually find problems to change
light settings in their current jobs

2.4

3.6

Users could adjust the light at their
workplace to their personal preferences

3.9

5.3

Users could change the settings of the
luminaire depending on the zone or
area

3.7

5.5

Ease of use of the system

4.2

5.2

Users could change the light at their
workplaces without assistance

5

5.6

D6.2: Final Technology and Market Acceptance Report  38 of 68

REPRO-LIGHT

Focus group in Spain
The aim of this specific focus group is to assess the impact of the PTL on the work performance and
well-being of the users and their acceptance towards the technology, as well as discussing about future
scenarios related to lighting systems. Mondragon University team has previous experience designing
co-creation sessions and focus groups.

Facilities
The workshop was carried out on the 7th of September at 10:30 AM. Due to the health crisis of COVID19 the session was carried out through online platforms. On the one hand, a video-communication app
was used, Google Meet. On the other hand, a collaborative whiteboard platform, called Miro. To access
these online platforms, each of the participants had to have a computer, a web cam and Internet access.
The participants carried out the dynamics remotely from their homes. The facilitators met in a meeting
room at the University of Mondragon where they were able to guide the whole session. The objective of
this infrastructure is to support a 3-hour meeting with satisfied participants.
Moderators job during every workshop is very important to gather the required opinions, engage and
motivate participants and supervise what is presented. Therefore, there may be more than one. In this
session, there were three moderators that helped participants during the workshop. The facilitators who
conducted the session are experts in user-centered techniques and members of Repro-light project.
Their role in the session was to be responsible for the process, not the content.

Material – resources
It is important to have all the necessary material ready before running a workshop. It is necessary to
prepare both the material for the facilitators and all the things that participants will need




Material needed to present the objectives, explain the activities and carry out those activities;
schemes, templates, graphics....
Computer material (laptop, video camera, sound recorder...)
Other materials (confidentiality agreement, image agreement, links...)

Participants
The Spanish workshop was carried out with a group of four end-users. Regarding the gender, they
integrate a mixed group of people (3 females and 1 male). All of them work in an office environment and
have been users of the PTL for approximately one month.

Methodology
After you have presented the objective of the workshop and know who will participate, it is important to
start developing an outline of how to achieve the goal of the workshop. A well-detailed plan will ensure
that the workshop will run to schedule and be successful:





Main points: A creation of a list of main points to discuss, and the break down each larger point
into details that are important to communicate to the audience.
Visual aids: list of visual aids there will be used for each point. This helps people to determine
where they need to focus their efforts.
Discussions and activities: It is important to list exactly which group discussions and activities
will take place at what time in the workshop and how much time each exercise will take.

The workshop was divided into three main phases: Introduction, Central phase and Closing. Visual aids
and templates were created to work in each point.
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In the Introduction phase, the facilitators welcomed the participants with a short presentation of the
Repro-light project and the aim, activities, schedule and structure of the workshop were explained to the
audience.
The central phase of the session, considered the key phase of the workshop, was subdivided in three
main phases; Acceptance, Impact and Exploitation (Figure 21).

Repro-light Focus group 1
Phases

Acceptance

Impact

Exploitation

Ice-breaking

Activities

Feedback Hats

Start, stop,
continue

Impact Map

Expected results

Collect feedback from users to
evaluate system usability and system
acceptance.

100 minutes

Gather feedback from users to assess
the impact of the system on wellbeing, work performance, mood and
sleep quality.

45 minutes

Discuss about the potential future
scenario and define aspects that you
would like to mantain, remove or
add in the PTL.

45 minutes

Figure 21: Workshop Process

As mentioned before, visual aids are very important to support different activities and focus participant’s
efforts. In this regard, in order to help the understanding of the procedure and whole session activities,
specific cards that contained each activity instructions were created (Figure 22). Nevertheless, they
could not be used due to the health crisis. At first, templates were prepared in a paper version for each
of the activities, which then had to be changed to their digital version on the Miro platform.
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Figure 22: Workshop Cards for Repro-light Project

During the closing stage, the facilitators asked the participants: "If you had to give an award to the PTL,
what would it be?”. As throughout the session, it is important to create a good atmosphere for discussion
among participants.

Activities
The core elements of the focus group are the techniques used in the central phase, so they are explained
deeper below:
True or false
True or false activity was the first technique proposed for the session, and participants had 10 minutes
to develop this activity. The objective of this tool has been to break the ice and to familiarize oneself with
the Miro platform.
The participants had to write 3 statements (2 true and 1 false) about them in their Miro template. The
rest of the team should identify which one is not true.
a) Paper version (Figure 23)
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Figure 23: Paper version of the True or False activity

b) Digital version (Figure 24)

Figure 24: Digital version of the True or False Activity
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Feedback Hats
The aim of this exercise was to receive the feedback from users with different perspectives, to assess
their acceptance in terms of perceived usefulness, perceived ease of use, attitude towards using,
behavioural intention of use and actual system use. Some weeks before the focus group, participants
filled out a questionnaire measuring the same constructs. Therefore, the facilitators were knowledgeable
about the results of the questionnaires to find out the reasons for those results. There were 90 minutes
to develop this activity.
The mentioned constructs were measured by the following items:
System Usability – Control





The control of the lighting is clear and understandable.
I can easily change the settings for different zones or areas.
I can change the lighting without any help.
Technical problems regularly occur when controlling the lighting.

