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Abstract

This thesis describes the development, design and validation of the rowing reimagined virtual
reality research platform. This platform aims to make rowing research in VR possible. It does so
by adding features into an existing platform such that new research opportunities can be explored
within movement science. The design of this platform is outlined and validated by movement
scientist performing research with the platform and a user experience evaluation. The platform in
its current state is ready and available for use. There is still improvement to be had mainly in game
and user interface design. Nevertheless, many research opportunities can already be explored.
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1 Introduction

Movement is an important part of life. It can
provide both physical and mental health ben-
e ts, and improve the overall quality of human
life.][Ruegsegger and Booth, 2018] As such, move-
ment scientist dedicate their time to research
how people move and how to enhance human
performance.

An ideal setting to research movement is to ob-
serve humans as they naturally engage in sport
activities, from going on a simple jog to play-
ing an intense soccer match. Capturing data
in these natural environments can be di cult.
The devices used for the collection of this type
of data can impede movement if they need to
be carried along, or they might be damaged by
outdoor conditions such as rain or wind. There-
fore, simulating outdoor activities within an in-
door environment can be used as a replacement
to research human movement. The movement of
an outdoor activity can be captured for sports
such as running, rowing and cycling by ergome-
ters that replicate the movement without moving
forward.

The ergometers can serve as a replacement for
the movement, but can not capture the experi-
ence of a race. Athletes push themselves fur-
ther within a race then they do during an indoor
training or rehabilitation. The lack of this ex-
perience can result in an athlete being declared
recovered, but in the next match they would en-
counter the same issue again. Sports interaction
technology (I-tech) may be able to better recre-
ate an environment in which people push them-
selves further.

Sports I-tech can enhance performance,
engagement and learning within many
sports.[Postma et al.,, 2022] They can be
used to reintroduce aspects that are lacking in

the current indoor replacements. Sports I-tech
is technology and software that can be used to
improve exercise. It can be as simple as a smart
watch or as complex as a interactive training
court. The technology that this paper focuses
on is virtual reality (VR). The main advantage
of virtual reality is that someone can be put in
a virtual environment. The virtual environment
can be made realistic such that things in the
virtual world can be introduced that feel real.
A practical use of this is in exposure therapy
for phobia treatment. Where the phobia is
displayed in the virtual environment to expose
a person to it.[Milo et al., 2019] For sports VR
can similarly be used to recreate the natural
environment in which a sport is performed.

Within movement sciences research is often
done on the cyclical sports of running, cycling
and rowing. These sports can be researched us-
ing ergometers in a lab setting and could thus
bene t from a virtual environment. From these
sports rowing could bene t the most from a vir-
tual recreation of the outdoor activity. Testing
on the water is di cult as any data collection
needs to be done with waterproof electronics. It
is also a sport that uses muscles trough out the
whole body and is thus interesting for movement
scientists.

To perform research on rowing in virtual re-
searchers need to set up experiments. This in-
volves creating a test setup substantiated by re-
search. To establish a test setup, literature re-
search is employed to identify a gap in knowl-
edge or to nd something that needs to be cross-
checked. From this research constructs are iden-
ti ed that need to be tested. In a test setup
the constructs are operationalised, separated in
such a way that you can manipulate an individ-
ual construct.[Ho man and Zhao, 2020]

A test setup is often shaped by the tools that



are available to the researchers. In movement
science and computer science, Researchers are
restricted by the available technology. In some
cases, they can rely on readily available prod-
ucts. In other cases they need to make the
technology themselves. For example, Ru aldi
et al. [2009a] made their own highly detailed test
setup. In most cases however, researchers opt to
use either the Concept 2! or RP3? rowing ma-
chine.[Ho mann et al., 2014, Murray et al., 2016,
de Campos Mello et al., 2009] The availability
of the technology can in uence the depth of re-
search that can be completed.

What research setups can be made depends on
the validity of the setup. Validity comes in sev-
eral types: external, ecological, internal and con-
struct validity.[Ho man and Zhao, 2020] Exter-
nal validity makes sure that ndings generalize
beyond the speci ¢ study setup. Ecological va-
lidity ensures that ndings can be applied to real
works situations. Internal validity ensures that
results are only impacted by the construct of in-
terest. Construct validity ensures that results
give more information about the constructs of
interest. To retain this validity, researchers can
use well de ned measures and research setups
that have been used before and are well de ned.
Information to replicate a research setup is of-
ten included in a paper. However, when working
with technology the exact program is not often
shared publicly as it was made for a speci ¢ pur-
pose.