System Acceptance – Quality of light
 I can adapt the lighting (intensity, color temperature, light distribution) to my personal
preferences.
 I find the automatic adaptation of the system to my visual tasks (monitor task and paper task)
positive.
 I perceive the possibility of a light shower as positive.
 I find the occurring reflexes (e.g. gloss on magazines) annoying.
System Acceptance – Design
 I find the design of the luminaire appealing.
 I feel the obstructed view through the rear wall disturbing.
System Acceptance – Satisfaction
 I would prefer the PTL to my previous workplace lighting.
 I would recommend the lighting to a friend or colleague.
Also, in this activity, a paper version and a digital version were prepared.
a) Paper version (Figure 25)
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Figure 25: Paper version of Feedback hats

b) Digital version (Figure 26)

Figure 26: Digital version of Feedback hats

Impact Map
The aim of the “Impact Map" is to illustrate to the users the impact of the PTL on their well-being and
performance. Each participant had to fill out the template in 10 minutes, then the group discussed results
per category (work performance, well-being, daytime sleepiness, sleep quality and mood) in 30 minutes.
Finally, the moderator summarized (5 minutes).
a) Paper version (Figure 27)
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Figure 27: Paper version of Impact map

b) Digital version (Figure 28)

Figure 28: Digital version of Impact map
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Start, stop, continue
The aim of this exercise is to discuss about the potential future scenario and define aspects that you
would like to maintain, remove or add in the PTL. Participants had to fill out the template individually.
Then, the group discussed the results and summarized the conclusions obtained.
a) Paper version (Figure 29)

Figure 29: Paper version of Start, Stop, Continue

b) Digital version (Figure 30)

Figure 30: Digital version of Start, Stop, Continue
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Closing
To finish the session, the moderator asked the participants:
If the product receives an award, what would this award stand for?
At the end of the session, facilitators maintained a dialogue with participants, discussing the obtained
results, reflections and ideas. Sharing feelings and concerns is very important, it is as important as
performing the activities. If the room atmosphere is relaxed, participants often talk and exchange
opinions with each other, making connections, presenting analogies etc., so it is important to create this
atmosphere.

Results
After the whole session, all the insights were collected and analysed. First, the ideas collected were
compared to avoid repeating similar concepts. After that, results extracted from the different activities
were analysed. The main results provided by the end-users in each activity are listed below:

Feedback hats
System Usability – Control of the PTL system:
 The control is easy and simple to use. You get familiar with it and find parameters that really
suit your needs. The user guide is enough to use the interface. The control of the light is acquired
once you understand the possibilities of the light itself.
Errors found:
 Technical problems - the software could not be installed properly, which took some time.
 Problems after update.
Suggestions for improvements:
 The automatic setting based on the external illumination and face expressions is missed.
 Users don't know if the settings they choose by preference are really the ones that best suit
their needs.
 The product turns off in the moment the user gets up. It would be better to wait a short time at
least.
 Users had a hard time choosing the colour of light - not knowing how to use good lighting.
 The functionality of the light shower is annoying in open spaces to other colleagues.
System Usability – Quality of light of the PTL system:
 It was good that you could choose and adapt the light in different parts of the desk.
Errors found:
 Customizing the lighting can be a bit laborious.
Suggestions for improvements:
 The difference of light on your table and in the working environment. In addition, users get up a
lot and because you turn it off, you notice a lot of difference between environments - the contrast
of light between the table and the space itself.
System Acceptance – Design of the PTL system:
 The white background helps to focus and concentrate on your work.
Errors found:
 Both, the screen and the rear wall are too big for the job site we are in and for how close we are
to the screen.
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Both, the screen and the rear wall size restricts the field of vision in the working area where we
are. ** different opinions about the screen size - another user says he saves time because of
the screen size and likes the features it offers.
The rear wall is annoying because you don't have eye contact with anyone and it's a little
claustrophobic. But it's not a problem for me either. ** another user also says he is comfortable
referring to the rear wall size and the screen, although he sees the option of adapting the size
in case someone needs it. The big size helps to relax the view.
The rear wall does take away the field of vision, you feel enclosed, but it also helps to
concentrate.

Suggestions for improvements:
 Screen sizes adapted to various needs and workplaces.
 The use of other material for the back could be valued, so that you don't feel closed in, but it
also serves to better concert you.
System Acceptance – Satisfaction with the PTL system:
 They prefer the PTL technology comparing to the one they had before in their workplace. The
improvement is substantial.
 They prefer the PTL, referring to both the lighting settings and the hardware (screen) in general.
Errors found:
 Discomfort by screen size.
Suggestions for improvements:
 To better adapt the product to the workspace.

Impact Map
The PTL has positively impacted on the work performance, well-being and vision. However, users have
not seen neither positive nor negative impact on daytime sleepiness, sleep quality, or mood.
Subjective Impact Assessment – Impact of the PTL on wellbeing, work performance, mood and sleep
quality
On the work performance
The PTL impacts positively on the work performance in these ways:




They have more concentration. It helps not to be so distracted.
Possibility to open several programs at the same time because of the screen size.
At first it is difficult because of the size of the product, it takes up so much space in the
workspace.

They have not had much time to use the PTL, so they do not know how this aspect changes over time.
On the well-being
The PTL impacts positively in the well-being of 3 from 4 participants in the focus group, as they work
more relaxed. One user has not noticed any repercussions in this regard.
On the vision
The PTL impacts positively on the vision of 3 from 4 participants in these ways:



The view is more relaxed due to the screen size.
You are more comfortable due to the lighting in your workplace.

One user has not noticed any repercussions in this regard.
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Start, Stop, Continue - Aspects of the PTL system users would like to maintain,
add or remove
Aspects they would like to MAINTAIN in the PTL
 Screen size
 Functions of the light
 The application for editing light
 Lighting system
Aspects they would like to ADD to the PTL:
 Graduate the light according to the features of the face. The system would detect if the user is
sleepy or not and would apply the correct light to improve the state. Would it be interesting if the
software asked the person's situation and graduated automatically? Better that it detects it
automatically.
 Add a timeout before the lights go out.
 Bigger worktable. The infrastructure takes up a lot of space. Even more so for those who work
with paper.
 Greater adaptability to each workspace and person.
 To be able to personalize the back screen.
Aspects they would like to REMOVE from the PTL
 Remove the back screen to gain more space on the table.
 The light shower. (Maybe it's not enough but you should add some intelligence to make it more
useful). It is dispensable.
 Very reduced space. Sensation of being very enclosed.