Research platforms can provide a way for dif-
ferent researchers to use the same setup for dif-
ferent tests. A research platform in this context
is a technology or software aimed to assist in re-
search. When a research platform is used often

Thttps://www.concept2.com
2https://www.rp3rowing.com

it is tested and validated for external and ecolog-
ical validity. While internal and construct valid-
ity are created by adaptability and robustness of
the platform. Such that researchers can adapt
the platform to a construct of their need. Ex-
amples of research platforms include the Furhat
robot that can be used for social human robot
interaction.[Al Moubayed et al., 2012] And the
Praat platform, used within linguistics to anal-
yse, manipulate and synthesize speech.[Boersma
and Van Heuven, 2001]

This paper focuses on the development of a
research platform for rowing in virtual reality.
This falls within the scope of the rowing reimag-
ined project between the Vrije Universiteit Am-
sterdam and University of Twente. This project
was already ongoing and developed a VR rowing
simulator, that could have multiple rowers in a
single boat row down a river in VR. The starting
platform will be discussed in section 3.1. This
paper discusses the expansion of this program to
a research platform. It does so along the follow-
ing research questions:

Q1l: { What features make for a usable VR
rowing research platform?

Q2: { What contributes to the research
opportunities of a VR rowing research platform?

The rst question is based on the concept of
usability. While usability is hard to de ne, it
can be seen as the absence of problems in using
the product. Thus, it can be used e ectively,
e ciently, and with a feeling of satisfaction for
its intended purpose.[Lewis, 2014] To test for us-
ability, usability tests can be performed on a pro-
gram.



The second question relates to the needs of the
target group. What is the type of research they
need to perform, and what are important details
within the domain. This includes what type of
features are important, but also the level of real-
ism of each feature. This is tested in two ways,
trough identifying trends in literature research
and conforming these trends with experts on the
domain.

This paper rst discusses related work in
sports interaction technology, rowing research
and research platform. This discusses what the
technology can be used for in research and what
features it should include. Secondly it will dis-
cuss the development of the platform. It outlines
what the starting platform is and then shows the
development guided by three projects. Next, the

nal design of the features chosen is discussed.
Afterwards the platform is validated with an
evaluation. Next the results to the posed ques-
tions above is discussed. Lastly, a conclusion is
given about the future of the platform.

2 Related work

This section outlines related work on three top-
ics. Firstly, sports interaction technology and
what it can be used for is explored. This out-
lines how technology can be used in sports re-
search. Secondly, recent rowing research and
adjacent sports such as running and cycling is
discussed to determine what can be included in
the platform as research opportunities. Thirdly,
a few research platforms are discussed on how
they are structured, this indicates what should
be included in a platform. Lastly, all topics are
discussed speci cally on their importance for the
platform developed in this thesis.

2.1 Sports interaction technology

Sports interaction technology (sports I-tech) is
technology used for new training methods. The
technology can be a simple device such as a
smart watch, or an apparatus as complicated as
a smart training court. Many sports can bene t
from new technological developments to enhance
performance engagement and learning.[Postma
et al., 2022] To create a new way of training us-
ing technology, research needs to be done into
what makes good interaction technology. This
involves interdisciplinary research, because in-
formation for development comes from multi-
ple disciplines. Computer science, engineering,
sports sciences and health sciences are all in-
volved. While collaborative research is on the
rise it is still not without its drawbacks.[Dalton
et al., 2022]

Research in sports I-tech is done in two con-
texts: training and lab. Within the training con-
text, the technology is tested on its ability to as-
sist in training. This is to see in what way it can
be deployed and in what way it can be most e ec-



tive. Within the lab context, research focuses on
the fundamentals of human movement. It uses
the sports technology as a medium to perform
research, rather than determining its e ects.

In a training context, sports I-tech is tested on
its e ectiveness to assist in training. This can be
to test if a new technology can be used, or how
an existing technology can be optimised to al-
low for the best training. This research focuses
on isolating the technology as a construct. For
example, Ho mann et al. [2014] isolated VR in
the context of improving rowing performance. In
their case, they used VR to show a pacing boat
in such a way that a participant could train to
optimise their pacing. Using several conditions
they isolated VR and showed that it can be used
for training. Furthermore, Sigrist et al. [2015]
focused on investigating what type of feedback
would be most e ective within a room wide pro-
jected rowing simulator. They investigated if vi-
sual feedback can be improved with haptic and
auditory feedback. Attempting to nd what way
the technology can be optimised for training.

Training research shows why and how a tech-
nology can be used in training. Using results
from this research can assist in applying the tech-
nology to real world training. For example, to
practice technique or pacing. Additionally, this
research has the added e ect of increasing the
validity of using the isolated technology for fun-
damental research within the domain. This time
of research is thus important to both improve the
way technology assists training as well as enable
fundamental research using the technology.

In the lab context fundamental research using
sports I-tech is performed. This researches uses
the technology to eliminate external factors to
explore one concept in human movement science.

For example, Fadde [2006] used sports I-tech
to isolate the concept of perceptual decision

making. Perceptual decision making is a sub-
conscious process that people use when reacting
to a visual event quickly. In the study they used
baseball as the sport of choice. In real world set-
tings isolating the decision making is di cult to
achieve as the decision on where to hit the base-
ball is already made before the researcher can
ask for feedback. Fadde [2006] instead opted to
create a game where participants had to quickly
predict a pitch. By putting this sports I-tech in
they could research a fundamental concept.

Similarly Murray et al. [2016] used virtual re-
ality to isolate the e ects of partners on rowing.
Their test setup controlled for both the e ect
of VR and the e ect of a partner. Immediately
ensuring that VR can be used for training along-
side isolating the e ects of partners in a lab set-
ting. Research is often involves for both lab and
training context, and both combined contribute
to the overall validity of each system.

In this project Virtual Reality is the main
technology of interest. Murray et al. [2016]
shows why VR should be utilised and why it is
used in this project. VR can be used to create a
consistent research setup that would not be able
in the real world. A human partner would intro-
duce variability in the test setup. But a virtual
partner can be made to function the same each
time for each participants.

Additionally VR can be used to create a re-
alistic looking scenario. By immersing someone
in a virtual environment they will gain a sense
of presence. Presence refers to the psychological
sense of ’being there’.[Slater et al., 1995] Pres-
ence is in uenced by immersion and realism of
the system.[Newman et al., 2022] This can help
to create more realistic replications of environ-
ments for research. It is also used for exposure
therapy for its controlled realism.[Milo et al.,
2019] Within movement science this enables re-



searchers to recreate scenarios that normally can
be di cult to create in the real world.

Using the improved realism and control sports
I-tech brings, new test setups can be created.
This is a multidisciplinary task, requiring engi-
neers and computer scientist to develop from the
ground up. It also requires researchers from the
domain the platform is made for to shape what
research opportunities are included in the plat-
form. Working together ensures that the plat-
form can be used upon completion.

2.2 Rowing research

This thesis focuses on expanding a VR rowing
system to include new research opportunities
and make it easy to work with for researchers
outside of computer science. This platform is an
expansion on a system that was developed within
the rowing reimagined project. Which in turn
is a continuation of work done in VR4VRT.[van
Delden et al., 2020] The platform already in-
cluded a way for rowers to row on an RP3 er-
gometer with a VR head mounted display. The
movements of the machine and the speed of the

ywheel are then translated to the virtual world.
A rower could then row in the virtual world on
a river.

To identify research opportunities, current re-
search was identi ed trough literature research.
This section outlines the identi ed trends. Row-
ing is the main focus of the literature, how-
ever other cyclic sports are also included in
the exploration. Cyclic sports are sports that
require repetitive movement, such as running,
cycling, rowing and swimming.[Lorenzo Calvo
et al., 2020] For this research only the sports that
include an ergometer option are considered, thus
running (treadmill), cycling (exercise bike) and
rowing (rowing machine).

Each research opportunity has to have at
least one paper published withing the last ve
years (2018-2023), with at least one other pa-
per within the last 10 years. These restrictions
have led to three main research opportunities be-
ing identi ed: competition, movement and feed-
back. Each of these opportunities have sub-
opportunities, giving a more detailed direction
for development.

2.2.1 Competition

Competition is an integral part of many sports.
Competition can exists in several facets such as
a team playing against another team, as individ-
uals competing with other individuals or even as
friendly banter between teammates. Competi-
tion has been a long studied subject, with pub-
lished papers going as far back as 1898.[Triplett,
1898] Their work already focused on two main
aspects of competition: opponent competition
and partner competition. Later, with new tech-
nology self-competition was added. These three
aspects are discussed in this section.