Closing question
To the question asked about the award, participants answered:



Productivity Assistance Award
Award for the improvement of the quality of work

Conclusions
The ideas collected during the workshop are relevant and valuable, collecting insights from end users
of the PTL. It can be observed that the Repro-light project is following a development line in relation to
the results that have been collected.
Users attach importance to the workspace. Based on their needs, it is clear that they need a large
worktable and that the PTL takes up much space. In addition, the rear screen takes up too much of their
vision, thus losing eye contact with their colleagues. Despite the decrease in workspace, users are
satisfied with the product, as it improves their performance and comfort when working.
The lighting system has resulted satisfactory for the users, and the interface used to control these lights.
However, it has been possible to appreciate, that they entered only once to change and adapt the lights
to their preferences.
When asked about the award they would give to the product, participants have answered productivity
and performance awards, so this is what end users have valued most, the fact that it makes it easier
for them to perform on the job.
To sum up, Repro-light aspires to successfully initiate a transformation in the European LED lighting
industry, so the insights and ideas collected from the end-user workshop will be implemented in the
solutions that will be the “Luminaire of the Future”.
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Focus group in Austria
In September 2020 two different focus groups, one with the participants of the field study and one with
lighting experts from the company Bartenbach, where held in Austria. The purpose of the first focus
group was to evaluate the customer’s acceptance and satisfaction with the Personal Table Light (PTL).
Therefore, several different aspects of the luminaire attributing to the user’s acceptance towards the
technology and the impact of the luminaire on wellbeing and performance where assessed. The purpose
of the second focus group was to evaluate negative and positive aspects of the PTL from an expert’s
view as well as possible application scenarios for a special optic which got developed in Repro-light, the
so called “Lens Light Tile” (LLT).

Methodology
The procedure for preparing, carrying out and evaluating the focus groups at Bartenbach contained the
following steps:

Phase 1: Preparation
1. Setting the aim for the focus groups
2. Choosing the sample
3. Choosing the moderators
4. Producing the structure & questions for the discussion
5. Pretesting
6. Recruiting the participants & Schedule of Date
7. Choosing and Preparing the Facility

Phase 2: Implementation
8. Conducting the discussion

Phase 3: Evaluation
9.

Data Evaluation

Setting the aim for the focus groups
In a first step, the goals for both focus groups were defined. The aim of the first focus group was to
assess the impact of the PTL (RDB-variant) on the work performance and wellbeing, the acceptance
towards the technology and discussing about the features of the PTL in a specific future scenario. The
aim of the second focus group was to discuss the advantages and disadvantages of the PTL and to
evaluate the possible applications of the LLT component from the perspective of experts.
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Choosing the sample
Since the aim of the first focus groups was to assess the impact of the PTL as well as the acceptance,
the sample for this focus group consisted of the study participants from the field study that was
conducted in Austria. These people had experience in using the luminaire as well as a subjective opinion
on how the luminaire influenced their performance and wellbeing. Hence, the sample consisted of five
people (three female and two male). The age of these people ranged between 23 and 47 years and they
came all from different departments (marketing, lighting design, acquisition) of the company, which
means they used the PTL in the field study in different office spaces.
The scope of the second focus group was to gain the attitude and opinion of lighting experts towards
negative and positive expects of the PTL as well as possible application scenarios of the LLT
component. The sample for this focus group consisted of six people, two from the lighting design
department, two members of the management board as well as two co-workers from the research &
development department. These people knew the PTL from demonstrations but had no experience in
using it. The age of the participants ranged between 33 and 62 years.

Choosing the moderators
The moderator has to steer the discussion in order to get the necessary answers and opinions about
the product. In addition, he must be able to motivate and involve all participants. For the focus groups
at Bartenbach two moderators helped the participants during the workshop. Both are members of the
Repro-light project and have experience in moderating discussions.

Producing the structure & questions for the discussion
For the structure of the first focus group we used the results of the field study as an input. It was the
idea to discuss the results of selected questions from the online survey and the data from the fact sheets
in more detail. In particular, the focus group method should help to qualitatively find out reasons for the
results of the field study and gain detailed insights in the opinions of the users towards the acceptance,
impact of the PTL on performance and wellbeing and its exploitation. For this purpose, the following
structure for the focus group session was created (Figure 31):

Figure 31: Structure for focus group 1 session
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As shown in the illustration above, the workshop was divided into three main phases that were the matter
of interest: Acceptance, Impact and Exploitation of the PTL. Under each phase, a specific activity
(creative method) was implemented and fulfilled by the participants. The three activities carried out were:
Feedback Hats, Impact Map and Start, Stop, Continue.
Feedback Hats:
The feedback hats were the first technique proposed to be carried out by the participants. The idea of
this activity is to collect feedback from the users to evaluate the system usability and the system
acceptance. The system usability and acceptance were further divided into four categories: the system
usability regarding the control, the system acceptance in terms of light quality, the system acceptance
considering the design of the PTL System, and the overall satisfaction with the PTL system. Therefore,
four templates were created that asked two to four questions about these topics. The related questions
for each category were taken from the online questionnaire from the field study and two additional
questions for the category “light quality” were developed based on the results of the fact sheets. The
templates looked like this, that the participants could say whether a certain question / statement in their
opinion applies or does not apply and what kind of improvements they would recommend. For each
category, the following questions/statements were asked:
System Usability - Control:
 The control of the lighting is clear and understandable.
 I can easily change the settings for different zones or areas.
 I can change the lighting without any help.
 Technical problems regularly occur when controlling the lighting.
System Acceptance - Quality of Light:
 I can adapt the lighting (intensity, colour temperature, light distribution) to my personal
preferences.
 I find the automatic adaptation of the system to my visual tasks (monitor task and paper task)
positive.
 I perceive the possibility of a light shower as positive.
 I find the occurring reflexes (e.g. gloss on magazines) annoying.
System Acceptance - Design:
 I find the design of the luminaire appealing.
 I feel the obstructed view through the back wall disturbing.
System Acceptance - Satisfaction:
 I would prefer the PTL to my previous workplace lighting.
 I would recommend the lighting to a friend or colleague.