Opponent competition happens when you are
in a race against the people you are competing
with. Your performance is actively equated to
what place you get in the race compared to the
others competing. In football for example this
competition arises because only one team can
score the most goals. In rowing this competition
arises between boats, as only one boat can be
the rst to the nish.

Having someone else around has been shown
to increase motivation and enjoyment.[Peng
and Crouse, 2013] Additionally, competing
with someone can improve performance.[Corbett
et al., 2012] Competitiveness is however di erent
from person to person. Some people show high
competitiveness, while others can remain indif-



ferent to competition.[Anderson-Hanley et al.,
2011]

Recent work on opponents, such as the work
by Parton and Neumann [2019], looked at some
aspects of opponents using virtual reality. They
made a virtual setup with a moderately chal-
lenging competitor and an extremely challenging
competitor. By having participants immersed in
a virtual reality rowing setup, participants were
able to row against these controlled opponents.
The research showed that extreme competition
can be detrimental to performance.

Opponents are not the only classical way to in-
voke competition. Partners can also invoke com-
petition. Partners are the people you train to-
gether with or are on the same team as. In row-
ing these are the people you share a boat with.
However, it can also be a pacing boat giving you
a comparison to maintain proper pacing.

When training with partners, people are
a ected by the Kohler e ect.[Feltz et al.,
2011] This e ect states that individually under-
performing people are more motivated in group
tasks. This e ect makes partners an important
aspect of training.

Feltz et al. [2020] recently looked into the ef-
fect of using virtual partners in cycling, look-
ing at how the rate of superiority a ects train-
ing. In their research only the always better
partner reached signi cant results over the con-
trol. Hamada et al. [2022] worked on partners
in jogging and the level of realism they should
achieve. They used an augmented reality ap-
proach in which they discovered that while hu-
man partners are preferred over virtual partners,
higher delity virtual partners are preferred.

For rowing in particular Murray et al. [2016]
worked on partners during a VR rowing exer-
cise. It showed that partners can improve rowing
performance. However, external factors could

have played a role in this. Such as the case
of modelling.[Postma et al., 2022] In which case
someone would learn optimal pacing strategies if
given an example. Those in the group without
an example would not have learned it. The ef-
fects of Murray et al. [2016] trying to convince
the participants that the partner rower was a
real person rather than virtual also could have
impacted the research in unforeseen ways. This
leaves many opportunities still untouched within
the eld.

Beyond partners and opponents, a type of
competition that can be uniquely used by digital
exercise systems exists. Self-competition is com-
petition against your own past performances. In
traditional sports this can be found in records of
past performances and personal bests. In digi-
tal sports, particularly in exergames, this can be
expanded upon. Bahrin et al. [2022] provide a
review of self-competition in virtual reality ex-
ergames. Showing that several researchers have
recently worked on the topic.

Self competition in daily life can also be
recorded by use of sports technology. Smart
watches now keep a record of each day’s work-
outs. This provides records to compete against.
The work by Peng and Crouse [2013] worked
with these records in the play domain of ex-
ergames. Their work focused on the di erence
between self-competition against a pretest score,
cooperation in the same physical space and com-
petition in separate physical spaces. Their work
explored all di erent facets of competition. They
found that opponent competition in di erent
spaces resulted in the highest enjoyment and fu-
ture play motivation.

A unique way of self competition in games is
trough a concept called a 'ghost’ system. A ghost
is a recorded past attempt at the task, that is
played back during the current attempt. This



can be a modi ed ghost. For example the work
by Michael and Lutteroth [2020] made a system
in which past ghosts are shown in a VR cycling
environment. They also introduced the concept
of a future ghost. The future ghost performed
slightly better than the person along the upward
trend of the participant’s training. This method
is similar to what Parton and Neumann [2019]
used to create competitor and Feltz et al. [2020]
to create a partner.

All in all, the ways to elicit competition have
overlap in their technical design. Opponents,
partners and self competition can all make use
of the same system. The di erence is how the
researcher introduces any virtual avatars in the
test procedure. The depth and recent research
on competition shows for it to provide many re-
search opportunities to the platform.

2.2.2 Movement

In any sport the way you perform movement
can a ect your performance. A good technique
is important for better performance and power
output. But it is also important to prevent in-
juries.[Arumugam et al., 2020]. Pacing can im-
prove race performance. With di erent strate-
gies resulting in di erent outcomes.[Ho mann
et al., 2014]. Lastly, for rowing speci cally, the
team can play a role in how you move in the boat.
As there are multiple people in a boat, each con-
tributing in their own way to the forward mo-
mentum and the balance of the boat. These
three facets, technique, pacing & team rowing,
were also discussed by Ru aldi and Filippeschi
[2013] as they were developing a training plat-
form for VR rowing.

Technique involves the way someone moves
their body during exercise. In rowing this com-
monly consists of four phases of the rowing

stroke: the catch, drive, nish and recovery.[van
Delden et al., 2020] These phases are always
performed in this order and can overlap. They
guide the training of technique in rowing. Kojic
et al. [2019] focused on the breathing aspect of
the four phases. As breathing synchronises with
the drive and recovery phases. Exhaling during
the drive and inhaling during the recovery. An-
other important part of rowing technique is the
oar movement. The oar movement should follow
a certain trajectory to optimise overall perfor-
mance.[Ru aldi et al., 2009b, Sigrist et al., 2015]

Pacing is an important aspect of any racing
sports. Pacing is the distribution of power dur-
ing the game. In rowing, for example, you can
have a slow start, to preserve energy for later.
Alternatively a rower can have a fast start but
fall o later on. ideally you have no energy left
at the end of the match. As this would suggest
optimal performance. This is also known as en-
ergy management.

Proper pacing can improve performance. For
example in the research by Ho mann et al. [2014]
they had novices learn a quick start pacing strat-
egy using VR. The group that got no further
instructions had worse performance than those
who did not get pacing instructions. By default
both groups started with an even pacing. Pacing
strategies have also recently become more impor-
tant. Because the 2028 Olympics have changed
the race length from 2000m to 1500m due to
challenging logistics at the Los Angeles venue.

There is still not full agreement on what is
consider optimal pacing. Boillet et al. [2022] re-
cently attempted to nd the optimal strategy for
1500m and 2000m races. They however ran into
issues with data collection and forcing rowers to
row at a pace di erent from their usual trained
pace. The fast start strategy was disliked most
by participants, however this is the most com-
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mon strategy in competition. Other aspects that
in uence the advantages of pacing strategy were
also not captured in this research. As relative
position to other competitors also in uences per-
formance. VR is better able to replicate this.

VR can also be used for team rowing exercises.
Team rowing is when multiple people are rowing
within the same boat in the same race. Up to
eight rowers can be in a boat at the same time in
normal races. This is a unique aspect of rowing,
as not many other sports have multiple people
active propelling the same vehicle. Rowers have
to work together to move forward and keep the
boat balanced. Balancing is something that is
yet to be captured by ergometer technology.

To propel a boat forward, rowers need to
have some form of synchrony with each other.
Most commonly this is done by in-phase rowing.
Thus each being in the same stage of the row-
ing stroke. There are several papers that show
systems to show investigate synchrony out on
the waters, such as the works by Cesarini et al.
[2014] and Liu et al. [2023]. Using VR, Varlet
et al. [2013] worked on interpersonal coordina-
tion. they tested if coordination with a virtual
partner could be transferred to that of a human
partner. They found that it could be transferred,
but coordination was better with a human. They
suggested improvements in the virtual partner,
however human partners over the internet could
also be used.

Incorporating movement based features will
assist the platform to also be used for research
for sports I-tech in the training context. As re-
search within this eld often focuses on optimis-
ing training. Additionally, creating opportuni-
ties to recreate scenarios such as races allows
for research into the psychological aspects of the
movement.

2.2.3 Feedback

Feedback is a eld of research that focuses on
how and what information to give to some-
one to improve at a certain task. For digital
technologies, feedback has only recently been
mapped out. As new technologies are devel-
oped, new facets of feedback are able to be ex-
plored. Postma et al. [2022] have create a tax-
onomy of sports interaction technology. Aspects
of feedback are also discussed within this taxon-
omy. The taxonomy splits feedback into timing,
modality, frequency and content.

Within this split, modality is the aspect that is
most de ning in feedback research. The modal-
ity is split in visual (perceived by the eyes), au-
ditory (perceived by the ears), haptic (perceived
by touch) and multimodal feedback (perceived
by any combination of senses). Of these types of
feedback, haptic was not identi ed as a research
opportunity as it did not have recent research
within the speci ed domain. However it is still
included within multimodal feedback. This split
has also been used by Sigrist et al. [2013] to split
feedback research on the topic of motion learn-
ing.