D6.2: Final Technology and Market Acceptance Report  52 of 68

REPRO-LIGHT

Figure 32: Example of a template for the activity "Feedback Hats"

Impact Map:
The activity of phase two is called “impact map”. The aim of this second activity is to investigate whether
the PTL system had an impact on the wellbeing, work performance, mood, and sleep quality of the users
compared to their previous lighting system. The template for this activity (Figure 33) contained each
factor and asked whether the participants had the feeling that the PTL impacted these factors positively
or negatively and in what way. Furthermore, it was asked whether the participants had the feeling that
the impact changed over time and in what way.

Figure 33: Template for the activity "Impact Map"
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Start, Stop, Continue:
In the final phase “exploitation” the third and last activity called “start, stop, continue” should be carried
out. This activity focuses on potential future scenarios and participants were asked to define aspects
that they would like to maintain, remove or add to the PTL for this specific scenario.

Figure 34: Template for the activity "Start, Stop, Continue"

The structure for the second focus group focused on acceptance and exploitation (Figure 35), since its
purpose was to discuss the advantages and disadvantages of the PTL and to evaluate the possible
applications of the LLT component from the perspective of experts:

Figure 35: Structure for Focus Group 2 session
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The acceptance phase referred to the evaluation of the PTL, whereas the exploitation phase focused
on the Lens Light Tile (LLT) optics. As for focus group one also in the structure for focus group two
under each phase a specific activity was implemented and fulfilled by the participants. The two activities
carried out were: Start, Stop, Continue and the NOW and WOW method.
Start, Stop, Continue:
This activity was similar as the “Start, Stop, Continue” activity for focus group 1. The only difference was
that no specific scenario was described. The experts received a demonstration of the PTL in the
beginning and then freely evaluated the aspects that they would like to maintain, remove and add.
Now and Wow method:
The Now and Wow method was used to find out current and future applications of the LLT component
based on its current attributes (=NOW attributes) and potential future attributes (=WOW attributes).

Figure 36: Template for "Now and Wow Method"

Pretesting
In a pre-test, the developed questionnaires and templates were presented to selected test persons. The
goal of this pre-test was to revise questions and answer categories that might be misleading.
Furthermore, the clarity of the template design was also evaluated. The pre-test also allowed to estimate
how much time the individual questionnaires will take and whether they are reasonable.

Recruiting the participants & Schedule of Date
The recruitment of the participants was carried out in a multi-stage procedure. For focus group 1, the
participants of the field study were first informed briefly about the planned focus group in a telephone
call and their interest in participating was queried. These preliminary talks offered the opportunity to
explain the significance of the focus group in the overall project, to briefly outline the idea of the focus
group and to address individual questions and reservations.
Subsequently, an invitation was sent to the interested persons by e-mail, they were again informed
about the goal, the process and the time frame of the focus group and 3 date proposals were offered.
The interest in the project and in the focus group was very high, so that 5 out of 6 requested persons
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participated in focus group 1. One cancellation was due to scheduling reasons. Focus group 1 took
place on the 2nd of September 2020.
For focus group 2, representatives from different departments were selected and these persons were
contacted by telephone to briefly describe the intention of the focus group. If the persons were
interested, the information and invitation letter was sent, which contained a link to an online scheduling
tool to decide for a possible date. The interest in the focus group was very high, so that an
interdisciplinary group with 6 persons consisting of lighting designers, co-workers from the research &
development department and members of the management board was formed. The date of focus group
2 was the 3rd of September 2020.

Choosing and Preparing the Facility
It is important to select an adequate and comfortable space, to think about the logistics and practical
details to carry out a workshop. The objective of this infrastructure is to support a 4-hour meeting with
satisfied participants. Both focus groups took place in a large space prepared for co-creation activities,
the auditorium of Bartenbach academy. The auditorium of Bartenbach academy offered a quiet and
comfortable environment for concentrated discussions. The selected space is characterized by a high
level of daylight due to skylights arranged over the audience. At the same time projectors can be used
for presentations.

Figure 37: Room layout for the session with Focus Group 1 (real: left picture, illustration: right picture)
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Material
Before running the workshop, it was necessary to have all the
material ready, to prepare both the material for the moderator and
all the things the participants will need, for example the templates
for each activity (Figure x).
Material needed to present the objectives, explain the activities
and carry out those activities; schemes, templates, graphics....


Stationery material (stickers, markers, post-it, blackboard,
flipchart ...)



Computer material (laptop, sound recorder, projector…)



Other materials (confidentiality
agreement, water, snacks…)

agreement,

image

Conducting the discussion

Figure 38: Table with prepared
templates

Focus Group 1
The workshop carried out for focus group 1 at Bartenbach was divided into four main phases:
Introduction, Ice Breaking activity, Central phase and Closing. Visual aids and templates were created
to work in each point.
Introduction
At the opening of the focus group, the moderators explained the Repro-light project to the participants
by means of a short Power Point presentation and explained the goal, activities, schedule and structure
of the workshop. An agenda was handed out to the participants.

Figure 39: Agenda for Focus Group 1

D6.2: Final Technology and Market Acceptance Report  57 of 68

REPRO-LIGHT

Ice-breaking activity
An icebreaking activity opened the focus group workshop. With a quick 10-minute activity, the so-called
true and false activity, the moderator intended to energize participants and to tackle the meeting with
enthusiasm. To start this activity, the moderator simply asked each person to brainstorm three "facts"
about themselves - two of the facts should be true, and one should be a lie. Co-workers could take turns
guessing which is the lie. This short game could help the team learn facts about one another, so they
could begin forming deeper bonds.
Central Phase
The central phase of the session, considered the key phase of the workshop, was subdivided in three
sub-phases (acceptance, impact, exploitation) containing three activities: feedback hats, impact map
and the start, stop, continue activity.
Feedback hat activity
Feedback hats activity was the first technique proposed for the session, and participants had 90 minutes
to develop this activity. The objective of this method is to get the feedback from the users of the PTL
about the system usability and the system acceptance. This task is divided in 4 sub-tasks. The
participants received 4 templates were asked to give feedback concerning





the system usability regarding the control
the system acceptance in terms of light quality
the system acceptance considering the design of the PTL System
the general/overall acceptance of the PTL System

Participants were asked to answer 2-4 questions in each category. The participants were given a
template, filled it in with keywords and then the results were discussed in the group, accompanied by
the moderator, collected and written down by the assistant on a large template at the flipchart.
Impact map
After a break, the workshop continued with the impact map activity. The aim of this second activity is to
investigate whether the PTL system had an impact on the work performance and well-being of the users
compared to their previous lighting system. The steps to fulfil the activity are the following: the
participants fill in the template individually; afterwards, they share the results with group, the moderator
steers the discussion and asks for additional information. This session lasted 45 minutes.
Start, stop, continue
The third activity focuses on potential future scenarios and participants were asked to define aspects
that they would like to maintain, remove or add in the PTL. The participants collected aspects in these
three categories in 10 minutes. Then the individual ideas were discussed in a 30-minute time slot within
the group. In this part the individual ideas were summarized and written to a large template pinned to
the flipchart and ranked by the whole group.
Closing
At the end of the session, moderators conducted a dialogue with participants, discussing the obtained
results and ideas. The participants made a final summary statement about the PTL system to close the
session.
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Focus Group 2
The workshop carried out for focus group 2 at Bartenbach was divided into 2 blocks:


The analysis of the advantages and disadvantages of the PTL system



The discussion about application possibilities of the LLT optic

This workshop was scheduled for 2 hours, one hour for each block. At the beginning of each block there
was an introduction to the topic. The moderator provided an explanation about the PTL system while
demonstrating it in the laboratory. This input as an introduction to the discussion was very important and
was well prepared. On the one hand it stimulated the discussion, on the other hand it informed the
participants about the most important aspects of the topic.

Figure 40: Agenda for Focus Group 2

After the demonstration, the templates for the first exercise were distributed. Visual aids and templates
were created to work in the exercise called “start, stop, continue”. Participants evaluated the aspects
that they would like to maintain, remove and add in the PTL. Each participant filled in template
individually within 5 minutes. Afterwards the results were discussed in group and transferred to a large
template at the flipchart. The improvement suggestions for the PTL were finally ranked.
The second block consisted of a discussion about current and future application possibilities of the LLT
optic that is integrated into the PTL system. An introduction was given to stimulate the discussion. It
consisted of a short power point presentation about the LLT optics and its unique properties.
Moreover, a sample luminaire was installed in the conference room to get an impression of the
appearance of the luminaire. After the introduction, the participants had the task to fill out the provided
templates of the “Now and Wow method” individually. After completing the activity, each participant
presented the results to the others and discussed them in the plenum. The moderator maintained a
dialogue with participants, while the assistant noted the obtained results on the flipchart. At the end of

D6.2: Final Technology and Market Acceptance Report  59 of 68

REPRO-LIGHT

the workshop session, a final question was asked. Each participant gave a final statement and the
workshops was closed.

Data Evaluation
Our approach in preparing the focus groups was to develop an interview guide. When developing the
focus group interview guide, we considered the results of the online survey of the field studies. Moreover,
we already had the opportunity to analyze the user behavior which was documented in the field study
fact sheets (overview of the collected usage and system data). The interview guide followed the
categories formulated for the field studies and additional questions exploring the reason for the trends
in the user behavior were defined.
Our instruments for primary data collection in the focus groups were sound recordings, protocols,
completed questionnaires and templates. The analysis is largely based on secondary data, on the
transcript of the discussion we prepared, i.e. a transcript of the entire discussion or of the most important
parts. The constant re-examination of the interpretation on the primary material plays an important role.
In several work steps, an attempt was made to paraphrase the material at hand, to shorten it
systematically and to reduce it to essential meanings. The answers were summarized and classified
according to the predefined categories.

Results
The aim of the focus groups was to evaluate the overall functionality of the PTL system, to get feedback
on user satisfaction with the system and to assess how the system affects well-being, performance and
sleep quality on a subjective level.
In the first focus group we asked the participants of the field study, who had a lot of experience with the
system, for their opinion. The participants of the second focus group had no user experience but
received a detailed introduction to functions and the usability of the PTL system.
This included the sensor technology (e.g. the camera system) and the desktop app to control the
implemented functions (manual mode change, changing and saving scene settings, switching the light
on and off). During the entire field study period, the lighting settings could be freely adjusted and
changed at any time by the user. Manual interventions (e.g. switching scenes or switching off the lights)
were always permitted. The entire functionality of the devices was freely available for the entire duration
of the study. This included:
Automatic presence detection:
The presence at the workplace was automatically detected in the near field. When presence was
detected, the PTL was activated in automatic mode. When the absence was detected, the PTL was
switched off.
Automatic adaptation to the current work task:
Based on the camera sensors, the current viewing directions were derived and classified regarding the
work task monitor and table. Depending on the temporal characteristics of the current activity and the
current lighting settings, the lighting was then blended into a lighting setting adapted to the activity.
Manual scene switching via desktop app:
Using the desktop app provided, users could manually switch scenes at any time and thereby deactivate
the automatic system. The options here included activating the monitor or table task scene, activating a
15-minute light shower, or switching off the light. The manual setting was maintained until it was
deactivated by the user or until an absence from the workplace was detected. The app interface
consisted of 4 symbol marked buttons. The three buttons are the three pre-set light settings (automatic
mode, light shower, on/off), one button is for individual adjustment of the lighting situation.
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Customization of the lighting settings via desktop app:
The predefined scene settings for the task-related lighting could be adapted and saved by the user at
any time. When saved, the settings were also customized as part of the automatic adjustment to the
current work task. The setting options included changing the intensity, colour temperature and light
distribution separately for the back wall and table areas.