Visual feedback is the most common feedback
in the VR space. VR is rst and foremost a
visual immersive technology. Audio and haptic
feedback are included using speakers and con-
trollers. However these are not generalised to all
types of VR. Within running some research is
focused on how avatars can serve as guidance to
a person. Willaert et al. [2020] used an avatar to
show an example proper gait to a person. This
in an attempt to model the gait of that per-
son. They gave the participant an ownership il-
lusion over the avatar, by having the avatar mir-
ror the participant’s movements at rst. Dur-
ing the task the avatar would move according to
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proper gait to model a participants movement.
Results were not statistically signi cant but it
leaned towards being able to model someone’s
movement trough this visual feedback. Addi-
tionally, avatar feedback was given by Hamada
et al. [2022]. Who researched the realism of the
avatar necessary for the avatar to be able to as-
sist a person in walking.

Kojic et al. [2019] have also worked on ways of
giving visual feedback speci cally within rowing
in VR. They focused on giving visual biofeedback
of the rhythm of a participant in contrast to the
optimal breathing rhythm while rowing. They
used two separate types of visual feedback. One
was by a graph, which gave an abstract represen-
tation of breathing rhythm. The other was by an
animated lung, which showed a more natural as-
pect of breathing rhythm. Both types showed
improvement over the baseline. However, in this
experiment the feedback took up a large part of
the visual view. They suggest future research
on reducing the interface, as well as the need to
inspect di erent modalities of feedback.

Auditory feedback is similarly a large part of
research in the digital domain and the sports
domain. It can be split up in two cate-
gories: alarms and soni cation.[Sigrist et al.,
2013] Alarms provide feedback by playing a
sound when something happens that needs to
be corrected. Alarms have not been used in re-
cent studies. Soni cation, however, is a common
aspect in research. Soni cation is the process of
creating sound directly from data. van Rheden
et al. [2020] provided a literature review on soni-

cation for sports in the past decade. The review
includes papers related to the cyclical sports.
The majority of papers in their review focused
on making an athlete aware of their motion.

An example of soni cation is the work by
Landry et al. [2016]. They soni ed heart rate

during cycling to music at a comparable beats
per minute. They found this to improve mo-
tivation. Similarly, Scha ert et al. [2011] soni-

ed rowing velocity to a pitch. This soni ca-
tion improved technique and pacing of rowers as
measured by mean velocity. These two works
were done without virtual reality. The work
by Landry et al. [2016] allowed participants to
watch TV during a cycling exercise. This was
however not an attempt at VR, but rather an
option for participants as they tested the soni -
cation of heart rate.

Within the domain of VR and movement,
there is research on soni cation within teleop-
eration. Bremner et al. [2022] studied the ef-
fects of diegetic and abstract soni cation on the
presence and task load of teleoperating a robot.
Diegetic sounds are generated sounds that are
natural or established for the environment. In
the case of teleoperating a robot in a possibly
dangerous area, the sound of a Geiger counter
was used. Abstract sounds are sounds gener-
ated from the data in the environment, but are
not present normally present in the situation
simulated in VR. They concluded that diegetic
sounds improved task performance by decreas-
ing workload. On the contrary, abstract sounds
created a more stressful task. Neither impacted
the presence a participant experienced.

Lastly, multimodal feedback combines one or
more feedback modality. Each modality on their
own can contribute to a user staying engaged and
motivated within sports. Using multiple modal-
ities at the same time can improve motivation
further. Greinacher et al. [2020] continued with
the work by Kojic et al. [2019]. They expanded
the system to be able to give haptic guidance
for breathing. They found that haptic guidance
improved synchronicity. However the user expe-
rience was rated worse than visual feedback only.
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Similarly Sigrist et al. [2015] worked on au-
diovisual and visuohaptic feedback for oar tra-
jectory. Visual feedback was shown by means
of a superimposed target oar trajectory on the
projected screen. Auditory feedback was pro-
vided by soni cation of the oar movement. Hap-
tic feedback was given trough guidance in the
oar movement. As the oar in the research
setup could be inhibited to correct the move-
ment. They found that the audiovisual group
performed the best. However both groups signif-
icantly improved over the control. Multimodal
feedback allows for a development loop within
research. Multimodal papers often suggest fur-
ther research into speci ¢ modalities. Addition-
ally, papers on the speci ¢ modalities suggest re-
search in multimodal methods.