Focus group 1
System Usability – Control of the PTL system
The main results provided by the participants of the focus group regarding the system usability of the
PTL control are listed below:



















All users agree that the interface of the desktop app is clear and understandable.
All users are of the opinion that the usability (access to the app) turned out to be complicated in
everyday work: the app's interface is hidden by application programs.
The users suggest to
o facilitate the access to app, e.g. implement the app on task bar of the monitor
o provide an additional external control unit, also useful when computer is not turned on
The manual adjustment of light scenes via desktop app is clear and understandable according
to all users. Despite this fact some test persons do not or only rarely use the manual adjustment
of the lighting situation (the manual scene switching). Additionally, the manual scene switching
did not work for some test persons at times. Support was requested and the problem was
solved.
The function of adjusting the light distribution was available and easy to handle but was rarely
used. The users considered the adjustability of intensity and colour temperature to be more
important.
Saving the personalized light scene via app worked well, but the users recommend an easy
access to the last 4 personalized light scenes and the possibility of naming them (for example
“morning light scene, winter”, “evening light” etc.).
Switching from automatic to manual mode to adjust light intensity, colour temperature and light
distribution is very complicated and time consuming because the user must click through
numerous "windows" to open the “window” for the manual adjustment.
According to the users, it was not possible to understand which light setting prevails in automatic
mode. Implementing the product on the market, a light recommendation e.g. a predefined
automatic biodynamic light curve for the working day would be useful, so the users (e. g.
activating cold white light in the morning with high intensities or dimmed warm white light for the
evening). Manual intervention should be possible in case that the proposed lighting ambiance
is felt as unpleasant.
The illuminance level in the automatic mode should be adapted to the availability of daylight at
each workplace. The users suggest implementing a daylight sensor so that the PTL system
running in automatic mode can supplement the light intensity to a predefined lighting level as a
recommendation.
Concerning the automatic presence detection, the system turns off too quickly if the user leaves
the workplace for a short time. This permanent switching on and off is rated as consistently
disturbing and in need of improvement according to all users.
Technical problems related to the control (e.g. the PTL system did not work at all or could not
be switched off) occurred mainly at the beginning of the test phase and could be solved by the
technical support team.
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System Usability – Quality of light of the PTL system
The summarized answers regarding the quality of light are shown below:






















All users rated the possibility of brightness adjustment to the personal preferences as very good.
The pre-set light intensity in automatic mode is often perceived as too bright and glaring.
The adjustment of the light intensity to create high illuminance levels was rated as very positive
especially by older test persons.
The users considered the adjustability of intensity and colour temperature to be more important
than the adjustment of the light distribution. The manual adjustment of the light distribution was
rarely applied by the users.
Some users had difficulties to adjust the colour temperature of the PTL system to the high colour
temperatures of daylight.
Regarding the setting of the colour temperature, users can imagine that a warmer colour
temperature in the dark evening could be preferred when used in winter. The field study took
place during the summer months and therefore they rarely used warm white light.
The users emphasized that they liked the uniform illumination of the task area for desk work.
Regarding the automatic adaption of the system to the visual task opinions differ. Some users
found the transitions in automatic mode too fast and felt that they were disturbing and too
dynamic, while others classified them as imperceptible.
The gaze detection by means of the integrated camera system and the resulting dynamic
adjustment of the light distribution is judged by some users not necessary. They would keep the
luminaire without this feature.
Half of the group mainly used the manual mode of the PTL and, in this case, no dynamic
changes of light intensity, colour temperature and light distribution occurred.
The users pointed out that the light dynamics produced by manual adjustment and by automatic
mode influence the overall appearance of the room. This simultaneous presence of different
light colours and intensities result in a "patchwork carpet" regarding the overall appearance.
This applies especially to group offices or to open-plan offices.
Other users without a PTL system who were sitting in the same room found the dynamics of the
PTL units distracting and disturbing.
The light shower was not used by most of the test persons. However, some of them are
enthusiastic about the use of the light shower and have felt an activating effect.
The reminder to activate the light shower (notification on the monitor) is only triggered after a
predefined period. This notification was not received by most test subjects.
If the reminder to activate the light shower had appeared more frequently, some users would
have used the light shower more often
Reflected glare appeared on numerous surfaces (gloss on cell phones, foils, brochures, printed
paper, booklets and on the keyboard) and was perceived by all users. This problem was later
significantly improved using the developed Lens Light Tile optic (LLT).

System Acceptance – Design of the PTL system
The participants of focus group 1 evaluated the design of the PTL system as follows:


The design of the entire system including the back wall is perceived as very massive.
The users suggested improvements of the PTL system:
o Reducing the luminous flux of the luminaire could lead to a more compact design.
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o











Integrating the light into the backside of the monitor could be a new approach to illuminate
the back wall.
o Design a separate luminaire for direct table illumination and decoupling the luminaire from
the back wall could be an idea to make the system more filigree.
Consider a modular design approach: The luminaire itself is not perceptible as it is invisibly
integrated into the overall system. Decoupling the luminaire from the back wall could also bring
advantages when considering a modular design approach.
The system does not seem to be designed for the use with two screens according to most of
the test persons. For users with two screens, the back wall of the system is heavily covered.
The question arose whether the effective light reflecting area is still large enough.
The back wall can be perceived as a disturbing or useful element, depending on the office
typology and the way of working, so the analysis of the participants of the focus group.
Colleagues who work in a team sitting opposite each other in a cubicle office, for example, find
the back wall a disturbing element that prevents communication and eye contact. In a group
office or open-plan office, on the other hand, the element can have a structuring function,
creating isolated work units or cubicles.
The PTL system with the separating function of the back wall can act as a place of concentration
and retreat in an open-plan office.
The PTL system with the light-reflecting back wall is considered to improve the working
conditions of people who have a workplace positioned on the wall.
In the case of workplaces close to windows, the back wall element can also obstruct the free
view outside.

System Acceptance – Satisfaction with the PTL system
These are the results of the evaluation of the general satisfaction with the PTL:








Users who have a workplace with sufficient daylight availability during working hours do not see
a need for the PTL system (merely during the low-light months or late in the evening).
The users would prefer a better daylight supply to the use of artificial light offered by the PTL
system.
Users whose workplace has little daylight would like to keep the luminaire provided that the in
the workshop mentioned optimization measures are taken (e.g. optimization of usability, further
development of the design, specification of a biodynamic light curve).
The users would recommend the PTL system to a friend or a colleague if the mentioned
improvement measures were implemented. They point out that the office situation (availability
of daylight, office layout) and working methods (teamwork, focused work) of the potential
customer must be taken into consideration.
Some users report the need for a period of acclimatization. After initial impairments such as
slight headaches, eye sensitivity, a habituation effect occurs. This should be considered when
making a recommendation.

Subjective Impact Assessment – Impact of the PTL on wellbeing, work performance, mood and sleep
quality


The good quality of light and the possibility of individual adjustment of the PTL system lead to
an increased sense of well-being for most users. For some users, a change over time can be
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observed: After a phase of habituation, which initially led to a reduced sense of well-being (slight
headaches, slight eye pressure), these users also noticed an improvement in well-being over
time.
Regarding visual performance, some users experienced a positive effect, others did not notice
any influence. It was not possible to identify an impact of the PTL system on specific activities.
The test person who used the light shower reported a positive effect on the well-being and a
resulting increased performance.
The users were not able to evaluate the effects of the PTL system on sleep quality and on
daytime sleepiness.
It is apparent that the test persons report acute effects of the PTL system, but that long-term
effects were difficult to detect in the limited test period available.

Start, Stop, Continue - Aspects of the PTL system users would like to maintain, add or remove
The participants of the workshop discussed about aspects of the PTL they would like to maintain, add
or remove. The results of the so-called “start, stop, continue activity” are listed below and are ranked by
relevance – the most relevant aspect is presented first.
Continue
 All users believe that the feature of personalizing the light (light intensity, light colour and
distribution) is the unique selling point of the product and should be maintained.
 The possibility to provide high illuminance levels should be maintained according to the older
users.
 The light shower for activation at the workplace should be maintained according to all users.
Stop





Start








The arduous usability and interaction with the app should be overcome.
The presence detection and the fact that the light switches off too quickly when a person moves
away from the workplace should be improved.
The back wall should be further developed and optimized for the individual application context.
Camera-based gaze detection: Some users believe that the adaptation of the lighting to the
visual tasks could also be done manually instead of using the gaze detection feature. Opinions
differ here, while other users stress that they would like to keep the camera system on condition
that the transition of lighting situations is imperceptible.

The access to the app should be simplified. The desktop app is often hidden by application
programs on the monitor. The app could appear on task bar and/or be additionally provided via
external control element (e.g. on back wall or next to the camera unit).
All users would like to have a biodynamic light curve (automatic adaptation to time of day and
season) as a recommendation in the automatic mode.
The presence detection should be optimized: The period until the lamp switches off when
leaving the workplace should be extended; luminaire switches off too early, even if you leave
the workplace only for a short time.
A daylight sensor should be implemented: Incident daylight should also be considered for
energy reasons and the level of artificial light should be adapted to the daylight conditions.
Concerning the light shower, the reminder/recommendation to trigger the light shower should
appear more often.

D6.2: Final Technology and Market Acceptance Report  64 of 68

REPRO-LIGHT









The idea to create a modular PTL system was approved: offer a basic and premium version of
the PTL system.
The integration of an indirect light into the PTL system to provide the basic illumination of an
office room is also a recommendation.
Design in general:
o Make the system lighter, more filigree and more flexible
o Offer design variants
o The luminaire and back wall could also be offered separately
o Adapt the system to different workstations, for example for home office application
o Adapt the system for height-adjustable tables
Design of the back wall: The back wall should be further developed. It offers a variety of design
possibilities:
o Extend the range of colours, graphics and materials for the back wall (e.g. reflective
materials with depth effect, luminous wall, translucent materials)
o The back wall could have additional functions, such as an acoustic function or
integrated USB ports etc.
In open-plan offices the back wall offers the possibility of acoustically and optically delimiting
work groups. Possible application scenarios considering different office typologies should be
illustrated.

Focus group 2
Start, Stop, Continue - Aspects of the PTL system users would like to maintain, add or remove
As the participants of focus group 2 were not participants in the field study and therefore had no
experience with the PTL system, their approach was different. They have the view of an unbiased
interested customer.
Nevertheless, the main results of the exercise “start, stop, continue” provided by the end-users of focus
group 2 are very congruent with the results of focus group 1.
Concerning the aspect “continue” all participants found the personalization offered by the PTL-system
very positive: the adjustability and special range of the color temperature including the possibility of
using bluish light (not implemented in the field study but an added value of the system), the flexible light
distribution depending on the visual task (monitor or paper task) and the separate adjustability of the
light intensity on the task area.
Regarding aspects that should be removed from the PTL system, the participants of focus group 2
mentioned additional aspects that are listed below:




Prevent strong deviations in color temperature: Different light colors set simultaneously on the
table and on the back wall could be rated as uncomfortable. Therefore, certain light scenes
should be prevented by the system.
Avoid extremely bluish light on the back wall. The visual optimum for using blue light in an office
application still hast to be explored according to the participants of the focus group 2.

Additional aspects that should be added to the PTL mentioned by focus group 2 are the following:



The screen brightness should be adjusted automatically according to the current light situation
on the table and on the back wall.
An automatic fine tuning of the luminance in the infield/task area and the ambient luminance
should be provided by the system.
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The system should be able to recognize the person and automatically retrieve individual
preferences. This concept especially applies for flexible offices with shared desks.
Reflective glare should be avoided by using the LLT (Lens Light Tile) optic for the PTL system.
The PTL system could provide additional preset light scenes, e.g. for video conferencing or
several recommendations for monitor work.