Feedback is a broad concept without one way
to do everything. It is heavily dependant on both
data and the technology that can provide the
feedback. But also involves artistic freedom in
how to properly give it form. Feedback is both a
scienti ¢ and artistic process that is quite open
ended. Every single piece of feedback will ap-
pear unigue as the art changes, but the scienti ¢
basis remains. This leaves much room for future
research, but due to the artistic nature it might
be better to enable feedback rather than imple-
ment it.

2.3 Research platforms

The de nition of a research platform for this pa-
per is technology or software built to support
research within a speci ¢ niche. The platform
has settings that can be changed to t di er-
ent research questions within that niche. Re-
search platforms usually are developed when a
researcher needs to be able to research a subject
that is often repeated. The programs and setups

they make can sometimes be expanded for more
general use. For example Filippeschi et al. [2009]
has described their setup over a variety of papers
as well as the additions they made to it. Their
platform however does not use 0 the shelf phys-
ical components. It rather uses an engineered
setup. Thus, recreating the setup requires tech-
nical knowledge.

Research platforms do not yet have a stan-
dardised method on how they are to be pre-
sented in a paper and what is important to be
included. This paper presents a research plat-
form and takes inspiration from the structure of
other platform papers. These structures show
what is considered important to be included in a
platform, as well as how to validate it. For this,
two research platforms that have a single intro-
duction paper are discussed: Praat and Furhat.

Research platforms have been created in dif-
ferent domains before. Praat, for example, is a
program developed for linguistics.[Boersma and
Van Heuven, 2001] It is a platform that mainly
focused on analysing speech. This used to be a
task done by hand that would take a lot of time.
The platform was made to make linguistics re-
search easier and quicker, by allowing more re-
searchers and researchers from di erent domains
to employ the system in favor of manual labour.
In the paper the creator describes the variety
of features it has and a user review of the plat-
form. This is done to outline both the possibili-
ties, and also ground the possibilities in the fact
that someone has used it.

A research platform within the social robot
domain is the Furhat robot.JAl Moubayed et al.,
2012] The Furhat robot is a combination between
a research platform and a commercially available
product. The Furhat robot is a standing head
with a projected face on it. It can be used for
research on how people interact with robots. In

13



the introduction paper, the creators show the de-
velopment trough research. Each feature had in-
dividual research performed on its e ectiveness.
The paper also gives an example application of
the Furhat robot. Similar to Praat, the Furhat
platform is grounded in how it can be used. But
the Furhat paper focuses more on how individual
features are grounded.

The papers discuss feature rich platforms, fo-
cusing for the majority of the paper on what
features are included. So a broad feature scope
is important in a platform. For validation of a
platform it is considered important that some-
one other than the developer is able to perform
research with the platform. A research platform
can thus be a good platform if it is rich in fea-
tures and validated by other researchers.

2.4 Requirements for a VR rowing
platform

The previous sections discussed the speci ¢ as-
pects that go into a VR rowing research plat-
form, sports I-tech, rowing research and research
platforms respectively. It shows the possibilities
of research that it might be used for. How sports
I-tech can be used in research is discussed in sec-
tion 2.1. Sports I-tech can be used in a training
space and a lab space. The focus of this plat-
form at this stage is on its use in a lab space.
The focus is on fundamental research within the
movement sciences, rather than verifying if VR
can be used since it is a shared project with the
movement sciences research group at the VU.
The platform does not rule out the use as a train-
ing space, but it is not the focus of development.

The platform needs to be feature rich. This
means it can be applied to a large variety of re-
search within its niche. The research it should
be applied to has been determined in section

2.2. Features should be made such that they ap-
ply to more than one opportunity. Opponents,
partners and self-competition, is a good one to
start with for this. These opportunities can use
very similar features. The explanation of the
researcher di erentiates between them, rather
than the feature in the platform. Movement op-
portunities will also likely come from the features
that are developed for competition. As virtual
partners and opponents are often used for pacing
and technique training. Feedback is more di -
cult to include as it has very speci ¢ uses that
can not be generalised. Which features exactly
are chosen are further discussed in section 3.2.

A good research platform needs to be vali-
dated. The previous platforms discussed in sec-
tion 2.3 show that validation by others is impor-
tant. This means that the target group is able
to do research with the platform. An important
factor of this is that the platform improves upon
the current way of doing research, which can be
done either by reducing the amount of labour
a researcher has to do or by creating new re-
search opportunities that did not exist without
the technology.
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