Current and future application possibilities of the Lens Light Tile (LLT) optic
The application possibilities elaborated in the “Now and Wow method” are listed in this overview:

Table 13 – Possible current applications of the Lens Light Tile (LLT) optics
Now-properties of the LLT optics

Application possibilities

Combinable optics of same size, free arrangement of light tile
optics, freely configurable LID (light intensity distribution)

Applications with the requirement of a dynamic light
distribution, for example lighting concepts for conference
rooms and videoconferencing

Very flat optical component, flat luminaire

Luminaires integrated into furniture (e.g. kitchen cabinets,
bathroom furniture), luminaire integrated into suspended
acoustic panel

Very precise light distribution (light is precisely guided to a
defined area) and no multi-shadows

Luminaire for workstations with demanding visual tasks,
e.g. precision mechanics workstations

Light is emitted by a surface with a precise light distribution
and mixing of light colours within one optic

Application in trains, buses, airplanes, automotive

Table 14 – Possible future applications of the Lens Light Tile (LLT) optics
Wow-properties (improvements) of the LLT optic

Application possibilities

Improved appearance of the LLT optics: improved
homogeneity, enhanced brilliance, high quality appearance

Design-oriented applications, luminaire for high quality
architecture, pendant luminaire, table luminaire

Reduced luminance of the optics, reduced glare

All applications and arrangements with direct view into the
luminaire, e.g. mirror luminaire, wall-integrated luminaires

Extended LID portfolio, free configurable light tiles

Luminaire or luminous field with dynamic light distribution
(wallwashing, focused light, general illumination)

Scalable size of the optics, present element too small for a
planar arrangement

Linear luminaire, luminous ceiling
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Conclusions
The results of the focus groups are a valuable addition to the other evaluation methods of the PTL in
the Repro-light project, as they consist of a qualitative feedback from users and experts.
The feedback of the participants of the field study was collected via online questionnaire. In focus group
1 we have taken the opportunity to ask for the reasons for their assessment and got a variety of
additional insights.
The discussion about the back wall of the PTL serves as an example: Although the back wall was
rejected in the online survey, we learned in discussions with users that acceptance is strongly contextdependent: While users sitting opposite each other in the cellular office felt restricted in their
communication by the back wall, users in a group offices or open-plan offices could assess the back
wall as a helpful element for group separation and concentrated work. Moreover, the group discussion
resulted in a variety of new design ideas for the back wall.
In focus group 2 we got to know the point of view of an interdisciplinary group of experts from
Bartenbach. This point of view enriched the evaluation of the product. The participants of focus group 2
represented on the one hand interested customers without application experience, so that they were
able to evaluate the PTL concept comprehensively, and on the other hand they were able to provide
special inputs on the individual product features according to their expertise.
The main finding of both groups is that the concept of personalized lighting has been implemented very
well in the PTL solution. The concept of the age-dependent personalization (light for elderly) and of the
task-based personalization was approved by the participants of the focus groups. The main
improvement suggestion consists in the implementation of a biodynamic light curve (automatic
adaptation of the light to time of day and season) as a recommendation for the automatic mode.
The light shower for activation at the workplace should be maintained according to all users. The logic
of the reminder system should be improved as some of the users did not get an automatic notification.
The user acceptance regarding the control of the PTL system can be rated as good. The interface of
the desktop app was clear and understandable but the access to the app and the operation of the app
should be eased. The automatic presence detection needs improvement.
Regarding the subjective impact assessment of the PTL system, the good light quality and the possibility
of individual adjustment of the light lead to an increased sense of well-being for most users. Some
needed a phase of habitation to the new lighting situation. Long-term effects, e.g. effects on sleep quality
were difficult to detect due to the limited test period.
If the optimization measures of the PTL are implemented, the majority of the participants of the focus
groups would recommend the PTL system to a friend or a colleague. They point out that the office
situation (availability of daylight, office layout) and working methods (teamwork, focused work) of the
potential customer must be considered. In this respect, the product should have a modular structure and
offer even more extensive customization options (integration of daylight sensor if required, adaption of
the design/of the rear wall to customer needs).
The participants confirmed the unique concept of personalization and the idea of the modular structure
of the PTL system. They formulated further requirements to optimize the usability of the product and
developed creative application ideas for LLT optics.
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Summary
The information and conclusions collected enable to identify and define the key aspects of Repro-light
technologies from the usability and acceptance perspective. Definitely, Repro-light is confirming that a
human centred lighting design approach helps creating more sustainable, user-friendly and competitive
solutions, and increases performance and quality of life of end-users.
The effects of the COVID-19 crisis on the field studies in the Repro-light project varied depending on
the degree to which the study locations were affected by the virus. In this regard, the new situation was
responded to depending on the location.
Both the strong reduction in the number of participants and the low presence times that occurred
especially in Spain made it impossible to implement the original study plan. The study plans and goals
were adapted accordingly to the new situation.
The original study was conceived as an acceptance and impact study and followed a corresponding
ABAB design in which all study participants would have had the same lighting conditions and luminaire
functionality for three weeks each. Due to the long-term postponements resulting from the COVID-19
crisis, it was not possible to carry out a 12-week study in the remaining period. As a result, the study
design was conceptualized in terms of a pure acceptance and usability study. The impact study and the
associated ABAB design could no longer be maintained in the context of the greatly reduced number of
test persons. In addition, the design was generally relaxed in order to guarantee a maximum
participation of the test users in the remaining period. All this issues, have been produced a 1 month
deviation on the submission of the deliverable according to the dates with respect to the proposed plan.
The activities performed within the WP6 and reported in this deliverable enable to identify how the
acceptance and impact level of the new luminaire solution is. Referring to the key features of the PTL,
the results show that confidence regarding the PTL is very high, the general disturbance by the rear wall
is low, but context dependent, and users prefer the application of the light control over classic control
elements. Most of the users would continue using the PTL and even strongly recommend it to a friend
or colleague for its use.
Analyzing the main aspects that are linked to the acceptance rates, the PTL has reached better results
in all aspects compared with current solutions that are installed in the workplace. The PTL users have
a better perception that lighting influences their individual performance at work and, the impact of light
on their well-being. Moreover, the PTL features enable users to adjust the light at their workplace to
their personal preferences and change the settings of the luminaire more easily thanks to the desktop
app.
However, the characteristics that have been greatly highlighted by users are the feature of personalizing
light, individual adjustment, automatic presence detection and the light shower. In this line, the results
of the focus groups have been a valuable addition to verify previously collected results of the PTL in the
Repro-light project, and have served to contrast and discuss these aspects, obtaining feedback and
interesting ideas for improvement.
The outputs produced in this deliverable will have effects mainly on future implementations of the PTL
and new luminaire technologies. The results show which are the main aspects (of the PTL) that have a
positive or negative impact on the general technology acceptance and user's wellbeing for further
potential applications or developments in the field.
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